PN RS

Merxch 9, 1954 T. A. BANNING, JR 2,671,346
ke MEASURING Ado RECORDING VARIOUS WELL DRILLING OPERATIONS |
Filed May 28, 1146 166 Shuets-Sheet 1

Tndicates overtime to drill foot.

S0z ,
) in
o o //éialmad\a\anmnnmm
i 512 an
A IS
-/ 25
| s16
® }
A o 4
Recopder pecrd Set dver i
SO M;—/ Yo €D minple 3gale pqsmon
I

. T Er , T Shopn byl Thesk dofs. -
L . - / '

5004+~ 5054 \

\"‘5"52, 519
\ 25
518
s09| | so4 518 ‘ /}//\ :

S - / N7 T S—

Hps: !”//”HlllIlllllllIlllllllllllﬂlllll{'J I U“II"I HH!!H !"ui"m” !l“/ﬂ/;llllllgm

o )

2l ¥ 8 O 3 3 N g o '
5(;j X[ ® ® D < 0 D
510%1:10::1(3\:‘:}:11:30[ O ooag :

' 50l C :

1 n . . -['.5651' drilling. Times not shown i -

—I55ec. turnover or  "TFG. 1. here;but fodege counted, :

reset line.’ paper advanced, and time

recorded b_\;—rébulafor

. GZZJ.




March 9, 1954 T. A. BANNING, JR 2,671,345
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 ' 166 Sheets-Sheet 2
Exiro m-nui'es todrili*airs denll

to drill 8159—\ ,odrﬂm / Todmll 8517

*8176° 402

Si4

Ooao c;_\LWM mj‘”gmz/u ODooo~e a0
Si

.’

\ / Tah V Recdrder gearsqér
SO {508 1% overi{to 64 minde
\A S16 1 / Scalg posjrion Jhown
y ese q
WL - &’ 5‘;’_‘4 / by These qlots
Sos S16- ' } :
5 "% 516 (
| LR ses| [
| \ B 5
N .
519
\ | A SZ\O B
N
“J
' ‘ [\ £18
J509 Scq 318 /#/ K
V2 /A SR

§08-

510

S

?

L%

II ] llllllllm%lllll é TR ST T O T T T T IIHI'II%HHIIII il
S 2 (=} 3 8 o

2] o o o
o0 QO K o O o0

DUDDDDDDDDDQPFDD’D-D

=) eo o) o

dof

'E's.‘z.

z



March 9, 1954 T. A. BANNING, JR - 2,671,346

P .,
: MZASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

. Filed Muy 28, 1946 . 166 Sheets-Sheet 3

IS

[\

Py 118

a

721

.Counter weiﬁhf

|1
==

‘100

g
Tackle<__ |l

C 719
Elevators —___
707

'Kell_y —_—

Yoo ML —— \
Rotary Plate

Draw
Works—

Signaliing
Unit

70

Tie




e

B LA

March 9, 1954

Filed May 28, 1946 -

T. A. BANNING, JR
MEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

‘20t pue |01 -goN syuor }O m.H.Guﬂ u.?/’u;_?q 0303-’9}{@

“apoid Kiojoy {o uot ;DAB]Q—WG.{.DQ\&

2,671,346

166 Sheets-Sheet 4

N

'::2:/

“+
<
w Q
oN

0| -ap appay ssmi pus 0auLedSIG

GoT-<,

4203U0D WOLoq YSHADISI-al O Y
N | 201 pun {0l ‘soN Syuel T‘ux_pnpu\. l&u_iusi.xaﬁi\o-] I . rl_—;
RN | 21 |

i ] i . st
'cdul 2503y °+|xor 'or~|1 wiog Buspaput 21 3] SO0 ON | JIofeN "

=] [Buds asoy L— ‘ I l " 1 T

.wlooN *u‘o_[:o_;_ zo‘.oN ‘Lu'O.E muuoO l /-—'ZOI oN ‘lolI?N 1

_O_ o;.‘u;_og‘a)p“ fr ; ; T " ; —t i ] * T =

| 1R WOLOG USRI I ! [

-3, MO LU —ae it e .
2OIONJUIOR PUD | IHQIL Pt:l loq |wv 1 s "2OI'ON| 10loN 3'_
0| e s T———— ! - ¥ i _'.y
{ | l+-zo1on suiarfo tyBuzis I Ji
Buriiedano o0t} oyt 2o1°opy sitof Buyms puo i ' S8R ON W!”"Nll,
o0 | apyory agoy i l| " l n I i S 7
| 1 ?

| | T/ 3 oloN—

t~ [ZO1"ON JUOP Of PIULED PUT 3,300 UV _g' 8o A ';—f 4
l _:;’,_,"--T;::' ! 8

. AL AT (el

K pIS alo ¢} appuy. Buig £ —— _",_ 3 G 3!))

| % by |

*101"oN jutor woul. hg L Y
i qn
| o

4

J—got

| oo~
¥ e 150 01 Btaig wamol I AT \l:’
RERE 8 L1~ Futpii0q o pusouns — 1] &l 18
“#40id Kiojey yBoatuy joi-oN I - -\
O | | utepfodor Gutug of Buiig se10y | I n . t = | T{""’
' o S
! l | l 8 @ -§ ! . R\I(u E&
™ o1"oN sutof Blijisg mzdt;'loo 3 / 5 o
! 3 g ,
AERRR HRELEREEEEN
“Joron wiop Buiyig vurwiuo) f I 'T
ERNNNEEEN | Az
Q) 3 1 I - ‘ ’ ) c
b [ve 'é e g
+ 358 °
£ [ E~
2 ‘3 ct'g .
z S0k \i‘
o AS . .
2 S g%‘; s Inventor:
S = S NP
8% ¥ .




March @, 1954 ' T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 16_6 Sheets~Sheet &
of
k)l
bl Q
S //// ’_’.—“—‘ Ay
/// /“’. \8
- LA -1 u
= ‘ =
\ | \ Y
488
. ' - fed st
J T e
» ( . g.s
/ ]
© Sy l o5 :‘TE*%
— T 0|5 o
' 3 £
LT |8 S
L+ | as S
el 9
DT | 2 bA
by é . ] K] (Q
) l €
5 N
+ % Hp Stla
8 / ]
n oY
~~]_| "‘\.{
'\\}\ ™~ ‘b‘
\\ '\L -
P
///
-
-
3 ;
§ , X
= n
g 0\ Jnventor:

L e e s B s




T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

166 Sheets-Sheet €

"JIOH 30 ¢ FUIOf ML YIM

124 $0 as0 Aq UOIF22UUOY JUIOP BUIXTIA : ﬁ /h/, |
s
| 2oy
! m.. W ]
Y "mﬂm
- o www
A .
, €f
: 2l
opV q6 a8 ol Q¥ Qs (- d q% aF (-} |
fﬁ,l?%_o.* omw £ && ».n_v., 8.,4 ag _ op Gt a% G¢ "or of o Gl i "
o _ S R TR W Q. oL a3 o5 o o5 o A ] ol
it oA eSS ] € .
NWQ Qbo.m..\v &.vonw_ Qmon, ,O««Oﬂ 0;0: .@3* o8 ___of L aF g3 av qt o.a. -] i m
{ - o_b&mO QQOL. mnnﬂo_«a, o._o.wJoP - - . __ m m m Zz
et X SO T M.
e A 8 sS4 —ar——s &5 __or _oF ai Gl |
= ¥ - T o = Jz - Q_, ST ..m.\amw_.r._ T &7 14 -1 [} 3= mvv...ty \.v.‘
.nm.mﬁ..: ?.,oo_ s (%) - SV - (213 \hlom._i O oF gy %7 o a1t T z
TR - I .T}mn_i m L\ES W
- Ok oY) oF o¥ TS =\ ]

[z 9 ¥ 45 9 o
JRjuid auag o wnjo(]

! : 1 221 Sel +i  (H)syo|d Fiojoyareqo
I8 06 66 8of LU S e
9611



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets--Sheet 7

YOTYUOD Wooq Ysijgolse-al o4 MO} JUNOUID

+}o03U00 W03 10q Ysi quﬁa‘“ o] 2ol puoic| sonba Y\a::w:.u:n,: styd. snj : aaruqm_ ps tu? -
QsoN utof butpaoul butais Jamot 11 {
PN SR TRPOIRH: , R ri-Pe o oprat ST A
i \ L "_ i
@ | 'SS1S as0apad of Buiiys ocioy I X ‘
B *ZQI'ON luter o} joeuuo) \ 'IZO.L.‘:N
0 | a+ K23 butpaui 3pvong demo +—H 7! o 4
-Surays waao uoipsod & 201 ONF—y
=|e1 Ky Buipapw appo, 260y I AY Ngpg—
B AN 1148
© *Kjia3) 0} Jowuuos puo 3oty J4emoy E \ — =
—— =
*SA3[Z puD 2|%P0L SEIY 3 A g - s ‘
b puo TOUON Jiof woul ° SAI|9 B0y ‘% o ‘g L0 =g
' ‘Z01'ON N ] TOLoN
X| |sopuo ediys s puo Buiuys womon Lj— T —-&-‘“-‘ j$ :
. rodyie ssoeiad l*_ n r"?O"?N-.‘ lleON-,‘_
- a_uoroN.;ugoijSu!pnpu! DUidlC FSIDY ﬁ‘: tr z -1 i -
| - PTPTJ‘I apool. MoroN -\
& | IOFON JUIGE 04 201 *ON Juiol {9RuUoD s . ~
\ ' |:a'——l UN;
ZTZOION JUIOL PUC “SAR1D PLD 3)3dTY Jamo "nr ik =]
"IOI'ON JUIOf 49A0 ZOION ! ! ) _m —\#
© {1uopBuims of “sAal puo apoo} sy R = ;
~30'0N sutor |8 l Y
6 [#506ua 0. *sA2(9 BuiBuime 331004 damd :§ 2
. : g k foto -
© ‘BIO4OAR|2 puD B¥OoL 2S1DY g o _ﬂ____]%'
3 :
1 Koy Burooyd ] =y
~| Ploy Joy Ut Allad BU1IDBId 3dD04 MO ‘9 ~lol ™
; Y=
9 “2piE 240 o}, 2Mooy Buimeg ] - ‘3.—//’:"" il
| Uy 1Oy |aroN Y’é
{01 "oN tulof woul !
ly {42 appoy 2804 PUD 4Pauuedsg  d I =TT & A
. -8 H ) ) )?\L"Nj%
Y| ] | sdus soc oy butng samon 1 i — W \g
b W 1o} aowy ?
l-aicyd Riosoy yBaouuy joron [ P4 330 u —H § 101N~ _
™| juiopiodoy Buyq of Builg asioy g I ¥ :
R 1)
L. e 3 =9 { —
‘1o1'oN wiepButijlag 49 duwog ';_ g £ I3
T ik $ gftoron
_ ‘101 *oN s1op Buyjug sowswwos = N
S| N | 3
. : l I ' | I I l l l | 19 o} | ‘3 )
X =Re v o
2 G U x @
5 SE35%9Y N .25 ventom:
2 Sg¥ExEle o~ SE5S %
5 ftifeet iRl Qb
) =3Q%T 398 p‘*l AwS ; 7

e ot b e S i



2,671,346

166 Sheets-Sheet 8

T. A. BANNING, JR
MEASURING AND RECOIDING VARICUS WELL DRILLING CPERATIONS

March 9, 1954
Filed May 28, 1946

-5(0H 4D 23Ul %594 32 NI quMm S m._..mm

$1030A39 30 250 A U013I2UUBD ity LYo wnyoq

! _ ] 4
v = ._ J_ waddy tﬂ_couﬁ_tum_&m _ A — I/MW
N . i YA Hous #3496 Jo uoHigod - \.- ..
NP | 5 ] &
- Y ! A \
. N Iz H K
1Y T\ A / ,_ f \/ =
\ . -
/ \ / AN - w
[ 1\ ] \ A o
\ /, \\.IIII‘I..IILJN‘L.I.II. +l:' e —— \ /
/ | S e U [ i / \
VAR RN \ / v
N K 7 \ /
\ [ ‘ A\
\/j ‘ - ~ LN%.ED \_0.;_00&(5.\

02 6 8 L o s ¥ s 2 o 6 8 L 9 5 v € z | Jequondag



o 42 AT R T bt e ¢

2,671,345

T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

166 Shests-Sheet 9

- 3JOH 10y ofdt g Jos Al Ga1m s4540A3)3 30 350 hq

-

do13oauua) furor bUDW
7 | I 1 i 1 | | 1 I ) oz
fﬂlﬂ"bn ql L q¥ 9t e v — [
- BN ] el £
mﬂ‘o! v oyl opi [T of qr 99 J° o qt §2 Oy |
. , o
oF ® oL q6 o8 .ol . af _ qv_ _at g a1 - LI -8
ﬂ mww_ AW:D: : opt 1) oF C1 Q> Y3 G C T O I L &
U __d3 Al 1 ; 9/
g MY Ves =X Q q% a3 CY T
E. 1 ]
Q9 Q> % R4 3< e gl H 3 b
| g \J 1 . .1
R a:.u, w 5 \d ¢ 3 o | vi
{99 oy A Oy 3¢ d3 oY 1 M~
ot “Yge 99 EVA g% &% Lid q% 52 ) | n..ﬂ
ds* o =] \ 1
mﬁ L ICT nmq VA - oF 9t 3T 1) p| m;v@
) -3 Iz o ]
opl Qe M“ qL CED L X3 qE qz ql . | .: nau
3 3
W.J‘A:mh owum@ 96 nimdwu ona: Dv~ 9y ¥ qt Q3 qr J ol za..|
J 5 J & ] .
_Ilgq.n I} Y3 B 1 Kt L 6 M
| ds Ady 3¢ J2 N 1 =3
g [=\4 a3 O Y Y3 Qe Qi |
) ASy -5 P <1 1 N
ﬂll.Pnr AL - TSR JE 1 ¥ 5B ql N
d d P
Miﬂmm‘_w WM._A OWM Dm Dm n“r 3o (TR L AL |- S Y 3y ] 9
{ ds A dw g% oF 't 1 mr
TV Ofl___ ¥ qu aet ) o5 qZ Qe Qe [5%d Nk q° a1
T 3¢ ». 9% Jg . _d% =1 1 .?
x 0.4 SPY 96 qt ql 3% —g¢ [ 13 - X £ - |
{3 . M L) .13 91— -6 c
172 o1 op! ]6 2 qk 9% o q¥F qt [:3 ] ol 1| )
g6 ’
1 1A Y ) [ g L LM | &Y 81t
—1, 36l -
g .. SpI ¥ . G _ 5. SF G13 \m...m CUAREX S S g v ] !
e a 12 % o ¥ €9 Z 3 06 66 80l Ll 92 Sel ¥ (#4)ajoid Kioloy aroq0
‘ Jurwaps J0 YBIH Jusposr

—d24UI04 @13k JO Wayog



March 9, 1954 " T.A BANNING, JR 2,671,346
' MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS o

Filed May 28, 1946 . 166 Sheets-Shest 10
]
Q
&
9
] | i
™~ redyc jos puo Buiiis emod I v ?
-a10id Kooy ybnou
© LH‘NW[D_[‘ o doy Sdg.:go;ﬁt g.l_:é a;!‘;gf i I
i Sy0(02u> pus Bulie ploy 1
_ .y “2ol'oN jutop a;a{dmoa o) Buijjup 2nuyus) I
nl ‘wolloq (o000 of Butiis damo ] .
N1 jzoi-oN suioplo 1) Rom suod Buraig ssioy i
=| Jouiopo 9f)uogoq semoyaBuryp anuguos o
ol uap.0d3y Pbuoys -Buluig pion L
o | “guior{o ) woyeqaamoyop Busiap eautues L
(o} I | HoO 2wl u —
t~ ‘2o a21D pun BuliiS ploH I —
S [uiopfez)) woyeqdamo] oy Buyjjiup 2nuyue I
| | wopyeq 100 of Buiays samot A 1
o
) l . u
< ‘ l i -pacios buniys ploH g" I '\E
' 8
@ | -zoron uop Jo Kom puod Buryg asroy d I N— —l
O
g H
N | *zoroN uier fo ) uoysod umep fia & I -
< o
® &
- "Z01oN o0 By 14g 2ouBmme) = + %
.o Q
AR RN 1Y, ¢
R 3 SR ®
4 =9 ‘:_.'p — =G0
o SyEss N S8 Tnventoy;
IR = %3 WL & .
)~ c0goC ;’H QE‘S o N /p




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed Mcy 28, 1946 166 Sheets-Sheet 11

+
)
jod
Q
-+
N
&
al
w -_\7 ‘\“-~~ ;:-E)
\\\\:-~~‘-~. ‘ﬂ:-’
n 9
/ (o]
i N / 85
o L ¥ %ﬁ
o < C
N r/\
= | s 7
o § /4
k] ée\\“
U" %) ;: al-
5§ /| Ejtfi
© £ &%
5 3|2
~ (‘S &
52
9 ¥ o3 .
\ / sl & :
AN . |8 =
ht / gl .
i n‘. 0\
¥ INREEL®
7 ‘ "
N
o //
8
£ - *\g
2 ntor:, &
a. - e ‘0 M
8 S Qo



2,671,346

T.- A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

166 Sheets-Sheet 12

awop v bula@

‘gl bLT

40 uonpvisdo Uf sdazs |oAndhs S /ﬁ
- Ch Lo
L I EN
¥ g
= s
TN
a
= 3 [ oY Y T 1
R W Q9 v O [ .
- A : ¥l ¥,
{ 99 7 _af o QAL (= 7N  R— |
i ‘ gl
IO a5 &5 aF aF __ai o ]
e s s el ] a1
|1. ol ¥ a¥ 0% op OF qr. Al T :
— & ol
T wm A1 9505 av ac o gt ]
. T N 17 g or o ___af - 2]
m-wpg_ or Q9 o Jq¥_ Qe ap = S 8
m W % Lo & aF ar &% o] L
ﬁ [ q% __ oaf o ag____at 9l J 9
n_UMHHnHmwllﬂ ql 92 % ar SF a7 ) .| m:
L o&_ %MM a8 qL q9 qs aQy 14 =Y Y] ] V
7. 6t
—i—$ge —ag 8L g5 —ar or__or a8l F—T 8l €
| a— .- I : 4
e 9’ ___of 1A G ar GF___qf ___&af W Tl -
7 !

61+|
o a6 oy ___qt 3% qF___oF 5t as

. S 8 Lz of & 45 €9 2L
424U1q4 Qe a0 Winjog

16 o6 €6 90l LI 931 So ¥bl (1) 24oid Mooy aroqo
Juawapd Jo WyBIH du3joninbyl




March 9, 1954 T. A. BANNING, JR 2,671,346
- VEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 ° 166 Sheets-Sheet 13

(o9) "2juidKivjoy o Uoyraa[-tnjoQq

e i ARG S AR e

|| '
26 ON
~ "96"ON {uiof | R
— O} JODULODOL ‘SAMS PUD (MDD dams] —'{“— 1 T 4
g e | TR
<) ‘qupﬁf_\'g‘ﬂuu;s wiou] -gmg;‘?‘ 35099y | __‘\: b = '
’ glells ' I e maa s & f N oM
; 001 ON — 66 :a;:
5 -w_pgﬁ%—; SIUIDC € Jo puoyS og © | 1 - §‘6’:
—10VeN . o181 1466 N go !"‘
¥ ke e 02 T | PR
—1 "yrepiseuo e quiore {o pueys Buimg $1-Q 86oN
o3 n f£ioroN | -15 §<§t;€
- -;olﬁuocol%e’squ :iugo_g_,(o puzuf ERLEY ‘puo\—ool‘ON 66N 96 ON "8’
| soon lerdad 6ToN tier stuesia oroy | 5 | Bo
© I L Ly  §
= | “ge'ON 1UIDL U Sdy5 196 puD Buic semo +—00l'oNl ¢ =66ON g !
—=1, ,an“—'f:-TaErJ(:%wada piiooas) wioyoq Lo suoows [puoyippy—l ©| [0 M7y
- ﬁm%qungn.zq_we'o uel odoip«mes — 001 © 1 geoN g Y et
. |peo oot forson QUIOLDUNG O bululs FS10Y 3 J_J 9| wf
< JOION fuUtof oL "sseE pooutoy —T"—"g '—1— W A N 3
. 3 IW‘AQ g 'IO"O‘ _£L'
03| 0] 'O JUIOL 4BAC "SAZ[P PUD BOOL {BS '_g k) }; = i a8
-' PEIRE N
</ - Koy Butoord =12 FL ST T 3 l==kst
3oy Joy Ui APy butooid apjooy 4amo HE _J s S5 )
q BB e
= -2piE auo of 2oy bume T ——"'T_"_ : R
. “{orroN Juigp woul - N
O |-o43 3jyooy 30104 puo suuoduiq [ — : =
“ | BL_fom—e
. AN = psk
edys o 03 Butais samo 2’/{:_ oo [T = %
. ‘aroid faloy ybnodyy joloN | | woyjoq Ho sunoiuts! 1o}, eN— 3
Y| suioplo doy Buiiq oy butaic: ssroy I 1 = 2
X ; ! ~
. -dn Buiwon. T i ©
Ll cioua_g .lo; Jo3b .reuouS(g c T T " T
T P s -
. o _%‘ 8; 8
o |diig punod asouicy. foroN sutor Buigugdaic A ¥ —
_ ' \—{; 3 3 roloN—
- 101 oN Jutop Sumg.lq ERTETMITLY ‘ x J%
e | I ‘ ! § E M\g °
2 , 5« . ey ® ¢
£ oS8 © 'S = :
Z  agiRIy . £58q Trventor:
2 o=9gl Ll SN >3
2 2rinz N 5 0. Q L
N 5384 Ny o5k DS Ty 7 A




St LB S L

2,671,346

166 Sheets—-Sheet 14

T. A. BANNING, JR

MEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

puwv df) 105 03N -bUi| (12T c}
b e — = llr||AT.4¢ll.lLllalvll.;\\ \ W.l:“
N\ \ .
\ w%
N~ wnd( joojuo) oL Jo0say / .
QLM 15OUS Maog o Uoiglsod+— H Y,
, _ | m
| _~ \
_, | \ \
| | \ / \
, * ) / \
| | /\ /
| | [\ /
| | [\ \
| / P
| | /
\ | /
, T L J3FKoT jo uoijiso
| |
| |
\
, |
|
|
\ -
T ol o #1 @ 2 I O 6 ¢ L 9 & v © 2 | +equaNdag



2,671,346

T. A. BANNING, JR

March 9, 1954

WEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 15

dian vnno&..w_oz 40 300 pup

Gl bl

O

dn Siasvaly -buljjiaq doLs .
_ G g ov &
I3F =
T 2
<
TR
I
AN O . r .+ANM
: : o 3 3z a1 9 o
O “opl 96 98 ol Qs qr o q o S
3
o T [ S LS O ;N (/N L R N f w
vl '
£ 4l L L2 qé€ -1} 14 e Ol a1 gqr qz g7 T
X a7 | £l
T N T A 2 L M AN, i : i
Ol Sl Bel 3G 5 15 5> o o ot 9z a ] _
"
Sg___opl __opi q6___o¥ ar 5% . §r gt 97 YR
Gl
92 o ]
q '
t o] :
Ly G0 ;
12 45 5% T4 = oY a7 T .
e o8 1A &0 &% A g% oz U | ;
-l ! oso_ opt a% a5 9L g3 B ar ¢ 9F __ Al ] 3
! i ol 56 98 gL K S oF BE Ct o ! .
ﬂM_HHH”M e UPIC U SHTEUS O] U090 sbuoTy
3 oL 92 Y 9v qF 7 off / JOP ,
9 .
- T A
|‘mo~_m < mIv_uﬁ ]5 S oF JE 5 Yl i \\m:l _
m So_ﬂlcmn_‘—.ﬂa =X oL o> O, (X4 Ot 03 [ il | [<9] Nwa

0 & @ [z o¢ &
A uzjulog 043540 WNto(]

5 7. |19 06 66 S0I

LIl 921 SEl b+ 20| Kivjoy A0
el 3|3 o 4ybi fuajonia

b3



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDINKG VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 : ) 166 Sheets-Sheet 16

ros) “3jold Koy Jo uoiponala ~injea

' N L
T T R s
iQ ‘9*ON Lu[o!:uo ‘:di‘c i8¢ Pun+g Ipuo I|N00L 43/»\01}"3 'u Jl o]
’ ’ i go
<! |1 A _|oon | 1 gon | |] ' Ir—“V ON Ny
- F | T S CETCr SPPo] 55N =
Lt . L8| coN—
“ ‘ n r~——=90N i ——SON , _—oN 1213 . Y
- UCON JUID['Op £ o N LUICS JPBULOY &PO0L 4aMOT ? ;‘;N
ol [ oon  — —eon o] | et
- 9;,"-;7 SoN UG e PUSIS puoc 10T ac!oa \ B
n | 'nl ——"3 S
— ——ON SN~
= Il By el lo pusie o - CAB{?_pauE?)Q 3‘){0!2{_.13/‘—\6‘{ I V'o == 1
l—— 99N ——SoN = T ON
H S:F. 3
S 3 uouo/\a;a ybiy ot~ Q/\a[B puo 3o, acma _|3 o+ 1
1 I T R N A R - £ 1 AU
(2] -groN jutop wo.l,}, *SAD[D J,aauuoogr(}}_ 21| %—
‘ ' l I I ‘ & n h N ‘
o0 b coN lulopuo edijeiac: puo;g puo 3poL .::wor’ - r - vﬂ‘
— ‘: = l,;——'Z'ON | | l ——{'ON : D?g
. 9 i '-ga”g asoa;ag-ap;:é!_ag,:ng %) g:'h
o | Halpllazeen] | emeon _ eoronls 3] o
2 "(UoNod) JUIOFTIIG of [ ON JUiOf [PRLto] "3 o0 Jarmo ali\ o =
" it \K | — €ON L ——2O9N . y— [ON i 3 Lot —
"CT 1 SON S{UIGT 0 puUbig pUD P({IU] aSiold J 4 P
il i ', = =
5) g e =
< ¥z rcofy QuUIOP o PUDLS Of "SAT(I JOBULOD *F[HID| JBM |3, SR (5 o e I
sy iﬂb.—?—us%m\x* I PPuog ROk T ,_l__ION 3
g i ] 1o yoA3[R LB ©4°SAR(2 pud BppPo} eSImY -3 :%/ 3 =
l ‘ l | I | ol "g.g'.mﬂ s);wof‘”uq._B
. " : .
™ N sdije jog | P
| | bjid {ojpa)tuolig
-— ‘wngod o4 g “uq puo apjdol JBMO’] ol o W’I%{I— i
! l [ o L‘}
5l ARENENE s 18y 1] 8
- .
T © Fm,//’/"
Z PR 5% = She S Tnven
S 5°583sn %8y L8
S S8s3 o— B3
N - Hhensge M AT ""7




)

‘di4L. puood-ueod
burinsvald 3404S “DIOH 04Ul Ho0g JADLS

21611 Q,%W./

i T T
A wini@q fPopuon o +uunww&// Ky
UHM [ FoUQ MIDC Jo UoIISO]

o

T. A. BANNING, JR

2,671,346

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIUNS

Filed May 28, 1946

166 Sheets.-Sheet 17

Inv
é . Q‘

——i3/0

Jo uoyyicod

—
_
_
_‘
*
_
_
~
‘
_
_
_

,
,
,
!
,
,
,
!
!
,
!
.
!
,
!
_
,
—-_

\

~

/

i AN

4

n!

Sl o+ e @ oI o 6 - L 9 & + € ©

i Jaquapndals




2,671,346

T. A. BANNING, JR

March 9, 1954

VEASURING AND RECORDING VARIOUS WELL DRILLING GPERATIONS

Filed May 28, 1946

186 Sheets-Sheet. 18

91 611

: di41, puocd /ﬁ(
umod bUIINS DI JADYS "3]OH 04Ul NDDg $404S ]
! _ |
| 1 S¢, ..
Ja& &
o3
)
I Q>
, na
I .
— 3 ql
J
: Y I TE— | Y m
BT+ A [-)7) S = 1] =" Y QL o¥:] O F [='id YA ] ql T vi
Sl il __op) o1 ©opl o6 [+Y:] oL 9 as 72 JqF  §¢ L LA M.
ofl ___opl____qil ____opl T Qv Y4 90 q% aF ]t a3 5 ]
L= (I 96 __qv 9§t Q% OF __ar __OF ST ) ]
, sz ol
o ol oyt opT &8 3% L 99 qr 9t a3z CY /
6
Wi 57 ]
, 8
92 K[ i | N.
SRl 8 __epi R Y AL ar__ .o §r __qgc___at G J
9
ST e e e AF _ar g% & qr At _qgs &
: . 1 ol LB 4 [ S SN AN | S LI g
1 opi 5 9% qr q% A oy g _od i | 14
o an Gl 3¢ af 5L Aa’\. 5T Gd L a3 & _L M
— T
L L— e 81t _
— M.TIA : . o —zor 1!
1206 66 901 LIl 92 st + (1) 24oid Kooy anoqo

0 m g
Z—J3juiod o

40 wnjo(]

Jupwdg

W61 juaponinby




L P BTt A S S

"UMOL LA 37~ LOHANIIO) AOPIIIZ K~ oy HOUD aAlododwio) m\Qv_HH\

G

‘wnd( oojue) of §o2dsay X —uinieQg

usfo Jo uoipsod .
Y4 Joyc maing Jo uoljisal

-dn 1y g---uoioouua) A1 O —
g 2 ——
(4] 2 \\\ i »
.-“ 2 \ \
[77) C
© 2 9 * F gl
N OB e / !
M N VA‘ =y S PIpEISN SRRl = & }-u N.—
5 N Rty s Lt E it s I |
5 o s = H— !
. © P J
2 - H p— e N r— m w st
”u. “.\\ .ll\.l!ull.\.l.!\n\o‘ll.'ol\l (| N - ‘w—n V—
..h - == 1" \T ——— e — ¥
1 m s p— — _ m~
o \ 1 1 .%
e d A
G x] \\ A s Ad
Z 3 A I W e e i LT S i >
z & i N = S =nmot-8 o £
o ==LV “ 3
e e 6 g
< 2 i , M
A ~ I Sp—— T o v Q
o i s o o 1
o] j P s I e -
d ' 1" J g
o Y
a J -
Z ..||ﬂ\/ : lmj,%llm
< w.f ¥
= ——
O S HEES Vo I U N T S . ﬁ —¢
% m - S iy nht S SN . [Tt — H
- 2 o S s B z
8 -
] |
@ B
=
t 3
m @
. -
wd
= =



AT ot o

2,671,346

T. A. BANNING, JR -

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 20

Y6l LT
. “Bus Buyjap Uy 2did (u@ fo spuoiS

S6 06 S9 09 SL oL S9 09 SS oS Sy OF S€ 0¢ g2 o_m .A_.._1o_~_.m Y 0
|
.M__wCoﬁo_ €iojonra|d puo 2300, — ol
(4DjjeD |{Hp ou) *3ulj uo [SEV ———R.
|| _ _ _ \\\ﬂ owu_
o -cputol o4¢ | 4 S
pappo; siuiole Jo Pt I\ | §
poR ol
= 2 M
"'lm mll A.Wl\-
6 o
e
o
W_w-sm
i, o
S-o0L 0o
=3 3
2 Blog &
M. PIO&
] M
5. g%
\ mﬂco_nm.
v o doi
7
—oz!
-0t!

Za

TInventor

&



2,671,346

T. A. BANNING, JR
'MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIOQS

Filed May 28, 1946

" March 9, 1954

166 Sheets-Sheet 21

- ot ot i

y4
/
408 Lze 8i6 c08
200! +ww 001" | a_w \Nwm m _
- 1 1 o
— T———71 ec8 796 w._m 126
\ . .
] H_lm. l_ﬁm 588 mm T A pid e Nm%w
\ﬁ ~o501 ! oot I L
Lot 11 geol Sszol—T H M
B ool
+ <Stot N
N | o111 68
6to — zLo! socl—|
lol e | Lool moon,bo_vw ) _ .sam\ Hoow
Seof J | IIIL: u | u
w it i | 2
: |
ool \ 8201 e¢ol
0|
"9|oD]_ p_.\(< Jybiam-dajuno) o

Tnventor

»
N
N
iz



March 9, 1954

- T. A. BANNING, JR

* MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

2,671,346

166 Sheets~Sheat 22

oy
8 o)
o ® 2 ‘3 §
3 v o s | s =
i S A R /
I ] 'l] 2
. -1 1 - Tﬁ
= g - ] T
= = =
. 1 5 ety o
S~ g [}
— - [ ]
== 2
S o
= 4
= 1+
s Bl b
Y B 3
e 8 2 AL 3 2
- = \ M 123
[~
NN X [
ol 158
__§:~\‘ "‘—-———q»
RN
S \~§

From Cnun?er—wdghr

1039

5/‘044

il

1035

joo2

:E‘i:g.al.'

fool

“nventor;

Sod



March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

156 Sheets-Sheet 23

(=] .
3 3
inr
3L l
] |
N
T = |
8 g 9
g‘ e
g M : S
0| i 1
- H
g 5
AN 1 E/ g
s /-2
o o] L |
EE ot o
: I
' l \_z§§ m
57 \-—_ Fl
) n
(=]
£
T
¥
S
3
U 0
g 2
g\ o
S fx L
ﬁ )
-2 =l
|
3
e
Ir ventor: -

ool




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WiLL DRILLING OPERATIONS

Filed May 28, 1946 : 166 Sheets-Sheet 24
| 44
| 1039 Joso
45
jogn 720\ MY lo3o
1028 ! 1029
jo72 l(‘ti ’ . //’ \\\‘ _//.‘ ‘\\\‘ _-loes {070
— . ; g \ »
<l < e > +ioeo o7z
:ow/ "l’ﬁis jos4
45' ‘ 102}
1019
1003
jods
]
(023
1035- ~j002
loze
Tnvenior:

Sho. Qi



e

March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 25

- \.
{044
to45. \ 1033
: joso
1030 [ // 1030
1029 < ||' ' : lo28
106 - -~ :
/N \
- / N
o [ - \.\ _/ ~
1014 ) S 10cs 10T0
1069 e oa 1053
los4 ( ,049
1020 ‘ 1046
//
1033
1034
; lo3z.
A, 3.24-
Inventor:

R Qollecirfb




S U

March 9, 1954 T. A. BANNING, JR | 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 19456 166 Sheets-Sheet 26

1063 0
\rgj N - ';1070
1o1) 1069

1053

Inventor:

NP

e A e e



2,671,346

T. A. BAMNNING, JR

March 9, 19_54

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28

166 Sheets-Sheet 27

1946

mwoJ

W Al

/[

d _©lLo!

™

©go!
A

.wocn ﬂ/l44// SN /\%
AAMLEARNANANAR SR SRR
/
&'\ 82 0601 800§~ 0lel
slof., 9ol 600t 0601
m_oh i/;_/n,://M //WV/EVW////////?/////m////////////z//////////
) %

< ///////% r

ff/rf%/ ALY

Thesl ar°mo~
Lol

[

T

[ AN
g\ 2T Ll el rda

/

Isol gzot
85014 &2




March 9, 1954 T. A. BANNING, JR 2,671,346 -

" MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 | 166 Sheets-Sheet 28

*fijg.za.

W 0L

e o e A eSS



March 9, 1954  T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 ' 166 Sheets-Sheet 29

1083

g 1007
4 L 'y,

o .,’.4"% Jocs
( I PN

AL

7

/l ﬁ,’ ‘°7S
7
.\‘;":1"'.-’ A
el
sz
7’

1\

e
&Y' JINCL

Y

Tnyentore




March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 30

Wadf.

P SRS UL



o sy E

March 9, 1954 T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

w77/l Pt '.:‘) , | | 35
?\03 %//;4—35 . »nos% w1

166 Sheets-Sheet 31

L —~1095"

Ll

Ho4 R4 ‘ l
)ossjigg%ké I ‘l :ss |
ios-ft@k\\\\\ 94
\
N
109¢ N
1o}
llco
36

lio4

M1

TInventor:

Qe



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 S*aets~Sheet 32

1058 1657 jo56 {050

4 /
Y lo28
e 1028 7 ‘ YA o/’
i m;k R
i Y7/ s e 7/ AT
% : Z :2;5 / : l°{“ -ig?:.
‘ / L —}052. o R
o A—— g
TG4 Inventor:

tﬁﬂ_g@}.




2,671,346

SURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

T. A. BANNING, JR

]

1954

y -

March 9

MEA

166 Sheets-Sheet 33

Thventor

v n.L IMM\ sde
EREII
E




2,671,346

166 Sheets—-Sheet 34

T. A. BANNING, JR
MEASURING AND RECORDING VARTOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

Lool
L~

zo6l

?

g
X
9
(=)
a
(9]
T W
o
]
¢
o
o
(-]
3
/
bt
I 43
l T2
[
|
|
TInventor:
‘;

coé| | =] Iu—\
GMMVWI 1S o] M ﬂu &
a5 ] Lo === .
| L T . .
lze A ]
{ 206 i ' seef} — J#18  4cg 126 .
€10 M : \ \

€10l = t  ve
=¢10l / q 216-] ' — 1 ,,
) e == | [ c28¥18 \ol8,
2%e = L 2 + ul_ 1“ J_in o 1 .

Ay Lo e T Yove o L i |

sNARNRNNRRRRNGN . wn.l.“_ﬂ ._ﬂ}mum 58 . "

e _qléﬁ I 7S ses (=l U

=1 oo | | W_I_T il 996 8¢8 -1 1
o ml. i lflmW|@ir!: Log 681 B ,

H k== I R e P .JI,I ——- -l..w A

3= - \\N rlﬂm Y w Y RS | SO | . ningdunts <

= 1o |uoe”| T s
288 1
88 . {os8 ”
. 68 o068t B

IS %g\ %«@# %

288 tes

] |




883 ﬁaz

‘March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 -

e e v e e e e e
Yyt /: pla X S

N
N\

—
- Horo
-~
-~

2

166 Sheets-Sheet 35

808

866

— tme -
- _-<:— —:"-

952+—1"1 {

218




ST TR R B e

Tuventor:

©© ©
> S _
-
« i _ €og _ _ | _
© g7 I 1 | 0 | oos |
N E 3 v 7, |
]

: 7/

5 o os L6 R \®4§

g 5 i NN @ )/

3 cpg EA—F , LA

B #1g 016
e &
|N m \\ \ﬂom/— IIIX
O o —
z = L —
z 8 f e | E |\\
g = geg  Lo® e Leo
o < $68 3
> 068
< m A
¥ o R

2 > LARANSRN

g I

-2 %8 A .

< [

4] . 698 . ) s S 4 /E @
< m 9 ] NN 188 8@%% rallils A< z 26018 ‘ N
0 m 3 % % _ 77 B nw & geg 18 OB €8 8 Nulmvw
- 2 o <0t 3 ol _ : _ _@mMw %w\\ z2x J&_m ® _v ew%
Qm. £ ¥ee/ 0s6 @ ® .||_11| ) 603 _
5 = [os He ~+ i Nﬁh e 208
! o h.eh._ 9GS o a¢ _ ) .
- | | | 208 -t
= @ | %



2,671,346

T. A. BANNING, JR

March 9, 1954

VEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 37

298

osbIT e, BT

t16

.

L6
.W.m/ N

9|6 +!6

{ L o006 LT6&-~

|- 616
36




2,671,346

MEASURING AND RECORDING VARIOUS WELL DKILLING OPERATIONS

Filed May 28, 1946

T. A. BANNING, JR

March 9, 1954

166 Sheets-Sheet 38

ocBIT

2¢BLT. o \\Mﬁw
8i6 \ N\ N
m.; \\\\M\Hm ijllw lllll =
i —— ﬁ / m
=== T TN N,
TN Noto
N N
” N 206
N N
N N
- N
N3] N
NY b
096
=

.

2,

- Inventor:

N




March 9, 1954 T. A. BANNING, JR . 2,671,346

HEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 39

iy

7,
w A Y ,@ g §
& MR R Ly T~ :"3\§ © A
IS S s s : o
= sir 3
Y 18 ' & \
8 /B S @
W
2T SN
§2| S A TY 3 !I
2 %‘/ N\ i .
[6)] 7 # ‘.;\ i1 *
WIS~ e H D)
14 ‘l'a," ~ m.: ! il . g g-)
by 9 F_I
|| ® .
' |

24,
Y~ "‘%
{47 886
35 o’ T
\ 88
\\
\\FE
(]
o940

/
92l

93874
wa
N

A

-960

V)

\QZI

‘ TE%S;S&

TIrnventor:

P Q&.;;jé.




2,671,346

March 9, 1954

"~ T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 40

e

40

‘0cbix

+i8

- | Inventor:
ﬁﬂ.@&ﬁ;ﬁ%.

-S¢8

08




T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

4

March 9, 1954

166 Sheots-Sheet 41

. 668—

e

Ze n.m_ll 3"l m«!wﬂ

<t

SN

—_ SRt y-voe

Inventor:

Q

A ! | ]
] lze Z
-.nnnul 7% \
1l 388 & e ] —
LT.WWM& Y
e alZ—7
|
_
.n.m.a, \\k\
—— ® ol B
=2
B A S, NN AR
|
i 11
“ ! 126

%

418

= o K N = = | I . Kﬁxﬁﬂ.{!w}-«
: \ P=c:
- | i v
T N . / N \ N
%8 AN 7 T
r.rLl 106 L&@ / _wmm / _ i
U N 3 [ |
WE 206 w 806



) March 9, 1954 " T. A BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING QPERATIONS

o : Filed May 28, 1$46 : 166 Sheets~Sheet 42

; . o) o] ()
©) O ©
© :
=3 P 9204~ | 2
[7am\} \J \
0© Q @
r llr"l
o © il o
349
855 aag
850
o5
54 853
<
319.61 f\'s.ea
rash el o~ - - -~
(2 OO0
A e h X’ x
4 o 4 4 " “\
o~ l"\ ‘\"l
|\ --’l \\;')
’ g \.—..',-_J . v ) L\ 3 -
QES 63 ' TInyentor:

S aéwﬂ&



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 166 Sheets-Sheet 43

Setfer Motor signalling Unit
TimeOut 0ff botfom.

clufeh Ty 7 | gl%srggrg_hin Screw leaves
Coil 190!~ — ¥ ]
. fo— 866
1304 >
s . gse 857
] W[y || St g
A A ¥ ) ) J
4\ I —
LL _ ) \ )
(+) 2012— 2005 2006, ! %eﬂ:er
(=) 23— @ el witch
= - 2002 R
Sor e M| ——to Cluteh Sw.
(Manual).
o 201 535 1o
Cable to g\ )
Recorder . , - } off
/' (*_)5(_31, Sisnolling Unit: /5 bottom
ﬁ r ,J Diak:3w.
(2)0‘5 7L | 151
+) ao0i2
200 ‘»-—Cob\e between Derrick and Sisnollins Unit.
2423 Dead-Line "Point Indicc.lor
Derrick —A—E‘ ‘
—D ead-LineClutch Control
L ] 2003 /-—Mnnuoi
[ l535) ] 14_‘2004
1537/
2007,
. 1522
2008
up
| | @l é?
| " 0{-bottom
Indicator
2010
aoos*@—

) . Inw Tor
“_E"x'ﬁ. 64 é /A_

- | 4



2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS

N

Inventor

LLf

€12l

]

A
<
- sobur
£
0
1
1]
»
-]
]
@ . o8
@ o8y 200l Yoy oot
— T r—] 4oz 818 gie _cozt
£88 926 28
s Fae rZid
- G 2l
A =134 _ r\
e s =
Y oru 1
a 1 o e
s == 1
N 6021 8021
3Etol
]
\ 10121
.M._N_ mo\.u_ M Nlll._,:u..om,n:o.:
208 o
[(v3
<
N
Py
©
o
g
-
o
]
—~
-
e

M mmemeii e fR me o e



5 March 9, 2954 T. A BANNING, JR 2,671,346
VEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 45

1 . o
+ o o o o -l .
: o T o o a o
1 TT? \ 1 9
[ - 1 - .
P | Y
B lIE I
-— e ~
] S
\
\
A
a
s
IR
X x‘\\ \‘
5 s "
o o o
« 5 ®
s $
2N
g
Q.
e
g
: —

803

Tg.67.

“ET

1

Inventor:

tm.a&.%/\.




March 9, 1954

Reg vlar Operation:

Round TFip,etc:

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS
Filed May 23, 1946 ’

Casel:

Right hand screw for l.aven
Tackle cable To right hand side of Layer
Counter weight cable to left hand Sideof Layer

166 Sheets-Sheet 46

Tn from Counterweight

Layer shaff and cable drom both

r?:fofe in the same direction. 1006 100%

. . —

Drilling down,normal ( ¢ RHTh. RHTh. {— (
signalling. e 3o _L | \

: 849 2 N \050

806
919

Out to Counter weight'

Quf toTackle

Drilling operation [} RHTh. H:@ ‘ RETh } o (
ot commuett =%
bottom femporarily 2 N R
No signalling ,
\In from Tackle

Outto Counterweight
Measuring up, normal ( ! R.H.Th.l RMTh. { -‘ (
Signalling. Y ¢ Y J

N1 ————]
Note: lnm"ﬁck\e
Measuring down— . wInrom Counterweight
See Regular Operation.
. —
Measuring vp RiLTh. X:t] RE| | £ (
operation, buf - \
Temporarily lo.zcced 2 N | 0
below elevation rre-
viously attcined.
No 5'&3na!‘in3, ‘ Q'ﬁto‘ﬁ'lck‘c
: Tnventor:
Ao 3.68.

&.@Qm/; |




- March 9, 1854 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 47

Casell - Out toTackle.

A 1
Left hand ocrew torlayer | ,
TZIck ¢ cableto r\%h? i'zynd side of Layer ;
Counterweight cable toleft hand side”of Laoyer
Loyer shaft and cable drum both

rotate in same direction. /\006 1007
—
il RHTh. LHTh. /
’ Drilling down, normal ( [ ! Th [ (
s Jignalling ~m. v <
2 849 2 N 1 loso{”
= 306G S
: Nos
w .
9- .
Q - rom Courterweight
s- ‘ .
-f:', InfromTackle
o2
& (

! Drilling operation i N . LHTh
but comir?g off D_:-_‘%P_(J:b

TN\
P

bottom temporarily N} ~—
No signalling. A
Out to Counterweight
In from Tackle
Measuring up, normal ( RH: LHTh f (
[ signalling. 'y

2 N ]

Ndte: Out to Counterweight R

Measuring down— i
See“Regular Operation. Outto Tackle

| ng. V] Lum | [/
. Measuring.up MH.Th. :b { ‘ (
operation, but D;B_(_ Y
temporarily lowered 2 N} J

below elevation pre-~

viously atfained. . : )
}\Go :s'\\ygnc“ing. _ Infrom Counterweight

Round “Trip, efc.

nventor:

T@GS&Q \/




March 9, 1954

Filed Moy 28, 1946

Reguiar Opero’rion.

Round Trip, efc.

P

A

T. A. BANNING, JR - 2,671,346
LEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

166 Shesets-Sheet 48

CosellL: Out foTacKe

Right hand sc}'ew orLayer ,
“Tackie cable to rigrithand side of Loyer

ﬁ" hand side ofLayer
rum rofate in

Covrter weight cable t
Layer shaff ond cable

opposite directions. }706 ' 1007
P

ini A (RMTh || RATH LA
%lfl‘llng‘|§i0wn, normol [, AT b (\ : (
ignallin 832 1039

I I 843 N | 10501

806
—9o19

Infrom Couriferwelght

InfromTackle
Dri!iihg owdbnﬂjj‘__ﬂx_éj _ RHTh. (/ . (
bui coming off =\
bottom Temporarily. N -—
No signalling.

\ !
Outto Counterweight.
Tnfrom Tackie

TN
N

Measuring up, normol ( (/ R.HTY% R.HTh.
3ignoalling. _ Y l

Note: Out +o Counterweight
Measuring down—
See"Requlor Operation. Out toTackk
0
F— il

Meésuring vp I Rm.j:@ . RHTh. £ (
operation, byl j:"_“LX _

femporarily lowered 2 N

below elevation pre-
viously aftoined. .
No signaelling, Infrom Courflerweight.

T—:a To. Tnventor:

XYY




March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

Cose TN

166 Sheets-Sheet 49

Tnfrom Counterweight.
Lett hand screw-of Layer
Tackle cable to right hand side of Layer.
Counterweight cable to ‘l'd\eff hund sde of Loyer. ‘
Layer shaf 1 and coble moé
oppo:m: directions. - 1007,
Drilling down, hormal ( {RATh, LHTh. (— (
s Signalling. S Gess] | %
= 849 2 N | 1056
e 806
9 —919
Q .
(2 ﬁ _ OuttoTackle
%1 Out to CouMerWeishf
@
W ,
l Drilling C_Peroﬂonﬂxjﬁ LHTh ?, l (
but coming cff N Y
botfom temporarily 2 N l —
No blgnamng
4 In from Tackle
. Out to Counterweigh
¢ Mposurmg up, normal ( £ RWTh. f L.HTh. / (
— — —
algna\lmg < <
N} i- ———d
2
24 Note: In{rom Tackle
{5
tg Measuring down—~ '
5 Jee. Reguior Opera'non Tnfrom Counterweig
s) .
o=
[ Measuring wp ﬂ%:@ a0 (
operation, buf h ' <
temporarily lowered N1
below elevation pre-
vicusly dltained.
No mgna\lmg OuvrtéTackie
' " TInventor:



March 9, 1954 T. A. BANNING, JR 2,6;1 1,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 165 Sheets-Sheet 50
zltlS
; ' 2419
2120 —§ - — 2118 2§20 — 2147
——2119
/‘2”4 -2t
F— 216 2015 < 216
2106 a1 | 2106
08
21
2102
2109
” - s
2Z|09E
2loi(ny/” 2109 210 2id4 T3 2103 21010TH)
2103 Caple —~— | - Cable
~ 2102 '
. :EB.'].B. - l ~ T.E‘VS']Z.

rg?:._

g Jjmrely
2 _L_-_i—iioi
17 \

2\02/\ _ 2104 | i \
{ —;_\. ang (N

\%// 2{101 g/ T \/ ?

__E?BJG; N : ‘ -:F.\'S?S:

/
2103

TInventor:

:ﬁa.@.@/ﬂ

_




o pi S+ g AR T

March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECURDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 166 Sheets-Sheet 31
| i ing String—Pounds.
}; 140002 20000 k¢ Megiog @l&%%mo a0 120000 16600 180000 200000 220000 246000

B s
/ / %
’ A /A /
12000 7
110004 /
-"g.
10000
v
2
“~ 9000
£e
=
55 3000
o9
(]
Y
o 7000
‘gg ko‘fe: L
Do Specific grovity of dri
2= 6000 pipe assumed o3 7.84. | o
3a  Weight per cubicfoot 496
2 = 5000 Young's Modulus (E=3)
= o assuomed as 30000000
8’%3 Exp!ano&}qn:(Accu.mglafedﬁhrﬂ
D £ 4000 Gurve A:—Nodrllhng mud
- Curve'B—Mu: Sp.gr.-!-OOO
Curve’C.~Mud 3p.gr=2.00__
. 3. 3000 Curve D-Mud sp.gr=2.50
3 Gurve’E-Mud sp.gr.=3.00
.2, 2000 7 5 Curve F ~Mud 3p.gr=3.50 —
£ / IR, 11618 Drilling Line composed of joirts
B= / / %%, | s 4'diam, 32 long,weight 3'75.
a | 1000 s &
5 4 (361' _
'é) / lo{o’;’ |.000
w0 0% : 3 4 5 6 1 6 5 1o I| I

I' . 3
Accumulated Stretch of String—Feef. (Total Correction)
0 05 .10 4§ 20 25 .3(; 9.(35 4Fo gfs F;soJr
' Stretch in top 10 Joints (320 Feet) ~Feef.
3.7} 40000 10001 10002 10903 L00o4. 10005 10006 1.0007 10008 1.0003 L0010 100 Laoi2
GearRatio Correction between Cable Drum and Contactor Drum.

nior:
40 S0 .60 70 80 90 1.00 Fﬁ; i h .
Supplementol gear correction for Driliing Mud. é /‘

L | |



March 9, 1954 ) T. A BANNING, JR 2,671,346
‘ MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

\‘ Filed May 25, 1946 . ‘ 166 Sheets-Sheet 52
i
i
|
} 100 T
‘ . / )4
/ (Y
. / / K /
0 1+
] 7 7 y

es Fah
N
Q
>Z'-T f_-/l
ﬁk:lk
.
™~
N
.
\\
N\

&
2 %
% ) 8 ,§7q/ 4P %
h o) e

| 1550 / / / /“})/ ;;9/ 3§
§4o / // //
2 / UN18%8% ‘
B30 / 7 // // B
= .
Lo

20 A

| //////,//// Note: B

1A Thermcl co-efficient of expan-
10 / A sian assvmed a3 10.0x10in, b
W/ per clegree Fah. :
0 UL ]

01 2345678 90011213141516171819202)222324
Error—Inches.

T'Tg. 78.

ventor:

SNV

!;_ o



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 53
st T 1] s
. Bi-Metal element je=i@! @) g0
Correction forDepfh ‘as i —H 650
635 Drlllmg Proceeds e\ S 3 122
/ |540,54‘ 1638 1639 1625 1647
1634 T l ¢ “/ < 1620
lssaE . ’ | é ]' A ge )
O 4 -0
. } 3 ‘ 3 o
tes2 - 1636 Compensation =3 =
Reverser. forDrilling Mud |
: | 1642 - Buoyoncy-
1643 1626
163}
‘ ‘m '64'5 ‘G?. |62,8 :\
i ~1630 Cable Drum Shaft——
10031
1629
l6is"
[ i6l4
~D l6i7
. ~Tive
Confoctor Drumelc. \.@m%b/e 1616 l

1619

nchfor D\'Om///" lols"

'Fi"g‘..‘]s.

——Can beloosened and shifted
laferol“y tochange length of
free bi-metal elem»nf tothe

\worm forlength of fine com-

nsation.

—
 E——y L
649 '
a>ﬁxed brocket.

--r-—-"- {650

S

Tnventor:

w.adf,




March 9, 1854 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 166 Sheets-Sheet 54

e e e AT

8%__ -
15—
1531
1512H

g 8l
9 L 1508
f 1
— 832
1508 1515 ;/touh
l v Isof2: counter-weight:
ik‘,—-i:z:___ o 1 : (®) o o
T . / s‘
.1513 k509 °73 1502 % ‘\]sol ;s::
?Ex_g' .82. ‘ sk
-
H B 332
1 1B — 1,
1 b i ,
82 Isoc' E j 82'
3;3-83' o 1508
-inventor:
@Aa@,f,;z\,
V4

I



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 55

’ '.E"T’q 35 Tnventor:
p—g

A



Marck y, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 56

1517
I ottt o 8 N SR R an
: T : 28
19— )| TI] 3 :;6
1523—y=2= " = — i — )52
N i —ise2
1527 TR AT e
152} -""'\“_T;_’_JJ
\\ \\ X\
1525 1533 %273 \352.0
g .86.
i
|
|
i
4! ::5 (
T ==
1517 4 ,_--1' —
l I S e
o — i
lpr‘lq —— :L%IS(G
o gy St === el
=R
—1 { |~
ey 4 1 W
IR
Vo il
t | = ! Ih
1 | ] n
| | ! [
| |'
a
P _
‘E};.B’/’.
Tnvenior:

:@n.a&;ﬁk




2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

T. A. BANNING, JR

;954

-
k3

March 2,

166 Sheets-Sheet 57

_ ~
N ) m M’c”
«
yun Buyoubic Jo £ ‘8
I €8 —| |, PooH-HC m&
,ﬂ o Hi

- all 0 Q

) €8 L &8 RJ
ozol Lt .
lo¥] —] |
PAY = 'y 3 Iy ————} /1777227 I —
o ) s e o i —
S Sowi .wa_o! 0t o & .3+MHE
ool 4un mc____o:m._ﬂ : Mw .
Jo Jako N
a|oag Uotsod poay-maug T :
i 3 &\ _\ 1 \[=1E27] : —J
i i €otrt .
Jajuiod anjosqy
11 bl Uikt T it 111 | :
S LRI oy _
el¥l s L T ﬁm
, Ll o aposuolyisod ool
10 0 WY I N E 4
oy o o)\ s
i uajuiod Jojododuio)




March 9, 1954 T. A. BANNING, JR 2,671,346
KEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 58

Inventor:

@n.a.&’m:-zﬂ




March &, 1954 T. A. BANNING, JR 2,671,346
VEASURING AND RECCRDING VARIOUS WELL DRILLING OPERATIONS »
© Filed May 28, 1946 . - 166 Sheets-Sheet 59

~—Differential Unit
\ ot Signalling Unit.

l 1301

('933

2
2
I

y\
L

‘1305‘ I
FYOAE gt | =
: / . ' i ™
= | L L =
— T E X [lse
— r | =
L_ N
—+ 1302
131 | - 92 .
. ~ Brake Sprin -Sef,
: | Xmagnefreleased
Setter control- > — —g\ms 3
switeh 1310 | v
N
i —tac. . .
(SR iy i [ S T BB
13y N
| . :
+ ' TInventor:

- - -:m.a&-%.

_



March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

166 Sheets-Sheet 50

, Drive-Pulley for Selsyn Unit
, fo\lowa Cable Movement:
702

/Cf 73@ &
Gear-rati \@ (g
Changer. '
701/ ’8 A 7@
700
T A2
Drive- Gear of 740
- Oignalling Unit: (889
T4 7y
RN @
LETT 1\;) @ @. |
oAl i
D.C.line = 3
~.—f:
3IPA.C. = =
742%
Eg. 93

Invén‘)'or:

&.@.éﬁ%.




v -

March 9, 1954 T. A. BANNING, JR 2,671,346 |

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-~Sheet 61

joi3®
Cable-drum gear

Screw-Threaded 3hdff

Drive shaft of Contactor-~

Section
. 285"
Vi
Mo
rqu mném 709
s Il | X
NewJoint
y (9 I AR
Tolal. lR H.‘?'
{
Riit:

Note:

“This switch on deod-line
attachment normally closed
when fackle carries load of
the sfring, ond opens when
slips carry the otri

ng —
11726 - 125 -
¥ o il

1124
—_E'T:g 94 -

Tnventor:

m.a&;ﬁ(




2,671,346

T. A. BANNING, JR

Marclh: 9, 1954

MEASURIHG AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1945

Lol

R

N

S —

166 Shaets—Sheet. 62

L2 09572,

£60T —

o

[ ¥EST WNWNMO

932
1352

= eg | N[
=
_ - iiti .
[ | Blner
|
! e
I e | | giaz @ St
! [eose | BT e sioe
T . P i HE] o157
= um“
I — ")
(ORI = _ _ |
/T« £C52 €453 |._m . _ _
1053 gesT 57T
6282 . _ mM_u_ul




T. A. BANNING, JR 2,671,346

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 63

o w—
— . o ——

L sis7e

P g—
o
X
i
o

JRNg - = A

| SR ——




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARTOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 64

‘ 2546
,ﬂ‘ N 2928
2550 A 2551
2543 ' / 253
Bee 2543 el ) 2616
P\ //,’—\r;?'_:q::« 2\ —26l7

x
/7 2620
it 4 // ) )./—
Bt _ &/ / / - |
TN ; - .
—2.5°85

|—258 4+

2609

Inventor:

a8




¢

March 9, 1274 T. A. BANNING, JR 2,671,346
i MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Fiied May 23, 1946 . 166 Sheets-Sheet 65

26094

. Inventor:

:@.@.&-7,. .

»

e et i



2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL TRILLING OPERATIONS

166 Sheets-Sheet €6

€ol _ 20|
Lol

- m\wﬁ 4952 \zssz
fi= \\M%

i TOLT
S -q,?V#MM* 57953 ul

2

L Ll am
Teh%

=?) ]

GIITI TN IIPIIIIIIII VSIS / \d\\\\\\\\\\\\\n 2,

- T
S IITLISIIIS LS I IS 8 77IIVIIIL
N R T~\0\N \
605871
D5 g b nps e g ]
fsz SO i AEEEEeEs N w__ o%;

== myuuULuaUy AT EUOUOTuuD

L e peygrepry
Rrrrrrrrrrd s e rr,

QLD BB

NS - S

4II
[CEET M NN AN

_Filed May 28, 1946

_ _ ______s__é_:_z___.__.____%
Che? w5z ) \ //\////// ]
6252 vse 8252

\

fose _

6es? _




March 9, 1054 T. A. BANNING, JR 2,671,346 ‘
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS '
Filed May 28, 1948 ' 166 Sheets-Sheet 67

| 199

| 2564%
2575
- ~— 2570
2586 2587
‘ 2553
256
2564
| asvs
25341l !
l | 2554 °
I\l . 2599
[N —
g — 2552
= SIS S m%z,
N Tﬁ | ‘
5 !
- SIS

/
2503 “FUg.100.

AMALLINIALIIRARRARRRR R Y
AIRATALATILL LA T LA U S AL RN ALY
PPIPIPIPIPIPIIL L2 IY L L L

v o a7 4

/ T 199
2503 “ETQl0L.

Tnventor:




-

G e § e

March 9, 1954

vod

T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 " 166 Sheets-Sheet 68

2581
25733
2616
26157
2620
2617
2628
2614
2622
2509
2623
, = ) 2624
it ey
2563 e 20 2602
('O P 2612
\‘ : ZGO%J 2604 3 .
2598 '@‘ :;é 822,73 BRI i
5994 7 2606 2608] Ko 2609
2599 4__12505 ,1‘{5@" ey
25 T S S e
E“‘ TS S " 'Y . ¥ AN o

2
od v 1

2503/ 99
31'9 |o2..

[ waran

Trnivzentor:

So 0




March 9, 1954 T. A. BANNING, JR’ 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet €9

2545(2560)
256

253

=ZzAa

TInventor:

NN &‘7/




March 9, 1954

T. A. BANNING, JR 2,671,346

MEASURING AND KECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

rewpivuniewas T L L T L W W T e W 4. - T
77X

166 Sheets-Sheet 70

va

2535 E ‘
!

"‘l" o

zSo/; _*t_g_g

—_El:g. 104.

Inventor:

o0l

e £ A e T




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS '
Filed May 28, 1946 166 Sheets-Sheet 71

99

. l 2543
2539

2542 o542
—.

2529
2540 / /: N o 54l |

\ z Al

S
'
‘%az;q

- Inventor:

o Qi

P TPE AT L




March 9, 1954 T. A. BANNING, .JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 ‘ 166 Sheets-Sheet 72
]
g )
£ 1§77
i Iz
Eg
M| 8%
IRy
O
N
N
.2
5
.2
g X
o e QJ
9
-+ P9 .
g Ca )
g& . 2
3 I
A )
LS !
.D i
8&\
’ Ky
434
g i
1N
h .
|59
A "5& 1 Inventor:
%-'5 ' | 9 .
S5 |. &QQ “ 4% _

SO S UL E A




2,571,346

T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

166 Sheets-Sheet 73

Al

Inventor:
B % /

—=—=—====x

I
|
|
_ ——UOLLIG IS0 P il !

I..—.ml..ulllulh! e e e e e T T e T e e R D N TS e e = __ _ “
| il ___ _ i
| _ i! it !
. _._ | A

_ ] p— - i 1oULDUD —
! _’“ wrvaq-T I wweq -T m“ \.!« |
" : : Illl.lll_._ll.l.llll.llllllu_.x
llllllllllllllllllllllllllll - — -

7\!.&8& -T S‘MN ;/Ecoﬁ - wvaq-I'P



m ’
cof’ S, E= uw_.d .m
7 Ay <
© “ i 22 14 Lilz w
N s2Lz ml_ é
" * -— o3l iz o
mll. n m osrz—f| °° la1z. T¥lZ I
e 35
= ; : I
Ng 3 i -
8 =
m u mA , LeoLe
° @ L.s 7 : * LoLe
g - \.—l 2 eslz MH grr oz
m ol 8l solz
— o L2 -
e 5 s : ~Litz ULz
D g szLz
ﬁNo m Patiks T T TTITCITTT IS S S LOxs f-.\.. A
m M\Uu , < ST 5 folz.
> frx I g =3 an.l.l‘I 8Lz
Z i = LB T Y _ buouss el
o M €Lz 7 _ h .M;AAAAAAAﬂb _ - o 20L%
< g ¥ velz 7 — - Al osiz 6ilz—
a T 7 ¥ e ron oslz
= selz g 9oL h:.u wolpaN |
- & e ;mﬂ (420t 5 E.u %l :
m el :Sﬁ# W 9Lz maw»w ﬁ /Pm,/:/m“mm.
(5 % ol oLz ////f SO
N.nw g1x (T vnavey eI _::.__) CTSTSTNSSSSSS “Leiz
o I A Ao | ﬁ Uy
S etz stz Butipag o+ \ Wﬁm_ s: 35 iz
<« E ¢ o ! , | %ﬁsﬂ_n Bile
s m 4 |~ ) 0 Luuw sty ...b:%?s@ 0L allz \\ \\\\ _ papoaly WG
w o %. %Fﬁotnucin:uu b | A0 _EJ fN:v uﬁ_m R anill Aalz.
> m i i : -
o = ﬁ StaoL? evic” ~ R CUE 201" m.r..n.h.
o 4 ol v i i
[3] o
N [
—t
. Pl
= o




- ?

March 9, 1954

T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1346

166 Sheets~Sheet 75

7-1(28 23’-\ ?.721\
2763 2748 -
L2718 2117
; =271 / R, 21
— 27 ' \: }
> T ; z*n@ AT
AN / L2708 g
2725 g e 2728 2128}
e © 2
24 \'23.‘145 _ 3
' 2714 o _ ]
213,_ . I
2707 2761
2780 210
2154
2702 278} 215y
R-\\;\ MNRMNY \\\\\\\[ix\\\\'c\\\\ AR R T T L S S A S A S S A VARV BUURT
B 21853 270}
- 270} 2 2766
782
“ ¥ TEg.io. gl
2128 2768 272 2173 2128 2768 2
i 768 72}
1 / / A A M
2721 2113
L2717
-]
2718
- f--2147
2769 2722
L 2722
2726 ’
2726 272574
2767 | 2171
E A AR N R R RN K AR UE ARG \\\\\\\\\\\R‘\'\X

é?ltvl 275‘3:—""‘ ‘ ‘ 2
} 8 .

/,
2752

. /
o Fig.a. z’”“

Inyventor:

G Qi f.




e o Bt s e

e i e e R e
PR g

‘Marck 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May \?8, 1946 166 Sheets-Sheet 76

2721

27 2768 2728 2
ya
F
n 1
l—2118
2718
2753 -
o= = 2722
2126 - /7 ‘\ . 271 M
l’ } [
2"12.5. K
\ 7
2 \\\ ,4’ M
AT
g 2162
| 2763 s
g 27 1 mzzzﬁ 2782
2734 2766
’ 27814
2740 {7
—_— e [~ 2704 i
1 . -3 2783~ Ly -
f AN \\\\\II[\ \l\\\\\\\\\l\\\\ OO SSS SN AN o -~ ~
e pro s T Vi
ig.l {3. _ ig.li4

276) Release.
2717
2728 v
:( e 7y 2767 : 2768 2740 2784
AR RARAAR ARG
N -
N |

7 ' 3
/ : A Timeovtand HoFoot | Foot

Setter Motor. Pawl Lock.

’ - - B
e W oae Signal Confacior: Signal.  Signal.
| | I | T
§ 2747 f =:
N 2748 2722 2723

YN AR Y \\&g

Tyl ‘E’g I

TInventor:

B O Busise .

- 4




2,671,346 -
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

T. A. BANNING, JR

March 9, 1954

166 Sheets-Shaet 77

Filed May 28, 1946

grse

a

nvenfor=:

voss gl-Gur X
_.|I.A (005:5) .«o_wn vohn,.lu-/l.ll_ G
: , mﬁﬁ&.:i.wu!. > & |
r...l....lll.ill..llll..lllll...l..l....:lmqﬂ?..namvmu.i% ual_ utpdo2ay |
B 0 S a0 O
! ose //./\/a% _m&,\ vy /2 N Y. ~IHLLONITING ‘.En .y tﬁo\,f_ e
“.8 %/ - 1004 ,“ INL 0jIH1SIL .«uhn\\@ “
RIS A e ox\ o 1 P
B\t a7 LVt N ___m_m_%____ IEESEANY |
) S SILANIA &S ' LNIHERG - ‘ qu,_Er_E_u@z: ma g
NG WA g \© 7 |

\ Qma & ‘ O 8ise  cose Lise
v
loge 215¢
2o
sose 2ose . W,




T. A. BANNING, JR

March 9, 1954

SURIUURRUTFSRSES

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 78

8ece

+oS¢e

—

eIrELT

(00s8)208¢

£

e

_ T T T T S e e
Sh.n L 3 ¥
] HSC— ,W S mu. :
| 3 S 3
’. ——pabui{ 51 9 PR
82¢5¢ 2
| 4 m 7 A1
Lzs¢ /i v X
. : _n.n.n ofge 62s¢
| ) .
“ 25¢€
— 1 ) 1 | 1 —e L 1
1 — 1 H 1 ] / \
AP
228
Seoe




2,671,346

T. A. BANNING, JR

March 9, 1954

o
[
»
©
2
2]
z 4
O 0
= o
[ >
< o
5 &8
Ps
©
o
(6]
g ~
L]
-}
ds
—
14
a
|
(2]
=
7]
D
S
-4
[+
<<
>
(&)
=
e
Q
I
o
5]
5}
14
o
=
<
[
g o
o <
m\uwe
=1
<
g o
o
=z
=1
L]
)
=1
-4
fxo

%Nse

‘0z1 6L

005.9),205¢
bossy

QSEY-
(pott)LESE

Bes § Kuanitaa

1

sest

—~2¢SE

lese

925¢

ventor:



March 9, 1954

Filed May 28, 1946

T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

2,671,346

166 Sheets-Sheet 80

ises

3503

e e e e e e e

3so4

G- 12l

35‘0?./(‘5500)

(
\3504 .

Tinyentor:
/ o
Soo Qb




2,671,346

T. A. BANNING, JR

/ 0SE 7

o u loge

° proE

g (ogt)zo
2 @ .wui om.hn
S § Jdad e3yduT
2 % (21030 |POLLIGA f2 8
g | . F.se0e
P : ; b
© ¢ . — i, -
G 1 ”“. b re e SRR TR e mee — . — e - vt Vhan g oy
m I.._. lllllllll T > B3 m~ - -HJJ/.:,hn 255¢ ﬂw

— 3 £
2 | - TELse
& “ -+ zacc(o9s)
nas { ogse .
2| A [T w0 & |
ﬁ h 0129 ofo¢ }M
2 ” EXT
m “ ...am& 40} {|zsec
. . abpa o3| [T ]
m “ £095 o l_r )\TumC_I h
: | ) | e [l2se Bty 14
= _ - e | T A
7] | 1 S ]
: = FL——p{ e B
2 .. 4c @S&.@hn —
G S| N 1Lc¢ :Eum -pad) 4o om n.:.o v W
2 { ! Sus¢ 4 .
| |—l .—Il B e

m nA.O i . A:.mw\v [ I
3 0 : 0¢ 09 ot i
g 5 W . twbn !
- 8 gese 8rSE ‘ E

g zﬁ. wse .:m_x ajongawl| guausnipy promdo] AUDL Y,

“ ./ T RGP ISR AER S ELCC NI R | . .vV\wﬂ

A v .,Om\.h. _ _ mmmn lesc “

£ BSE (pest) 625t L

March 9, 1954



2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIQUS }'ELL DRILLING OPERATIONS

' ot
—t L - WOI f
Sos¢  — 2
2 -
84 2ssEy  St68 r_. - .
-« U
[+
S Il sves lost A—ww_ >
) 1z6¢ / kel R
) .
66| g Nﬁ
m \ Ll ) N @
g . -
@ |_ 2 z08¢ +ouf™ joag €29¢ 555¢
© & g o08¢ ;
m = Y s - \w&x “-Id qII“ N—Oﬂ H
‘HA\QV]:.. 43 .%ll v = = - { , lw edeg
i 8 R 00 E il oLt / 5
19¢ #0460 oLt _no_.%km 1C1Y £09¢
flse Wﬁn [“Goae
£99¢ sist | ..:m.__u .nw_.mw.m.\.
L19g] \b..n.n.n
-S4ty
Blog =
: (z093) -
\ na5¢ -
H 2¢9¢ s
g — L =
J..Il.ll ra 'd. 4 Ky 13
4 % zodg ol m_onnm:‘ [ e .l,-SMwﬁ ‘T £l osew
‘ . $0, . | s 1
\) P ' 2=V = !ml.l — -le Sich 2eE |
o
] —
@ HrE= s o5+, ) s I o 132 €58
a 4 -2 K e Lecy, Lty
— - H H LIty SHFRR oth
- T .oy T : - N aAch,
& SoL ot 4 ./uwwwf nymk 4 = b
m. oolt oL : L1t ~ lase osét xey
? o —— 1 1 L s — =
Mw T T o § T QDVMM'\M\V NNnh‘ yhisd 1454 _
- “ \lw\ : L - o1se _QN—
B oLsT itse




2,671,346

T. A. BANNING, JR

March 9, 1954

166 Sheets-Sheet 83

MEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS

Filed May 28, 1946

e v h g cii————— = R ST ST

77 77T LTI

Inventor:
t V4
‘@“74/

Q

I
¥

7 777777 7 s
(4 . \\\\\\\\\\.\\\\W\\.\W\\W\\\W\\A\ PSS lq N Toose
LLsc.] a:MM ® N Y (@ @%ﬁ. ) s
oLs o ol Dikdecay e BN N | |2 =L Tus v
o o
6ot — . T TEXER ..u.ln‘ TT Liev Blev
R R I ERERREN
£55¢ [~ ko B . e#’ N 3
3esse] - : w oL oge fisy
’ BoLt- soser J
st 1014
sLs¢ A4 S ONNEN S Y M |
— sloi I . S > ~__ -
solp zZ Ll gL A—toer P :
Aim" N7z ? 8%\ | Foitr ey / | u/ Lty Looh?
rase VA7) SaSE 4 ok (gows [[ f | TS | g ﬂ A
A Ay 4\ 8se ﬂm_dczu‘g?? oI ﬁ—8¢8P.v . m'\vm._.r¢ X S0t | 900 ey
N7 23t _ {716 008
m ogee \ o wmuww_.u. IR RIS .*
N YA ? ' i
\ —esae Lo ALG Oy ool Lol Iy shse
N Rhess_ 4 _
W 2%
2 %
%
T Vi
27
pL5S 7 — =
(Lsse L _
€55¢ 98¢
8ls 6L60
Ty - v oo > o e T v o 2 x v o e e e = y o e a0 e et S i o0 o . =z




2,671,346

"T. A BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

166 Sheets-Sheet 84

Filed May 28, 1946

7 T TR e A o

\\\\ﬁ\\\w\\\\ 77

I ONNNNN

AR

208€

ofLe

, (ooss) Nm\om

bele

--------

loss

0SS

2058
el

szl

o

1

entor

]
ey .mow.v
Ny

I",

¥ .
g i 228t Q
b Rzise | W
—L¢S¢
g1 Gl
grIIIS cose

i
(o)

—==
aouboubn\m




o a1 e

2,671,546

T. A. BANNING, JR
MEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

166 Sheets-Sheet 85

. ; s \\“\V‘\\\\\\\\\\\\\\\\\\\\Mu i
| Vrrrrrsierraras s 41 ATTSLLTLTILILLLLLL L et e oty
b 106 m :
s
3 [ Lous, w | ssev
i S li_...m...w..l { ” R 5
T woss” | vie] \ .
H 28+ N
cesy I o ”
| \ Lascy
P08V 3 s w
, - ff(._,ﬁln_l 7 \ - osce
18y - , ” et
1 NUARARN B. c
M ‘ozl L
Poer D > . ~lrsy
2Use ﬂ&ﬂo,ﬂu iﬂ ﬂ_ ose |
— N\ P 925¢
v 7
%luuob fopogc  TOGS
9TLE: ﬁl F \n s e N goss AUSE~eF
sie e O oy B ola g H
)| s1as Losg—1 .)
ity ==l
W i __nw“% G—T1e =
e/ Lo €19g Soag  Jeese
o
- W LNM\. At S i _|||ﬂm||_@5 ]
4 T — .
nﬂmal.l S . y A eLse @I9S, . vASE 990 soss \@n - |
ooobm ¢ I55¢ o @wwa .own . i
Sose

\Y n’ror::
VAR




e serarme ALY

.
-
.

; \_\\\.\\\.\\\\\\w\\\\\\\Q_\\\\ 777777 TR 72T 777 2l el e e

j o=
. NSRRI AN AAAAARERASARNARNALRRNY 5
© © TE2avd 2 0ot 80it Lolb | 205¢ 2
& s ol 7222 : ] B (0ass) . mw‘
‘ 2 1 §ese o%l = |- .
~ g b B lwiOr Ty = .
I~ m & — tol.S @J B A~ — ! 3_— n
© 35§ | : Ny ), Lo - . 1 5 2
N B 4 ] L." NSwe @f | m:;m.:.v : Rl Q
<= - v/ BRIs rvsss - v i A
5 [ b ALY = g mifly :
& & Ly ¢ 1 , Troee 1 o o BN __“
& o ”il—.. R sziv \ MM_.” \ - ot €0S¢ ks
© sore : A = 5
g = o “ e A1 = | i | E
3 0 o ) ) RS see 184 = /% 1
= + 5ol ot ¢ . \ = i
@ o ~§x” g h \ SVRTER ] _o N..
e} . | N 0% ]
ka1 A vdd 216¢ /
Y] & “ H = 2 — . 909¢ elce )
24 | “ i -~ : |
£ . , |
W m " .M L-{1ag ,_* ,?—OM\‘—.“ ﬁfwﬂ Now\ﬂ,/ olgg—fe s0s¢
) . . y d
<5 & s ‘ .
@ > H | Toae 7295 2 |
: 1299 095 A ]
< Wu “ o_wc_w' o5t i .
2 i £295 =h \w / le===d] solg i
o ] - a—— : \ i " .N‘.N_ .m'_
O 1 Al !
& | oze. NS 3 TG slv.H.
=} “ % oo || —+Jcgres ) Qsee :
Z ! SN £995 [ 4 [_F7 625 = . T T oo |
O ' \ 3 == — T T 09¢ |
E g4 T e L5 @m.ﬁl I~ Tzl
© ! : gLs¢ 6L5¢ Ay \m~ <€ ¥LSE £o5¢ (o9s)095¢
- _ _ (toos)oas g GLIY) e )
m e lszs¢ |

Filed May 28, 1946
&'i
‘5%7

March 9, 1954



2,671,346

T. A. BANNING, JR
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1654

166 Sheets~Sheet 87

Filed May 28, 1946

Lzas 29¢ :
oo @2 . 7 v _ /ﬂullmrmlnM vios w@\w%n
soves ) | EIITIID | —
i = " Vehoegboaooo =1-s0¢
I doooooooooodd , “%ooo :on wwd .
909E— ] T | I m_ u 88“ _ hﬁ“
! g —
10 ae | o |I Ly ._ u.__
T TIS |4 o N
el 1 R N S I
! Qs
| e |7 | !
€o9¢. mcmn(q_r . : v,_w‘ m _ b oowh_ \\__“l Lot
T A% [ 72 e
I_u {ois S19¢ u “ — ] \m_wm vm—whu_ _ __
1 “ k) Liog Lo | H . “ _ ““
_ - — IAW_ Lo | i1
T | e | S [ A A
Is09 oL -
I“ | ool g = T < gTog .l.r ““
Gl e
q ; 39,
“ & — -N_I.m@ ! > S g _ m J __Hu.. |529¢ — \_.\ll.ﬁOOﬂ
| | §5900000000d | | §pooopo 0600 | _ .
T = S ]
N 71 B Y S 1 9 1l
[ u9e 200¢’ | ooag @9 - <O Yo9¢
$o3t 920¢

i ——n

va'or‘:

v

TIn
s Q



March 9, 1554 = 1. A BANNING, JR 2,671,346
‘MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 * , _ 166 Sheets-Sheet 88

- 3605

o+H3637

364

%

~3608
3s0}

\\\3603

S
@
o)
© S
9
9 .
H} 0 O I
2 -
? 3

3630
/

3642

Thyventor:

Ehss G owtape



March 9, 1954 T. A. BANNING, JR - 2,671,346

MEASURIKG AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 "166 Sheets-Sheet 89

I | 3
L F
[ 2]
1 8
gl . IR A
o g 8 oo 2
o) ™ ™ .
— 'Y e @ U‘)
: b o A Bl T
SlE |
-4 [y ]
~ b}
m‘ﬁ
(2]
L‘ &
[ 2]
: 9
r,v"
2 e
o)

3633

3630

/
00

36

J130.

NSEEREANNN AR AR |

3 603/

RSSNNSONNAN

£



AR e v e =+

Let: ——

[

-
-

A

ntor

A

Inve

.. &,

© o | -
oy - | mwm.w*tiw
. H _ [ DI2adS
~ o 2 . eSS
© 5 *pop Juy a(oA2-0u0 ‘pry Han _mohh
N 2o T 5050 soubaply-A2d gy .
g v oy pud
g 2 v Hupa4Utig
5 ¢ pY4 puois
O ote
© AoLoly onbicl
g2 - SID4L ~ISiSATUDLL
m BlISS
o “pog ..m%_&mm
y ~oul
z 5 Ltmed
g g
zg2 T P 1 Qs
Z " | A, : .
< % plose
o =
<3
- g
o
o PO 1) H4M 12912
S pud PUvIS oy gl 5oleo
’ : oy HGNNCAT !
g o Frn-434sdodt P &%Ncww« ® 5 90SS
< £ ¥ 59088 .
8 g7 b3y
w g %. *swmo £ !
o = A :
5 5\ | . J
3 ..m v —~— (zose) Hoebh
= " [£1




2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-~Sheet 91

. s_wwv +0S¢
€1sS)+0SE €l m. _ fa gy
a viss,) M@h
H .
4 D ——
\\\\ T Ll L
_ 20SSs - facs 808s
1
) +0S¢
(s1.55)+0SE : "ot m._.m...l (s1.53) \
VA ) .
¢ dwhm . bissy ihxq\ /005§ %
- {

P e 77, I f
........... 7

1\“\“5\‘\””“\\!\‘\ o T GG IITITIIIIIINIII N4 \\\\\\\\\\\\\\\\\\W\\\\.\\\\\\\\\ 2222
\th.
(1551 0SE k%! .m.._m (c15s)v0S¢C
0SS
.NO._Wn J/
t
- =
\.10\0.%: €os.e a.wo.m'\n- mdew.\ﬂ : : \=-m.h:

I ventor:

L

;/%’



‘March 9,

4322
4319 — ¢ 430
4320/! 303 431}
4327 < et
4315 7 3
- ©2. 1
4330 A113852% 2 -asel fenio
4-2"335'5? S N ey
4343
:'m 4307 .
4345 BY e T
434} 43D
4336 /4356 142
43852 -
4352 T ' 4354
4356 4352 =
302
4355 = 35134 2
141 N

1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS
Filed May 28, 1946

< 50|

TR

166 sh

eets~Sheet 92

4333

| 'I£F9. 138.

14

entor:



March 9, 1954

T. A. BANNING, JR

2,671,346

" MEASURING AND RECORDING VARICUS WELL DRILLING OPZRATIONS
Filed May 28, 1946

3548 -

166 Sheets-Sheet 93

N-—-4303

g 431)

Y NN 4310
v G 4306
7, /

N 2/4307
l 1 1142
* )11 ¥4-4308

430}

1 Inyentor:

i




March 9, 1954 T. A. BANNING, JR 2,671,346
) MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
" Filed May 28, 1946

166 Sheets-Sh_eet 94

QN

7\
2NN ,
\j./\\,.




g March 9, 1954 T. A. BANNING, JR 2,671,346
L MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

’. Filed May 28, 1946 166 Sheets~Sheet 95

391y 3920

3014 506
S 3 )3/‘ 3033
- 399

199

IITTYETEL

1

|

! 13908 _r
3907 ; 3907 ‘3906‘ }i

-~ Lt ;
\ - { 39031 T -
\\ /1 . 02 | 3903
N A
i S NV 1 v i O e | B A R 1 .
Z 3 <.
/ . & ( .
395 g.157. % .39‘”“.8’\9. 156.
3938 3917 . agg) 3934 7222331 /39%3"17
3902\, " 3913y J—y_j—_hs&ﬁ’? 25
’ 1 1
; 39 :
314 _)‘,_' :
3915, 3908
| B RUR

3934
39161 3932, |
| GRS ARIRT. ST 0!




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 26

Bottom Disk.

Top face. ' Boftom face.
3959

%’b 3oie

3os4
253
o
e 955
Fig.i62. “Frg.163.
Top Disk. |
‘:Z',, 1o ace;' Botfom tface. &
N 3as2 : 3543

e 3% AF

168"

3952

TG 164, | - Fig.165.

Inventcr:

S Qs



e g —

2,671,346

G AND RECORDING VARTOUS WELL DRILLING OPERATIONS

T. A. BANNING, JR

Bilarch 9, 1354

VELSURIN

Filed May &€&, 1946

166 Sheets-Sheet 97

|
2
Lot 61T ‘901" 61T Y £
. ~.
S i 900} woyiog 200} do) _ >
20D WOl T vUOM. aol . . ’ , 3
woyo A i _ — - L
e TR AT e T
256¢ .
/ Izsec o
£46¢] ”
. * .%Omm 30968 Hln\u.
- V4 ya ar &
] — . Ty 90 x
[56¢ H.N‘Wd
F Pz o m
Y s\_ -+ .l+.A
e - 8915 3
¥ 3
et i z6l) §
- — + S A, oS =
) poce | 98¢ [£26¢ |
e |svee 266¢ |sset § " 3
r._ = 2N
g o i A
ﬁ& -+ 4 — o
ep6e |E o
—lu—:T £cee -1 acc
i} TR 956E it
ke il ,;c«m,.am _ +Hl 4+ i) - . v 09¢
v el * Al L A h& 3 a .
L c 8 & 4 0 N W T3 £ I M mw m\m
. HE : spunciB) de1g woliog  (2AUbN
pajolneuT)Mela det  f(eAlHSod) tP 1

Si6¢

_-



March 9, 1954 T. A. BANNING, JR 2,671,346
MSTASURING AND RECORDING VARICUS WELL DRILLING OPERATIONS ‘

« Filed May 28, 1946 166 Sheets-Shaet 93

390
42 N
39438 | L

SSANNNY

i
ellar il g

3919 !I ” !

T T T T A FrFETY

3938 2 GEE
398

rE ST IT 4

22572

3902

& 4204 S -PH_ Ji-4z08

3914 L4, TR TR TRy

! 4206

\Q 420} ’
?-°7
3919 3920 —'E_:s ‘71
3044

Tig. 170 3

1
ik
1
i 1 i Ime
P! 3918 1 - \
_l_ - 3om—} i {,t 924
m —4—3932 :EB."TZ.
420 ’
T
V*’ﬂ Ol"-

$1.8




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 99
3107 - .
| e ' T3— 37 3747
' 34 o T 3., 3148 ‘
| 215178/
4 stos—{ | 1 il [30o8) [ o 8/ 3149
13705 =Y
704 = : SELEROTTR 314
[ L <L <3islosd [ 13742

a4 3lsli]o

*tj‘m
o — "'_37"33151
s111010 3750

= B =2

- bi?&‘ : el L) - —_—
37024 ! . _ 3TN s 3745 :
T 37093 V3743 3o 178 3748 :

t5 3t 119

3708 3745 K1y

: 43 179 .

51'9.\74. spat 314 paset? 31:%
! %

8705 RN 3759

" 33 3T
T3 3 33';]‘.:0
N 34t

IRy
frm s e

3761
37151
//‘ ~— 3154

X /% 31755
o4 7% 3754% 78
31:2”53 o

3742
2 : 3pe V94—
' E \8. ‘77. 3’14\-25 / 1432 — =17 3748

5105(_‘[3(‘?#6 1T3750
3710 1 3742
3706 ~I ]
L hilelaledd 17319
\ 36 L e
37£ots1xﬁ \ 2’_{(51
58
3702} 3122 1‘%’ 3123
~13704 3720- 372) L L
' — |78 ;
3719 119 ~— i
X 3’ A7e.
4351
) : Thnwventor:
$o. Q- L
) /



March 9, 1954 . T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 100

3147 3748
%77:5
°°\ {4
= %;"20:‘
3135 [7_ Fom { Tf’— 33701.
E = ESSH TI Toe
3
'103* i1 —3704
—-_— R 3T2s
+ 3729
31— = 3731

37%_,_% ] [l
3128 3730

3P4
[ —————— e —
37044
N 3 03
35—
!
r 4
I tio
: : ——3T130
34 =
1 l‘.—“f' }'.
B~ e [ B T
Sy :
i C > I v
. H
3133 ZEB’ 18t L Tn tor:



March 9, 1954

T. A. BANNING, JR | 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

T T ot

3139 Ty, 182
—-—}—186

ssos—t !
N F107

v / 3610
6’50!
’\_l_@ ol 5504 0| j»seol,

5505 Pl

5506 g e e o
I 9‘ 184

3512

166 Sheets~Sheet 101

‘ :
S50l 360

3608
. »)
g L fI—




e e e e e A & b

March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 102

l f
1 o
44T ‘ l i angt)| 'I
1y i I 1
AliS ” ‘ a5t
4!]26 g /:H%
P =] 4‘“‘% T 1
424 d 9| » 424
_’_9_'_1____ = — ‘-—— 4420
— Al20 :
41204 ] 4129 |
T o '
192 4127 I —_ |I92 4125 —f—1 -——41201
o 425, = 4 § 412,
N 4420 N
4128 O ) N6 4122
1 ) 4130 k4-u7 4ng 413 . — 0
4123 = . 88 \89
4122 4yug EIB. 10Q. E|3'_ .

‘_FTB 190.

4418




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 ' 166 Sheets-Sheet 103

imif switch for high point
in swinging rrtovemen‘r of bridge.

. Zios  ath -] AlO__- ‘
f\ﬁ-l% | 198 fls' .195..

198.




March 9, 1954

T. A. BANNING, JR - 2,671,346

_ MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
. Filed May 28, 1946 166 Sheets-Shest 104

b " gooco o o000 3el

-
3

| — 3608

/3GIO
r.

dooocococo0p

3815 3813

i i 4
2
362 38io0

3802

. 3808 : .
3804 EOITT i}

1
O

o2 RN\
3803 :
‘3807

‘3%3.199. 3806

“Tig.202. piad
3809 (3563) ]35-44 ~

—3813

r~3814

Thventor:

Bli Q. Lo




‘March 9, 1554 T A BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 105

4823

205 L ‘}307
_— 208,

;: ‘ 5 ~4322
4817 -
4319
4813 §
4315~ &

3 3&-\\\\&\\\\\\&}
a2t/ 4z
1 8’ . 203.

4823 4818 _ |
! / Cormpression—

48:49Pr NG 4828 A8is
- K

L

] .

481y 14828
-

53

203
- 48174

4812

1= 3 ' 4812
433387 —asaz | T

“Fig.205,
—ES 207. 1 asu ) 7/

48e3 40 sl . |
45%2. / / ’En.?ion- 4818
L
il TR T e
Sl 4An=
—t D
4376 4318

4813

48174

48

fo |

Pt :
Agart 4822

"¥1g.206,

ETG. 208,




e e I S0

March 9, 1954

'T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS S
] 'Filed May 28, 1946 : 166 Sheets-Sheet 106
1 o

57

3557,

gy T T Y T XL XL AL ALY
I T LY T T LT E

. l _ 1
> y i :
e . —1 | L__Ji i
: . Isoz Aug | | r
Tiq. 209. (§500) | 4l3z _
- i3 4TS 3564 470 % :
413 3sas , -
47}“ \ S /. f i
———-—“————Jr ;l i =.m—ut’-.::;~—-4'“4- . :E{S- 2|3'
P ¥ High-Point
1 = 1 .
- s = Switch Low-Point
* A - M
" 416 1 24 !
2ul g | Y | - 480l |-— ; :
~H-=-f= A s
i -1
4800 : 4703 |
! |
410 f 4708 \a706 !
A7107. ' i
I 3.210. 5803 L
|
4771 AT 418 _av02 !
' j}é ; ‘
e e
4'7” - .-4-’“4,
e — R X, IR N N S
1
I | S e .
[ | aus ; , Fig.214
4y 413 C3548 4 ,

TT‘g. 211.

T 5&;/



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARTOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 ’ 166 Sheets-Sheet 107

220
{
Se27 ;.—,5‘9 5618 so ‘

Se€25y - 5622
b, Nl [ seet -
'
~ \‘-/-1‘:*5[_ g\u; i E60l !
r - y
© e | \
5506 / "o A N I
(3'5:9 rd H e} — < \
seos . uT.\,(/ s6091 J€04 5606(356)
TGI8 8 sl T i
229
L5608 {Gza ?’619 Seol 1 —35606
2'“7"—'.5‘525 s 1! 3604
5605 Se234- T} 'h 5618
5613 - selzz I . )
J6i2-] + A seis
Seoqal TEI L S
g_'gg;'; } — =566
'’
5 5.6;} | ~5608 |
i 3=
\ s S“?ﬁz,: 5“7!
.26 e S22 N —~+— §692(3560)
5603
220' ? : 2\8
fls. .
Jéo) 5620 [ 5606
—
— —_ s604
221 ‘ 22} (E:t___'l__—l.a I
B 5ty At
SelZ 5618 3558
Ssis 5616 :
e 4 5603 ¢
SGio— = . Seoz(sse)
5508 =562
PN J 5622 . '
——FZF T e 219
. - Feol .
E\‘3.220. _ ':ETB.Z)?.
5619 reie
5616 !
_1:'p1 : s622
T = 5607
610 —

A J609
'’

R

é“ { p Seil

E i Pl ‘\\\4’“r:—.5’608
sels’ \-sei5

'.E‘TS.ZZI.

Inv ntor:
~@““Q- \ ; (0




March 9,

1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

o 2 4

v o

il

166 Sheet=-Sheet 108

3202 3BT 34
T 3202
3236
E dn 3201 32
3372 G b b —szaf
{ hia .
5216, 320 i B 3239 3209 3y
i 3241
3%35@‘ ' = 326
4 jc—f _= JUFE
_ l .
I 101 =3\l O- :
3 2 32.05'% soay 3240 o 3225
- U ) . 3227 sz
5 Qo =35 3230 3212
~— 3225 L
233 /
: 18.223.
R Tig.222. 5223
:
\



i
|
!
)

" March 9, 1954 T. A BANNII;JG, JR 2,671,346 :

MEASURING AND RECORDING VARIOUS WELL DRILLINC OPERATIONS -
Filed May 28, 1946

166 Sheets-Sheet 109

3202+ I_

i

14 l/

- i ;

J | | ;

: |

3225- 3 :

32301 g [™-3209 X 3240142 g

32T TTB.227- 320! !

321z l '
f.ig‘ .226.

Inyentor:

Shoos (.o /é-

i
1




March 9, 1954

§oie
Sol4

T. A. BANNING, JR 2,671,346 |

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

166 Sheets-Sheet 110

- 234} I’II @
.g_.
. L
— I\
1N
soi [ S~
So5—T

——§007

5048

~,

=4 Tnyentor

Do & lsis /-

el AT T

YRS



IR

March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Tiled May 28, 1946 166 Sheets-Sheet 111

S040-3) 5007
504 — N\ Soio

4'015'\)’

-

TInyentor:

ﬁa.a~ '




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946

166 Sheets-Sheet 112

ZE:'B .2335.

SN

SEEE S B

I

A




b e e e e B0

March 9, 1954 T. A. BANNING, JR : 2,671,346 B
MEASURING AND RECORDING VARTOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 113

Lo LOF TR
S146
R - Holding
Ji44 @ Re\o.y
Fi143~ 1 - :
J140 it 7 /
S1a . S lsi04 \ ;
Si4) ] 5 5139 \ /
2 _J_sn.s / \ 241
fI llllﬂ Szt
/—\ 517
-/
339
5106

F109]

jj o
_'L - —‘$‘z4-3: - Siof

Sz Sh4 ‘Sio4 _FIB. 236.
o5
sus, sus S105 5123
O Relay
S i T ~ TypedllL.
S22 ‘: - _—._- \l " O
- b N
i e Y 5120
5 o [N Szl
T 5106 y_si
) Slo O} s
5109 —q 2zl e Lot 107 i
7t !
I
lgll |“ Sie2 } % —“—5lle
08l e i | 5 0
=22 ! | i===! 1)
= =
-f_. : :E-
‘LE%—EJ{ llLlf—:' o B SRS
sua . L | =2
= = |
— IS —
// ~e
: .
e g, 23]
Inventor:

0w G i f

.SG’.!P




March 9, 1954 T. A. BANNING, JR 2,671.346

MEASURING AND RECORDING VARIOQUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 114

Tnsulation
s
F?
si19- e
] ||| ;/ 5138
| {5125 F-
Stoe- 1T T Hsur. |-
S0z Holding
Relqy
5101/ )
BB' .238.
slation sios s
Ins Size 123 Sie
Sis
0).
siz0

/4517
i
= 5108
| 1
ir———" 5140
It il I
il Il i
{ I i
. L
! | j"'|
|
1
S y e | ~
/

. 7 Ssior
Holding Trg.239.

I ‘n‘tor:'
Reloy 4 Nl &7 /‘-

-~

e bbb



March 9, 1954 T. A BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets~Sheet 115

Si2o
suy_
f |
' :
et l: ! 5108
i }
n 1 I
=== L\ = - ~5113
miebZ2L | LS
— i —
Tia.240. B B B H B~
J il Tnsulation
ey
‘P/ﬂ,-/"-5'132.

— 5134 g0 S0+ S

=1 -512]

! 5129

‘ET’S.243,.




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING QPERATIONS

Filed May 28, 1946 166 Sheets-~Sheet 116

Note: Provide only one contact for “Ten-

Foot"relay but provide five con-
[/ "
tacts for Two-Foat relay (See
Fig. 247)
5209 s2}  S205 5205 §216 sz
sa0 [ () ) OF ~oe 5203
gl e -5204 4
| O ! )\ - 5204
\>2 AN 5219
s207 L7 T 1T
Im—
i i
l It
| o | 1
bzl s21;  Sen2
Hzed o s27
T =" 3202 seset

soi[ T =

X

5201/ T.'S'%‘S"

+
5219 Contact on Ten-
Faot relay
s2%
- 18 Differentially
wound relay
=3-616)
3955 U=
—_E‘rs_246_ ;%—ﬂﬁo
5207 Ona-Cycle
/@ Unit contach Gl
Gle3
2)0 .
. 3762
. - -~-5203 See joof-depth
l-,Tﬂ prm Y.
5206 5213 T psulation ———k:"’}z‘iii o 3163 3523
RS AT BRSS! TN L I é «
: “Ten-foot warn-
_ETS 248. ing lamp.
— On Relay, Type I. T
g 247. \@@4 &

¢ et ot e b 5



March 3, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheots-Sheet 117

—= ——— . Relay TypeY.
== === | e e
== : = =

==k e S il N
:,35': I =1 S403-[7 \
sa031- | 222 | | =l H _____ . 5504
sa04-|...Y

(501 I I e \ /
sa00 55 arcenc i L= .
5402~ N % S /
7 .
)

Eis' .250, %!
: P
1
===-1-—{--531 5322 5227
i L $328
reaerd L \ 5326
< ,_T‘l 3305 H 2 S308
. ~5304 ! J303 |HIrtk: 5324
t--~}H—5306 T =ERIN Bl s3is
WRI§) Tt S37
. ‘U‘n iy 5318
i S LELELIRL
T lass et i 2
L. "//55?:180 * 5302' ‘ — s Ks'B}J
T 3367 Lg30f s30f = 53, 3320
535 o32 —F"a 2_5‘2 53 Fig.253.
Relay TypeVL.
' ¥ = ! —1 5302
5302 i ==y ~~5303
e S ] = | N
$3u : i 5306 5310

5304
5329 i .
5324 )
5327
532‘:‘ /5'312.
5304 |
Jsta/ —I(E 254, Jggz- sao; 5313/ —319'255 5312
Relay TypeVd[. - Faga
5 1 == ‘-:-’-ﬂ—:‘-—
2= l 222 _‘H Saio-}-- “
| I=5= hi 45410 Ilr}:_g':} hL Lsato 7 \
= ! IE_:EEI }-:_:"‘Jﬁoq =-_lli |-_-:":‘E| "L’."“r“d’m y \
—-qll = : —.""h ==
1 . {l . :! Josan /
! - 1 4
L YA
T 7 (B i Ffq
4oz, : W
— — o540} Invlgem'Or‘.
Fig.256. "% Fig.257

e

P




March 9, 1954 “T. A. BANNING, JR 2,671,346
C ~ WEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 166 Sheets-Sheet 118

e Foee—t
(e | £ '
Ire2==m =T .
Nz b= saouRelay Type VL.
. }l =R 5903 sua| NS _L-saos - <
l: a._—-'----sm.ﬂoz— ! I 5403] 7 \
- ! / ,
a6 P L sayy saie e \ /
502
S42] fame Ee 5418 .
gﬁiz‘ et B 5 " BT "‘7]: _‘E“—g-?.el- 2
e gL 540 S#ol
S40l -_fl_S-a:’-S- . -J -ES. 2060. :
S S S
?‘Gq— = - 5305 - 3335 9353,
- 53357 | Sas2 5334
Y |- 5304 539_-,6‘3)02 \ . lsau / * | svos
B 9 4
F 5306 ; T . 53
-t ' NTIREIND- =7 -
1 VI | ~ 5334
8332 N 5324
oz :"F,'\A:'w P T -ssalsn
S302 | 'l"! (Tl 53375333 ¥ '-5;‘53!
L i ' :
$303 | [ —— | = =kl
:;:33:-;! 5322 ) U b * ;, q £ .
= 1 1+

J324 ISR ::5;1:1 7“‘“" Lﬁo% 265 2

ay 53 i E5 5597 S0 { ) \
S30f S0 6}135,{ ‘8-261- - LU F|8.(.63. (azj'szo

—==—
I _ | -svas
ReloyTpeIX| | B2 o
L elayTypeIX| & T
S0z v P i I~ {—-s303

nventor:

T
B QLo

s e R R AT R L




L

March 9, 1954 T. A. BANNING, JR 2,671,346
VEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 119

== ‘? === sscay Nelay TypeX.

= R N N
= Lo | L L™ \
| =l lj____- -~-5404 u == = o .
i S402 ': ! ) /
F40L T oges & ¥ I

sS40}

5402

i
!

M==2T .-
IZES) g-—- 5404
|
|

PVIOTR ot A N F4021

S40)

== -4—5403

r ":-l.{ A -Sqo4

R S402 [ETEE
5402

'ZE"'TS. 274
Relay Ty peXiL.

TInyverntor:

S Qe K.




March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

5305

166 Sheets-Sheet 120

Relay TypeXII.
J P 5302 303 328
i ¢ ——-53085
 E— .
i '.' —5326
: -~ Frmisssssmes g
—5304 AL YT 5303
Ra
WY A7 5317
| __l_:.,_!__ ;ﬁ?ﬂz
: Fs3is

Relay Type T
53 c)z 53237303
1 I ";
! ! /
= . "r_"f‘""’“‘-‘
L -5304 m'ﬁT’ ____;'f
o L"\‘,ﬁgﬁﬂ a3 £ Aoy
l b = 5318 g /
| = N
53)3" - p _—— ! — = b
. {53‘1 4‘)‘30‘ — k I3i4
530 T-‘-S 277.‘_(-:-3:4 5 S’ .278. sSho
i é;: ,l 1 f;:: -5'40?.)
= = VN
Iﬁ :—;Ei-“ ﬂg;ﬂ' Lsaos L 2 h
‘! |:§_§i :' 45403 ' QE_E_} l;___.u -S404 / \\ ’
i h-—-} S204 { T ‘
i I
i | K j
FacZ | — =l
['.t':.:';,x;a TR V —-E'Trs. 881-
e 280 I Relay TypeXV.
iq. '
3 Tiventor:




March 9, 1954 T. A BANNING, JR 2,671,346
MEASURING AND RECORDING V .RIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 * 166 Sheets-Sheet 121

! == e S402,
= = | N
== == §403-
h E R SR ZEE L |, 7 \,
- l
l‘ =1 -Sa04 ' =2 i N
i ] f----1- ~S4o4
\ /
\ /
\\ ,/
“Eg. 284

iy 282 T7g.283. Relay Ty/peXVL.

S302)
+ - — T —-—-—;',w—r\'—\—
= i ==% s N
'n-:'_-‘_' | {r'““'"[':_:_ jl 5403";/ \\
HE V=2 2 |
) 122> - -+ 540
W= e == i ity
i e} 5404 i Ho~enl -—-5a04 \ Il
i 1 i \ /
i | '! N iy
4 P o -
oA ‘ seof . c
=255 Saoz Tg.284 "
"‘f-"’;‘--c".\ il :,'{;‘. ~r s
T L [
o ! Re)oj'r_‘)/pe.m.
SeoT—1 1 Il i -
B e i S e W i ]
XS = — 540}

540}

| :Qn&]jnéz n?or'/? ’



March 9, 1954

T. A. BANNING, JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 122

13es ___e——Contrdl Cable from Derrick Site.(012) HEH Confrol Cable
sESSaqmett s AT o B toTraliser
2977 T 1 £ 7 )
il 7 ,
2939 L2530 S o T
H) > =
% : =: t i
2904 ¥ '_%————eoa 33?02'3)»4”“
~6053 > G020 -t
2238 J s h kecorder cwe
293711} G2 == . .
ﬁ o33 cvits continy
sosi

0018 ———

i C ed on Fig.?.&(:.
“53""5 6049

€03 L1} =T l
ESeme o
o034 |{ “ea3r raY
6033 + —
- Si39
H sig[= 1t
Giity
I 6o’ /“‘g* -
I o4t |~
seos L | |say/ ) A e
=i 173% 51% 016 I
€024 .
: %a20 L eos; @od . ;ﬂ
. — 502 G022 ar_,_‘o-n
i g [Tt} eoa3
d
[ 3.1y 02|
Pz G:j’ Gose
" -
f f ‘ ‘“_ : | -5043 So2| 2049
s’zls ' Jl —lhlcos'!‘
| 6 GosT) £90T9g0n2 tons |
B ¥ 7 o e |
“”'3*6'2“‘- 508 £

Printer Set

4 +
'r—’ [’Gos; 6097

» I
6o3u [ 349 ~1

irT(@ i

C4t

€083
L_ e el | Gz [ o)
o9y 356 L 607} E :
co1a $083 }
%
€010 070
pt [& .
cim| ol |fetes 2942
pt
) 8083
[ 3033
s221 a224, 90
| I =
o

400a* | 38 3730

EEF

=
4525 | 4904 gzt | 3734

@i
6§08t

A4

wilch-000 "R ord'm'g"

3520 Ssal 5350 Pm

Ei73.285.

R, Qobits

Tnventor:

o R T e T
o A

sl



March 9, 1954

T A

BANNING, JR

 2,671.346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 '

Control Cable to

Control Cable 1o,
. = e, 60}%‘
Duplicotor MR sew, 00" 7 i

©05D

166 Sheets-Sheet 123

9.
3]

Yo Battery—
oi4 G:';;‘-tool ‘ m! ””mgmorﬁ

“To Drilling-Time

—Re

-1 ‘ll“‘

al

P HAS (:m o193
2 AT anz Sy | ~eiat  gisd]
i s of A2 (- 6las” G191
5

&o83y

= 17521 == = = =
= Gl |
6003 608 18004 = €n0l3
(253‘\.23?: ) __(!GO:T,{‘;?O-:J{,‘C-:OS vaey Ay TS By Iming _ '8
At | S =y
2004 CE;ISS * : % z Z 2
2940 3952% @ *
395>
nilih g @ @ © |
13
€070 — i 3
304X 4355 - {eo
3::112,- i L — ‘ﬁglse ‘,a;LQenerufon Giia ol e
5 it = 2 == Teiss G183
b o111 [ . . 3 ) . ie0,6182
&n ui i Il\ = 6166 X Z e —j! G0
219 — {1k H E ==
G224 L Pt T T s
i L o e Y
: &i13 m
i L"‘ )
! 3 ] Gigo LlT-v —
i 3 8172 514:. Y
. = \
| Y G165 Bl10 6174 S618—=> 6
e B
615,

E =

n— 6141]
(4 6033
F
= alas
[ ~G137
L6136
L4135
(4573
ez 63
alig
2
5129
JC::S

2523-11

< Glag
hrivieg
6% 6i53
2

6157 @158

r—dm"m.

2
164

=) |3

NS
3514 358 )

Excess Time.

AN

fhofostIndicato.
Fig.286.

Gl

aste ] 322 % V

Inventor:

e et e ittt |



March 9, 1954

Filed May 28, 1946

T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

166 Sheets-Sheet 124

3579
3857
414
N,
354'2.[1 s 35'535_
\
288 A4 T 288
e e, -2
44)5__%\\ TTCS O NSESASSSAANAN [
- —\—:_/A 1 4406? Vi 291
291 v VLALLM
4401/ /L LLLLLL,
4407 4lo2 L— A403
F—4404.
- 440
4045 aiad
4!03
3508 _ i —3539
pvit) |
PAAANAARRNRRRRNRNRR RN NSRRI
L3502 (§509 3577
<

- 289
Invenior: .

R A wtirf

e tn i



AL

March 9, 1854

T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 125

/ 3519
- , 5557}
3557
y
414
3542/ ~
4416~ 4/411 44,,0! 44}09 R 3553%
291
__ e S e T L
2 DJ CEIENRAIAHIN RN 1 i
Moi/r )
440; —ET :
Q. ;
410} % :
4los™ !
4103 ;,
350 .
|
i
i
|
513' .290.
Tnventor: ' |




March 9, 1954

T. A. BANNING, JR | 2,671,346

MEASURING AND RECOI'DING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 126

4638

4418

‘:ETB. 292.

4410% 4400
4 J

t
@-—ss&s"

"_E‘_i'ﬁ. 291,

443—JE

440> [S

Inventor:

R Qi

SR AR fata




March 9, 1954 T. A. BANNING, JR. 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 o 166 Sheets-Sheet 127
' ' .
. 29
f: -+
. 4609 fr—ssm e
4507 +—4a626
, — 4lo4™
4606 4414
— -
L .
E; | 4c0s 10 294
46024503’

ITSCTITT RIS

&L

scor _asas | é-mf v
i N 7

[1

A
&%5

l

! 18] :sl
AT TS S TS ST NESSSERR SRS RS S SN Ay

7 AY ]
4609 46!4\
4_ ol 35 (F5e0) .

.29
| 296 3 l 297
l—q l 297 (

4603 Agoz 460}
4612 {4ci0

NN

AN

A
[ &

Y

TSN

3

1

Tl

TN AL SO OSS SN \\\\\\X'L\\\\ AN AR A R RN
[
3502(5500)

Tiq.298. |
297. 3 | 296.

SO TNCSSSSASSSSINS

Tnventor:

Sy,



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets—-Sheet 128

r I o e o 2

o 4t O I S I 0 B 2 A B &

Tnventor:

bk

ke s e




March 9, 1954 " T.A BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING UPERATIONS
Filed May 28, 1946 - , " 166 Shee*s~Shest 129

__E"@ 298.

1% seconds pulse —
33 Seconds puise—p

2844

Restorer

4ea, 4 rounfer




2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

T. A. BANNING, JR

March 9, 1954

166 Sheets-Sheet 130

Filed May 28, 1946

- swop asindwT

. m .mm .—g%UOULEI
v\_Q - —A 5
- 208 —+] .
Hun m.c_.__ocm_n N -d_ono\m..n
1o 2¢9 Hoye ™\ gloso 11
—
— -
- g’ +0ty
2
fofo ] B \X 20¢9
‘od9€ 0 \ﬁ.\\\\ Lyte toto
c0lK1E Joc w0 -
yo4n|D 28091Y — pove ——m 043 O}
23] n:_bhnowou.o%r
MDD 9C031PM 20t . Jadod 12031
hiad fmuns_bn posd
T 2 sorsoung_sno-aui nm .
-~ hﬁw " Ewmﬁ%_ s vwrm uabunf acoajat yd4n inod
|oOUDW do} YRID RONY 5o : : o} ivdod
“Butadg uinio
ol T
‘UOL4DBULOD 250
YD ptod-UOtH A1
N HIOM
%00
ﬁn.nu\. LM...,..,_GU
1K
cies—t S
.N.hﬂ@l.\g

-du e dadod |||\ RTLEP

2CDR3A Yo40(D uted-Y BiM, ~“Cvis

Inventor:

e aeeraream A o7




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 131

i
!
|

11
|
it
|

700 —
Cable.
1l 1826
wAT]
714% lei?no
Ti3 (180%)
> —108 ‘
Per{orated
Steel TTape.
1805
“\ Pu\a'ms Unit:
T06]| :
o Up Down

. =
103—0/ w04, || J08 7 tiorzy) 180 |1/
i - i a1 4 T46

¢ T 1843 1846
" e Signalling Unit Geor e,
L 171:'9.30?.. o TInventor: |

ook




; March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS -
4 Filed May 28, 1946 .. 166 Sheets-Sheet 132

i8lo 306

Tijg.:j% —‘_3’55 |
I |

Inventor:

asbf




e b

March 9, 1954 T. A. BANNING, JR 2,671,346 o

MEASURING AND RECORDING VARIOUS WELL DRILLING QPERATIONS

Filed May 28, 1946 - 166 Sheets-Sheet 133

- 1805~

‘ 307

l‘ 1309

[}
TSSOSO SIS OSSN
S5
/ (52 » L1807
oy :

\

VTS A

—iai3.

1814 :

3

|

—/ !

%

“ Tig 304
Inventor:




March 9, 1954 T. A. BANNING, JR - 2,671,345
' MEASUKING AND RECOR’TNG VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 134

4—|— | ' K 1805~

a
; AL
- | 1851 .
184 | 1351 A
Spring anchored \ ¢ 1353 .
© héusing 2_: : Rl -ﬂ 1836
‘3‘9\\ \ Y ) 1836 0 :
Y T : "a 1834
Spring / N 153
0 ¢ N L 5 %
Spl‘ms [A ¢ B 1857
2 % COC)
N /A sy
; 2 ; 1357 : /‘!85"7
: 4 v 4
Anchored [ +i_ ' 1858
‘; to shcﬁ_\ﬁ NMELD ligmli
f 309
: 6 1828 | 1 /lsz.r
18041 % \ 7
! ’ (
: 1814 / . i_
! Y » ;
g & XfIA'\ ] )
: SN | |
‘315 ; 1803 ‘ ] 4
Anchored/f 1802 : 1820 @:
Yo Sleeve’ [ . . * ;
\818—1] 1820 1818
1815 —F) N ten
is2a_l j’;i'\-‘\g e
Springanchorf}
ed fodrum— i \\\‘L‘I—__ 521 : :
PN~ 15231 82 PO
/ uf_i— iBio1— |l - L1822 o
' &\ o4 ‘ | ,
; - 1822, : S o
! . 4 ;] .
1812 .
i i .. - L
ZE\'SJDG. f\ﬁ‘ . 305.

Inventor:

Loh




March 9, 1954 T. A. BANNING, JR 2,671,346 ,,
. : ) |
MEASURING AND RECORDING VARTOUS WELL DRILLING OPERATIONS i

Filed May 28, 1946 166 Sheets-Sheet 135

3 lsoe
, Ly 3071, o
Pulser Jwiich
1828 .
) |3lo 777 2L LLLA el d
ALY EN g /
¢ /
{838 %
185244 © - 1827 ;
1855 1856 A
1) ; X /® 4
* 877 5
< ! N A
183X @ : pl=r 1933 s Py 1830
PNt — N %Y 4 4
. '805’5 2 ~:é {\‘8\574 p /
[y 829 o
1855-R —U—, T 3:257 l Z= ///)"////////
A 1851 >
. 3—4"‘07 Ay \3 . 309.
A 1851 £rq.307. |
e F1980T
’ | 309
1802 /

1830 ..
Pulser Switch | ¥
1850
. 1849
| Rever.?:r Switeh § . —/'_“ 348
1838 E '
1647{ :
\ L4 < N
N [ 1844 :
=
22y~ 185% 184% : 1845
i
Down ™
)845 1846
33!!.
Bk q.soa. _ Tnventor:
J. ' % T
/o '




© March 5, 154

T. A. BANNING,. JR

2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIGNS

e Filed May 28, 1946

.‘: _ Contactof ~—

a‘_3.$ — ::‘~

166 Sheets-Sheet -136

=t 122

00 ——/D : 1

34 | 11
1 U jaie, =
160 —] ~ \‘
S raad n 732 )
Sprin 1 ’ Tae »
Effen:?on— y \ . ,‘cEﬂ
\ Fo0——"
_ § -
71394 7 A \ -
¥ . - |
TSl A\ I :
e
) S \ — .
t e ' T34
1&3—1 y \
‘ U Too :
134 x .
Dead-tine 706 ] ' ’_1/.-&<\~ 434>
fixture. =7, uE| o Coble Load
: : r-\ 735 . ‘abie .
: L/"T’ i | Sy B S
i o — o eI
n o4 /705 - —._é;:% 133 136 Panel Board.
' e s e\ ) - '
o ’! _t‘1{5 10 Wrorque—Mefer, %MOM l::"\_’éﬁ'b’mh;jcr.
) f Un\.\-- _’37 138 T -
“Tig.312. L—-Drﬂling-rﬁl}d Tnvgntor:

pressure.

E Rt



e ST TR ATty T Bt Sy £

€ 5
(2] t
-
>
~ 0o 2
=
a8
g 2
©r o
Mm o
c. L
o w
(& T (e ]
= O
ul
s |
2
x Aa
=
g g8
Z
el 2 |
z 3
Z &
m =
< g
- 8
—lnn
(@]
[ &
[&]
[+
fan
A
<t
2
[ A
=R
gm
- 5 o
~ o
N >y
o
=] =
o o
w @
4
= =
e

.ze&:o.%s.sE_s.%@s% - ynp il D Butdoyaury 2aiMG Supod oMy “Bueranc
Ommm«@ Oﬁmw@ O..nﬁ@o thw@u Oﬁ&@o th«@
~Rauing 3 priabuppoans o Bunssaod T upfubiouyungr € cdal, punoy'2 “suorIuL) T
O@m«@o | Qﬁ.m&@o Q.Zu@u Oonﬂ@o Omvmm@ Qx‘mu@o
uang T PSR WL [ [ (o
O h¢$\O 0862 MMO O Co *2|DIC AU 0€ -3|00G NUA 09

9¢63
r..um_mw
Auwng 4akCaQ
8163
©o
O =« Q.
osponjoojomy  Buipioday
9162 €162
Qrmu o O S
auw]) buifidg Auiung
ofslrsiole] | (1LLLL
*qydaq Buly 44
_Q_NwinrioﬁWI

2262

Y. 315,

ntor:

In
S O .



e g it s

2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 138

9i1e-6LT

JunREiolo 0]
S lInd 30 wot
-aur ol wiod

wajpyanbaof woL

~

O

;

e —

O

elele

D

Junysoidol

unaesedi ol

10§o0Le) W |

_!.n.mu—ﬂ joutadiL,

3|qu) 404 §434205

.

. v

i A4SV 2L

..T.as xwﬂewwx 9

04 204U0) wodl

NN NN

L ﬁh n{d
U] HGo0
40} 5123

m:v..mw wmwwb

’

6562

€662

—GE6Z

210l

gole

uﬁ.mwmw




March 9, 1954 . T. A. BANNING, JR ‘ 2,671,346 - o
MEASURING AND RECORDING YARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets~-Sheet 139
'-3)9 '
-l — . p |
T 8& 307 1308
’ =
32 % iz S 318 3120 ,‘33\;3.7
' 3124 23w
~YO e - 3(\5\-\1 B 4 3106
foi TR e : e - 10} : .
s 33 3109 = s F_E e |
2 - E : = i 2
3o |l : 3108 ‘ .5,: 3102) rOy L“:u? :
| 52 3108 3122 |~y = B
--p~hig | L - t |
e -1 = L s\ || sve-betds 3101
~N )
“Time counfon 7 Release | -t
¥5 sec. pulses. Yo jero. ] 319
T’B.ma
229 !
619 6197 . .
1 320 ] ,3
(}3122 ) —.
323 = \r)
. | i
\ 310} 3127 | . '
——, 3l02 61981
_R i
cleos\ry g |
7 193ec. elease. ;
” uiJde. '
pul |
F‘ I pul:e. - ) :
‘3 313. ositives 2 “Fin.320 _ :
_ 5 oec. pulae.———v 3 Ve !

S O



March 9, 1954 T. A. BANNING, JR . 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1945 166 Sheets-Sheet 140

i il 7Y

3325: = B2 3324 ,
3322- 305 s~ 3320-3321
3304 3318 S '33l7| 3zl 3393302 3320 32
(AR wll AR s 7 27 2 a7 o
3312, |17 ~33|5l f
B e B
‘g“‘u‘u‘\ '.‘E,r.,‘:"g - LI 3’3 14 B335 ) % — 3315
AL é_v_g_l__, ] i A hOR N
== ‘ % A3 L
Sso9gl (s 33y ‘ \
i 3308 Wil "L 2 b
1111111111 == 30 N
3307/ 3301f = 3306 7 ‘ N
, 3313 | \
T BSZL R B \
322 3305 . 3303
Bl 3‘ 322,
30(?9}‘.l /3008 ) 3009 3008
i ] i
et “~3003 L l,‘!
3002 r 0
1
300 | :
360l . . :BIB .326
T1q.324. Xq.325.
Ty 7932
3005 . 3007
3004
3002
' o] 3004 83
_FB'327' - 3513.32 .
3320
3 324
I3




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 141

TSNS ENNSS .

72222222222 BNSNSYL
~
3
o

N fLedd
§7;;”""‘w\\}\\\\\k
22222

Il,

drive.

i Pressure
Regulating
Valve.

Proportioning
Unit:

241

+—From dead-~
line attechment.
+ 2403

1 TTB.sao.

Tg.33l. %

In entor

N :

;




March 9, 1954

T. A. aANNlNé, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 142

2203
_ 2201
. /ZZOZ. .
o e 1y 2209 2204
4 \ 220 2203-- @/ 7
| }-2206
X / o .
2208 | ] e ——= 2
\ 7 —2204 N— —%205
2206 . (113) :
: 1 A —2200%*
2202 -
Tg.334 qQ.333.
3 L\-\.P¥--Dectd--L'n'1e. -9
Dead~-Line: | 335 ‘
: 2034 ! y
2203 2205% 202
‘ iy Co e
L i A 7 ‘- rq
Fo) \ X [ e S — B
zzoij _________ UiA R l 220} L= 2206 -;
20 BN N \ =
» ~2205 { 2205
4 2206%
1. 3335. '3*13.332. ;
%
3
, | i
: +—3405" i
‘! 3402 i i

340t

H kal;gs

.33, Inventor:




March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 . 166 Sheets-Sheet 143

e - ;@___Lajq
| Z&?.B;—ﬁﬁ )

—»Hi—-zazz
2820 =1
28as 1
2803 “lape 2821
Apring anchored
to housing.— } i) \
281+ : —2809
rm _ N rm
Anchomd 2 2806 .
To sleevem\ [/ :‘_j SN
2818 2816, : 4 7
@&“iﬁ 2808
\R“ LR zals
2312 2310
-TI AN \
> 1 "
281
\2819 2% l'l) / — m‘*na ; 04
- 283 Y= EEON 4 chored
% borrynsy by
= N foshaft..
#| i AN s
s = Prlng
.‘.-"}’. /i \Onchowd
‘ 7/ E Yo drom.
2803 ireds|wan)
2822 B
2821 Pl 2808
= ‘ 340
2829
¥7g.338. TG99

vt @ AR



March 9,1954 .= T A BANNING, JR . 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 , 166 Sheets-Sheet 144
| 2028
h—2 822
] 2824 e
N 2825
\
\‘_/
- —— 2303
2803 ol \\\ ‘,—‘/
0)Z O
// \\
280 —2 / \ 2808
2809 /¢ 3pring

Jp\rala inwarda,

7 . . N
7 "Q : N\
g &
'°’°”"9 *
Spirals ouhwards. x

R

o QDA




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS

Filed May 28, 1946 : 166 Sheeots-Sheet 145
L | = N
ttach cable. 1 24
2822 2528 |
i A R 34y a5
2313 —
2824 il
2323
[ ! , 2316
o - 2322
2803 q} - L2
] -y 23802 ' 4 R TFo.344
280l = 3\2315 '9
: ~} 2309
ey . -2302
2820 pnrd o 7}1!’"1 2304
™~ 1 J—2305

L'.I' g =) L= ]
345
\aaz.éo%m

VA — 234
Tl Ad |

/ "t_ 1—2333
- 2315
2819 g |- 2854 2323
2316 ] 2322
- i} == f 2312
) ST
2803 [ 4 = N ondl
e = = 231
2318144 2325
. = w00 22777 | FG.345.
EB.G‘?& 2829 2310 2316 2317
: 2302 2301
~2307
2304 1
2305_] -
2320 . 2306

2824 2820 2303 — 2319
x ;/ 2308 —EETT 2308




et e

March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

. . Filed May 28, 1946 ‘ . 166 Sheets-Shest 146
B : Setter-Moton . . ,
% {1304) Releage. Lock. _ 2618)
: i Time-OULEEY YioPrisan 1Pk C280
- ) 5 2781 —— e 2722-(857) 27234 (856)
: 2764 Frao 232 A »
' *Point=Indicdio
2979 e

. 2 - 2a23F . L

“ Zoa7 Czors 2933 ———— lime-aut

——————
- . Mud-Press. (1
I ssor. Deodztine. i Jorgue: 2seryMud-Pre Iﬂ D
+ e m— = ot 7
Special ConT—r;HI 29027 {" 2906t ! l

Line Yo Contacton ; \
Unit Lines. Y1

l; i 2903—11 }

' :
t \ L 'y :
2983 l Tf—aesa Counters. _—?_T;:_:\ 2904 20 o
29847 “otal Depth. T Time. R 2929 |
I . I e | P %
2922 ——— |
w2324 0 ] v [P ‘P- i
599' ! - 'é
i J e !
—W 1 ISETYEY d It r
o - |
2079 F ol ooy 22285 |
Drul.
292158 Time Y10 Foot = |
b Indicator Foot=Time |
£200 Indicator
G202 3tz ‘
_ F
29ig]

2‘3?1

S

= A
Pt 2940 7938, _208% 7930 29371 >2919_I )
[ = : l@ﬂ stas
1111 g_gg_(_ 7555{‘3?? 11 & _- PN mal’x”l zssz.-
| 3307 57 ( L@ T 23m¢

L
= =] | pa| me z_SBL .
15| @ﬁs t%] To T T j | Tetaljzer
e W r)j s .g@- n@- @ 9@- @/‘“ chea.

296f 2
aa ) AR &R Time-Out

ST =l L TS
b |l \ \@2 @ \9@ \@J ®

2915 9

t—2930 it 2%es —
z - . o
i 235 _Control Cable ToTotalizer Unit: Invenr P

{1
gl 3% 7~ Confrol Dables tovaster Uit Kz, QW

Tl
53
£

Nk Sy
I

=t
1

13

[

9

»

_____..
T
=
S i e
- T r
e B -
Tt = g g i
= o

I.l -



2,671,346

166 Shectsn~Sheet 147

A el ¢

—— it —

T. A. BANNING, JR -

MEASURING AND RECURDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
Filed May 28, 1946

6
=
LY
>
5
+5¢ | one-Bl ﬂm
_ _ el er¢ Ll 26, 2161 . Sst—
T L
! ~ _ |
. m_mTl.—
-5 LA__ 924Gl fmﬁm_ sHely TIN
- Hore X-Llﬂnu.FdTm,Minﬂ%meL_ T 116!
. c I L oo | 4 & B 74
e 11111 B % N I \|_1H_4n__h\ 1 | 1o
. it oge] __.m. I . R
lecel _ evel | Lt (Lt 26l obe “

i
H 2s6—T | 0€6l &z6! o 7




March 9, 1954 T. A. BANNING, JR . 2,671,346 -

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 148

1
3
1924 PN
\920’- (A
, 1923 ;
| 1922%
% - L1947 ‘
© 1926 jozs 19287 1925 *
92.
+ 1948 | ;
) —_— — = T, e . i
is2 logs % 1946 352
o\ @ 2\_(® |
1942
@l >
1920 —_—

N VTR
19357 | Y 2 A
! l-"'a-s_v‘--_-J A
. 1y iy \ yA
192¢ [ e

; [~ {922~
1 N \
1924/ 125 '94\936 J:‘it‘s"a‘;“m? foar 1922 1951 _
8 . 1950 1949
it g.35
Tnventor: ;

fm.@;&%/




March 9, 1954 T. A. BANNING, JR - 2,671,346
HEASURING AND RECORDING VARIQUS WELL DRILLING OPERATIONS -

-Filed May 28, 1946 166 Sheets-Shaet 149

it | e
\9}9 s 7 AR { |
| ~d S 11
( ] R 1 il B 1942
] e N A m—
I i el .
%47 / % //////
l920 -
‘_E‘TB.SSZ.

O  ~ @@ .
i { // : |
By 11942 ‘
1920
9 \9”2?_\/ |
E
. 'ji._.\ 1940 41241 3,
a2 : :
. |
\L&\\/\l . | v 1
' S | . Tnventor: ;1
s L fadip
| %
%



March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets—Sheet 150

X 918> 1909
m& 191 19\3b \‘-;W
1 -
AV ¢ :_[//////'/,/////////}’///////'////A

918 §

Pt d £ et LR Ll

- TInventor:’
$eoluf

H
;
i
H
3
i
E
3
]
g
Ty

{
i
\ i, !
QLI IR IR BT ”’"}5 \joie |
1910 — RN IR ’ LS 1o ;
NS et 5 :
mw«i s
: o1 . , Derrick. i
1918 » erricy. i
X 3’ .3356. Dead-Line Swtfc}h;
2003, I
i
1918 o\ “ZUnloaded. § "
[ Loaded: :
P . 2004 '
o 0 =
z N - \ i Control
/ \(- 4--1917 Switch,
/ i910 \ 19557
\
) \
¥ , TR
+ Coﬁ.
, 1 = 1939 :
\\ ;]
\ / 1957 1946
\ / /{ ) !
\\ / ] M s
P \ 1’ N - » {
@, S el @ 058 1953
- ~o e = A ] :‘
1960 195! é
. . i
g 333. Tg.357.




March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets—Sheet 151

959
957
45
S
N
953
\o
197}
S
ir] ;
, Tiq.357A. |
L o 51
S ——— -
91—
Inventor: ‘
. ) |
F 3




‘March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECCRDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1545 - 166 Sheets-Sheet 152

- \ |
o
| 3 a
|
; s
'z 3
: o
! b
3
Y
/
] )
. 5
o F
<
© r
g
[ $ ‘5
RO
-3 g
9 >
£
b
508
s ¥
<
o
O
TP
g
Q
L . Ok
|
g
3 TInvegntor:

B QL




March 9, 1954 T. A. BANNING, JR 2,671,346

VEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 153 )

f o ]
~
. g
| 9
I
| 3
<
9
1 o
9
©
i 2]
3 3
o | fop
udjCop{wody P‘i
g
q 3
.' .\J
)
\_ | .
3.
1]

TInv m“or':
S @B,



March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 154

—~6404

i

3764’29
sof

9

3
e in

P

l

Hﬁnﬂ u
?:r Recordey:

cables from Mas

Sockets for

6405
G402

6430
'.‘E’i'B. 360.

i

6401 —

Tnventor:

L. Lol

SV



T. A. BANNING, JR 2,671,346

Mm'ch 9, 1954

MEASUF ING AND RECJORDING VARIOUS WELL DRILLING OJPERATIONS

Filed May 28, 1944

166 Sheste-Sheet 155

{Z+9

[
.

—————r

T
b9 Z¥®

Loy

1Q). ..

oyt ~




March 9, 1954 T. A. BANNING, JR . 2,671,346
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946 166 Sheets-Sheet 156

< 6436
% 6433
436 . 1643y é e43

©43s: 6442 =y
-‘ 6439 Gaay 6439 b0
43— -
: ) 3 A
D, el & il ™ 14 TF: 644’3J o' o - ,‘
. ‘\ i casy G410}
64381
. ‘ | 6440 6437
f 6440 :
loe-§
1 : .
1 I . i | [
Fie 3.363. G364 .

Inventor:



March 9, 1954 T. A BANNING, JR . 2,671,346

MEASURING AND RECORDING VARICUS WELL DRILLING OPERATICNS

Filed May 28, 194¢ 166 Sheets~Sheet 107

g ’
<
3 lﬁ ﬂi
m__m,, Wm_ul.. " “u ‘
Ld - ~
3 $ 3
w »
9]
9
<
. Tealls @
: CRgs i
. il
i, < .
Y. B8 3
i g $3% 21 :
i °s3 ’
\
2
<+
L ]
e
35
<
°

?
5623
56i8

& \
9j : “'.

~————_ Control Cable from Master Unit:

4
€423

= -642%
29ti~]sq’
3]




46

L ¢
s

2,671

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

Filed May 28, 1946

166 Sheets-Sheet 13

‘o .mﬂ
— 99¢C LnW&, | _|||I
R PN 1oz SPUoi ] SEDTIKY
esez——110 o_@_@o_og ofofafofalojo] o,o_o_o,o_o o 5059
1100 SN B DULIOD OM-9PIC®  BUIRaAMACT,
) . 2
osse—|—| T[0T | [ololoolei{— e
-.wbmu 7 T .zEE:odwﬂgzm::c_a.._.u‘hom.?_.%__k.__gwx.*
esee—|—-O000000] | OCIaTofold | [olofoojoloior——teee
eset SFbmnucyo Jnol'f  'SOLL puno} e “UD1§23UU0D |
(s) i e) q _
osez— 10100100100 [ofoloTololoro] | [ofolofolololort****

il

A .

_/

o6z

I3
.

entor

T

T &



2,671,346

T. A. BANNING, JR
KEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS

March 9, 1954
I_-‘.’!.led May 28, 1946

166 Sheets~Sheet 159

..Il.mN:& [oUtuiddL |
N\Qub »0% n.*m«uo.ﬁ

g9 BLT.

— L J

‘Loso
ASPA0IY
4245k wod |
2y
| Y 2144x(] Wiott
2059

6662

Tosee

ntor:

e
.

e
. \.uwmmm\uu%wm. Leso1\\ _ 4

‘2HE Sose
St wold

-
|
SR

SR S nig |PuiaAdL
l&s 4af m.._..cd\uOm.




March 9, 1954

T. A. BANNING, JR

2,671,346

'MEASURING AND RECORDING VARIOUS WELL DRILLINC OPERATIONS

Filed May 28, 1946

166 Sheetis-Sheet 160

dl 4 dol dn

% " g N

£ a .o 2‘}
al‘ 4 | .|I“.—,'m 3’?
W 2]

d) dl ol

uo £

g‘al Py o o

L

2954%

.,H

ni

_§= !

3

v 9

© Laz ‘ pihe
dl ' 2'333
9 ! Ll

L Control Coble from Master Unit: .

i
i

.._._______.
,

Control Cable from
Derrick Site.




March 9, 1954

Filed May 28, 1948

T. A. BANNING, JR
MEASURING AND RECCRDING VARIOQUS WELL DRILLING OPERATIONS

2,671,346

165 Sheets-Sheet 161

GG")
i
[
4—6eol Geoz—t |
N\,
(- 6613 ) rf -

Eolclc] | s+

o [ | i ) [ | SO
sei2\ |
———————————————— F—_—“'l—- e T T s B -
) Totalizer !
€62
6608 ord

6617
————— "—__—’—J]—_'—_ —— s
Duplicator.  I[ “Tabulaton
o682l 662}
AL LCPTIIN &&n
- a63! 6631
663
-—6 627 6627 —
| G825 6625
i e . 15 S P ST S I =
' Battery Compariment:
R \\ Z / 2
= 7
3! \ 6605 €618
P e “E7q.370
S Inv

i s TR S



March 9, 1954 T. A. BANNING, JR 2,671,346

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATICHNS

Filed May 28, 1946 166 Sheets-Sheet 162

//;::' ‘ cin

6604 1
: i
66i4 3
:
%#. Lo
il
6612 u
€61,

F_-}}?—%*-ﬁ:iﬁt}:r::;::*ﬂﬁﬁ; r

€603

o e o

Fig. 37t In entor"
o & :




v et e e ¢

2,671,246

T. A. BANNNG. JR

March 9, 1954

VEASURING AND EZCORDING VARIOUS WELL DRILLING OPERATIONS

166 Sheets-Sheet 163

Filed May 28, 1946

€222
J ou )
6299
i ; uafyolol.
a\n_uo nnnw.\ $ieo
UM JSO
elebrr 299 eiso
_$T29—7"" 1
Hayg dot_
L2 F —
| £== . T e
_ n.l\r ] |||||I|||||||I||||||||l|.||J
! o
1]
{£o9. A
%099 -
¢oy—1t -
§290—H o9 —~—
00 -y
1289 . _ ( *
1810 ¢l
Hh
ﬂ y | 16299
E T
2ize eeon”

.

vgn’gor' |
é z :,.V/

In

B &

2LeBLT.

|-— jo9e

~~—dor noM




2,671,346

T. A. BANNING, JR

March 9, 1954

MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS -

166 Sheets~Sheet 164

Filed May 28, 1946

H- L2929

6099
vt

ple G

-

ntor:

o Ok K




S————-Y

March 9, 1954 T. A. BANNING, JR 2,671,346
MEASURING AMD RECORDING VARIOUS WELL DRILI.ING OPERATIONS
Filed May 28, 1946 : 166

Sheets-Sheet 16%

/6'[03
o UL 2 G n Y
o o
o s beres
o - ol
€708 o ]
L o a6
o al
o al ! ST
] a [a]
i Io a
D o
LI i
By 3

|
U T o o i
o ’ ) ‘i . ;
‘/_\‘ o 6708 609 O . !
- o o . \
eTi0 ] o
d o o \
o o
C G \  lem
~/ A pN——_) e etoe
610‘] k
- Al
6702
6106

- Tnventor:

\. @%éﬁﬁ/



March 9, 1954 T. A. BANNING, JR : 2,671.3<G
MEASURING AND RECORDING VARIOUS WELL DRILLING OPERATIONS
Filed May 28, 1946 , 166 Sheria-Sheet 164

(.
= ==
67247 - 6725
/5720 .
‘ T2 =
ET.IB
¢ 6730 . |
613228 5728
{ i 4729
o T 671272
23
“é726 : .
' i 3.376.
-—2985"
L 6059
2904
éoog (*8)
L6007 (A7)
2973 (eoi4)
b
: Tnventor:

;@4@@/




Patented Mar. 9, 1954

5

2,671,346

UNITED STATES PATENT OFFICE

2,671,346

MEASURING AND RECORDING VARIOUS:
WELL DRILLIMG OFEREATIONS /

Thomas A. Banniug, Jr., Chicago, Ill. .
Application May 28, 1946, Serial No. 672,152
(CL 72—151.5)

267 Claims.
1

The present invention concerns. itself with

various measuring and recording operations in.

connection with well drilling. The operations
hereir. referred to as being measured and/or
recorcled are of such nature that it is desirable
to secure very accurate measurements of dis-
tance, namely depth of the hore; and the vari-
ous operations herein referred tc may also in-
clude measurements of time either as an abso-
lute emount, or in its relation to wunits of dis-
tance. For purposes of convenience I shall here-
inafter refer to units of distance as feet and
tenths of feet, and the units of time as minutes
and seconds; but in so doing it will be under-
stood that any suitable units of distance and
time being interrupted may be used.
Measurements of distance in well drilling op-
erations are of very great importance, as is well
understood by those engaged in various well
drilling and operating enterprises. Accuracy of
such measurements is very important; and this

is especially twue as respects measurements of’

distance during the drilling operations to-secure
accurate measurements which may be depend-
ently used during other subsequent cperations
reluted to drilling and production. Thus accu-
rate depth measurements are necessary to de-
termine the top and bottom positions of particu-
lar strata, especially when sald strata are thin.
Measuremenis of time during the drilling op-
erations are also of especial intercst and im-
portence when related to various of the measure-
ments of distance; and in many cases these
measurements in time are of great value of them-
selves. .

The measurements of distance and time may
be differentiated with respect to each other, as
in the case of determination of the time to drill
2 unit of distance such as in the production of
a “foot-time” or “drilling rate” log; or the ele-
ments of distance may be related to units of
time to effect various other operations than those
directly recuired for drilling functions, but in
all such cases the measurcments of time are
directly or indirectly related to depth positions
in the bore. :

Accurate measurements of distance in well
drilling are iraportant for various reasons, in-
cluding the need of accurate knowledge as to
the depth locations of various strata of interest
to the driller or geologist. Such accuracy of
distance measurements is especially important
when the strata whose depth locations are of in-
terest are themselves relatively thin or shallow.
For example, if an oil bearing stratum of in-
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terest is relatively thin it is evident that close
raeasurement of the depth location of such
srratum must oe made I perforating or other
operations in connection with such stratum are
50 be corrextly macle.

Accurate *easurements of time are important,
especially wher said time measurements are to
we related o units of distance drilled, and when
said foot-time relations ave to be brought. into
ccrrect correlation to the well depths at which
they are measured and/or shown. Many other
relationships between time and distanee meas=-
urements than those previously mentioned will
appear hereinafter. .

The measurements of distance and time, either
as absolute amounts considered from s starting
datum or as individual or unit amounts may
be shown visibly as they ozcur from time to time;
or said measurements may be recorded in the
forms of permanent records for future, o:r pres-
ent reference; or both such forms of reference
may be found desirable. Also such permanent
records of time and distance may be produced
either in the form of logs or tabular records.

Generally speaking the present disclosures in-
clude provisions for making all such: measure-~
ments of time and/or distance as have been
Lereinbefore mentioned, as well as many others,
and also include provisions for making suitable
records of said measurements both as considered
in measuving from starting datums, or as
measurements of specific units; and also include
provisions Jor making various forms of records
of differepnials between said measurements of
time and distance, or between specific units of
said measurements of time and distance.

In order trat various of the features herein
Jisclosed may be betier understood and their
relative significance better appreciated I shall
first explain certain fundamental operasions
connected with well Crilling, and shall also ex-
plain cercain applic tions of what is known as
“time-logging,” all as related to the present
problems. ’

In well drilling, especially the drilling of oil
wells, recent developments in technique have
shown the value and importance o “foot-time”
or “rate uf 4~ ling” lozging; that is, the record-
ing ¢f the wine to drill each fcot or fracticn
ther+of ur the rate of drilling for all depths of
the jore, or for those zones of depth to which
said technique is to be applied. The time io
¢rill each foot is dependent on various factcrs,
including condition of the bit, weight app:ird
on tae bit during drilling, rotational speed of
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the bit, nature and condition and pressure of
the drilling, mud used, and various other factors
of the operation. However, it is found that for
regular and normally conducted drilling opera-
tions the principal factor aff~cting drilling time
is the rock or other formativln being penefrated.
Inoreased hardness of that firmation requires
increase of time to drill each unit of distance,
and conversely, decrease o such hardness is re-
fiected in weduction of tre drilling time.

Upon plotting a chart or log based on drilling
time against successive feet dril'ed there is wro-
duced o “foot-time” “rate of drilling” chart or
graph. Conveniently such a ckart is produced
on a strip of paper whereon the successive feet
of drilling are represented consecutively along
the length of such strip, and wherecn the drilling
time or rate for each foot is shown by the trans-
verse dictance of each point of such chart, for
such foot, as measured across the strip from a
convenicat base line near one edge of the strip.
Such 2 chart when prepared is of great value
tc the geologist or other person studying or
analyzing the drilling operuations, s‘nce by con-
necting successive points of drilling *ime for suc-

. cescive feet drilled said chart comprises a series
of lines or a curve having a transverse form

depicndent on the variations of hardness of the
structure being penetrated. The variations of
said chart are therefore of very great value,
either in and of themselves, or in proper correla-
tion to other available data and inforrnation, for
the purposes of study and analysis by the geolo-
gist or other person having an interest in the
drilling and related operations to. which said
cha.t refers.

Gererally speaking any portion of said chart
where'n the driliing times or drillng rates are
constart or substantially constant for consecu-
tive: 1eet, drilled will indicate the penetration c.
a stratum or series of consecutive strata of sub-
stantially uniform or the same harcéness; whereas
ary materizl change cf drilling tine or rate a:
inc. cated hy such @ chart wil indicate a corre-
spo iding change of hardness, or will indicate the
entcy of the Lit into a different stratum of a
dif erent -hardness from that previously being
penetrated. Thus, a change of said chart show-
ing a2 lessening of drilling time. per foot or in-
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tions imgposed by taese drilling operations (al-
though rmany of caid features may also be usefully
applied to other drilling operations). In such
drilling operations (especially those jimposed when
drilling for oil) the correlation of other available
data as mentioned previously herein is of espe-
cial value in interpreting the sighificance of
various changes in drilling time as shown Ly &
foot-time loz such as may be produced by my
presently to be disclosed improvements. This is
true for various reasons. Included in such rea-
sons may be mentionied the following: While the
drilling time per foot for both of two strata may
be substantially the same, one of said strata may
be of oil bearing characteristics whereas na-.
other stratum may ke of a non-oil bearing na-
ture, which difference will not be revealed merely
by the form of the foot-time log. For example,
one such. stratum may be oil bearing and the
other may carry salt water. However, when said

_ drilling time per foot is properly correlated 1o
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erecza drilling rate will indicate a penetration .

of a soi:er stratum, and conversely, a change of

the cheyi indicating an increasing of drilling time
per foot o7 decreased driiling rate will indicate ¢
neretration of a harder medium or stratum.
Thase charges of drilling rate er drilling time per
{oot (as weil as the absolute velues of drilling tima
per foot) wvre of themselves of great value in
determining sub-surface chara sieristics; but sucl
changes (and sometimes thz absolute values,
also) are of especial v:lue and interest when
properly correlated to otf.ex ayailable ¢ ata. Since
drilling rate and d.i'linz t.qe per w it distance
are mutually related (the cae being “he inverse
of the other) I shall .or coi.venience 1ereinafter
gener2lly us the term. “dri.ling tirae” v.nless for
some special reason I prefer to refer t+ tne “rate,”
but it will be understcod thas in uslig :aic term
“@riliing time” I also contempiate “rate,” in the
absence of special qualifying conditi ms.

At this point I may mention that one nrincipal
object of my present invention corieins itseld
especially with the drilling of we 's “or oil pro-
duction, and to this end various ¢f ihe feciures
of construction and modes of op:ai.on herein-
after disclosed have been devised to rieet condi-

60

65

(£}

drilling time per foot as shown by adjacent strata,
and when all said data is properly correlated to
other available data, a very much more ccm-
plete analysis of the sub-surface conditions may
be effected, and a differentiation may be effected
as between strata both having substantially the
same drilling time per foot penetrated.

Included in such other available data may be
mentioned various forms of “electrical-logging”
(including radioa~tivity logging). In such elec-
trical-logging as extensively practiced at the
present time it is customary to plot the various
significant curves against well depths along &

5 strip of paper; and by plotling the foot-time

curves which may be produced by features of the
present invention in the generg! manner-herein-
bafore mentioned, and by usinfg & scale of well
depths equal to that used in plotting the elec~
trieal-logs, or vice versa, it becomes immediately
possible to correlate both the foot-time leg and
the eleciricai log merely by setting the two in
proximity te :ach other, with the depth positions
of the two chiris opposite to each other.

It may be further stated that although an
electrical log is of itself of great value in showing
sub-surface conditions, still such a log, taken
alone cannot reveal many of the lithological de~
tails of strata which details: will be revealed and
made useful to the geologist when both the elec~
trical log and the foot-time log are used in
1roper correlation. Frequently these details are
of great value in assessing the prokable value of
a given stratum when considered from the stand-
point of probable oil bearing coud:tion.

It may be here noted that when speaking of a
“foot-time” log I have reference o any log where-
in the time to drill a given vertical dimension of
bore is related to the depth at which said element
of vertical dimension is located. Generally such
& log or chart will be plotted foot by foot, show-
ing the time to drill each foct; hut evidently
either larger or smaller units of vertical dimen-
sion mar be timad, as desired. For examiple, it
may be found desirable to deteimine the time to
drill each two feet, or each tenth of & foot, but
preferably in any case the drilling time will be
plotted on the log as the time to drill each foot,
or to drill a foot of bore. Evidently if the time
to drill each fraction of a foot {such as each
tenth) i determined (whether ploifed as an
absolute amount of time to drill such tenth of a
foot, or on the equivalent basis of time to deill
a foot at the same rate), a much more dziailed
log or chart will be produced than will be pro-

ki
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5
duced when the time to drill each zoot is absolute-
iy measured as a complete foot. Generally, how-
ever, it will be found that a satisfactory log for
the present purposes may be plotted by deter-
rainmg the absolute amount of time tu drill each
cousecutive foot, and then plotting the log or
c¢past on the basis of the data so determined.

T wish to mention, however, at this point that I

have made provision for makiiig absolute deter-
mmstions of times to drill various amounts or
vertizal increments of bore. Some of the valu-
able results which may be obtained by the use
of means to plot the log, or to record the data,
on the basis cf smaller depth increments, such
as t=niks of a foot, will be Lereinafier pointed out.

Evidently the preparation of a foot-time log
ausomatically as a log or chart on a strip of
mnaper or other surface requires thai means be
provided for messuring inerements of distance
in drilling tho bore, and that means be provided
for ecounting time against each of said distance
increments, and that the lag.se of time so counted
in the drilling of each increment of distance or
a function proportional to such lapse of time be
propverly shown on the chart being plotted. When
said chart or log is produced as a series of points
showing times to drill consecutive increments of
depth of bore, and located at successive positions
alorng tne length of *he paper strip, said points

may t: counected .y a series of straight lines. 3

Such, § chart is desirable, and is in keeping with
prewel’s practice in the analysis of drilling-time
dati. The preparation of such a chart, however,
requaires that the paper strip shali be advanced

at completion of drilling of each increment of !

bore, that the tracer or stylus or other means
which produces the chart shall be reset or caused
to faneiion at completion of the drilling of each
increment of bore to a position harmonious with
the driting time of such increment; and that
during the interval of drilling such successive in-
crement. the tracer and the paper strip shall e
retained stationary in their previous positions,
rezcy to be moved to their new lecations when
such next increment of bore has been completed.

The foregoing described structure includes
essentially the provision of means for measuring
the incraments of depth drilled, the provision
for ;e-setting or controlling the tracer point or

stylus or other means to its new location to show ;

time consumed in the drilling of such increment
of depth, and the means to advance the paper
strip, together with means to properly correlate
all said functions. Of the foregoing functions it
may here be noted that the measurement of
increments of depth drilled presents certain com-
plexities which will be more fully discussed nere-
inafter, at which time also I shall disclose the
means which I have provided for meeting the
conditions imyposed by such complexities and
for ensuring that the chart produced shali be a
correct one; but at this point I may mention
that in providing sai€ raeans for measuring said
increments of distance drilled I have produced
a very accurate and excellent and universally
applicable means to measure depths of well bore,
either for operations incident to the production
of such foot-time ctarts or logs, or for many
otner purposes; and thr; I kave also so designed
and arranged said meas 1ring means that it bears
the special and sjeci”c elements and means
needed to correla:e itc junctions to the required
functions for procucing the desived foot~-time log
or crart.

The accuracy of measwement of the incre-
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ments of depth drilled bear a very definite and
determinative relation to the accurt.cy and value
of the fool-time log itself for its intended pur-
poses and uses in the hands of the geologist or
other person. For example, if said increments
of depth are measured and recorded on the log
on the basis of each consecutive foot drilled,
there will be ten thousand such measurements
and recordings for the full depth of a ten thou-
sand foot well; and in such & case an error of
one~-ten thousandth of a foot in each such one
foot measurement will accumulate to a full foot
in the depth of the well. Such accuracy of meas-
urements has not heretofore been attained, but
it is possible t6 measure the well depths with this
degree of accuracy or an even greater degree of
accuracy by use of certain of the features here-
inafter to be described in detail.

It is further noted that it is frequently desir-
able to measure well depths without regard to
production of iogs or charts on the foot-time
basis such as already referrad to. It will pres-
entl:” appear that I have herein disclosed meas-
uring means directed to well measvring gener-
ally, and with the high degree of accuracy to
which I have already referred.

The measurement of increments of depth dur-
ing drilling racessarily requires the provision of
measuring means directly in conjunetion with
the drilling apparatus or some part of said drill-
ing apparatus; and in order that accurate meas-
urements of said increments shall be produced
it is likewis2 necessary that the part of the drill-
ing apparatus with which the measuring means
is associated shall move or have a functional op-
eration directly in accordance with the  incre-
ments of depth being measured. It is alsc neces-
sary that the measuring of said increments of
depth drilled shall be under such conditions that
various movements of the drilling apparatus
itself, or movements of the part of the drilling
apparatus with which the measuring means is
associated, which movements are not a portion
of the drilling operation being mazasured, shall
be properly accounted for and shall not affect the
inerement measurements themselves in a man-
ner to cause incorrect measurements. It is also
necessary that when said measuring means is
used for other purposes than merely the measur-
ing of increments of drilling (as for example,
when said measuring means is being used for
measuring depth of a previously drilled well, or
for measuring “out of the hole”), proper account
shail be taken of all movements of the drilling
apparatus, or of that part with which the meas-
uring means is associated, so that correct final
measurements shell always be made. It will
presently appear that I have made all such pro-
visions in the devices and structures presently
to be disclosed in detail herein.

When the meéasuring means for depth or for
inerements of depth is functioning there are de-
livered thereby suitable signals upon compietion
of each such increment of depth which is addi-
tional to increments previously completed and
signalled. Said signals may be suitably regis-
tered or recorded either in immediate proximity
to the drilling location or at some point more or
less distant from said drilling location. Gener-
ally, however, it will be found desirable that said
registering or recording means be located away
from the derrick so that vibrations and unnec-
essary dirt and/or other objectionable elements
or ccnditions imposad by the actual conduct of
the ¢rilling operation may not be communicated



2,671,346

7

to said registering or recerding means. I have
therefore, in the present disclosures, shown elec-
trical means to communicate such signals from
the measuring means to the registering and/or
recording means; and under this arrangement
said registering and/or recording means mey be
located either close to the measuring means or
at any convenient distance therefrom as for ex-
ample a field office, or the home office of the
proprietary company or the drilling contractor.
Furthermore, by this arrangement, it is also pos-
sible to deliver signals from any given measur-
ing means (at a given well) tc two or more regis-
tering or recording mechanisms so that more
than one recording or registering operation may
be produced on the basis of said signals.

Briefly stated, therefore, it is a principal object
of my present invention tc provide a measuring
means which functions according to the move-
ments of the drilling or other mechanism at the
location of the well bore, and which measuring
means is provided with means to deliver electric
signals, such as impulses, at completion of each
increment of depth measured; and it is also a
further object of my invention to provide regis-
tering and/or recording means adapted to receive
said signals in proper manner and to translate
them into a permanent or transitory recording
or registering so that.future interpretation there-
of may be effected. It is a further object of my
invention to co-ordinate both the measuring or
signailing means and the recording and/or reg-
istering means, in such manner that ali these
elements constitute, when so brought together
or connected together, a harnionious ensemble,
adapted and capable of producing the desired
recordings and registerings in case all such
should be desired.

At this point I may mention that when I re-
fer to the movements of the drilling or other
mechanism at the location of the well bore, as
in the preceding paragraph, I intend to include
within such terminology any device or part which
moves up and down in strict accordance with the
up and down movements of the drilling string
or other line reaching down into the well bore.

It will also be apparent and will appear here-
inafter in full detail that I have provided means
for measuring the depth of the bore with great

accuracy either simultaneously with the drilling. .

of said kore or afterwards, and either by meas-
urements extending down from the surface of
the ground or from any other suitable datum,
or by measurements extending up from the bot-
tom of the hole, or from any other selected bot-
tom datum. This ability to accurately measure
previously drilled well bores or portions thereof
will be found to be of great value both for pro-
duction of original records of such measure-
ments, and also for the purpose of checking
previously obtained records of well depth meas=
urenaents.

V’hen running measurements of depth in pre-
viously drilled well bores or portions tnereof, use
meyv be made of suitable lines let down into the
bores and which serve to actuate the measuring
and signalling mechanism hereinafter to be dis-
closed. Generally when said measurements of
depth are being secured contemporaneously with

the actual drilling operations use will be made 7.

of the drilling string to which is attached the
bit.

At this point I wish to state that it is an im-
portant feature of my present invention that I
am able to secure the measurements of incre-
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ments of depth contemporaneously with the drild+~
ing operations, and also to correlate said meas~
urements with the measurements of time by di~
rect operations, so that I am able to: plot the
log or chart of foot-time differentials continu-
ously during the drilling operations. This en~
ables me to produce each and every foot-time
differential for each and every foot (or other
unit of depth) as and when said unit of depth
is drilled, and enables me o plot said differential
at once on the log or chart so that the geolo-
gist or other interested person has at all times:
available to him full and accurate information
as to the foot-time or rate of drilling character
of the stratum then being penetrated. By hav=
ing this information immediately available as
each foot or otiher unit of depth is completed
the zeologist is provided with inforraation en-
abling him to conduci or to modify the drill~
ing or other operations according to his judg-
meant based at least in part on the possession of
such information. of drilling time. He may, s
a result thereof determine toc run some special
log, such as an electrical log, or he may deter-
mine tat it is desirable to take one or more
ccres, cither by the wire line or convertionsl

m-=:thod or by side-wall coring methods, o other-
wise, or he may make such oth2 determinations
a3 his judgment and experience dictate, based on
said presently available foot-time information
concerning the exact stratum then being pene-
trated.

The measurements of depth herein contem-
plated as being produced by certain of my pres-
ently disclosed improvements are based on the
amount of drill pipe (or line or other linear ele-
inent) let-into or drawn from the well hore. Ac~
cording to past practice it has been cus.omary
to actually measure each joint or length of driil
pipe introduced into the drilling string, keeping
a record or “driller’s log” of such measurements
and basing the well depths on such record. This
process has frequently led to errors or disputes
as to exact well depths, and as to depths of

. spes’i.d strata, and the checking of such rec-

ords for determination of such disputes has fre-
quently entailed great expense and much loss
of valuable time in drilling and other operations.
Accocding to. a principal object of my present
invention I am enabled to measure the well
depths, also on the basis of amount or length
of drill pipe let into the well bore, but by a direct
measurement of the various up and down move~
ments of the selected element of the tackle or
other part which moves up and down in strict
accordance with the up and down movements
of the drilling string or other line which is let
into the bore heole. By this means I avoid any
inaccuracies in measurements of the individual
joints- of the drilling string, and avoid any er-
rors due to manual operations incident to making
records of said lensths, and avoid errors due to
loss of the driller’s log or failure on the part of
the driiier to make entries on such driller’s log,
or errors due to incorrect entries on such drill-
er's log, etc.; but I may here mention that I have
included in my improvements the means to re-
set my measuring device at any time such re-
sctting raay be desirable or necessary. Such re-
setting might be desired or necessary, for ex-
ample, in case of a temporary failure or dis-
continuing of my recording operations for any
cause, either intentional or otherwise.

The measuring mechanism hereinafter dis-
closed serves to give electrical signals or impulses
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at completion of new increments of drilling, or
at completion of new increments of a lowering
or raising operation which is being measured.
These signals or impulses may be directly re-
corded or noted visually as measurements of
depth; or they may be transmitted to the record~-
ing mechanism wherein they are correlated to
the element of time lapsed during the drilling
of the successive increments of depth; or both
classes of uses may be made of said signals.
Now, during a drilling operation it is necessary
to frequently raise the drilling string for varjous
reasons, and it may be retained in such raised
condition for either long or short intervals of
time, after viich it is again lowered to “bottom”
and drilling operations are then continued. Also,
it is frequently desirable tc set or lock the drill-
ing string at i’s lowest drilled level, and retain
it there for either a long or a shori interval of

* time while the drilling mud is being circulated,

after which such locking is discontinued, and
drilling operations may be resumed. Such an
operation might occur, for example, many times
during the drilling of a deep well. Also, in such
an operation it is frequently desirable to raise the
bit & few feet off “bottom,” and hold it there for
an interval of time, during which the mud is
merely circulated. Thereafter the string will be
again lowered to “bottom” and drilling opera=-
+jons will be again resumed.

An analysis of these and other operations will
show that several prime conditions are thus im-
posed on a measuring device which is to correct-
1y function, both as a measuring device, and
when used in conjunction with any device which
is designed to indicate and/or record foot-time
drilling functions. This is true because the
measurements of depth must be net measure-
ments, so that the total of said measure-
ments will tally with the actual total depth of
the well bore, ar.d so that no overlaps of measure-
rents will be aroduced due to such raisings and
Jowerings of the drilling string off and to bot-
tom: and is also true siace the actual drilling
time st.ould be considered as the time actually
consurned in drilling rew hole, and should ex-
clude such time elements as are not properly
chargeable against “drilling-time.” Therefore
provision should be made for determining the

depth position at which previous drilling or other 5

downvrard movement was discontinued, and for
ensu.ing that when said depth position is again
attained the further down movements will pro-
duce proper signals of increments of further

depth: and provision must be made for cutting *

out, or otherwise modifying the signals for the
time counting mechanism, so that proper provi-
sion st.all be made to ensure correct and net
measurements of the time element which is to
be us:d in deterraining actual drilling time on
the basis of w!.ick: the fooi-time drilling differ-
ential is to be produced or calculated or indi-
cated. All such provisions I have made in my
presently to be disclosed mechanisms, as well as
many others.

Now, since the measurements of depth of the
well bore are dztermined by amount of drilling
string or other line lowered into or let into the
hole, it is evident that stretch of such drilling
string or other line due to its owr lengfth will
materially affect the accuracy of such a meas-
urement as an indication of the actual depth or
length cof the well bore. However, if the weight
on the bit at the time of discontinuing a given
drilling increment be the same as the weight on
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the bit at the time of re-commencing the drill-
ing operation from that point on, or vice versa,
any error which might otherwise be caused or
exist due to change of stretch of the drilling
string or other line will be prevented, since-sald
drilling string or other line will be under the
same condition of stretch when the drilling op-
eration is resumed as when said drilling oper-
ation was previously discontinued. I have made
provision for ensuring that this condition shall
obtain, if it is desired that such a possible error
should be eliminated.

It is here to be noted that heretofore it has
frequently been the practice for the driller to
make note of the weight on the bit at the time
such a drilling operation is discontinued, and
then to raise his drilling string. Thereafter it
has been the custom for the driller to note the
instant when the weight on the bit is again of
the same value as that just mentioned, when
he lowers his drilling string, and to assume that -
when said weight on lowering is the same as
that which existed just prior to raising, the bit
is again on “bottom.” However, this procedure
is subject to frequent inaccuracy. Such inac-
curacy is due to various causes. Thus, during
the interval between raising and lowering the
drilling string and bit it frequently happens-that
material fror.the walls of the bore will fall or
be displaced to & position beneath the bLit and:
onto the bottom of the bore, so that re-drilling
must be effected before the previcusly attained
“hottom” is again attained. Such fallen or dis-
placed material will serve as a support for the
bit: before. the bit has actually been lowered to
its previous bottom and thus-there wiii be given
a false weight indication, when weight alone is
used as a measure or indicaiion of attainment
of “bottom.” Such possibility of false indication
I have avoided by my hereindisclosed ir.prove-
ments, since the indication of “bottom” is de-
termined by a proper correlation of all the fac-
tors which should be taken into consideration to
determine the existence of restoration of the bit
to the former bottom position and under the same
conditions of bit weight as existed when the bit
was lifted away from bottom. In other words,
I have made provision for indications and meas-
urements c¢¢ increments of depth, irr>spective of
effects of such “:llen or displaced raeterial in
the well bore bottom; but I have also xade pro-
vision for measurements of increm:nts of time
which do take account.of the actual time to drill
increments, and also taks account of the weight
on the drilling bit in determining whether drill-
ing time should te counted during a given oper-
ation.

Tn the measuring operations it is desired to so

‘connect the measuring unit to the drilling string

that up and down movements of said drilling
string will be properly accovnted for. 3Since it
is generally inconvenient or impossible to effect
a practical connection directly between the drill-
ing string itself and the measuring un't I eff~ct
such connection from the measuring unit to a
suitable and convenient element of the ta.s'e or
to some element connected to the tackle, vwhich
element exactly follows the vertical up and down
movements of the drilling string when the meas-
uring unit is functioning. It is here %o be noted
th it during well drilling operations, including
the making of “round-trips” and other necessary
functions, the tackle and other parts are fre-
quently disconnected from the drilling siring
which &t that time is locked to the rotary plate
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by means of “slips” or other devices, and is thus
sustained against lowering in the well bore until
a proper subsequent time. When the drilling
string is thus locked to the rotary piate its ele-
vation in the well bore remains unchanged, while,
during the time of such “slip set” condition the
fackle may execute various up and down move-
ments as are necessary or incident to the taking
and placing of a new joint of drill pipe into the
drilling string. It is therefore necessary to make
provision for ensuring that such intermediate
up and down movements of the tackle and related
parts while the slips are set, or when the drilling
string is not following the tackle movements,
shall not be improperly reflected in movements
of the signalling or measuring unit. I have made
such provision.

Such provision against improper movements of
the measuring and signalling unit when the drill-
ing line is not following such movements may be
either manual or autcmatic. I have provided
automatic means for such controls, and I have
also provided mranual means in conjunction
therewith so that in case of failure or improper
functioning of said automatic means or under
special conditions of operation hereinafter ex-
plained said manual means may be used for the
time being. It is here noted that when such auto-
matic means functions according to the load on

the tackle, or other related part, szid load will 5

increase during the process of sinking the-hole,
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measuring unit to the tackle or other part is to be
effected by a cable connection. T have also deter~
mined that under these conditions of connection
and when using a cable drum it is desirable to
fixedly connect the end of the cable so used, to
the drum of the signalling and/or measuring

. unit, so that slippage or creepage of the cable on

as new joints of drill pipe are added to the drill- -

ing string. For this reason there may sometimes

occur conditions under which it will be found
desirable to use the manual controls during the

drilling of the shallower portions of the well bore,
after which automatic control may be substituted
and ecntinuously used during the drilling of the
deeper sections of the bore. This type of opera-
tion will be fully explained hereinafter.

I have previously stated certain of the condi-
tions of measurements and of recording and/or
registering the same, and also certain of the con-
ditions of differentiating said measurementis of
increments of distance with the time function to
plot or record a “foot-time” log or chart based

thereon. I have also stated certain of the ob-

jects attained by use of features of my present
I shall

posed by problems of well drilling, and the meas-
urement of increments of depth, and also imposed
by problems of differentiating these measure-
ments with the time function, and for producing a
satisfactory and useful chart or trace or log based
thereon. .

When measuring tie increments of distance,
either during downward 1 ‘ovements in the well
hore, as in drilling or 7. ‘1 measuring down dur-
ing a “round-trip,” or during upward movements
in the well bore, as in “coming out of the hole,” it
is evident that these increments of distance must
be very accurately measured, siace they are cuxau-
lative, and therefore any slizht errors in such
measurements will also be cumulative. MAeasure-
ments of up and down movements of the tackle
or connected part may be made in various ways,
as by frictional engagement of a grooved pulley
wheel with a suitable pass of the draw cable

through the block and tackle. However, it is im- 7

porfant that no possible error due to slippage be
allowed to creep intc “he operations. I have de-
termined that one accurate meacuring means it is
desirable to make use of is a calble drum or pulley,
when fhe connection of the signalling and/or
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said drum may be avoided. Such an arrange-
ment I have herein disclosed in full detail.

It is also desirable to make provision for rota-~
tions of said drum during releasing or returning
movements of the tackle or other part, with said
rotations always under the same degree of pull
on the cable, so that no error due to change of
stretch may creep into the measurements. I have
therefore, as a detail of my present improvements;
shown a drum arrangement in this signalling
and/or measuring unit, which drum includes a
counterweight device fer placing a continuous
pull on the eable at all times which pull is sub-
stantially unchanging except for inertia of the
parts, and serves to ensure proper rotational
movements of the drum during returning move-
ments of the tackle or other part.

At this point I may mention that sometimes
I use a drive for the signalling and/or measuring
unit parts' which drive is in the form of 4 selsyn
motor drive, with-the control element. thereof
properly actuated by the movements of the tackle
or other part. In such. selsyn motor drive ar-
rangements the cable-drum. elemert of the signal-
Ing unit may be dispensed with; and said sclsyn
motor drive may then be used for ensuring back
and forth rotational movements of the signalling
and/or measuring unit according to the up and
down movements of the tackle or other part.

When the pulley or-the cable drum and. cable
drive connection scheme is used it is necessary
that szid pulley or the drum be calibrated to ex-
actly the correct circumferential dimension for
which the unit is designed, to ensure correct
measurements of depth to the degree of accuracy
which is desired, and for which my present im-
provements are intended. Such calibration must
be on the basis of the exact diameter of the cable
whicn wraps on said pulley or said drum, since
the net amount of cable which will be wrapped
on or delivered from said pulley or drum will
depenid on the diameter of the cable wrapped on
the same. Increase of cable diameter will require
decrease of diameter of pulley or drum surface,
and vice versa. Furthermore the cable diameter
will change slightly with change of pull exerted
on said cable during the wrapping and unwrap-
pinz operations of the cable, so said pulley ov
drum diameter should be calibrated on the basi:
of tests conducted with the cable under the
amount of pull which “will- occur during actual
measuring operations.

‘Said cable pulley or:drum rniay be calibrated for
each cable used, if provision is made for accurate
variation of pulley or drum size; or, if a standard
size end kind of cable is used for all drilling
and/or depth measuring operations, it is possible
to accurately preform the pulley or drum to the
required size by close'grinding operations. I have,
in my present application, shown various means
+0 accurately calibrate the drum size, and to lock
said drum in such calibrated condition; sc that
extremely accurate measuring results may be
secured. In this connection, it is generally de-
sirable to effect accurate calibration of the drum
by one or more sequential empirical tests. Upon
making the first of sueh series of tests it will
generally be found that the drum is either a cer-
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tain amount too large, or a certain amount too
small. In either case if then is necessary to
change the drum size to correct for such excess or
deficiency of size. In order to assist such sub-
sequent operations I have also made provision on
the calibration drum for showing exact amounts
of expansion or contraction of drum size for units
of movement of a calibrating shaft whereby the
drum size is changed. Specifically, ¥ have shown
these amounts in the form of ten thousandths of
a foot expansion or contraction for each unit of
movement of the calibrating shaft.

When once exact knowledege has been secured
as to the drum size needed for acourate measure-
ments with a specified cable, it is possible to there-
after produce and accurately use other drums of
this exact size, which other drums are not of
themselves provided with the means for calibrat-
ing them by veriation of their sizes.

When a selsyn drive is providedg between the
tackle or other element and the signalling and/or
measuring unit, use may be made of either an
alternating polyphase current type of such selsyn
drive, or a direct current step-by-step .motor
drive may be used, as shown, for example in Let-
ters Patent of the United States to Emil L. Ran-
seen, No, 2,343,325, issued March 7, 1944, When
using such sten-by-step direct current motor
drive, provision may be-made for drive of a con-

tactor or impulse generator connected fo the 3

tackle or other element, and delivering impulses
of current to the step-by-step motor at comple-
tion of successive units of distance travelled by
the tackle or other element. I have herein shown

both forms of selsyn motor arive for my im- -

proved form of signalling and/or measuring unit.

In one improved form of signalling and/or
measuring unit specifically shown herein I have
provided a lost-motion device including a screw-
threaded shaft connection, or the like, between
the cable drum and the contact element, or be-
tween the element which is driven by the selsyn
motor and the contact element. Normally, dur-
ing measuring operations, said lost-motion device
such as said screw-tnreaded shaft is in driving
engagement with the contact element, or serves
to ensure driving engagement between the cable
drum or the selsyn motor, and the contact ele-
ment; but when reversal of drive occurs, as when

the drilling string is raised temporarily “off ¢

bottom” said screw-threaded shaft screws itself
away from such driving engagement thus estab-
lishing a “lost-motion” and the amount of such
screwing movement is a measure of the amount

then off bottom bging the amount of lost-motion. /

Upon a restoratioa of tackle or other movement
in the drilling civection, or in the masuring di-
rection, said scriw-threaded shaft will rotate
freely, screwing itself in towards its position of
driving engagement or no “lost-motion” and
wher. said position is attained the parts are again
“on bottom.” Therefore the amount of such un-
screwing movement is a measu:e of the amount
of off bottom condition, to a vzry high degree of
accuracy. I -have provided, as a detail of my
present im.provements, means to indicate at the
position of the signalling unit, the amount by
which the bit is off bottom, and I have also pro-
vided means to indicate at a distant point, such
as tne stand of the driller, the amount which the
bit is simultaneously off bottom.

Although, when the «rilling string is set or
locked against downward movement there may
occur some actual drilling due to the weight still
existing on the bit, and due to stretch of the
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drilling string, still under certain conditions, and
for some purposes it may be assumed that under
these conditions any lapse of time may be con-
siderec as properly not included in the “drilling
time”; and if desired I may alsc make provision
for the giving of a suitable signal under these
conditions which will discontinue the counting
of time against drilling time during the full time
that the drilling strirz is locked against down-
ward raovement; or I may so arrange the circuits
that “drilling time” will cease to be counted when
the weight on the drilling string and the weight
on the bit fall below prescribed values. I have
made provision for all the foregoing functions in
the disclosures presently to be described in detail,

Since the contacting element which controls
the switches which give the desired signals of
completion of drilling of prescribed increments
of bore, or ¢ther counting of increments of meas~
urement of distance should only operate in one
direction I have provided means to lock said con-
tacting element or contactor aga’nst reverse
movement. The parts are so arrange.” tk.at when
drilling or measuring down into the well the con-
tactor will be operated in the proper direction to
give its increment signals. However, when it is
desired to measure in the oprosite direction, as
in measuring up and out of the bore, it is in one
specific embodimert necessary that means he
provided to reverse the gea:ing or other con-
nections between the cable drun. or the selsyn
drive, and the screw-threaded skait or other ele~
ment. I have therefore provided such reversing
means in the devices hereinafter to be described
in detail.

I have provided clutch or other means to eon-
trol the driving connection between the screw-
threaded shaft and the cable drum or other driv-
ing element, such as the selsyn drive. When this
clutch is disengaged such drive is discontinued,
and vice versa. Such clutch controls may be
effected either manually from a suitable position,
such as the driller’s stand, or sutomatically, as
by the load on the tackle or connected part.
Sometimes it may be desired .t¢ make provision
for re-setting the relationship between the cable
drum or selsyn drive -and the screw-threaded
shaft or other lost-imotion connection. This de-
sirability may ocecur. for example; in case of a
temporary disableme:t of parts of the signalling
unit or the connections threto, during a meas-
uring operation. In order to permit such re-
setting to be conveniently done I sometimes pro-
vide the aforesaid clutch in the form of a dif-
ferential element, so that by locking the cage of
such differential the drive between the screw-
threaded shaft and the ceble drum or selsyn is
effected, and contrarily, by releasing said cage
such drive is discontinued. By rotating the cage
of tkis differential under control it is possible to
change the relationship above referred to, there-
by producing the desired resetting operation; and
I have herein disclosed a suitable re-setting mo-
tor which may b= controlled for such re-setting,

5 and I have also made provision for disecontinuing

the driving connection between such motor and
said cage to perinit the cage to rotate free, for
the purposes previously stated.

When the clutch between the pulley or cable
drum or the selsyn or other drive is released it
is intended that both the screw-threaded shaft
and the contactor element shall remain station-
ary, and that the contactor element shall not
advance (it being locked against any reverse
movement by & special clutch for that purpose),
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and it is also intended that the screw-threaded
ghaft shall not rotate either forward or reverse.
There are necessarily frictional forces existing
hetween the drive from the cable drum or selsyn
or other drive and said shaft and said contactor
element which frictional forces tend to produce
such unintended advancement of the contactor
element, and to produce such unintended rota-
tions of the screw-threaded shaft either forward-
ly or backwardly. In order to sufficienily re-
sist any such unintended rotational movement
¥ have provided brakes or drags which, while not
interfering with the intended movements, will
ensure against any such unintended movements,
and thereby ensure against errors due to such
unintended movements.

When 3 cable drem is provided for the signal-
Eng unit it must Le connected to the tackle or
other element by the necessary cable, and when
a counterweight is also provided, said counter-
weight must be connected to the cable drum by
% suitable cable. These cables conveniently come
to the cable crum frors points well elevated on
the derrick. In order to make it possible to brinz
said cables directly to the cable drum, withou!
the need of providing special guiding pulleys be-
tween the derrick and the cable drum it is de-
sirable to have the “layer” for the cable drum
set at an angle permitting such direct approacly.

Fhis result may be secured either by setting the °

signalling unit in such angular or tilted position
as to make such direct approach possible; or, &3
in a specific form of signalling unit hereinaffer
illustrated and described in detail, to make pro-

vision for tilting the layer carrier into position to !

make possible such direct approach, and for
locking the parts in such preset position.

The lost-motion element such as the screw-
threaded shaft, contactor element, and associated
gears and other necessary parts in connection
therewith, constitute a seetion which is to be
driven by suitable connection from the pulley or
cable drum or selsyn drive. When a. screw-
threaded shaft is used it must be of sufficient
leagth, consistent with the pitch of its threads
and the amount of “off bottom” movement to be
provided for, to be threaded through the con-
tacior element a sufficient distance without any
unthreading action oceurring. Generally when
a Screw-threaded shaft is used it will e found
that such possible “off bottom” moverent will
require a length of screw-threaded shaft greater
than can be readily accommodated within the
contactor element or section itself. In such case,

by sligning the drum with the serew-threaded

shaft it is possible to permit said shaft to work
back into or be received within the axis of the
drum, without increnase of the overall length of
the entire signalling unit. Such arrangement is
herein disclosed in detail.

It is noted that when a cable connection is -1sed
between the signalling unit and the tackle or
other element, changes of temperature occurring
during eonduct of a series of measurements will
affec: the aceuracy of said weasurements, setiing
one or more of said measurements to a slightly t0o
high value, or vice versa; and that subsequent
changes of temperature in opposite sign will effect
compensating changes and inaccuracies of one
or more of such subsequent measurements, re-
<toring the measurements made thereafter to
correct values with respect to the datum. In
other words, therc will be produced a slight off-
getting of the readings or measurements occuring
during the existence of the changed temperature
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condition, so that during said changed tempera-
ture condition the meas irements, while correct in
themselves, will be slightly offset “vom their cor-
rect absolute values to & slightly kigh or a slightly
low value.. I have, thereiore, as o detail, herein
disclosed means to automatically compensate for
any such inaccuracies. )

Tt is also noted that duz to stretch of the drill-
ing string caused by the weigrt of said string,
including the weight of the bit and connected
parts, the actual depth of the bit below 21 as-
sumed datum at or near the surface ¢ the ground
may be greater or less han the measured length
of drill pipe let throi.gh the rofating plate; and
it is further noted that such deparsure from ac-
tual depth compared to measured depth, will in-
crease at an increasing rate as deeper and deeper
depths of the well bore are attain~d. Present
practices in measuring depths of w1l bores .re
based on summations of measurantats of Jhe
consecutive joints of drill pipe let iuc the bere,
said joints heing measured either u-der strain
or not under strain, and my measuriny, unit here-
inafter described in detail may conform to such
practice, and therefore gi’e measurements of
depth consistent with such practice. However,
it may sometimes happen that information as to
the actual depth or length of tie well bore is de-
sired, taking into accoust the effect of stretch.
As a detail of my imprevements. I have herein
disclosed means to autom: -tically effect correction
of the measurements couinuously during meas-
uring operations, sy tha! stretch may be ac-
counted for; and in this connection I have also
made provision for t1& effects of buoyancy of the
drilling. mud pres=ns in the well bore; and for
vari-us specific gravities of such mud, so that
comp.etely accurate measurements may. then be
made automatically and continuously. When
using my afor:said improvements it is possible to
determine whit may be termed the “real” depth
position of t-» bottom: of the bore-hole:or any
stratum, such “real” depth position being the
exact. length . of the bore hole from an assumed
datum to such bottom pesition.or such stratum.
It is a further detail of this feature that said fed-
ture may be readily inserted into or removed

“rom the signslling and measuring unit without:

substantial if any change being required in other
parts of said unit.

In connection with the foregoing, if- it should
be so desired, twu ..uch signalling units may be
driven from a single cable drum or from a single
selsyn drive, one such unit being provided with
the compensating f2ature just above referred to,
and the other not being provided with such .ea-
ture; thus making it possible to. simultaneously
secure messarements which do not inciude com-~
persation for stretch, as well as measurements
which do include such compensation for stretch.
Such two sets of ineasurements may then be com-
vared.

It is a further object of the present invention,
ana as a detail thereof, to enable compensation
for errors due to stretch and due to temperature
change, both said compensations being effected
by a combined structure which may be readily at-
tached to or inserted into the signalling or meas-
uring unit if desired.

The movements of the layer or of the layer
drive of the sigralling or rmeasuring uni t.'e
harmonious with the vp and down movemer's of
the elerent to which the cable is connected, or
which operates the selsyn drive. In other words,
the momentary position of said layer or the layer
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drive is an indication of the exact elevation of
the tackle or slement to which the drive is con-
necsed. Since the endwise position of the screw-
threacdied shaft is also an mndication of the mo-
mentary position of the bit with respect to bot-
tom, and since any projection of said screw-
threaded shaft from its driving position with the
contacter element indicates amount “off hottom,”
it is possihle to relate the layer movements with
the endwise movements of the screw-threaded
shaft for the purpose of securing information as
to certain furctions. This relationship may be
facilitated, when based directly on endwise move-
ments of the layer and the shaft, by providing
both of these elements with the same pitch of
thread. When said relationship is made useful
by comparison of rotations of these two ¢lements,
suitable interconnections are provided between
them, and the angular movements of the ele-
ments are then made comparable for the intended
purposes. I have herein disclosed certain inter-
relationships between these elements, and the
means to make useful such relationships for cer-
tain purposes.

While the measurements of increments of dis-
tance produced by the presently to be described
mechanisms, an¢ the summations of said meas-
urements, are produced primarily by direet meas-
urements of up and down movements of the tackle
or othe. point of connection, so that the actual
individual lengths of the joints of drilling pipe
introduced into or removed from the drilling
string need not be known in order to make such
measurements, still there may arise conditions, or
there may be times when it is desirable to auto-
matically measure and/or record -wsaid joint
lengths. This might be the case, for example,
when comparing measurements secured by msans
of the rpresent inveniion with those obtained
otherwise; or such information might be desirable
in order to have at hand a record of the individual
joints for other purposes. I have herein made
provision for securing such a record in very sim-
ple manner.

To secure the foregoing joint measurements
and/or records, I here mention that when intro-
ducing 3 joint or a “stand” of joints in the drill-
ing string, or when removing a joint or stand
of joints from the drilling string, a proper com-

parison of the elevations of the tackle or other :

point of connection, at the beginning of the
operations needed for such introduction or re-
moval, and at the conclusion of said operations,
will reveal the desired information. Because of
this fact, it is merely necessary to provide suit-
able means to measure the net difference between
the elevation of the tackle or other point «f con-
nection at the beginning of such series of opera~
tions, and the elevation thereof at the comple-
tion of such series of operations, and the said net
difference will bz the desired measurement value.
Since the back and forth rotational movements
of the cablec drum, or of the pulley or the
selsyn drive, when used, are at all times an exact
measurement of the elevations of the tackle or
other point of connection, it follows that pro-
vision may be made by a2 simple counter for
counting net revolutions of said part (cable drum

_or selsyn drive), which revolutions occur while

the drilling string’s elevation remains unchanged,
and during the proce:s of making the insertion
or removal of such joint or stand of joints, and
then giving the desired information in terms of
feet and hundredths of a foot, based on such net
revoluticns. I have niade such provision herein
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as will appear from consideration of the struc-
tures hereinafter disclosed in full detail.

It is here noted that during the progress of
drilling a well bore it is necessary to periodically
insert into the drilling string the additional joints
of drilling pipe; and that during the process of
removing the drilling string from drilled bore
hole it is necessary to raise the string and re-
move the joints therefrom, generally in groups
of three, known as “stands’ of joints, Also, that
when returning the drilling string into the bore

“hole it is necessary to reinsert said stands, one

at a time, properly connecting them into the
drilling string. Also, that whenevey the drilling
string is to be disconnected from the tackle or
other element it. must be locked against falling
down into previously drilled bore hole, generally
by the use of slips set into the rotary plate for
that purpose, and that when the load of the
drilling string is to be again assumed by the
tackle said slips must be removed. Also, that ail
these various operations and movements, as well
as others, must 9e properly harmonized with
movements of thie kelly, elevators, and other
parts, which movements are incidental to the op-
erations of “making joints,” and of “coming out
of the hole” or “returning into the hole.” Such
aperations.are well known ancé. widely used at
the present time, and it is a furthe: cbject and
feature of the present invention to make pro-
vision for enabling the measuring and/or record-
ing operations herein contemplated and provided
for, to be successfully made and carried for-

ward, either in fully automatic manner, or par-

tially automatically and partially by manual con-
trols, as desired. All these, and other functions
will ke apparent from a study of the devices, and
mechanisms hereinafter to be disclosed in full
detail.

In connection with the foregoing it is here
noted that sometimes, during various operations
when the tackle is disconnected from the drilling
string said tackle is lowered to positions lower
than any position previously assumed during a
recording or .neasuring operation, In order thet
such excess lowering shall not improperly actu-
ate the contactor element I have, in connecticn
with certain of the signalling unit-devices bere~
inafter disclosed ensured that said contactor eie-
ment shall be disconnected from the pulley ox
cable drum or from the selsyn drive at such
tiras; whereas in ether forms of signalling de-
vice hereinafter disclosed I have made provision
for locking the cable drum against further ior-
ward or signalling direction movewment, and for
permiitting stretch: of the cable connecting the
tackle or other point of connection with the
drum, to thereby take up such excess movement;

- and for thereafier retracting such stretch to the
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original length of said cable connection, when
the tackle or other point of connection has-again
resumed its working elevation, ;

I have also, as a detail of my improvements
hereinafter to be disclosed in full deiail, made
provision for suitably enclosing and housing the
contact element, the gearing, the swifches, and
various < ner parts which might be adversely af-
fected hy weather, moisture, dust, dirt, grease,
and cther factors; ard said housing is so de-
signec ard arranged that nevertheless the pulley
of cable drum and the necessary cable guides,
both .rnecoming and outgoing, may be properly ex-
posed by the necessary cable movements. When
a selsyn drive is provided for this signalling
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and/or recording unit, this, too, may be enclosed
in said housing for protection.

1 have heretofore mentioned cerfain conditions
which affect the making of re-ords and/or reg-
isterings of various measurerients of distance
and time and of Cifferentials »a:ed on compari-
son of these factors. 'To enabie such registerings
ang such records to be mede I have hereinafter
disclosed ard shall descrijze in full detail the
means wheraby these results are made possible.
In order that certain of these sirictural means
may be better uncerstood I shail now mention
some of thie conditions of a prictical nature
which have been considered and »:ovided for in
the provision of such means.

The signals of distance measurements are
communicated to the recorder wherein said sig-
nals are properly iranslated either as measure-
ments of cistance, or as accumulations of such
measurements, or in comparison to increments
of time to which said increments of distance are
to be related and compared; and said recorder
and other associated units aiso make provision
for making proper and desired records of such
translations, and/or for registering such inter-
pretations for various purposes. Generally
speaking, I have provided recorder means where-
in the desired records are made, either for per-
manent recording oa a suitable strip or strips of
paper or the like, as for visual intelligence; and
somet mes it will be found desirable to make
duplirate or semi-duplicate recordings of some of
these interpretations, or to mak. additional re-
cordings which are not required generally in the
recorcing cperations, or to malie various reg-
isterir: which. likewise are not always required
in the < corder proper. For these and other rea-
sons T have found it desirable to sometimes pro-
vide, in addition to a master recorder itself, one
or Taore duplicate rerorders, someuimes a tabu-
lator, and sometimes a totalizer. All these units,
nevertheless may be-used with the master re-
corde ', and with the signalling unit, and with
each - -ther in various combinations, and for vari-
ous purposes. I shall first consider the duties
and functions of the master recorder, and shall
then consider the various supplemental units
which I have provided, including suen units as
the duplicator, the tabulator, and the totalizer.

Th > recorder when provided serves, primarily, :

to me ke the log or ehart showing the time to drill
each consecutive foot recorded, or showing the
“drilling rate” for a section drilled although, in
addit.on thereto I have also made provision
therein . r the giving of certain additional in-
formation 17 this unit, if desired. For the fore-
going rime urpose this recorder is provided
with a suitalle paper supporting takle across
which the paper strip is advanced stepr-by-step
according to increments of distance r:casured.
The time function is tl:en measured tra isversely
of this paper strip, and¢ for this purpose a svylus
or other log producing zaeans is moved (r caused
to produce the log transversely of tae strip.
Gince the paper strip ic advanced one ti:p with
completion of each increment of distar:zv or see-
tion drilled it follows that the closeness with
which the consecutive recordings wi'l be made
will depend on hew far this poaper .irip is ad-
vancec for each inzre.aent of distanes. In order
that mr present improvements mayr ‘ind as wide
apolication of usz! ulness as possible, .2d to meet
present conditions of practice in the usz and .-
ierpretation of various forms of logs, including
the <‘ectrical logs Lereinbefore relerred to, it is
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desirable that the vertical seales or scales of in-

crements of distance of logs produced by my -’
present recorder be correlated to the scales

presently being used. Genevally such vertical

scalez as now used are on the basis of either one,

two or five inches of ‘engthwise movement of the

paper strip for each hundred feet of well bore

logzed. Then when the measurements or incre-

ments are for each foct theie will be one hundred

recordings on the paper strip for each one inch,

or each two inches or each five inches of paper

strip advancement. In otner words the paper

strip will be advanced either one one-hundredih

or two one-hundredths or iive one-hundredths

of an inch for each record. Recordings of this

degree of closeness, especially those on the basis
of one and two inches per hundred feet, present
problems of recorder design which are of unusual

difficulty. This is because, in addition to the

mere recording of the time increments in proper

relationship to the distance increments it is also

necessary that provision be made for showing by

suitable indicia what are the depths or levels at

which said recordings are made. It is further-

moere necessary that provision ke made for

definitely relating each recording to its own in-

dication of depth or level, so that false reading of

the log will be avoided within the element of

human error.

At this point I may mention that I have select-
ed a scale of time value indications on the log
which scale is large enough to enable satisfactory
readings of increments of time or time differen-
tial to be made, and which scale is also of such
amount as to ensure production 4f very substan-
tial changes in position of individuai records with
cliznges of lithology affecting tre time incre-
ments. Thereby I have ensured the production
of a loggzed record which can be readily inter-
preted for the intended purposes, end in relation
to other logs with which correlation is to be made.
Generally stated I here menrtion that I have pro-
duced a recorder capable of making a trace with
a maximum difference of six inches across a
paper strip of eight inches width, leaving two
inches for marginal requirements, includ.ng the
nacessary perforations for paper advancement,
and the necessary indicia of depths, ste.

Now the provision of indicia of depths con-
sreutively along the paper strip may be effected
k7 pre-printing said depths along the edge of the
strp, or by printing szid indicia as the logging
progresses. When the first mentioned. system
of providing said indicia is used it is seen that

_ the use of & given paper strip is at once limited
* o production of a log on the basis of the in-

cremernts of depth for which that paper strip
was printed, and in case it should be desired to
use said strip for a log on some other scale or in
case it should be desired to change the scale dur-
ing a logging operation (a condition which
would seldom occur, but should be provided
against), it would be necessary to make notations
of such scale changes, and to interpret accord-
ingly. Furthermore, when using a pre-printed
paper strip, having indicia of depths pre-print-
~d along its edge, it would be necessary that in
the original setting of such a strip into the re-
corder very accurate original adjustment siould
be made to ensure correct registering of each re-
cording with the indicia showing the correct
depth it which said recording was made; and
furthermore, even after effecting such original
settirg very accurately it would still be necessary
that duriny the complete recording of, say ten
thousand feet, accuracy of registry should al-



2,671,346

21
ways be maintained throughout the
process.

entire
Such a condition, imposed on the fur-

ther condition that the parer strip advance- .

ments should be very small, such as by hun-

redths of an inch or even twice that amount, or
five times that amount, presents a very difficult
manufzcturing and operating: problem. This
problern is aggravated by the fact that said
paper strip will stretch under pull, or will change
with change of meisture content of the sur-
rounding air, and with other conditions which
must be met in actual service. For these and
other reasons I have herein disclosed a recorder
which is provided with a printer which functions
to print the depth indiciz at each recording, and
in exact registry with such recording, so that ex-
act and continaous correlation will always. be
ensured between the foot-time or drilling-rate
reco-ding and the depth a% which said recording
is made. I shall now niention cerfain further
conditions impcsed in the successful operation
of such printer: ’

Indicia of depth, including digital or numeri-
.:al values, cannot be placed at the clcseness of
one hundred to the inch, or one hundred to the
two inches (or even cne hundred to the five
inches) of paper strip advancement, without
using numerical indicia of such smailness as to
be very inconvenient of use and very difficult of
good printing, It is however, possible tc Lro-
duce indicia such as dots or short lines close
enough together to correctly register with the
corresponding recordings of foot-time values of
the log, even when producing the log on the
basis of one inch rer hundred feet of drilling;
and it is also then possible to print the numerals
for depth, say, every tenth foot, thus making
corrzet interpretation of the log possible, with
printings of depth along the edge portion of the
paper strip every tenth foot, and with inter-
mediate printings of dots or short lines in regis-
ter with the consecutive one foot recordings.
Such a printing means I have disclosed herein in
defail.

In connection with the foregoing I have also .
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the present case). Said ractilinecar fransverse
movement of the stylus is normai to the direc-
tion of paper strip advancement. I have pro-
vided means to cause said stylus to assw.ue, at
completion of each drilling of a foot, or other
unit, and on the incoming of the signal therefor,
a position correctly representing the corrected
lapsed time to drill st.ch foot, or other unit, pro-
vided that said time consumed in drilling said
foot or unit is greater than a specified minimum
on turnover amount. This feature of the in-
vention I shall now discuss and explain in de-
tail:

Upon completion of the drilling of each foot
or other unit of distance, or upon completion of
measurement of such section of distance, the
signalling unif transmits a signal to the re-
corder or to a selector which determines the time
constant of such signal. If said signal is direct-
ed to the recorder for a full recording operation
then the stylus must be reset to correct trans-

~ verse position corresponding to the time lapsed
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provided means to advance the printing disks .

which carry the necessary numerical digits step-
by-step with completion of successive feet of
drilling (or other units of drilling) so that when

this printing unit is impressed against the edge 3

of Lhe paper strip the correct printing record will i

be made. I have also made provision for effect-
ir.z this printing impression after the proper ad-
vancement of the type carrying disks has been
effected.

Sinee several scales of records are currently in
use, for the depth recordings, namely one inch,
two inches and five inches per hundred feet of
drilling, I have made provision for effecting cor-
respondine advancements of the paper strip as
desired. This provision includes 2 simple form
of advancing device which is functioned with
completion of each foct (or other unit) of drill-
ing. and which advancing means is so constructed
that it will serve to effect paper advance to the
extent necessary accordinz to the setting of one,
two or five inches per hunidred feet, or other
scale which may be desired.

I have provided a suitablz form of stylus or
other means for making the cesired trace on the
paper strip. Said stylus is shown as being carried
by a movable eiement in such manner that the
stylus moves with a recfilinear movement across
the full transverse dimsaasion c¢f the paper strip
through the full recording zone (six inches, in
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during the making of such distance measure-
ment (drilling of such foot), the printer must be

5 advanced to correct type position for such foot,

the pager strip must be advanced, and the rrint-
er musi be brought into printing engagement
with the papcr strip. Generally the move-
ment of the sivius to its new position will occur
simultaneously with the advancement of the
paper strip, so that the recorded log comprises a
soties of straight lines joining swiccessive points
on the paper strip, each of which points is
located at a position away from the base edge of
the strip by an amount to correctly show the time
consumed in drilling such jus: completed foot
or other unit of distance on the rate of drilling
thereof. Such a form of log is desirable for pur-
posas of easy interpretation, and for correlation
tc logs of the other types such as hereinbefore
mentioned.

Now the carrying through of the several func-
tions just above mentioned requires the lapse of a
time interval, and during that time interval the
recorder is “busy” so that any signal which might
ke received from the signalling unit during such
“turnover” interval could not be immediately
handled for purposés of recording.. This “turn-
over” time is herein accepted as fiftesn seconds,
and the various recording elements and asso-
ciated parts are intended to complete their sev-
eral functions within that turnover time. Such
turnover time may be much less than fifteen sec-
onds if the operations and design of the recorder

5 are such as to enable the performance of the

needed operations in such smaller time inter-
val. At this point I may menticn that I Lave
provided a sequential contactor in the form of a
cne-cycle unit which is set into motion when a
signal to be completely recorded is received, and
said one-cycle unit then goes through its eycle
of movements within a time interva! of fifteen-
seconds (or less), and as it does so it successively
delivers and sustains current deliveries to the
necessary elements in proper timing to ensure
correch Tecordings, as will hereinatter appear in
full detail. Thereafter said one-cycle unit shuts
itself off and remazins in such shut off condition
un:il the next full recording is to be made.

As above stated, any signal which micht be
received from the signalling unit during the said
turnover interval of fifteen seconds could not be
jmmediately fully recorded without there being
an overlap of functions, which would cause errors
including incorrect counts of depth increments
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or .other troubles. However, it happens that
when a drilling operation is being conducted
through :such soft material as can be drilled in
less than fifteen seconds, no special lithological
significance .could be drawn from the time con-
sumed in drilling such soft .material, and in fact
only materials have drilling times much in ex-
cess of .one foot in fifteen seconds require full re-
cording on the log or trace to provide a satisfac-
tory.and useful foot-time log for all the purposes

- herein ‘intended to be served. Therefore, as far

assuch “fast” drilled feet.are concerned, they may
be ignored when it comes to the production of the
comple:e log; but they cannot be ignored when
it :comes to counting and accounting for depth
increments and consideration of the actual depth
at which subsequent driiling operations are con-
ducted, since the very essence of production of
g useful foot-time drilling log requires that ac-
curate information shall be provided as to the
exact.depth corresponding to various portions of
said logs. Therefore I have herein made provi-
sion for receiving and properly recording all
distance -signals as received, irrespective of
whether they be “slow” (at least as great in time
interval-as the turnover interval), or “fast” (less
than the amount of the turnover interval) ; such
recordings of *“slow” feet being completely made,
and such recordings of “fast” feei being made
ouly to the ultimate extent of advancing the
printer-disks which carry the printing type, and of
advancing the paper strip and then printing the
levels.or depths along its edge portion. Imay here
mention, however, that the recoriings to which
I now refer are those produced by the master
recorder (and the duplicator, if used); and that
I have made provision for recording all foot-<time
differentials in printed form in the tabulator,
when .used, so that all said foot-time values are

.shown in printed tabulated form on a special

paper strip in such tabulator.

I therefore have provided means to first make
selection of each incoming signa} to determine
whether it is -of less than fifteen seconds (or
other turnover value), “fast” foot, or is of fifteen
seronds (turnover value) or more, “slow” foot.
Por this purpose I have provided a selector to
which the incoming signal is first delivered.
‘When each signal is received from the signalling
unit, representing compietion of a unif of dis-
tance, said selector is set to zero and immediately
commences to count time. If, when the next
signal is received from the signalling unit, less
than the turnover interval has elapsed a signal
is sent to the recording mechanism, excluding
the one-cycle unit, and immediately the printer
is set forward to the next printing type position,

- the paper strip is advanced, and the printer is

actuated ‘to print the depth position. Simul-
taneously with such operations, in the case of the
first one of such *“fast” feet of a series of fast
feet, the stylus is brought to the lowest position
which ‘it can .occupy, so as to carry the trace to
that position. Since the turnover time is the
lowest time value which needs ever to be com-
pletely or fully recorded I have provided for
movement of the stylus to that position under
the conditions just above considered. If a series
of fast feet are thereafter and successively drilled,
each one, as it is received by the selector, will be
transmitied by signal to the recorder and par-
tially recorded in the manner above explained,
the stylus under these conditions remaining at its
low point. Thus, as long as fast feet are being
drilled ‘there ‘will be produced along the log a
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straight line at the turnover time futerviil posi=
tion, and parallel to the edge of the paper strip.

If there has been a time lapse of fifteen
seconds or more (turnover time or more) :since
the receipt of the preceding foot signal, such
newly received signal will be sent, by the selector,
to the recorder for the making of a full record.
This will include the transmission of the neces-
sary signal to the one-cycle unit, so that this
unit may correctly function to cause successive
functioning of ail the necessary €lements of the
recovder to produce a full record. Then, at com-
pletion of such full recording, including func-
tioning ot the stylus or other log plotting means
to correct -position corresponding to such slow
foot drilling interval, the parts will await the
incoming of the next{ cignal, which will come, ‘in
the first instance, to-the selector for determina-
tion as to its nature, whether fzst or slow, as
previously explained. If this next signal is ‘tor
a slow foot, then the selector will again send the
proper signal to the recorder for a full record,
including re-functioning of the plotting means‘to
correct position according to the time consumed
in drilling such just completed foot, advarce-
ment of the printing disks, advancement of the
paper strip, and actual printing of the ‘depth at
the correct location, ete. .

Now it may happen that during the interval of
recording this slow foot, just referred to, there
may be received one or more signals from the sig-
nalling unit, corresponding to completion of one
or more fast feet drilled. Proper record must be
made -cf these feet, so that their count will not
be lost, either as to their depths, or otherwise.
Here it may be noied that such fast feet will
seldom if ever be drilled in time increments of
less ‘than one second each; so that there need
never be expected any need to take care of more
than fifteen such fast feet during a recording
operation, being the turnover time interval,

To meet the foregoing contingency I have pro-
vided what I call an accumulator. This device:is
so constructed that when a signal from a fast foot
is forwarded by the selector to the accumitilator
device such signal will cause the accumulator to
advance one step, and the accumulator will be
advanced a further step upon the arrival of each
succeeding signal at the accumulator frcm the
selector for each subsequent fast foot. This
accumulator is provided with means to accumu-
late fifteen such fast foot signals which may be
forwarded successively by the selector, so that
provision has been made to meet the maximum
conditions which may be expected to oceur. T
have also ‘made provision for returning this ac-
cumulator device towards its initial or normal
position and condition, step-by-step, rapidly, and
provision to deliver from this accumulator sue-
cessive signals for fast foot operation of the
recorder corresponding to the number of fast foot
signals which have ‘been accumulated in the
accumulator. Thus it is seen that such incoming
fast foot signals, received during a normal slow
foot recording operation are stored up in the
accumulator, and are released therefrom for fast
foot recording operations as soon as the recorder
is in condition to receive such signals, namely,
when the complete recording of the preceding
slow footf has been completed. ]

‘Now it is also seen that there may arrive addi-
tional fast foot signals during the interval that
this accumulator is delivering the so-accumulated
fast foof signsls, since it would not be possible to
rélease and -deliver ‘to ‘the recorder a group of
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several accumulated fast foot signals within a
time interval of nne second or other time interval
for such fast foot so received during the accumu-
lator’s releasing operation. To meet this con-
tingency I have made simple provision; but at
this point I shal]l first mention certain features
herein provided with respect to various electrical
pulses for which provision has been made in the
devices hereinafter to be disclosed in full detail,
as follows:

I have provided a timing device, generally
driven by a clockwork or pulsing unit, which tim-
ing device, either directly or indirectly serves o
measure the time of drilling or moving through
the increments of distance such as the feet drilled,

or the foot measured up or down. Said timing

device, or another suitable timing device also
serves to drive a “pulse generator” which is a
regularly operating contact element serving to
deliver regular and timad electrical pulses to a
suitakle bus bar arrangement to receive said
pulses and deliver them to desired points in the
recorder and/or other units. Incidentally, I may
here mention that said pulse generator as hercin
disclosed is adapted to deliver such pulses at regu~
lar intervals of ene-half second, one second, five
seconds, fifteen seconds, and one minute; but
evidently other frequencies of such pulses may
be provided for according to the desires of the
designer. For example, 33 and 7% second pulses
as hereinafter disclosed. These different fre~
quency pulses are delivered to individual bus
bars which may be tapped at suitable points in
the recorder and/or other units, so that selected
frequencies may thus be made available where
needed. It is further noted thaf the design of
this pulse generator is such that all said pulses
are retained at all times in fixed phase relation-
ship with respect to each other. Thus, for ex-
ample, I have provided two sets of one second
pulses which are produced in aliernation. Thus,
by using a pulse from one or the other of these
two sets, very accurate pulse timing may be
attained. Furthermore, these pulses are of con-
trolled duration. Thus, the half second pulses
are sustained for substantially quarter second
durations, and the one second pulses are or may
be sustained for half second or less durations,
and other, less frequent pulses may he sustained
for greater intervals.
both the half second pulses and the one second
pulses shall he sustained for quarier second inter-
valsor slightly less than that duration.

The accuraulator is s, designed that it shall
deliver to the recorder mechanism quarter sec-
ond pulses (duration), thus leavinz normally
three quarters of a second interval between such
pulses, when the accumulated pulses are released
at one second intervals. I have then provided
suitable devices to ensure that any “fast” feet
signals received from the signalling unit during
the interval that the accumulator is releasing
its accumulated impulses to the recorder at one
second- intervals, shali be held (if necessary) by
a suitable “holding” relay for such fractional
amount of a second as may be necessary to then
deliver pulses of the cne half second frequency
type (quarter second duration) between the im-
pulses (accumialated) being released. By this
means there is assurance that such incoming sig-
nals shall be interwoven between impulses being
released, and thus there will be no loss of any
signal, even of the fastest feet which may ever
be expected; and all feet will be properly ac-

Generally I prefer that ¢
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counted for by the recorder, either by full record-
ings, or by partial recordings (for fast feet).

I may here mention that preferably the clock~
work which drives the timing device and the pulse
generator shall be provided with an electrical re-
wind, so that it will be automatically rewound
every short interval of time, say every fifteen sec-
onds.. Such a form of. clockwork is desirable,
since the recording of foot-time or similar re-
cords for a deep well may extend over many weeks
of time, during which it is desirable to avoid any
possible shut-downs or interruptions of correct
functioning in the timing devices. A suitable
spring is, of course provided in connection with
such re-wind device to retain the clockwork un-
der sustained driving pressure.

When a signal is received denoting the com-

- pletion of one unit of distance and the commence-

ment of the next unit of distance, said signal being
sent to the recorder, said recorder must be provid-
ed with time counting or aceumulating means, and
said means must he capable of thereafter trans-
mitting its time accumulation to the stylus or oth-~
er log plotting element, so that upon completion ot

5 the time count, that is, when the next signal is

received, denoting completion of said unit of dis-
tance, the position of the log plotting element
will be corrected to bring said element to func-
tion at position corresponding to the time in-
terval required for such current unit of distance,
assuming that the selector has determined that
said time interval is greater than the turnover
time. If the selector determines that said time
interval is less than the turnover time, such sec-
ond signal, denoting completion of said unit of
distance and the commencement of the next unit
of distance, will be sent to those portions of the
recorder which advance the printing type disks
and the paper strip, and print the depth, as
already explained. In such case, also (fast foof,
as determined by the selector), the time counter
will restore to its base position, ready for a fresh
countingz operation. All such means I have pro-
vided in the disclosures hereinafter described in
detail,

Assuming that the selector has determined that
the time interval lapsed during the drilling of
said unit of distance is equal to or greater than
the turnover interval, then when the signal de-
noting completion of such unit of distance is
received by the recorder the one-cyele unit will
be brougnt into operatior;, and as it goes through
its cycle of movement it will successively celivar
impulses or sustained curren*s to various units of
the recorder, in proper timing, and for prcperly
sustained time values, to ensure correct and full
recording of such foot-time value, and to ensure
correct functioning of all the necessary elements
of the recorder. I have herein provided such
means as just above described.

Included in tl:e several elements of the recorder
just previously referred to is the menns to sat
the stylus or log plotting means to pos'tinn cor-
responding to the time counted against fh¢ unid
of distance in question, and which unit of d:-fznce
has just Leen completed. It is evident tha’ said
log plotting setting means must be so arranged
that normally it is held against movement, so
that duriug the interval between successive re-
cerding operations the log plotting means will
rot change its position; but provision musv also
be made for actuating said log plotting means
at the proper time during the recording operation
so that said setting means may then be set to
the new and corrected position, after which said
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log plotting means will be again held until the
next recording operation is to be performed. I
have provided such holding mechanism and suit-
-able control means therefor.

Tt is also evident that during the interval while
the time count is being transferred to the log
plotting means, so as to bring the same to its
corrected position, the time counter should be
disconnected from the clockwork, if such be used,
since said clockwork must continue to function

-normally during the recording interval; and also

said time counter must be re-connected to the
clockwork or allowed to function afier comple-
tion of the recording operation (but after said
time counter has been re-set to its base position),
so that a time count may be commenced for the
succeeding unit of distance. Incidentally, I may
here mention that in one embodiment herein
disclosed I provide for time counting by means
of one of the sets of electrical pulses which are

of themselves of uniforva frequency; and when

using this embodiment it is not necessary to
physically disconnect the parts duving the trans-
fer of the time count to the log plotting means,
but merely to diccontinue the pulses during said
interval, and then to make provision for re-
turning said time counter to its base position, for
a new time count against the succeeding unit of
distance. All such features of construction and
details T shzil disclose in full detail hereinafter.

Mow the foregoing means to set the stylus or
log plotting means to corrected position corre-
sponding to the value of the time counted against
the unit of distance being recorded must be posi-
tively functioning as well as accurate, and must
function with reasonable rapidity so that even
for large changes in plotted position undue time
will nct have to be consumed, as such time con-

stitutes a portion of the turnover time interval.

Also, said means must function with equal de-
-pendability from either direction, that is, cor-
rection must be poszible to set the log plotting
meaps to either a higher or a lower reading and
recording position, according to the nature ef
the change required in the correction. In the
disclosures hereinafter explained in full detail
T have included tws forms of electrical means to
produce such re-setting. One of these means
takes the form of a2 solenoid scheme in con-
junction with a specially shaped cam element,
and the other means takes the form of a small
motor of reversible characieristics which motor
will, &t the proper time, furction in the one di-
rection or the other to bring aboul the required
re-setting, and will then shut itself off at exactly
4he correct position. ~ All these details I shall dis-
close herzinafter. Other forms of log ploiting
unit, eapable of producin: the desired logs, may
also be used, and are ¢o.iemplated as being with-
in the scope of my present invention.

‘It was previously mentioned that after the
stylus or log plotting means has been re-set to
its corrected position as determined by the set-
ting of the time count:r, said time counter must
again be re-set to its own zero or base position,
ready to count time against the succeeding unit
of distance. However, said time counter may
have to be locked against improper movement
during the actual transfer of its time count to
the log plotter, so that the re-set pcsition of the
stylus will not be a falre positicn. I have pro-
vided such tempcrary -ocking meaus for the time
counter, as will appeay in full detaii hereinafter.

- Now the actual opecration of re-setting the
time counter to its initial or base position re-
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quires a suitable means therefor. Such means
might take the form of a suitable spring tending
at ali times to restore said time counter towards
the zero or base position. However, such 2
spring, if used, presents several objectionsble
features when applied to the present problem.
Such a spring when used produces a continuous
resistance force against the movement of the
time counter in the additive direction, and this
is in itself a serious objection, especially when
a clockwork drive is used for moving the time
counter instead of using an electrical pulse ar-
rangement such as huretofore referred to. Fur-
thermore, the resistance imposed by such a
spring against the additive movements ¢f the
time counter is of constantly increasing value,
so that the resistance imposed by such spring is
of incceasing amount as the time count increases.
Furthermore, such a spring return, when used,
serves to restore the time counter with a sudden
impact against its zero or base position stop,
which is undesirable,

T have therefore, in the disclosures hereinafter
to be made in full, included a torque motor ar-
rangement for restoring: this time counter to its
zero or base position at the proper time as de-
termined by the one-cycle unif. This torque
motor is of electrical nature, and it does not
exert any torque or resisting action, nor any
restoring action, whatsoever until it is electri-
cally excited. Such excitation is produced under
control by the one-cycle unit, and is discontinued
at the proper time to permit additive function-
ing of the time counter without resistance im-
posed by such torque motor. Furthermore, the
torque of such motor may be so0 controlled that
the final stages of the resforing movement are

. not of a high rate, so that impact is largely pre-
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vented at completion of the restoring movement.
I have disclosed such a torque motor arrange-
ment herein in full detail.

It is here noted that since the movement of
the time-counter is continuous during measure-
ment of time for each successive unit of dis-
tance, said time counter may be connected to
& visual indicator to show the continuing lapse
of time consumed against each successive unit
of distance. Such indicator will also be returned
to its zero or base position at commencement of
each fresh measuring operation, so that by such
indicator it is possible for the geologist or other
person to follow the time which is being spent
against each unift of distance, or to see at once
how much time has already been spent against
such unit. Such an arrangement I have here-
in disclosed in full devail.

Since the measurements of time consumed in
drilling each unit of distance are shown by the
amount of change of logging position of the log
plotting element across the permissible range of
movemant thereof, as dictated by the design of
the instrument, and as limited by the width of
the paper strip for which the instrument is
designed, it follows that there is a time limit
béyond which further accumulations of time in
the drilling of any unit of distance cannot be
directly shown by the trace or log. It is there-
fore desired to seleat, in the original design of
the instrument, a time scale which will be satis-
factory for all portions of the log which require
special study for variovs purposes, such as by
the zeologist. Furthermore, it is also evident
that the greater the unit of distance on which
the instrument operates, the greater the time
interval for which provision must be made.
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For many drilling operations, and through
many strata which are generally encountered, it
will be found that a maximum time capacily of
thirty minutes for each foot will be sufficient;
but for deeper zones of drilling, and harder
strata, it will be found that frequently and for
considerable depths this limit of thirty minutes
will not be sufficient. For such work it will be
found, as a rule, that provision should be made
for sizty minute operations in the drilling of
units of one foot each. Now if the instrument
were to be designed and unchangeable at this
sixty minute capacity it would be found that
much interpretation of the log by the geologist
would have to be made on portions of the trace
where the heights of the trace above the base
were not as great as would be desirable for close
interpretation. It is therefore desirable to make
provision for operation of the stylus carrier or
other log plotting means, and operation of the
time counter for either thirty or sixty minute
maximum conditions or limits. Such provision
is readily made by interposing a gear changer
between the clockwork, if used, and the time
counter, or by changing from pulses of one fre-
quency value to pulses of a multiple frequency
value, if the electrical pulse drive for the time
counter is used. For example, when setting at

the thirty minute limit position, we may be

using the one-half second pulses, whereas when
setting at the sixty minute limit position we may
be using the one second pulses, or when setting
at the 30 minute limit position we may use 334
second pulses, and when setting at the 60 minute
limit position we may use 71 second pulses, as
shown hereinafter in detail. In eifher case,
however, the limit would be reached when the
time counter had come to its extreme of physical
movement permitted by the structure.

Accordingly I have made provision for chang-
ing irom one to the other rate condition, that
is, from one to the other limit condition, and
I shall hereinafter disclose these structures in
full detail.

Tn connection with the foregoing provision, it is ;

to be noted that when a time count has once
comm mced against a given unit of distance, and
on a given setting of the limit or scale just above
referred to, said scale should not be changed

until that time count for that unit of distance ;

had been completed. I have therefore provided
an interlock to ensure this condition, as will
appear h-reinafter.

Iikewist, it may sometimes be desired to effect
such chanze of scale from a remote location; for
example, the driller at his stand, knowing that
he has entered a very slow drilling zone, in the
absence of the geologist, and without baving to
mave from his control station, may desire to shift
th> scale from the thirty minute operation to the
sixty minute operation. This he may do by suit-
able remote controls, and with assurance that the
actual shift will occur only upon completion of
the time count then in progress.

When operating on either the thirty or the
sixty minute limit scale just above referred to, it
is evident that when a unit of distance requires
more than the time limit for which the instru-
ment is then set, the time counter will reach a
limit conditicn, prior to the completion of the
unit in question. It is also evident that provi-
sion must also be made to hold said time counter
at such limit position until the incoming of the
next signal from the selector or other unit. I
have made such provision herein and will dis-
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close thie same in full detail hereinafter. It is
noted that under such a condition (when the
drilling time for the unit of distance exceeds the
time setting of the time counter) there will be
“excess time” for the distance »ait in question,
and which will not be apparent o1 readable from
inspection of the foot-time log itself. In other
words, under these conditions the stylus or log
plotting element will function to the upper limit
of its possible adjustment when the maximum
time is counted, but will not be able to function
to a higher time count for excess time:. Gen-
erally such high readings will not be of especial
interest to the geologist and may be ignored; but
there may arise conditions under which it is de~
sired to actually know the amount of such ex-
cess. time for each such unit of distance drilled.
T have made provision to give such information,
as follows:

According to one means which I have provided
for giving such desired information reference
may be had to the tabulator which constitutes an
auxiliary unit which may be used in conjunction

. with the master recorder, and in which tabulater

there is produced in tabulated form the actual
time record of time to drill each foot, tozether
with an indication of the depth location of each
such foot drilled. In case of such “excess time”
feet reference may be made to this tabulated
record for informstion as to thines to drill specific
feet, including such “excess time” feet. Such
tahulator, when provided, is an auxiliary instru-
ment which may be connected to the master re-
corder and o the signalling unit, but its provi-
sion and use are optional, so that it may happen
that other means be desired tv record such ex-
cess time for these very slow drilled f<et. I have
made provision therefor on the face of the re-
corded paper strip, if desired, as follows:

Means are provided, when the stylus carrier
or other element reaches its upper limit of move-
ment, for printing a dot or other individual in-
dicia on the upper edge portion of the paper strip
at completion of each minute of such excess time,
and for advancing the paper sorip, without print-
ing of depth (since the sigrial has not yet come in
indicating completion of drilling of the unit of
depth in question); and at completion of each
succeeding minvie of excess time a further dot
will be printed at said upper edge of the paper
strip, with further advancement of the paper
strip, and this operation will continue until the
signal is received indicating completion of the
drifling of the unit of depth in question. When
interpreting such a special form of record it is
only necessary to count these dots, in the case
of such specially recorded excess time feet, and
to add such excess time to the time limit for
which the inscrument was set during drilling of
such cxcess feet, for exampie, either thirty or
sixty minutes according to the setting. I have
also provided a simple switch arrangement for
bringing such special functioning into operation,
or for restoring the normal operation, as desired.
These features are disclosnd hereinafter in full
detail.

‘When operating on cither the thirty minute
scile or the sixty minute scale the logs produced
will be of identical appearance. in the absence
of special provision to show which scale is then
being used. Frequently for interpretation of the
log it will be immaterial which scale is being
used, since the pattern or configuration or rela-
tive time ralues will be the feature of especial in-
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terest inm making: such- interpretation. However,
T have mgde-special and additional provision for
showing the use of one scale or the-other as may
be desired. For example, when: using the thirty
mirute scale the successive points on the log then
produced will carry no special indicia and a sim-
ple trace will be produced. However, I have
made provision for printing- adjacent to each
point of a log section plotted on the other scale
when-used (in this case, the sixty minute scale) a
special-indicia, such as a dot, so that upon inter-
preting such a specially produced log by the pres-
ence of such dot adjacent to any given point. of
the trace, it: will be understood that said portion
of the trace is to be read on the basis of the sixty
minute scale, and not the thirty minute scale.
Such provision for special indicia is hereinafter
disclosed-in full detail, although its use is optional
with the designer.

Reference has hereinbefore been made to the
need of correct interpretation of time values in
relation to the specific depths at which said time
values are recorded. It has also been pointed out
that.due to the very close positioning of the suc-
cessive recordings, along the length of the paper
strip; especially when using such depth move-
ments of: the paper strip as will record one hun-
dred readings in either one or two, or even five
inches of lenzth of paper strip, there is required
very accurate positioning of the printed depth
values in comparison to the foot-time or drilling
rate values to which they refer. An error of one
one-hundredth of an inch in interpretation of

a.log on the basis of one inch for one nundred
foot-time records would result in throwing a -

reading to another real foot position of depth,
and is inadmissible.. This interpretation of the
logged chart is further made more difficult by
reason of the very width of the chart itself, which
is conveniently made of six inches across the
logging band. I have therefore made provision
for assisting the reading of the individual foot-
time records, especially those widely spaced from
the base line, as follows:

At completion of each set of foot-time re-
cordings, for example, at completion of each ten
such recordings, or at intervals of each tenth foot,
1 may cause the stylus or other element to make
a full trace directly across the full width of the
paper strip (in its recording band) said trace te-
ing a straight line normal to the direction of
paper strip feed, and for then restoring said
stylus- to. its original or previous position, ready
for production oF the next succeeding fooi-iime

recording. I have provided means to effect such &

special. operation during the recording if desired,
and have hereinafter disclosed said means in full
detail.

Now it is also noted that when such a special
transverse lining or trace is thus produced, say
every ten feet, it should be correctly lined wp
with.the printing of depth also printed at the
edge of the paper strip, so that correct interpre-
tation will be ensured. Thus, for example, if such
special transverce lining is to be produced at each
tenth foot, for example, 8650, 8660, 8670, etc.,
there shouid he assurance that these special
‘ransverse lines come at such depth vositions,
and not, for example, at 8651, 8661, 867_, etc., as

might happen if the transverse lining control.

should be out of step with the printer. X have
made provision for ensuring such correct regis-
try, and for giving & visual signal of non-registry
if: such non-registry should occur. Said means:
will be-fully disclosed hereinafter.
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It may here be-mentioned that although a:time
element is required.for special: lining, whicl:time
element is not required except in those: tenth
foot cases wheie such special lining is: desived;
still it will be- found, upon analysis of the re=-
cording mechanisms and the relationships which
they bear to each other during the making of &
full record, that this special operation, when
used, may be conducted simultaneously with
other operations which are always required; and
by controls effected from the one-cycle unit;. sa
that actually no additional time is required. for
making these special linings. Thus the normal
turnover time is adhered to in all'cases.

As o, portion of this special lining mechanism;
and to produce the required back and forth traris~
verse full stroke movements of the stylus or other
element, I have provided a torque motor in.coner
nection with the stylus carrier or other log
plotting element. By energizing this torque
motor with current, first in one combination as
between its armature and its fleld, and then in a
reversed combination as between these two ele-
ments, it is possible to effect the desired full trace

5 production in very simple manner. Furthermore,

by the use of this torque motor arrangement it is
possible to avoid any interference with the re-
quired normal functionings of the stylus and its
placement at points to produce the proper log,.
since there is no torque produced by this torque
motor except when it is specially energized for
production of the desired transverse lining. '
Since the turnover time (of, say, fifteen sec-
onds) is cut out from each recording time count,
I have sc arranged the parts that the base line
or point of commencement of time count is at
the fifteen second position. Thus, the presence
of this turnover time loss does not in the end pro-

- duce any error in the time count indications,

which, when read from the actual zero position
or. the time scale, are always correctly shown.
Since the paper strip feeds must be very ac-
curately made, step-by-step, I have made special
provision to ensure that each such step shall.be
exactly correct for the depth scale which it is de-
sired to use, whether one, two or five inches per
hundred feet of depth recorded. In this connec-
tion it is desirable to use pre-perforated paper
strip (having regularly spaced perforations along
both edges). My improved form of feed includes
sprockets for both edges of the strip, ant
sprockets placed both before and behind the pu-
sition at which the lng is momentarily being
traced. Thus said paper strip is securely held
and when it is advanced there is no danger of its
becoming twisted or ouf of line. Now, since all of
these sprockets must function in exact harmony,
and since one set is in advance of and the other
set is behind the logging position, it is desirable
to be able to adjust these two sets of sprockets
with respect to each other so that botly sets are

- always in drawing engagement with the perfora-

75

tions which they momentarily engage. I have
made such provision, as will hereinafter appear
in full detail. .

T have also made provisicn for accurately cali-
brating the functioning position of the stylus
carrier with respect to the means whereby it is.
nositioned, so that correct logging positions will
Le shown on the paper strip for all time counts.
f.uch means will also be hereinafter described.

Evidently, when the time counter reaches its
full time position means must be provided for
disconnecting it from the clockwork drive; or from:
the electrical pulse syste.r, vntil cae-incoming. of:
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the next signal indicating completion of a depth
measurement. Otherwise there might be damage
to the parts, and inaccuracies of indications and
of logging would be produced. I have made pro-
vision therefor, as will hereinafter appear.

Sometimes it is desired to produce a foot-time
log automatically for every two feet or some
other muitiple, instead of for every individual
foot; but still the log would be a foot-time log or
& drilling rate log, in the same degree as when
using single feet, since we are still using units of
distance in our recordings. 1 have therefore
made provision for setting the recorder to either
the one foot or the two foot recording position, as
desired. This is done by means of a simple switch
control; but it is here noted that said switch must
serve, through suitable relays and otherwise, to
effect numerous changes in the operations of var-
ious parts of the recorder, For example, when
using the two foot setting, the recorder will only
change the stylus or other log plotter at comple-
tion of each two feet of drilling, but the foot
depth counter must be correctly advanced, and
printing must be correctly effected, so that ac-

tual depths of well bore will be shown, and so 2

that any insccuracies due to the foregoing will
pe avoided. I have made provision to secure all
these results, which I shall disclose hereinafter
in full detail.

It is noted that under special conditions it may :

be found desirable to re-set either the printing
device or the paper feed so as to restore correct
registering or for other reasons. I have accord-
ingly made provision fur step-by-step advance-

ments of the printing unit and for step-by-step

advancements of the paper feed, by manual
switch operations. Such means will be herein-
after disclosed in full detail.

When engaged in drilling certain strata which

it is desired to follow closely, and where it may be

desirable to know the drilling time each frac-
tional portion of a foot, for example, each tenth
of a foot, it is desirable to secure such informa-
ticn with accuracy and on the instant. Such
i-actional drilling time information may be de-
sirable, for example in order to know the exact
dspth at which a change of lithology occurs,
when said change oceurs during the drilling of a
whole foot, as almost always would be the case.

Now, it is evident that when driiling all except ;

the very hardest of deposits or other strata, there
would not be time to make a full foot-time record
for, say, each tenth of a foot, and generally such
a complete logged record would be of little value
after the passage of the time of its immediate
use.
means or an indicator to give the desired in-
formaticri.  Such means, in the form herein dis~
closed in full detail, includes an advancing in-
dgicator showing the completion of drilling of
tenths of a foot of bore hole, said indicator in-
cluding generally a pointer located at a position
adjacent to the time counter (visible) to whick
I have already made reference. The indicator
illustrated herein is a step-by-step visible unit
and it includes a pointer which advances one
tenth of a foot indication at completion of each
tenwh of a foot of drilling, and said pointer com-~
pletes its rotational movement at completion of
each full foot drilled. By placing this tenth foot
indicator adjacent to the time counter indicator
which advances from ifs zero position at comple-
tion and commencement of each new foot (said
time counter being ve-set to zero at beginning of
each new full foot), it is readily possible for the

It is however, possible to provide visual "
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observer to see any sudden change in rate of drill-
ing by tenths of a foot, so that he may draw con-
clusions and alter operations very closely based
on this accurate information.

Evidently the rate at which this step-by-step
tenth foot indicator advances, and the rate of its
step-by-step movements will depend on the rate
of drilling. In case of “fast foot” drilling it is
evident that very rapid step-by-step advance-
ments of this pointer and connected mechanism
would be regquired; and since said poirter is gen-
erally of somewhat large size so that it can be
readily read at a distance, it is seen that a prac~
tical lirit is soon reached at which said step-kty~
step tenth foot indicator will be unable to cor-
rectly follow the real drilling time conditions. It
will then fall out of step. However, when such
fast drilling is being done the stratum being
penetrated will generaliy not be one for which -
such close analytical study would be desired, that
is, such study as it is irtended to provide by this
tenth foot indicator. Such fast drilling strata
may therefore he ignored in considering the ap-
plication of usefulness of this tenth foot indi-
cator.

Now, in case this tenth foot indicator should
fall out of step during a fast operation, it would
be out of step when a slow drilling foot was
reached where it mizht he desired to make a close
study of the foot-time conditions, as by tenths
of a foot. Inaccurate conclusions would then
follow from such study. To prevent this condi-
tion I have made provision as follows:

T have provided, in this tenth foot indicator,
means for advancing the pointer with a rapid
“buzzer” operation, to its zero position, if at com-
pletion of a slow drilled foot said pointer should
be out of phase position with respect to the ter-
minal signal of a full foot. In other words, after
a fast drilling operation, if, at the incoming of
the next full foot signal the pointer is out of
phase, a buzzer action will automatically occur,
rapidly advancing the pointer to the zero posi-
tion, or to phase with respect to the real depth
count, whereupon said pointer will again ad-
vance normally step-by-step as tenth foot sig-
nals are received from the selector. I have dis-
closed all said means in full detail hereinafter.

In connection with the paper strip feed, and
the means for supporting the paper strip while it
is being logged, I have provided certain improve-
meats adapted to meet operating conditions in~
volved in tield operations, and the like. In this
connection I have provided means to ensure a
very sure and perfect engagement of the edge
portions of the paper strip with the advancing
sprockets, so as to prevent she occurrence of in-
accurate recordings; and in this connection, I
have so formed these engagement ens:iring means
that they may be readily rocked up and out of
engagement with the paper strip and to provide
a clear opening for insertion or remosval cf the
paper strip, as in threading un the recorder for
a logging operation, or in removing the logged
strip. In this conneztion, also, I have provided
means to support within the recorder a supply
of paper strip of sufficient length to record drill-
ing operations for a fifteen thousand foot or
deeper well, on the basis of fire inches of paper

radvance per hundred feet of dri'ling operation

logged, with ample excess for mesting special
contingencies.

Sometimes it wil! be found desirable to supnly
+he paper strip through a slot at tne supply ena

-of the recorder, and from a supply contained ocut-"
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side of the recorder itself; and also to deliver the
logged paper strip or record through another
slot at the delivery end of the recorder, to a suit-
able receptacle; for example, in such case it may
be desired to festoon the delivered record:. I have
made provisions for these various operations, as
will appear from the detailed description and
disclosures to follow hereinafter.

Sometimes it may be desired to tear oif sections
of completed log from the recorder, so that these

sections may be forwarded elsewhere or studied .

conveniently in detail away from the recorder.

I have made provision for such ready tearing -

operations, as will presently appear.

It is noted that included in a deep well there
may be numerous strata having the same or sub-
stantially the same drilling time constants, or
drilling rates. It may be desirable for some pur~
poses to assess the total thickness of strata of
such constants, by adding said thicknesses to-
gether or by adding the total driiling time of all
such strata of such drilling constant. I have
made provision whereby this may readily be done,
as will presently appear herein in full detail, and
in simple manner. -

Various functions or conditions of operation of
the recorder, and functions and/or conditions
under which operations are being conducted
should be visually shown so that the operator
may he quickly advised, without special trouble,
as te the conditions or settings under which the
recardings are being made. Thus, he should be
advised as to whether operatio s are being re-
corded on the thirty minute or tlie sixty minute
scale, whether the instrument ': recording nor-
mally (as for every foot) or especially (as for
every two feet), whether or not “excess time” is
being encountered and counted (especially when
note is being taken of the visual pointer show-
ing time accumulated against the current foot),
whether or not the special cross liner is out of
phase from the printing of the tenth feot depths
on the edge of the paper strip, whether or not the
recorder is set for a recording operation, whether
or not the main switeh is closed for operations,
or has heen opened, and for other possible indi-
cations of special interest to the operator. I
have accordingly provided visual means, such
as lamps, located at convenient pecints on the
face of the recorder for the information of the
operator thereof, as will presently appear here-
in,

Reference has already been made to the pra-
vision of means for produeing special auxiliary
or supplemental records, or registerings, in addi-
tion to those normally produced by the master
reccrder to which master recorder reference has
been made in the preceding descriptions. Such
auxiliary or supplemental recorders or registers
may or may not be supplied and used as desired;
but when their use is desired they wili be inter-
connected with the master recorder and/or the
signalling unit in manner necessary to. deliver to
such supplemental instruments the required sig-
nals and controls for their correct functioning.
I shall now mention briefly these supplementa:
units ai.d certzin of the features of constructicn
and the devices with which I have provided them.

Sometimes i, will be desirable to produce a
“duplicate” record ar even a ‘‘trinlicate” record
of the lngged t-aee. For such purpcse T have
provided a iorn of duplicate recorder, which is
subztantially i12'sarae in some cs; ential respzets,
as the master recc der. This duplicate resuider
includes provision for support ang stzp-by-step
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feed of the paper strip, for producing a recorded
log con said strip; showing foot-time or rate of
drilling values in the form of a trace the same as
or similar teo that produced on the master re-
cerder's paper strip; this duplicator includes
provision for counting time based ¢n the neces-
sary signals; and various other elements re-
quired for the functioning of said duplicator.
However, it i3 noted that some of the elements
required. for functioning of the master recorder
may also deliver like- signals or sustained cur-
rents to- like elements of the duplicator, so that
it is possible to provide a suitable cable connec-
tion between the master recorder and the dupli-
cator, with suitable end plugs and sockets, im
manner well known and understood in the elee-
trical arts.

At this point I mention that in the functioning
of the master recorder it is necessary to provide
numerous special relays and other spescial con-
trol devices which serve to control and forward
various signals during various operations. In-
cluded in these special relays and other special
control devices may be mentioned the selector,
and the accumulator heretotore referred to, as
well as the relays for delivering special impulses
when the recorder is set for two fcot recording,
angd special impulses when checking the preduc-
tion of the ten foot special transverse trace
across the log with the position of the printer
setting, to which reference has heretofore been
made. These relays also include “holding” re- .
lays whose function is tc hold incoming pulses,
such as those coming from the signalling unit at
completion of the tenths of feet and at comple-
tion of the full feet, and to -eliver corresponding
pulses, generally from either the one-half sec-
ond or the one second bus bar, to the necessary
other elements and units, and also various relays
having various combinations of contacts, some
closed when the relay is excited and cpened when
the relay is de-energized, and others of contrary
nature, and also certain compound or differen-
tial relays and other devices. 'The takle which
supports the paper strip, and {he rolls on which
the paper strip is wound and unwound provide
a convenient lecation beneath said parts for ac-
commodation of these special relays and other
devices, without necessary increase of size of
the master recorder. I have therefore located
these parts in such location as a matter of con-
venience, as will hereinwfier appear in full de-
tail.

Now, in the functioning of varicus operations
of the duplicatos, when used, it is fourd that
numerous of the converted signals from these
relays and special devices may be used likewise
in the functioning of the duplicator, thus effect-
ing :naterial savings in operating parts, and
merely by the provision of the required con-
ductors in the connecting cables. Such details
of construction and operation will appear here-
inafter.

When such a duplicator is providel it may be
set for operation ort an identical set of condi-
tions as those for which the master recorder is
set to operate. This is true as respects such
functions as depth scale (either one, two or five
inches per hundred feet of drilling), time scale
(either thirty or sixty minutz maximum zetting},
and for regular recording or twa foot recordiug,
as desired. Imsuch case a truly cuplicate record-
g will be produced. However, it may be desir-
able tc produca two simultaneous recordings on
different depth scaiss, or on different time scales,
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or other differences of operation. I have made
provision whereby such differences in record-
ing conditions may be effected, if desired, all as
wil! hereinafter appear in full defall.

In connection with the foregoing it is noted
that when producing such duplicate (or tripli-
cate) records, it may be desirable to use one of
them as a permanent record for filing away, and
to use the other as a temporary record, which
may be torn off in sections, for example, daily,
and used for analysis either on the spot or else-
where. ‘

It is here noted that the arrangements herein
disclosed lend themselves to wide diversity or
versatility cf uses when such a duplicator re-
corder is provided. For example, if it should be
desired to produce a duplicate record only for
some section or sections of the drilling operation
at which sections specinl study of lithology or
cther factors are desired, the additional or du-
plicator recorder could bz brought to the drill
site shortly before the drilling operations
reached the depth cf such secticn for which
special study was desired. Such duglicator re-
corder could then be set to produce its log on
the desired scale or scales, and could then be
readily connected to the master recorder and/or
the signalling unit by the simple operaticn of
plugging one or more cables to the duplicator
recorder and/or the master recorder an? sig-
nalling unit, as needed. Such zn operation is
suggested only by way of an llustration of a
use of such duplicator recorcer.

Sometimes it will be dasirable to procduce a

record of the drilling time operations. or other !

related functions, in tabulated printed form,
and as a suppiement to the production of the
logged or traced recording. I have therefore
provided, as a supplemental unit, a tahulator

which includes a suitable paper strip support 4@

and feed, together with means to advance the
paper strip step-by-step with completion of sue-
cessive feet of drilling, means to print on szid
per strip the successive depths of feet drilled,
snd means to print on said paper strip the time
to drill each foot so recorded or a function of
said time. By means of this printed record it
is possible to see at a simple examinstion of the
record just what was the time required to drill

each foot, and without need of reference to the -

lozged record. This tabulator receives its neces-
sary impulses from the master unit and from the
siznalling unit, to both of whieh units it may be
readily connected by suitable cakles containing
the requircd conductors. I have hereinafter dis-
closed such a tabulator as a supplemeni to the
master recordsr and signalling unit.

Such a tabulator when used, slso preseats a
wide diversity and versatility of uses, similar in
some respects, to theose above suggested respect-
ing the duplicator recordsr and some ot its possi-
ble uses and advantages.

Sometimes it may ke desirable to make provi-
sion for registering various time functions aris-
ing in connection with the drilling itself, and
in connection with operations related to drill-
inz and which consume time which clapzes be-
tween the beginning and the endinz of the coni-
nlete well drilling process. The total time may
for convenience be subdivided as follewsz: “Con-
nections” which item includes the time required
for making conneciicns of new joints to the
drilling string; “round-trips” which includes the
time reguired for coming out of the hole and for
returning into the hole, for purposes of install-
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ing new bits, ete.; “tour-changing,” 2ic., which
Includes time lost in changing over from one
gang or tour of operations to anocther, etc.;
“repairs, fishing, ete.,” which includes time con-
sumed in such operations; “circulating mud,”
ete., which includes time consumed when actual
intentional lowering of the drilling string is not
occurring, but in which the mud is being circu-
lated for various reasons; “surveying,” which
includes time consumed in effecting various sur-
veying operations, such as “electrical-logging,”
ate.; “side-wall coring,” which includes time
consumed in taking side-wall cores, ete.;
“wire-line coring,” which includes time con-
sumed in taking wire-line cores, etfc.; and
possibly other convenient subdivisions of total
time between spudding and compiletion of the
operations. Knowledge as to the totals of time
properly assignable to each of these classifica-
tions is of value to the operator and others in
analyzing the drilling operations, and also in
connection with matters of accounting, ete.
Various uses of such detailed information will
suggest themselves tc persons interested in these
operations. 'I have provided means to defer-
mine one or more of the time subdivisions above
referred to, or others. '

I have provided s totalizer as a further sup-
plement to the master unit, when desired, and
which may be properly connected to the master
unit and to the signalling unit to receive its con-
trols in fashion to give correct functioning of the
various registers with which said totalizer is pro-
vided. I then provide in said totalizer a suitable
register for each time function to be totalized,
said registers being additive, so that as long as
proper pulses are being delivered to and received
by these several registers, they continue to count
time, and to add time so counted until the com-
pletion of the operation, and during the time in-
tervals during which such pulses are being de-
livered to the respective registers.

Those registers whose functioning is not di-
rectly controlled by some function of the drilling
operations may be controlled as to starting and
stopping their additive functions by meuns of
suitable switches located at a convenient station
or stations. For example, a convenient location
for these switches might be on a panel boar¢ lo-
cated on a suitable portion of the derrick or like
structure, and convenient to the driller at his
station. I have herein disclosed such a scheme
as will hereinafter appear in full detail. In some
cases means may be provided for automatically
cutting various of the time counting registers
into and out of service by special controls.

Of the above items, “wire-line coring” time is
properly a perfion of drilling time, since the drill-
ing operation is proceeding during this type of
coring. Generally the total drilling time may be
counted as the total time from spudding to the
termination of operations, minus all of tae above
listed functions with the single exception of wire-

- line coring which should not be deducted from
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the total to find the drilling time. It is further
noted that with data in hand showing these in-
dividual apportionments of total time the audit-
inz department of a drilliag concern, or of the
owner, has in hand data with which to make
analyses of costs and other matters of vital in-
terest from the financial standpoint. Such a
totalizer, when provided and used, may also be
readilr connected tc the master recorder, and/or
the signalling unit, and/or the derrick panel
buard, by suitable cables and plug and socket ar-
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rangements adapted to the requirements of the
installation.

I have above mentioned the provision of a suit-
able form of panel beard at a convenient loca-
tion. Said panel board, in addition to carrying
the switches required for controlling the totalizers
may also be provided with various other useiul
controls and indicators, etc. Thus, said panel
board may carry switches for controlling or set-
ting the “two foot” control of the recorder, for
commencing and stopping recording operations,
for controlling the setter motor of tne signalling
unit, previously referred to, and for various cther
functions.as will presently appear in full detail.
This panel board may also include switches for

controlling the thirty minute and sixty minute:

controls of the recorder, which switches, when
operated to controlling positions serve to change
to a time scale irom that time scale previously
in use when the recording operation then in op-
eration has been completed.

Additionally this panel board is conveniently
provided with a visual time indicator which
counts time from the beginning of drilling of
each unit of distance or foot of the hore hole,
being re-set to its zero position at commencement
of each new foot-time operation; and said panel
beard also includes a step-by-step indicator show-
ing the progress of the drilling operation by
tenths of feet in manner similar to the corre-
sponding indicator on the master recorder. These
two indicators (visual time indicator and tenths
of foot drilling indicator) may be placed in prox-
imity so that they may be used by comparative
inspection in manner similar to the usefulness of
the corresponding indicators on the masier re-
corder. Additionally there mioy be provided at
& point convenient to the observation of the
drilier, such as on said panel board, an indicator
showing the position of the drilling string bit in
the bore hole so that the driller may see what
is the elevation of said bit at any given time.
Such means is hereinafter disclosed.

Additionally this panel board may be provided
with counters showing in addicive form “drilling
depth,” “total time” and “drilling time,” com-~
mencing at the beginning of operations on the
well with which said equipment is being used;
and if desired the master recorder may also be
provided with similar counters.
ers may ke actuated by one-half second or one
second pulses, or other control from the several
bus bars already referred to.

If desired, the stylus carrier of the master re-

corder raay be provided with a special marker ;

such as a pen or pencil or a Reynolds type pen,
which is carried in such manner by the stylus
carrier that it may be vibrated by a ‘“buzzer.”
When such a special marker is provided it may
be caured to operate for production of & spscial
mark on the paper strip adjacent to the pertion
of the 'og then in process of formation, to call
attention to some special condition which it is
intended shall be noted. Such a buzzer may be
caused to function by a2 special switch located at
coavenient point, as on the panel board at the
derrick position.

1 wish to state that it is a feature of my pres-
ent invention that I have provided a construction
of recorder which is well adapted to the incor-
poration of various features in connection with
those features which are generally considered
essential to the mere production of a simple log-
sing record. This result of adaptability I have
secured Loth by reascn of the provision of a unit
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construction of various elements, mounted on a
common base member, and which elements may
be attached to or removed from said base mem-
ber, without disturbance to other units; and also
by the use of an electrical system of controls and
operations, whereby the signals for all the units
may be delivered to said units under various com-«
binations and various timings, or either with or
without the sending of signals to other units, or
in connection with receipt of signals fror such

‘units, as required. This unit construction also

includes various relays for controlling various
functions and for interconnecting these func-
tions; and s further feature of my invention re-
sides in the relationship of these relays to other
units, all as will be hereinafter disclosed in full
detail.

Although I have shown in detail the means for
effecting all of the foregoing and other functions
electrically, still many of said functions may also
be produced by mechanical or hydraulic ineans.
I have shown in the structures hereinafter illus-
trated and described in detail various mechanical
and hydraulic functioning devices as alternative
or modified embodiments.

In the drawings now to be descnbed in short
form I have found it convenient to make certa.in
groupings as follows:

Group I.—The foot-time record

Figure 1 shows a typical section of a foot-time
drilling log such as may be produced by a re-
corder embodying certain of the features herein
disclosed, with the recorder set for normal func-
tioning, the time scale selector being set for &
time limit of thirty minutes maximum, but the
log including several individual foot-time record.
ings of excess time value, and for which the re-
corcer has been re-set to the sixty minute time
limit selector position;

Figure 2 shows another typical section of a
foot-time drilling log such as may alternatively
be produced by a recorder embodying certain of
the features herein disclosed, with the recorder
set for special functioning whereby excess time
on any foot drilling is shown by dots impressed
along the edge portion of the log at the upper
time limit edge, with corresponding step-by-step
advancement of the paper strip during such ex-
cess time recording operation.

Group Il.—A typical set-up at the derrick site

Figure 3 shows schematically a typical set-up
at the derrick site for connection of the signalling
unit of Figures 20 to 66 with the tackle or other
element of the drilling outfit.

Group III—Typical analyses of various modve-
ments of essential elements involved in drilling
and measuring operations, ete.

Figure 4 shows schematically various conseci~
tive operations and movements of the tackle, the
kelly, the string of drilling pipe, and other ele-
ments at the derrick site, for a “Kelly” connec-
tion of an additional joint of pipe to the drilling
string;

Figure 5 shows schematically the movements
of the screw-threaded shaft and the layer of the
signalling . unit of Figures 20 to 68, inclusive,
corresponding to the consecutiveé positions or
steps shown in Figure 4;

Figure 6 shows schematically the relative po-
sitions of the scales connected to and travelling
with the screw-threaded shaft and the layer of
the signalling unit of Figures 20 to 66, inclusive,
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corresponding to the several positions of parts
as depicted in Figure 4;

Figures 7, 8, and 9 show schematically the con-
secutive positions and operations of parts, for
the making of a joint connection by the use of
the elevators with the kelly set back into the
“rat hole,” corresponding generally to the show-
ings of Figures 4, 5 and 6, respectively;

Figures 10, 11 and 12 show schemstically the
consecutive positions and operations of parts,
for the drilling down of the drilling string an
amount generally corresponding to the length of
drilling pipe, or a joint, with typical up and
down movements of the tackle and connecied
and related parts; corresponding to the show-
ings of Figures 4, 5 and 6, respectively;

Figures 13, 14 and 15 show schematically the
consecutive positions and operatiors of. parts,
entailed in drilling downm, reversing the opera-
tions to come up and out of the hole, and showing
said operations and movements in coming up and
out of the hole; corresponding to showings of
Fizures 4, 5 and 6, respectively;

Figures 16, 17 and 18 show schematically the
consecutive positions and operations of parts,
entailed in going back into the hole, and in meas-
uring down into the previously drilled hole; cor-
responding to showings of Figures 4, 5 and 6,
respectively;

Figure 19 shows schematically a comparison
of the movements of the layer position and of
the screw-threaded shaft, for the several opera-
tions shown in Figures 4, 5 and §, in Figures 7,
8 and 9, in Figures 10, 11 and 12, in Figures 13,

14 and 15, and in Figures 16, 17 and 18, respec- ¥

tively, the layer movements being set over far
enough with respect to the movements of the
serew-threaded shaft to avoid overlaps of these
sets of movements;

Figure 19A shows by means of loading curves -

the typical variation of loading of the “dead-
line” of the drilling rig (or a multiple of that
loading, depending on the number of cable passes
through the tackle), during various operations,
and under varying sets of conditions, to show
how the load on said dead-line varies with
change of units added to or removed from the
tackle line, including conditions involving the
use of the tackle and elevators but without the
xelly and swivel joint, and also conditions in
which the kelly and swivel joint are included in
the line.

Group 1V —-Figures ill.strating the first a::d pre-
ferred form of the signalling unit

Figure 20 shows a side elevation of the assem-
bled signalling unit of form No. 1, with the hous-
ing removed, and with the layer in its central
position, and with the layer gears located at that
end of the cable drum adjacent to the contactor
section; Figure 20 being on small scale;

Pigure 21 shows a side elevation of the cable
drum section of the signalling unif, on larger
scale than Figure 2C;

Figure 22 shows a plan view of the cable drum
section, of the siznalling unit;

Figure 23 shows an end view corresponding to
Figures 21 and 22, looking at the right-hand end
of the signalling unit;

Figure 24 shows an end view corresponding to
Figures 21 ard 22, looking at the left-hand end
of the signalling unit;

Figure 25 shows a transverse section taken on
the line 25—25 of Figure 26, locking in the di-
rection of the arrows;
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Figure 26 shows a longitudinal section through
the central portion of the cable drum section of
signalling unit No. 1, corresponding to Pigures
21, 22, 23, 24 and 25 being a section on the line
26—256 of Figure 22, looking in the direction of
the arrows;

Figure 27 shows a transverse section on the
line 21—27 of Figure 26, showing the right-hand
end of the cable drum; )

Figure 28 shows a transverse section on the
line 28—28 of Figure 26, showing the left-hand
end of the cable drum;

Figure 29 shows a transverse section on the
line 2829 of Figure 26, showing the form of the
calibration eleraents for this drum, and taken
through the spring retractor guides, etc.;

Figure 30 shows a transverse section on the
line 30—30 of Figure 26, showing the form of the
drum interior through the body portion of said
drum and through onz set of the calibration
bevels, ete.;

Figure 31 shows a transverse section on the
line 31—31 of Figure 26, showing the interior
face of the right-hand end plaie of the cable
drum with the calibration pinions in place
thereon;

Figure 32 shows a transverse section on the
line 32—32 of Figure 26, showing the calibration
pinions in engagement with the calibration gear
which shifts the calibration sleeve endwise of the
drum for expanding or contracting the drum
sections during calibration operations;

Figure 33 shows a side elevation of the rota-
tion counter which is provided for counting ro-
tations of the calibration shaft journalled in the
right-hand end plate of the cable drum; Figure
33 being on full scale, and being on enlarged
scale as compared to Figures 21 to 32, inclusive;

Figure 34 shows a longitudinal section through
the rotation counter, being a fragmentary sec-
tion on the line 34——34 of Figure 27, looking in
the direction of the arrows, but on enlarged
scale as compared to Figure 27;

Figure 35 shows a cross-section on the line
35—35 of Figure 33, looking in the direction of
the arrows;

Figure 36 shows a transverse section taken on
the line 36—36 of Figure 34, looking in the di-
rection of the arrows;

Figure 37 shows a transverse section taken on
the line 3731 of Figure 34, looking in the di-
rection of the arrows;

Figure 38 shows a view similar to that of Fig~
ure 37, but with the interengaging pinion re-
moved;

Figure 39 shows a right-hand end view of the
unit shown in Figure 33;

Figure 40 shows a fragmentary face view of
the interior face of the right-hand end plate of
the cable drum, on enlarged scale as compared
to Figure 26 (being on full scale), and it shows
the locking clip in engagement with the edge
portion of the calibration gear;

Figure 41 shows a section on the 1> 41—41
of Figure 40, looking in the direction of the
arrows;

Figure 42 shows a section taken on the line
4242 of Figure 27, looking in the direction of
the arrows, but on enlarged scale (being on full
scale), and it shows the amount of rotation of
the calibration shaft, and the calibration shaft
itself;

Figure 43 is a transverse section taken on the

line 43--43 of Figure 42, looking in the direction
of the arrows;
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Flgure 44 shows a fragmentary section taken
on the lines 42—44 of Figures 22 and 23, looking
in the direction of the arrows, and it shows the
detailed construction of the means for engage-
ment of the layer screw with the layer proper;

Figure 45 shows a fragmentary section taken
on the lines 45—45 of Figures 22 and 23, looking
in the direction of the arrows, and it shows the
detailed construction of the sliding journal of
one side of the layer proper with one of the side
guide rods on which said layer slides;

Figure 46 shows a side elevation ¢f the con-
tactor section of the signalling unit of Figures
20 to 63, inclusive, on enlarged scale as com-
pared to Figures 20 to 32, inclusivs, the screw-
threaded shaft being fully retracted into driving
engagement with the contact disk, aad there is
shown in this figure the driving gear of the cable
drum itself;

Figure 47 shows & plan view corresponding to
Figure 46; )

Figure 48 shows a left-hand end view corre-
sponding to Figures 46 and 47, but on enlarged
scale compared thereto (being on full scale) and
in this figure the driving clutch blocx has been
removed from the screw-threaded shaft;

Figure 49 shows a longitudinal section through
the contactor section of the signalling unit, on
the same scale as that of Figures 46 and 47 be-
ing s section on the line 4948 ¢l Figure 47,
looking in the direction of the arrows;

Figure 50 shows a right-hand end view of the
contactor section of the signalling unit, being a
section on the line 50—58 of Figure 49, looking
in the directicn of the arrows;

Figure 51 shows a transverse section taken on
the line §5t—5{ of Figure 49, looking in the di-
rection of the arrows; and it shows the gear
shifting carriage for the gear reverser;

Figw 52 shows a transverse section taken on
the line 52—52 of Pigure 49, looking in the di-
rection of the arrows: and it shows the shifter
block by which the gear shifting carriage is
moved from one gear position to another gear
position;

Figure 53 shows a tra..verse section taken on
the line 53—53 of Figure 49, looking in the di-
rection of the arrows; and it shows aunother view
of said shifter block and reiated parts;

Figure 54 shows a transverse section taken on
the line 54—54 of Figure 45, locking in the di-
rection of the arrews; z2nd it shows the clutch
which controls transmission of drive from the
cable drum gear to ihe screw-threaded shaft;
and in this case suck clutch means comprises
means to lock or uniock the cage of a differential
unit interposed between fhe gear train and the
drive to the screw-threaded snaft;

Figure A% _.aows . transverse section taken on
the line 55—59 of Pigure 49, lookirg in the di-
rection of the arrows; ard it shows the drag
brake which acts on the driven end of the clutch,
namely, on the driven end of the difrerential,
and serves thereby to create the desired drag on
the screw-threaded shaft elements so as to en-
sure that the screw-threaded shaft shall not be
rotated in either direction except by an inten-
tional drive from the cable drum;

Figure 56 shews a trznsverse section taken on
the line 56 * © Mgre 49, looking in the di-
rection of thie ¢ ~¢, and it shows the hold back
cluter which ~re- - " backwerd rotation of the
contactor disk so .aid disk is permitted to
ictate forwardly to ¢ mt and deliver impulses
representing new increments of distance meas-
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ured, but is prevented from any backward rota-
tion such as would cause repetition of counts
against previously counted increments of dis-
tance: and this figure also shows the drag brake
which acts on the contactor disk so as to prevent
forward rotation thereof improperly, while pere
mitting such forward rotations when intention-
ally driven; Figures 50 to 57, inclusive, being on
enlarged scale as compared to Figures 46, 47
and 46S;

Figure 57 shows g transverse section taken on
the line 51—51 of Figure 49, looking in the di-
rection of the arrows; and it shows the construs-
tion of the slip ring element, and the brushes
which engage the slip rings, ete.;

Pigure 58 shows a fragmentary plan view of
the right-hand end portion of the base portion of
the contactor section of the signalling unit, to-
gether with the gears, etc.; being on full scale
taken substantially on the line §8—58 of Figure
46, looking in the direction of the arrows;

Figure 59 shows on smaller scale than that of
Figures 50 to 56 inclugive, but on scale the same
as that of Figures 46 and 47, and 49, the base
plate for the contactor section of the signalling
unit; !

Figure 60 shows on enlarged scale (being full
scale), the side elevation of the co-engaging cam
blocks of the screw-threaded shaft and the con-
tactor disk driving bloeck, when said cam blocks
are in driving engagement with each other,
namely, when the screw-threaded shaft has been
restored to its “on bottom” position; this figure
showing these blocks removed from their car-
riers; . )

Figure 61 shows a transverse section taken on
the line 6i—61 of Figure 60, looking in the di-
rection of the arrows; being the driving cam
bleck on the screw-threaded shaft;

Figure 62 shows a transverse section taken on
the line 62—§2 of Figure 60, looking in the di-
rection: of the arrows; being the driven cam
block on the contact disk driving block;

Figure 63 shows a simple form of wiring dia-
gram for the micro-switches which are located
on the signalling unit proper, one being shown
for the tenth-of-a-foot signslt, one for the full
foot signals, and two for supplemental signals,
such as “on bottom™ and the like;

Figure 64 shows a wiring diagram of the sig=
nalling unit of Figures 20 to 63, inclusive, when
wired up to certain controls, and when use is
made of a re-setter motor for the differential,
as will be hereinafter shown in connection with

5 Figures 91 and 92, for example, and when pro-

vision is made for giving indications of “off bot-
tom” condition to the driller by a remote contrnl
from this signalling unit, as shown by Figure:
81 to 85, inclusive, for example; and this figure
also shows means to control the “dead-line”
clutch either automatically by use of a suitable
“dead-line” attachment for normal automatic
control of the operation, or manually by a man-
ual control switch located on the derrick;
Figure 65 shows a side-elevation of the sig-
nalling unit of Figures 20 to 64, inclusive, but
provided with a suitable form of housing for the
gearing, contacts, micro-switches, and other
parts which should be protected against weather,
dust, moisture, and other adverse elements; the
signalling unit herein shown being slightly modi-
fied by p.ocing the gears for the layer drive at
the right-hand end of the cable drum, instead
of at the left-hand end thereof and befween
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sald cable drum and the contact section, as in
said Figures 20 to 64, inclusive;

Figure 66 shows a plan view of the housing,
etc., shown in Figure 65;

Figure 67 shows a left-hand end elevation cor-
responding to Figures 65 and 66, showing the
housing, etc.

Group V.~Figures showing schematically four
ways in which the signalling unit of Figures
20 to 67 may be “set-up”

Figure 68 shows schematically four positions
of the cable drum, layer, screw-threaded shaft,
contact disk, and reverser handle, and the tackle
and counterweight cables, for Case I, wherein
both the screw-threaded shaft and the layer con-
trol shaft are right-hand threaded, anq wherein
both the cable drum and the layer shaft rotate
in the same direction;

Figure 69 shows schematically four positions
of the parts mentioned in connection with Fig-
ure 63, but wherein the layer shaft is left-hand
threaded, both the cable drum and the layer
shaft rotating in the same direction;

Figure 70 shows schematically four positions
of the parts mentioned in connection with Fig-
ures 68 and -69, but wherein the layer shaft is
right-hand threaded, but the cable drum and the
layer shaft rotate in opposite directions;

Figure 71 shows schiematically four positions
of the parts mentioned in connection with Fig-
vres 68, 69 and 70, but wherein tne layer shaft
is left-hand threaded, and the cable drum and
the layer shaft rotate in opposite directions.

Group VI.—Atitachments for use in connection
with the signalling unit of Figures 20 to 67,
inclusive, especially

Figure 72 shows a fixture for attachment to
the “dead-line” for giving signals of “loaded”
and “unloaded” condition of the tackle or other
part to which the drilling string is connected;
Figure 72 showing a side elevation of said fix-
ture parallel fo the dead-line to which the fix-
ture is attached; the fixture shown in this figure
being of a construction in which a micro-switch
is operated by direct mechanical connection to
the dead-line cable;

Figure 73 shows a central section through the

fixture of Figure 72, and substantially parallel to

the plane of Figure 72; and is a section on the
lines 713-—73 of Figures 74 and 75, looking in the
directions of the arrows;

Figure 74 shows a fragmentary side elevation
of the lower portion of the fixture of Figures 72
and 73, showing the hooks which engage the
cable;

Figure 75 shows a top or plan view of the fix-
ture of Figures 72 and 73;

Figure 76 shows a bottom face view of the
fixture of Figures 72 and 73;

Figure 77 shows by suitable curve:r or graphs
various relationships between stretch of the
drilling string with variation in lengih of such

" drilling string in the well bore, and ifor various

specific gravities of drilling muds in the hole,
weight of drilling strinz .f various lengths, vari-
ous gear ratios required in the transmission por-
tion of the attachment herein disclosed for malk-
ing correction for stretch of the drilling string
when used with various specific gravities of drill-
ing mud in the bore hole, ete.;

Pigure 78 shows by suitable curves or graphs
variations of length of cable coiwnecting the
slgnalling unit and the tackle or other movable
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portion of the rig equipment, with change of
temperature of said cable, and for various lengths
of said cable, for use in connection with the pro-
vision of means to make correction for variations
of temperature during a drilling operation;

Figure 79 shows schematically an attachment
for automatically and continuously making cor-
rections in the operations of a signalling unit
such as that shown in Figures 20 to 67, inclusive
for stretch in the drilling string, for various
specifiec gravities of drilling mud in the bore hole,
and also for automatically making corrections
in the operations of said signalling unit to com-
pensate for changes of temperature during a
series of drilling or measuring operations; said
attachment being of a form which may be in-
corporated into such a signalling unit between
the cable drum and the contactor section if de-
sired;

Figure 80 shows a- transverse section taken on
the line 86—80 of Figure 79, looking in the direc-
tion of the arrows;

Figure 81 shows an elevaticnal view of an
attachment for use in connection with the screw-
threaded shaft of the signalling unit of Figures
20 to 67, inclusive, and which attachment is for

_ the delivery of signals to a remotely controlled
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dial or indicator for showing at all iimes the
amount “off bottom” of the screw-threaded shaft,
etc.; said device being located on the derrick
for example, and visible to the driller and being
arrcnged to give such signals periodically with
rotational movemerits of the screw-threaded
shaft correspanding to selected unifs of meas-

. urement (Jor example, feet), and being provided

with suitable micro-switches to signal the di-
rection of such rotational movement, whether
“up” or “down,” ete.;

IFigure 32 shows a horizontal section on the
line 82—%2 of Figures 81 and 83, looking in the
directions of the arrows;

Figure £3 shows a side elevation correspond-
ing to Figures 81 and 32;

Figure 84 shows a face view of a typical indi-
cator such as referred to in the brief description
of Figure 21, and designed to show amount “off
bottom” of the screw-threaded shaft by steps of
one foct each, said indicator heing operable in
sither direction as reruired by movements of.
the screw-threacded shaft;

Igure 85 shows a back elevation corresponding
to Figure &4, and with both the “up” movement
pawl, and the “down” movement pawl being
shown in their non-operated positions;

Figure 86 shows a plan view corresponding to
Figures 84 and 85;

Figure 87 shows a side elevation corresponding
to Figures 84, 85 and 86;

Figure 88 shows, more or less schematically,
a plan view of the body portion of the layer,
and the end portion of the screw-threaded shaft
of the signalling uni. of Figures 20 to 67, in-
clusive and shows in connection with said parts
suitable scales connected to said layer and to
said screw-threaded shaft, said scales showing
feet of movement of said parts in comparison to
suitable data; an-i said figure also shows a datum
pointer with waich each or said scales may be
compared and read, and alse shows a relative
pointer connected to one cf said scales and read-
able on the other to shov relative positions of
said two scales with respect to each other;

Tigure 89 shows a side elevation corresponding
to Figure 88;

Figure 90 shows an end e‘evat*on correspond-
ing to Figures 88 and 89; -
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< Bgure 21 shows more or less schematically the
eage of the differential elutch element of the
sienalling unit of Figures 20 to 67, inclusive, but
provided with & ring gear with which there
meshes 8 suitable spur pinion, together with
olutch means normally lccking said ring gear
cage stationary for transmission of rotational
movements from the cable drum or other drive,
to the screw-threaded shaft, but which clutch
means may be disengaged by the incoming of a
suitable signal, either automatically or manually
glven; together with a reversible setter motor for
rotating the cage for calibration purposes if do-
sired;

Figure 92 shows a transverse section tzken on
the line 92—82 of Figure 91, looking in the di-
rection of the arrows;

Figure 93 shows schematically a derrick and
drilling tackle, together with a selsyn motor drive
from said parts to the contactor section of the
signalling unit of Figures 20 to 67, inclusive, for
three-phase selsyn drive of the signalling unit
from the tackle or other suitable pari of the
drilling rig, in place of drive of said signalling
unit by the cable drum arrangement previously
disclosed herein;

Figure 94 shows, more or less schematically,

an arrangement for showing automatically the '

length of a section of drill pipe such. as a joint
or s strand of several joints of drill pipe added
to or taken out of the drilling string, by measure-
ment of the net movements of the tackle or other
suitable connection, and under proper c~ontrol
of & ciuteh, either automatically or manually per-
formed,

Group VII—Figures illustraling a modified form
oy signalling unit similar o that of Figures 20
to 67, inclusive

Figure 95 shows a side elevation of a second

form of signalling unit similar to that of Figures
20 to 67, inclusive. bus differing therefrom in
various details, as will hereinafter appear in fuller
detail;

Figure 96 shows a plan view corresponding to
Figure 95;

Figure 97 shows a left- hand end view of the
signalling unit of Figures 95 and 96, and looking
at the contaector drum end of said unit;

Figure 98 shows a right-hand end view corre-
sponding to Figures 95, 96 and 97;

Figure 99 shows a longitudinal section tnrough
ihe signalling unit of Figures 95, 96, 97 and 98,
being a section taken on the lines §8—399 of Fig-
ures 86, 97, 98, and Figures 100 to 105, inclusive,
looking in the directions of the arrows;

Figure 100 shows a transverse section taken on
the line 100—100 of Figures 93, 96, and 99, look-~
ing in the directions of the arrows; and Figure
100 shows the contactor drum and the micro-
switches for engagement thereby;

Figure 101 shows a transverse section taken
on the lines 131—19f of Figures 95, 96, and 99,
looking in the directions of the arrows; and Fig=-
ure 101 shows the clutch for permitting forward
rotational movement of the contactor drum for
continuing signals, buf prevents backwarrd
movement of said contactors drum to thereby
prevent re-measurement of increments cof dis-
tance previously measured;

PFigure 102 shows a transverse secticn taken on 7

the line 102102 of Figures 95, 96, and 99, look-
ing in the directions of the arrows; and this fig-
ure shows the differential ring gear for the cage,
together with a setter-motor which may be en-
gaged with and disengaged from said ring gear
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for locking and unlocking purposes, and which,
when engaged with the 1ing gear may serve to
set the differential for calibration purposes;

Figure 103 shows a transverse section taken
on the lines 103—103 of Figures 95, 96, and 99,
looking in the directions of the arrows; and this
figure shows the gearing connections between
the cable drum and the contactor section of this
form of signalling unit;

Figure 104 shows a fransverse section taken on
the lines 104—104 of Figures 95, 96, and 3, look-
ingin the directions of the arrows; and this figure
shows the screw and rack arrangemeit for pexe
mitting rocking the layer carrier to various angles
of tilt, so as to bring said layer into substantial
slignment with the incoming and outgoing cables
of the tackle and counterweight connections;

Figure 105 shows a transverse section taken on
the lines 105—105 of Figures 95, 96, and 99, look-
ing in the directions of the arrows; and this figure
shows certain porticns of the drum calibration
btr;tcture of this particular form of sxgnalling
un

Figure 108 shows a plan view of the base sec~
tion of the signalling unift of Figures 95 to 105,
nclusive, being a section taken on the lines
106—186 of Figures 95 and 99, looking in the
directions of the arrows;

Figure 107 shows a plan view of the frame of
the base plate, being a section taken on the lines
§07—107 of Figures 95 and 99, looking in the di~
rections of the arrows.

Group VIII—Figures illustrating a second modi-
fied form of signailing unit

Figure 103 shows a longitudinal section
through another modified form of: signalling unit
which incorporates a cable drum. intended to re-
ceive g cable attached to the tackle or other
suitable point of connection, together with a
spring retraction for said drum and cable; and
incorporating ‘an. arrangement: wherein - the
czble drum and shaft are both- longitudinally
movable, -together - with- various: ‘control ap-
purtenances for all of said parts; and this: figure
is a longitudinal section taken. on the Iing
{08—-108 of Figure 109, looking in the direction
of the arrows;

Figure 109 shows a plan view of the esgential
mechanisms of the signalling unit of Figure 108;

Figure 110 shows a tramsverse section on the
line t13-—{10 of Figure 108, looking in the di-
rection of the arrows; and shows the clutch per-
mitting forward rotation of the contactor drum,
but preventing reveise rotation thereof, to pre-

? vent re-counting of mcrements of distance pre=

viously counted;

Figure 111 shows a transverse section on the
line fi{—111 of Figure 108, looking in the direg-
tion of the arrows; and shows the contactor drum
together with & micro-gwitch earried hy the
same, and other parts;

Figure 112 shows a transverse section on the
line 1§2—112 of Figure 108, looking in the direc~
tion of the arrows; and shiows tii= means for calis
brating the diameter of the ¢abie drum: for cali-
brating purposes;

Figure 112 shows a transverse section on the
line {13113 of Figure 108, looking in the direc-
tion of the arows; and shows the .eft-hand end
of the cable drum together with the shafis for
calibrating the diameter of said d:um, ete.;

Figure 114 shows a transverse section on the
line {14—1ti4 of PFigure 108, lookinz in the di-
recticn of the arrows; and shows the meaus for
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‘locking the cable drum against forward rotation

under certain special conditions;

Figure 115 shows a transverse section on the
line 115—115 of Figure 108, looking in the direc-
tion of the arrows; and shows the re-setter mo-
tor which operates on the cage elemeni of the
differential, etc.;

Figure 116 shows & longitudinal section
through the cable drum, being a section on the
lines 116—{16 of Figures 112, 113, and 114, look-
ing in the directions of the arrows;

Figure 117 shows diagrammatically a siinple
form of wiring diagram for the signalling unit of
Figures 108 to 116, inclusive, and includes the
setter-motor, the pawl release for reseiting the
cable drum into driving engagement with the
contactor drum when a new sei of increments of
distance is to be measired and signailed, and also
shows the lock for specially locking the cable
drum against forward rotation under certain
special circumstances.

Group IX.—The master recorder unit

Figure 118 shows a front elevation of the
master recorder unif, showing the visual indi-
cators for showing “Minutes, current foot,” “Cur-
rent foot, tenths,” “Drilling depth,” “Total
time,” “Drilling time,” and various signal lights
for showing the use or non-use of various of the
operating conditions for which the instrument is
intended;

"Figure 119 shows a back elevation correspond-
ing to Figure 118, and it shows the various cord
plug sockets for receiving the electrical cord plugs

connecting the master recorder with the signal- -

ling unit or derrick site, with the duplicator, if
used, with the tabulator, if used, with the total-
izer, if used, with the battery, and the special
socket board which may be provided for con-

necting cord plugs for other special operations, .

if used, ete.;

Figure 120 shows an end elevation of the
master recorder at its left-hand end, and shows
a clock connected to the clockwork wiien said
latter is contained within the casing of the
master recorder to give visual indications of time,
and it also shows the manual rewind for the
clockwork;

Figure 121 shows an end elevation of the mas-
ter recorder af its right-hand end, and shows
a special panel board which may optionally be
provided, to which the terminals of various units
contained within the master recorder may be
brought, and on which panel board said termi-
nal connections may be connected together in
selected relations by means of short patch cords,

and according to various ways of connecting up
said units;

Figure 122 shows a plan view of the master re- -

corder, the cover thereof being removed, angd this
figure being a view looking down onto the oper-
ating tabie prior to insertion of the paper strip;
and in this figure there apprear the right- and
left-hand posts, the arms which they carry, the
stylus carrier in the form of a bridge connecting
the free ends of these arms, tha paper strip hold-
ers, the depth printer, the paper strip tear edge;
and various of the controls, including the ad-
justment for a vertical or depth scale of either
one, two, or five inches of paper strip for each
hundred feet of depth measured, the adjustment
of the gears for either thirty or sixty minutes
of high time recording, the manual switches for
paper strip advance and for depth printing ad-
justment, the switch for setting the recording
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process to the “special recording” for special in-
dications of excess time, if desired, the clock re-
wind automatically, the main switch, and the
clock indicator for showing the amount of spring
wind contained therein, in terms of hours of fu-
ture operation, etc.;

Figure 123 shows a plan view of the master
recorder unit taken at a plane just below the
table, namely, just below the elevation of Figure
122; and it shows, in addition to elements below
that plane the two swinging arms which carry
the bridge, and it also shows the clockwork ele-
ment, the pulse generator driven by said clock=-
worlk, the thirty minute shaft, the ciutch located
in said shaft, the gear changer for either thirty
minute or sixty minute operation, the brake on
the driven end of said gear changer, the rockable
cam and its drive by the driven end of the shaft,
the cam-follower element (shown as a solenoid
operated device in this figure) for bringing the
right-hand rear vertical post into correet ad-
Jjusted position for ensuring a new record ace-’
coruing to time elapsed and counted during the
last measurement of depth increment, the torque
motor for re-setting the time count cam to its
zero or base position, the one-cycle unit (here
shown as being a motor driven unit), the paper
feed unit, the printer unit with the setter for ad-
vancing the printing disks with completion of
increments of distance, and wich the printing
element which then causes the printer to print
on the edge portion of the paper strip, the torque
mocor for swinging the left-hand frent post
thiough a back and forth swing to trace the
sperial trace across the paper strip every ten
feev of depth measurement, and the brake for said
left-hand front post (this, however, being con-
cealed beneath the said torque motor); and-this
fisure also shows the indicator for minutes
elapsed against the: drilling of the current: fcot,
and the indicator for showing the completion:of
increments of distance or: depth, by tenths; both
of said indicators being shown in plan view;

Figure 124 shows a fragmentary vertical sec~
tion through the body of the master recorder,
taken substantially on the line 124—124 of Fig-
ure 123, looking in the direction of the arrows,
and it shows the thirty minute shaft, the clutch,
the gear changer, the brake, and the rockahle
cam drive element; and also shows the right-
hand rear post; .

Figure 125 shows a fragmentary vertical sec-
tion through the bod; of the master recorder,
taken substantially on the line (25—I12% of Fig-
ure 123, looking in the direction of the arrows,
and it shows the paprr feed unit, the pr nter
unit, the left-hand front post, the torque motor
for said post, and the brake for said post, as
well as the arm on the upper end of the s2id
post;

Figure 126 shows a cross-secticn through the
recorder, taken substantially on the line 12 —126
of Figure 123, looking in the direction of tne ar-
rows; and it shows the left-hanl front post, the
torque motor thereon, the krake on said post, the
delivery or receiving spool for the paper strip,
the clockwork in elevation, the right-hand rear
post, the two arms on the posts, the connecting
bridge, the stylus and the special dutter or buz-
zer, the printer, the paper strip r.‘ainers, and
other parts;

Figure 127 shows a cross-section througl: the
recorder, taken substantially on the line 127— 127
of Figure 123, looking in the direction oi the
arrows; and it shows the rockable cam elenient,
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the right-hand rear post, the cam follower, the
solenoid for operating said cam follower, the sup-
ply spool for the paper sirip, the one-cycle unit
in elevation, the arms, the bridge connecting said
arms, the stylus, the special dotter or buzzer, the
printer, the retainers for the edge portions of the
paper strip, ete.;

Figure 128 shows a plan view of the table unit
removed from the base section of the master re-
corder itself; and it shows the two sprocket
shafts and the gearing connecting them to-
gether, with the adjustment for bringing them
into calibrated angular position with respect to
each other, and it shows the supply and receiv-
ing spools fur the paper strip, and it shows sche-
matically positions which the various relays and
other supplemental units may occupy in the lower
portion of the table, including the time selector
unit, the sccumulator unit, and various other

relays, all as will presmtly be disclosed in full -

detail;

Figure 123 shows a side elevation correspond-
ing to Figuve 128; looking at tht front face of
said table; \

Figure 130 shows a cross-section taken on the

line {30—{30 of Figure 128, looking in the di-
rection of the arrows;

Figure 121 shows a plan view of the top plate
of the table, and it shows the printing pad
against which the printing impressions of depths
are made;

igure 132 shows a front edge view of the plate
of Figure 131;

Figure 133 shows a cross-section on- the line
133—133 of Figure 131 looking in-the direction
of the arrows;

Figure 134 shows a plan view of the bhase plate
for the recorder; and-it shows the various pads
for the several units which are set-and secured
in place thereon;

Figure 135 shows a front .edge view or eleva-
tion.of the base plate of Figure 134;

Figure 136 shows alongitudinal section through
the base plate, being: taken:substantially on the
line 136—126 of Figure 134, looking in the direc-
tion of the arrows;

Fizure 137 shows a transverse section through
the base plate of Figures 134, 135 and 136, being
taken substantially on the line 137—1317 ¢f Fig-
ure 134, looking in the direction of the arrows.

Group X.—Special units of the master recorder
surrounding the table

SUB-GROUP X-A—THE CLOCKWORK

Figure 138 shows a plan view of the clockwork ;

unit (and the pulse generator);

BFigure 139 shows an elevational view of the
clockwork, corresponding to Figure 138, and look-
ing towards the rear face of the clockwork when
viewed as in Figure 138;

Figure 140 shows a fragmentary vertical sec-
tion taken substantially on the line {40 of Figure
138, looking in the direction of the arrow;

Figure 141 shows a fragmentary vertical sec-
tion taken substantially on the line {4{—1df of
Figure 159, looking in the direction of the arrows;

Figure 142 shows a fragmentary vertical sec-
tion t2xen substantially on the line 142—1{42 of
Figurces 138 and 143. looking in the directions of
tie arrows; and it sunows the spring drum;

Figure 142 shows a longitudinal section through
the spt ng drum substantially on the line 143—
143 of Wigure 142, voking in the direction of
the arrows;

Figure 144 shows a fragmentary section on

“

the line 144—I1448 of Figure 146, looking iIn the
direction of the arrows;

Figure 145 shows a vertical elevation of the
stand whnich supports the escapement mechanlsm
of the clockwork, and the related parts;

Figure 146 shows a longitudinal plan view of
the shaft element whereby the winding and un-
winding of the two ends of the spring serves to
give an indication of the degree of wind remain-
ing in said spring, and thus shows the time
interval of drive remaining unspent in sald
spring;

Figure 147 shows a plan view corresponding to

" Figure 145.
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SUB-GROUP X-B.—THE PULSE GENERATOR

Figure 148 shows a plan view of the pulse
generator contact drum for the five second pulses,
the fifteen second pulses, and the one minute
pulses; and this figure also shows in plan or
top edge view the contact disk for generating
the two sets of one second pulses hereinafter
designated as “A” and “B” pulses, and for also
delivering the one second pulses, said pulse gen-
erator being driven from the one minute shaft
of the clockwork;

Figure 149 shows an elevation of the contact
disk for the two sets of one second, “A” and “B”
pulses and the one second pulses, with the
brushes in engagement with the face of said
disk;

Pigure 150 shows a face view of the contact
disk shown in Figure 149 but with the brushes
removed;

Figure 151 shows.a cross-section taken en the
line 15151 of Figure-148, looking. in.the diree-
tion of: the arrows; and:it shows.the: ¢conthivous
slip ring for input of current to:the' other contacts
of-the contact drum; '

Figure: 152 shows. & cross-section taken on.the
line 152152 of Pigiire 148; Jooking in thie ‘direc-
tion of the arrows; and. it shows the. A
tacts for producmg the ﬁve second pulses

Figire: 153 shows. a ¢ross= sect,cn taken on. the
line 173 — 153 of Figire-148, looking in-the direc-
tion of the arrows; and it shows the four con-
tacts for producing the fifteen second pulses;

wigure 154 shows a cross-section taken on the
line {54-—154 of Figure 148, looking in the direc-
ticn of the arrows; and it shows the single con-
tact for producing the one minute pulses;

Figure 155 shows a fragmentary development
section of a portion of the contact disk, with
cis2 contacts for producing the second pulses;
1w it shows that by the use of a disk having
sixty contacts it is possible to half space two
brushe; which engage said contacts so that said
brushes engage contacts alternately, thereby
making it possible to secure one-half second
pulses by the use of sixty contacts equall.- spaced
around & 4isk which rotates once per minute
and alio wmaicing it possible to secure the two
sets of “A” and “B” one second pulses.

SUB-GROUP X-C.-——THE ONE-CYCLE UNIT

Figure 156 shows a front elevation of a typical
one-cycle unit for the herein described recorder,
and including a small motor whicly drives a ver-
tical spindle through suitable rediction gearing
through a single revolution; and it shows the
two contact plates removably sct onto said spin-
dle and carrying the required arcuate contacts
on their uppse and lower: faces, together with
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the brush carrying arms which may be rocked
to working position between said disks or swung
out of the way to permit the disks to be removed
and other disks substituted therefor;

Figure 157 shows a szide elevation of the urit
of Figure 156, looking at the left-hand side
thereof; .

Figure 158 shows a plan view of the unit of
Figures 156 and 157; and it shows a contact disk
in place on the spindle; '

Pigure 159 shows a horizontal section.taken
stbstantially on the line 155—159 of Figure 156,
looking in the direction of the arrows;

Tigure 160 shows a back elevation of the ubit
of Figures 156, 157, 158 and 159;

Figure 161 shows a fragmentary detail of the
trip-off carried by the disks for epsuring that
the incoming signal shall institute a cycle cf
movements, and for ensuring that the unit shall
come to rest upon completion of such cycle of
movements;

Figure 162 shows a top face view of the lower
contact disk of the one-cycle unit, on enlarged
scale as compared to Figures 156~161 inclusive;

Figure 163 shows a bottom face view of the
contact disk of Figure 162;

Figure 164 shows a top face view of the upper
contact disk of the one-cycle unit, on enlarged
scale as compared te Figures 156-161 inclusive;

Figure 165 shows a bottom face view of the
contact disk of Figure 164;

Figure 166 shows a development of the contacts
carried by both faces of the lower contact disk
shown in Figures 162 and 163, to show the timing
of the various contacts by reference to degrees
of disk rotation;

Figure 167 shows a development of the con-
tacts carried by both faces of the top contact disk
shown in Figures 164 and 163, to show the timing
of the various contacts by reference to degrees of
disk rotation;

Figure 168 shows a radial vertical section
through the corner post, spindle, and contact
disks and brush carcying arms taken substan-

“tially on the line 168—188 of Figure 158, looking

in the direction of the arrows and on enlarged
scale; and it shows how.the lower contact disk
may conveniently be used as a negative or ground
disk for most of its contacts, and how the upper
contact disk may conveniently be used as a posi-
tive contact disk for most of its contacts; and
how said disks may be made readily removable
from th:e spindle, ete.;

Figure 169 shows a fragmentary cross-section
through one of the brush carrying arms and the
adjacent disk portions; :

Figure 170 shows a front elevation of a modified
form of one-cycle unit wherein the motor drive
is eliminated and in place thereof there is sub-
stituted a pulse driven pawl operating on pulses
of one-half second timiug and one-quarter sec-
ond duration, with thirty teeth in a ratchet wheel
which is engaged by said pawl to produce a revo-
lution in fifteen seconds;

Figure 171 shows a section taken on the line
171{—111 of Figure 170, looking in the direction
of the arrows;

Tgure 172 shows a simple wiring diagram of
connections for ensuring start of the type of one-
cycle unit shown in Figures 156-160, inclusive,
and for ensuring continuous cyclic operation of
said unit with cut-off at completion of the cycle;

Figure 173 shows 2 simple wirirg diagram of
connections for ensuring start of the type of one-
cycle unit shown in Figures 170-171, inclusive,
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and for ensuring continuous cyclic cperation of
said unit with cut-off at completion of the cycle.

SUB-GROUP X~D.—THE DEPTH PRINTER FOR THE
. BECORD®R

Figure 174 shows a pian view of the printer
which prints the well bore depths along the edge
portion of the paper strip; and it shows the ver-
tically rockable frame for the disk carrier, the
univers«l joint connection for delivering to the
printing disks the successive impulses to advance
the disks as new feet are drilled, and the ribbon
directing rolls; said printer being provided with
four type carrying disks and being thus capable
of printing to 9999;

Figure 175 shows a right-hand end view of the
printer of Figure 174;

Figure 176 shows a side elevation of the printer
shown in Figures 174 arnd 175; and it shows the
bracket whereby this printer unit is connected
to the side wall of the table unit with which the
vrinter is associated;

Figure 177 shows a vertical longitudinal sec-
tion through the printer of Figures 174, 175 and
176, being a section taken substantially on the
line 111 of Figure 174, looking in the direction
of the arrows; and it shows the wheels for carry=
ing tens; and it shows how the downward rocking
is communicated in the first instance to the units
disk, and how, at completion of each ten digits
the remaining disks are also caused to be de-
pressed;

Figure 178 shows a cross-section taken sub-
stentially on the line 178—I118 of Figures 174,
176 and 177, looking in the directions of the ar-
rows; and it shows both the wheel for carrying
tens from the units to the tens disk, snd also
the cam lug for ensuring depression of the tens,
hundreds and thousands disks at compiztion of
each full revolution of the tens disk;

Figure 179 shows a cross-section taken sub-
stentiaily on the ime 1719—118 of ¥igures 174,
176 and 177, looking in the firections of the ar-
rows; and it shows the carrying wheel, ete.;

Figure 187 shows a plan view, on smaller scale
than the scale of Figures 174 to 179, inelusive,
showing the printer unit assembly, togather with
the verticil solencid which advances the printing
disks with completion of drilling of feet of depth,
and the horizontal solenoid which thereafter de-
presses the printer unit to impress the printing
disks against the edze portion of the paper strip;

Figure 181 shows a front elevation of the as-
sembly of Figure 180; )

Figure 182 shows 2 left-hand elevation of the
assembly of Figures 180 and 181;

Figure 183 shows a right-hand elevation of the
assembly of Figures 180, 181 and 182.

SUB-GROUP X-E.—THE RETAINER DISK FOR THE
EDGE FORTIGN OF THE PAPER STRIP

Figure 184 shows a plan view of cne of the re-
tainer disks or presser disks which retain the
edge portion of tke paper strip in firm engage-
ment with the sprockets; and in this fizure the
retainer disk unit is shown in its lowered and
spring held position;

Figure 185 shows an elevaticnul view corre-
sponding o Figure 184;

Figure 186 shows a vertical transverse section
taken substantially on the Hlne 136--186 of
Figures 134 and 185, looking in the dire:tion of
the arrows;

Figure 187 shows an edge view co responding
to ¥ gures 184 ahd 185:. . T
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SUB-GROUP X-F.—THB STYLUS CARRIER SETTER
INCLUDING THE TIME COUNT CAM AND THE
STYLUS CARRIER CAM FOLLOWER

PFigure 188 shows a side elevation of the cam
follower assembly, including the solenoid oper-

ated cam follower connected to the right-hand

post for the stylus carzier, ete.;

Figure 189 shows a face elevation correspond-
ing to Figure 188, but at rizght angles thereto;

Figure 190 shows a plan view corresponding to
Figure 188;

Figure 191 shows a horizontal section taken
substantially on the line 184—{81 of Figure 188,
looking in the direction of the arrows;

Figure 192 shows & plan view of the cam fol-
lower lever, and is a horizontal section taken
substantially on the line {32—192 of Figure 188,
looking in the direction of the arrows;

Figure 193 shows a plan view of the cam ele~
ment which is advanced by the time counting
shaft until the signal is received denoting com-
pletion of a unit of distance being a section on
the line 193—I(93 of Figure 124 looking in-the
direction of the arrows;

Figure 194 shows an elevation oi tiie cam ele-
ment of Figure 193 looking toward the same
from the same direction of view-as the front of
Figure 193;

Figure 195 shows an elevation of the cam ele-
ment of Figures 193 and 194, but at right angles
to Figure 194;

Figure 196 shows a fragmentary detail of the
time limit micro-switch which is engaged by the
stop pin carried by the cam element of Figures
193, 194 and 195, to give a suitable signal to
proper relays at the full swing position of said
cam, element.

SUB-GROUP X-G.—THE TORQUE MOTOR FOR RE-

TURN OF THBE TIME COUNTING CAM TO BASE .

POSITION, ETC.

Figure 197 shows a cross section through the
torque motor which is provided for returning
the cam, etc. to their base position at comple-
tion of a time counting and recording operation,
and Is a section taken substantially on the line
197—191 of Figure 1988, looking in the direction
of the arrows;

Figure 198 shows a cross-section taken sub-
stantially on the line 198—198 of Figure 197,
looking in the direction of the arrows.

8UB-GROUP X-H.—THE PAPER STRIP ADVANCING
UNIT

Figure 199 shows a plan view of the first or
right-hand sprocket wheel shaft and the
sprockets thereon which engage the perforations
along the edges of the paper strip, and the
ratchet wheel carried by said shaft, together with:
the veriable engagement solenoid operated pawi
which 1.y be set to engage either one, two, or
five of the teeth of said ratchet wheel according
to the extent of paper strip advance desired, for
either one inch, two inches, or five inches per
hundred feet of drilling recorded;

Pigure 200 shows a front elevation correspond-
ing to Figure 199, and with the pawl drawn back
onto the shield.

S8UB-GROUP X-I--THE TORQUE MOTOR FOR SWING-
ING THE LEFT-HAND I'RONT POST BACK AND
FORTH TO MAKE THE CROSS-LINE TRACE, ETC.

Figure 201 shows a horizontal section through
the itorque motor for swinging the left-hand
front post of the stylus carrier beck and forth
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to produce the cross-line trace at the ten-foot
position, ete., and is a horizontal section sub-
stantially on the line 201—20{ of Figure 202,
looking in the direction of the arrows;

Figure 202 shows a vertical cross-section on
the line 202202 of Figure 201, looking in the
direction of the arrows.

SUB-GROUP X-7.—~THE TYPICAL BRAKE AND
CLUTCH UNITS

Figure 203 shows a veriical section through a
typical brake unit which is solenold operated,
being of the type in which the brake is normally
disengaged or in non-braking position, and is a
section taken substantially on the line 203—203
of Figure 205, looking in the direction of the
arrows;

Figure 204 shows an end elevation of the unit
shown in Figure 203;

Figure 205 shows a plan view of the unit shown

in Figures 203 and 204, being of the brake nor-

mally released type;

Figure 206 shows a plan view similar to that
of Figure 205, but modified as to the cam ele-
ments, so that said solencid when energized
serves to disengage a brake which is normally
spring set or in braking position, instead of being
niormally released;

Tigure 207 shows a horizontal section taken
substantially on the line 207—207 of Figure 204,
looking in the direction of the arrows, and show-
ing the normally released type of brake, and
being on enlarged scale;

Figure 208 shows a horizontal section similar
to that of Figure 207, but showing a brake of
the 1.ormally set or braked type.

SUB-GLOUP X~-K.—THE GEAR CHANGER UNIT FOR
CHANGING BETWEEN THIRTY AND SIXTY MIN-
TUTE LIMITS OF RECORDING .

‘Figure 209 shows a fragmentary section
through the rear portion of the recorder, on en-
larged scale as corapared to Figures 122 and 123,
and showing the gear changer unit in end eleva-
tion and as supporied by a table plate of the
recorder;

Figure 210 shows a side or face elevation of
the gear changer unit looking towards the rear
of the recorder, and with the remote control
selenoids in place for controlling the gear chang-
ing operation from a remote location, such as
the driller’s stand on the derrick;

Figure 211 shows a horizontal section looking
upwardly, and is taken substantially on the line
211—211 of Figure 210, looking in the dzrection
of the arrows.

SUB-GROUP X-L.—THE CALIBRATION ELEMENT
FOR THE STYLUS CARRIER

¥igure 212 shows a fragmentary horizontal
section through the right-hand post adjacent to
the table, and it shows the adjustment feature
whereby the exact angular relation between the
upper and lower post sections may be adjusted,
thereby bringing the stylus carrier to its correct
zero or base position when the cam follower is
also at such position and is a fragmentary hori-
zontal section taken on the line 2i12—212 of
Figure 124, looking in the direction of the ar-
rows, and on enlarged scale the adjustment
screws being boch loosened up as during an ad-
Jjustment operation;

Figure 212 shows an elevation cortespondms
to Figure 212.
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SUB-GROGF X-M.—"HE HIGH AND LOW POINT
MICRO-SWITCiLiES§ FOR THRE BACK AND FORTH
SWING OF THE STYLUS WHEN TRACING THE
CROSS-TRACE

Figure 214 shows a detailed cross-section
through the lower portion of the left-hand front
post, and it shows the finger carried by said
post and which engages the high and low point
micro-switches to give the needed signals af
the extremes of swing during the making of the
special cross-trace at each ten foot recording, if
desired, etc.; and is a fragmentary horizental
section taken on the line 214—214 of Figure 126,
looking in the direction-of the arrows, and on
enlarged scale.

SUB-GROUP X-N.—THH BRIDGE OR STYLUS CAR-
RIER AND RELATED PARTS

Figure 215 shows a plan view, on half scale,
of the bridge removed irom the outer swinging
ends of the post arms, and it shows the normally
functioning stylus in place on said bridge, as
well as a special “buzzer” element for special
recordings on the log, such as dots, short lines,
ete.;

Figure 216 shows a side elevation correspond-
ing to Figure 215, and it shows the normal stylus
engaging the surface of the paper strip directly
beneath the center of the bridze;

Figure 217 shows a fragmentary plan view of
one end of the bridge, on full scale;

Figure 218 shows a side elevation correspond-
ing to Figure 217; and it shows the removable
knurled nut whereby the end of the bridge is
held in place;

Figure 219 shows a section taken substantially
on the line 213—219 of Figure 217, leoking in
the direction of the arrows;

Figure 220 shows a cross-section taken sub-
stantially on the line 2280—220 of Figures 215 and
216, looking in the direction of the arrows; and
it shows both the normal stylus and the special
dotter and/or “buzzer” for special marking, ete.;

Figure 221 shows a horizontal section taken
substantially on the line 22{--2%1 of Figures
216 and 220, looking in the direction of the ar-
TOWS. ¢
SUB-GROUP X-0.—THE TENTH-FOOT I\DICATOR

FOR SHOWING VISUALLY THE PROGRESS OF
DRILLING EACH FOOT BY TENTHS-OTF-A-FOOT

Figure 222 shows a back elevation of the )

special indicator for showing, step-by-stop the
progress of the drilling by fenths-of-a-f£ot or
other fractional amounts; and it shows the
ratchet wheel which is advanced one step with
each tenth-of-a-foot signal, the buzzer contacts
the-eby advanced, the buzzers, ete.;

Figure 223 shows a left-hand edge elevation
of . he device shown in Pigure 222;

Figure 224 shows on enlarged scale a left-hand
edge viev: of the rotational elements of the unit
shown in Figures 222 and 223 and it shows the
front or -lial piate in section, the sha.ft and the
pointer thereon;

Figure 225 shows a face view or section taken
on the line 225—225 of Figure 224, looking in
the direction ¢f the arrows;

Figure 226 shows a right-hand elevatmn of the
unit shown in Figures 222, 223, 224 and 225;

Figure 227 shows a plan view of the unit shown
in Figures 122 to 226, inclusive;

Figure 2.8 hews a section taken on the line
228225 of Figure 224, looking in the direction
cf the arrows;

Figure 229 shows a section taken on the line
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229229 of Figure 224, looking in the direction:
of the arrows.

Group XI.—Relays, time selector, accumulator,”
ete.

SUB-GROUP A—TIME SELECTOR

Figure 230 shows a plan view of the time
selector which tir=s each incoming increment of
time to determine whether said increment is a
fast foot or a slow foot increment;

Figure 231 shows a left-hand face elevation
view of the time seiector shown in Figure 230;

Figure 232 shows & right-hand face elevation
of the time selector shown in Figures 230 and
231;

Figure 233 shows an edge view of the time
selector shown in Figures 230 to 232, inclusive;

Figure 234 shows a face view of the contact
face of the distribator disk, and is a section
taken on the line ¢34—234 of Figures 230 and
233, looking in the direction of the arrows;

Figure 235 shows a face view of the contact
face of the supply disk, and is a section taken
on the line 235—#35 of Figures 230 and 233,
looking in the direction of the arrows.

SUB-GROUP B.—ACCUMULATOR

- Figure 238 shows a plan view of the accumu-
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lator which serves to accumulate fast drilled
foot impulses for subsequent delivery to the re-
cording mechanism; and this figure also shows
a portion of a hclding relay in position on the
sub-kase of the accumulator where it. has been
placed as a matter of convenience and to save
space;

Pigure 237 shews a front elevational view of
the device shown in Figure 236;

Figure 233 shows a right-hand side elevation
of the device shown in Figures 236 and 237, and
it shows the aforesaid holding relay in place
within the confines of the accumulator unit;

Figure 239 shows a back elevational view of
the device shown in Figures 236, 237, and 238;

Figure 240 shows a vertical section taken on
the line 240—240 of Figure 236, looking in the
direction of the arrows;

Tigure 241 shows a development of the contact
drum of the accumulator;

Figure 242 shows an end view of the contactor
drum itself and is & section taken on the line
242212 of Figure 236, looking in the direction
of the arrows; '

Figure 243 shows a fragmentary section taken
on the line 243—243 of Figure 236, looking in
the direction of the arrows.

SUB-GROUP C.—THE TWO FOOT COUNTER AND THE
TEN FOOT COUNTER

Pigure 244 shows an end view of a counter for
either two foot or ten foot impulses according:
to the contacts of the counter drum;

Figure 245 shows a front elevation correspond-
ing to Figure 244 and it shows a ten-foot signal
drum in place;

Figure 246 shows a plan view corresponding to
Figures 244 and 245, the drum contactor shown
being for the ten foot count; :

Figure 247 shows a development of a modified
contact drum which may be used for the two
foot; counter, in place of the form of drum. con-
tactor sown in Figure 246;

Wigure 248 shows a wiring diagram showing
how the ten foot counter may be interconnected:
with the printing unii to show any condition -of
n&?-registry of these parts with respect to each
other.
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SUB-GROUP D.—FIRST FORM OF SIMPLE RELAY

Pigures 249, 250 and 251 show respectively the
front view, the side view, and the plan view of
the simple form of relay having one pair of
contacts which are normally disengaged.

SUB-GROUP B.—SECOND FORM OF RELAY, HOLDING
RELAY

Figures 252, 253, 254 and 255 show respectively
the front view, the side view, the plan view and
the horizontal section on the line 255—255 of
Figure 252, looking in the direction of the ar-
rows showing a Lolding relay, this relay being
provided with one pair of contects which are
normally disengaged. i '

SUB-GROUP F.—THIRD FORM OF SIMPLE RELAY

Figures 256, 257 and 258 show respectively the .

front view, the side view, and the plan view of
the differential form of relay having one pair of
contacts which are normally disengaged.
SUB-GROUP G.—FOURTH FORM OF SIMPLE RELAY
Figures 259, 260 and 261 show respectively the
front view, the side view and the plan view of
the simple form of relay having two pairs of con-
tacts which are normally engaged, and also one
pair of contacts which are normally disengaged.
SUB-GROUP H~—FIFTH FORM OF RELAY, HOLDING
RELAY

Figures 262, 263, 264 and 265 show respectively
the side view, the longitudinal section, the plan
view, and the horizontal section taken on the
line 255—2685 of Figure 262, looking in the direc-
tion of the arrows, this holding relay being pro-
vided with six sets of contacts which are nor-
mally disengaged.

‘SUB-GRGUP I.—SIXTH FORM OF SIMPLE RELAY

Figures 266, 267 and 268 show respectively the
front view, the side view, and the plan view of
the simple form of reiay naving two pairs of con-
tacts which are normally disengaged.

SUG-GROUP J.—SEVENTH FORM OF SIMPLE RELAY

Figures 269, 270 and 271 show respectively the
front view, the side view, and the plan view of
the simple form of relay having eigh® pairs of
contacts which are noimally disengaged.

SUB-GROUP K.—EIGHTH FORM OF SIMPLE RELAY

Figures 272, 273 and 274 show respectively the
front view, the side view, and the piau view of
the simple form of relay having four pairs of
- contacts which are normally disengaged, and also
having two pairs of contacts which are normally
engaged.

SUB-GROUP L—NINTH FORM OF HOLDING RELAY

Figures 275 and 276 show respectively the front
view and the side view of the holding relay hav-
ing two pairs of contacts which are normally dis-
engazed.

SUB-GROUP M.—TENTH FORM OF HOLDING RELAY

Pigures 277 and 278 show respectively the plan
vlew and the side view of the holding relay hav-
inz four pairs of contacts which are normally dis-
engaged.

SUB-GROUP N.—ELEVINTH FORL{ OF SIMPLE
BRELAY

PFigures 279, 280 and 271 ~ respectively the
front visw, the side viei~ ... the plan view of
the simple forra of 1¢.s5y having two pairs of con-
tacts which are normally disengageéd, ang also
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two pairs of contacts which are normslly en-
gaged.

SUB-GROUP 0.—TWELFTH FORM OF SIMPLE RELAY

Figures 282, 283 and 284 show respectively the
front view, the side view and the plan view of
the simple form of relay having one pair of
contacts which are normally engaged.

SUB-GROUP P.—THIRTEENTH FORM OF SIMPLE
RELAY

Pigures 284*, 284» and 284°¢ show respectively
the front view, the side view and the plan view
of the simple form of relay having four pairs of
contacts which are normally engaged, and also
having two pairs of contacts which are normally
disengaged.

Group XII-—Wiring diagram of the master re-
corder

Figure 285 shows approximately one-half of
the wiring diagram of the master recorder here-
inbefore illustrated, and with the various units
shown schematically in somewhat the positions
they occupy in the general layout of that recorder
shown in other views although their positioning
has been modified to meet requirements imposed
by complexities of wiring, ete., and the groups
of conductors which connect the master recorder
with. the derrick site, and the totalizer, when
these unifs are used, are shown in somewhat the
positioning which- they occupy in the layout of
the master recorder heretofore disciosed and il-
lustrated; .

Figure 286 shows the remaining portion of the
wiring diagram of the master recorder; and Fig-
ures 285 and 286 may be set together edge to edge
to produce the complete wiring diagram of the
master recorder; and the groups of conductors
which connect the master recorder with the
duplicator, the tabulator, the drilling time inte-
grators, when used, and the battery, are shown
in somewhat the positioning which they occupy
in the layout of the master recorder.

Group XIII—Motor driven bridge and stylus
: setter

Figure 287 shows a vertical section through a
modified arrangement of bridge and stylus setter
to bring these parts to corrected position corre-
sponding to the time count of the last tully re-
corded foot drilled; and in this arrangement a
motor is provided for moving the right-hand rear
post under control of the one-cycle unit or other
suitable control, and to positicn corresponding
to the time counted position of the time counter,
for which purpose there is provided a cut-off for
the current supplied to the motor, said cut-off
acting when the post reaches position corre-
sponding to the time count; and is a vertical
section taken on the line 281—287 of Figure 288,
looking in the direction of the arrows;

Pigure 288 shows a horizontal section taken on
the line 288—288 of Figure 287, looking in the
direction of the arrows;

Flgure 289 shows an elevation of the device
shown in Figures 287 and 288, and is a secticu
taken on the line 289—289 of Figure 288, looking
in the direction of the arrows;

Figure 290 shows a horizontal section taken on
the line 230—290 of Pigure 289, looking in the di-
rection of the arrows;

Figure 291 shows a horizontal section taken
on the line 291—291 of Figures 287 and 289, look-
ing in the directions of the airows;

Pigure 292 shows a simple wiring diagram of
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the motor driven element shown in Figures 287
to 291, inclusive.

Group XIV.—Pulse operated tzme counting ele-
ment for recorder -

Figure 293 shows a plan view of a modifled
form of time counter for the recorder, wherein
time is counted by pulse operated advancements
of the time counter, with means electrically op-
erated to return the time counter to its zero or
base position prior to commencing the next suc-
ceeding time count, ete.;

Figure 294 shows a front vertical elevation of
the dzvice shown in Figure 293, and is a section
taken on the line 294—284 of Figure 293, look-
ing in the direction of the arrows;

Figure 295 shows a back vertical elevation of
the device shown in Figures 293 and 294, but
looking in the dlrectlon opposite to the direc-
tion of Figure 294;

Figure 296 shows a cross-séction taken on the
lines 296—296 of Figures 293, 294 and 295, look-
ing in the. directions of the arrows, but on en-

" larged scale;

Figure 297 shows a cross-section taken on the
lines 297—297 of Figures 293, 294 and 295, looking
in the directions of the arrows, but on enlarged
scale;

Fizure 598 chows on enlarged scale a pulse
ger.argtiug commutator similar to that shown in
Figure 148, but including the additional contacts
for delivering pulses of three and three-fourths
seconds and of seven and one-half seconds, for
use in operating the time counter cf Figures 293

to 297, inclusive; the 334 seconds pulses being -

used to produce a 30 minute high point on the
scale of the log, and the 7% Sseconds pulses be-
ing used to produce a 60 minute hlgh point on the
scale of said log;

Figure 299 shews a cross-section taken on the
line 289—289 of Figure 298, looking in the di-
rection of the arrows,

Figure 309 shows a cross-section taken on the
line 300—300 of Figure 298, looking in the direc-
tion of the arrows;

Figure 3C1 shows a wiring diagram of the pulse

operated time counter shown in Figures 293 to
297, inclusive, and supplied with pulses from the
pulse generator shown in Figuras; 298 to 300, in-
clusive,

Group XIV-A—Mechanical form of master re-
corder for use in comnection with signelling
unit, type 1

Figure 301A shows more or less schematically -
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a modified form of recorder which may be used -

in conjunction with the signalling unit shown in
Figures 20 to 63, inclusive, or with any other
suitable form of signalling unit, and slso in con-

junction with a suitable signalling unit when

provided with the form of clutch control shown
in Figure 357A, -this recorder arran~ement of
Figure 301A being arranged for mechanical op-
eration of the main functions of paper advance,
time-cotnt and time-count r-lcase, return to
zero, and “time-out” provision, as distingulihed
from thre electrical operaiion of said parts, and
also for mechanical operation of the clutch op-
erat.ons controlling the shaft 832, for automatic

ernirgl thercof merhanically instead cf electri~- 7

cu.l'y: and .“gure 301A shows how this form of
merranical recorder may be directly associated
witi: the sigralling unit, such as type 1, when
saiG signalling unit is only slighfly modified as
respects its full foot cam element, and as re-

spects. the “time-out” connection to its screw-.
threaded shaft.

Group XV.—Pulse operated drive for the signal-
ling unit

Figure 302 shows schematically an arrange-
ment for delivering pulses corresponding to the
increments of up and/or down movement of the
tackle or other element connected to the drilling
string, and for using said pulses for driving the
signalling unit by corresponding increments; and
it shows a step-by-step or stepping direct current
reversible motor connected to the signalling unit
and receiving such pulses corresponding to in-
crements of distance;

Figure 303 shows a side elevation of a typical
form of pulse transmitter for the schematic ar-
rangement of Figure 302;

Figure 304 shows a section trrough the device
shown in Figure 303, and it shcws the steel tape
which engages the sprocket of the unii to rotate
said sprocket; and is a section taken on the lines
304-—304 of Figures 306, 307 an+! 308, looking in
the directions of the arrows;

Figure 305 shows a ‘'ide or edg: elevation cor-
responding to Fizures 303 and 304;

Figure 306 shows g vertical cross-sectlon taken
on the line 306—306 of Figure 303, looking in the
direction of the arrows;

Figure 307 shows a fragmentzry vertical cross-
section taken on the lines 387 —307 of Figures
304 and 309, looking in the dire.tions. of the ar-
rows; and it shows the relat.onship between the
perforated stecl tave operatel sprocket and the
contactor disk which cperates the pulser and re-
verser micro-switci:es;

Figurs 308 shows a fragmentary horizontal
cross-section at right angles to the section of
Figure 307:; and is a section taken on the line
308—308 of Figure 304, looking in the direction
of the arrows;

Figare 309 shows a section taken on the lines
309—308 of Figures 306, 307 and 308, looking in
the directions of the arrows; and it shows the
contactor disk for operating the pulser micro- -
switch with distance increments of one-tenth of
a foot;

F'gure 310 shows a section taken on the lines
310--310 of Figures 306, 207 and 308, locking in
the directions of the arrows; and it shows the
reverser switch operated by reversal of direction
of the sprocket in following up and down move-
ments of the drilling string, to thereby direct the
distance increment pulses to the correct coils
oft he step-by-step direct current motor which
drives the signaliing unit;

Figure 311 shows a wiring diagram for the
step-by-step direct current operated motor which
drives the signalling unit in accordance with gdis-
tance increments of the drilling string up or
down: and it shows the connections of the pulser
and reverser micro-switches to the coils of the
step-by-step motor.

Group XVI—A lypical schematic installation at
the derrick for securing various automatic con-
trols for transmission to the signelling unit of
sionals for thke recorder and other units, and
using the contactor or signalling unit shown in
Figures 108 to 117, inclusive, or other suitable
signalling unit; and including a typical form
of derrick panel board, efe.

Figure 312 shows schematically a typical der-
rick provided with a contastor or signalling unit
of the type shown in ¥igures i08 to 117, inclu-
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sive, for suample; and which derrick is also pro-
vided with various automatic controls function-
ing according to various functions of the drill-
ing operations, including a connection to the
“dead-line,” a connection to the “mud-line” and
a conmection functioning according to torque de-
Yivered to the rotary plate, as desired; and which
derrick is alse provided with a panel board of

&

convenient arrangement for providing certain .

information to the driller, and for erabling cer~
tain controls to be exercised by the driller for
controlling the recorder and other auxiliary de-
vices;

PFigure 313 shows a horizontal section taken
on the line 313—313 of Figure 312, looking in the
direction of the arrows; and it shows the con-
tactor or signalling device ot Figures 108, to 117,
for example, in place on the upper poriion of the
derrick and adjacent to the crown block thereof;

Figure 314 shows a herizontal section taken on
the line 318—3t4 of Figure 312, looking in the
direction of the arrows; and it shows the con-
nection to the tackle block or other suitable ele-
ment connected to the drilling string, and it aiso
shows the spring expansion or release element
which may be used in connection with the form
of eontactor or signalling unit shown in Figures
108 to 117, inclusive, if desired;

Figure 315 shows a face view of the derrick
panel board for an installation such as shown
schematically for example in Pigures 312, 313 and
314; and it shows on said panel board various

counters for time and for drilling depth, and’

also certain indicators for informing the driller
of various functions in connection with current
drilling operations; and it shows various control
switches and signal lamps, etc.;

Pigure 316 shows a back view of the panel
board shown in Figure 315, in fragmentary form;

Figure 316+ shows a right-hand edge view cor-
‘responding to Figures 315 and 316.
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Group XVII—3pecial units jor the panel board

at the derrick

SUB-GROUP XVII-A—THE TIME COUNTER FOR
ELAPSED TIME ON TEE FOOT BEING CURRENTLY
DRILLED

Pigure 317 shows a back elevation of a typical
time-counter for counting time against the cur-

rently drilled foot, being a back view of the in- 9

dicator shown on the panel board of Figures 315
to 316*;

Figure 318 shows a right-hand side or edge
view o” the device shown in Figure 317;

Figure 319 shows a section taken on the line

319-—319 of Figure 318, looking in the direction
of the arrows;

Figure 320 shows a wiring diagram of the in-
dicator shown in Figures 317, 318 and 319, with
operation of this time counter by 15 second pulses,
and under proper control of the drilling func-
tions.

SUB-GROUP XVII-B.—THE INTERLOCK SWITCH FOR
THE CONTROL OF THE THIRTY AND SIXTY MIN-
UTE GEARS OF THE RECORDER FROM THE DER-
RICK PANEL BOARD

PFigure 321 shows a section through a typical
interlocking switch for controlling the thirty and
sixty minute gears of the recorder by remote
control from the derrick panel board; and is &
section taken on the line 321—321 of Figure 322,
looking in the direction of the arrows;

Figure 322 shows a section taken on the line
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322322 of Figure 321, looking in the direction
of the arrows; :

Pigure 323 shows a typical wiring diagram for
connecting one of the switches of Figures 321 and
322 to the cable ieading to the recorder.

$UB-GROUP XVII-C.—THE TYPICAL MICRO-SWITCH

Figure 324 shows a side view of a typical
micro-switch for use in various of the functions
disclosed in the present application, at various
locations;

Pigure 325 shows an end elevation correspond-
ing to Figure 324;

Pigure 326 shows a top or plan view of the
switeh of Figures 324 and 325; :

Figure 327 shows a side elevation of the switch
of Figures 324, 325 and 326, with the cover re-
moved. to show the internal construction and the
functioning of the biased leaf;

Figure 328 shows a view of the internal con-
tacts of the switch of Figures 324, 325, 326 and
327. :

SUB-GROUP XVII-D.—THE INDICATOR AND AUTO-
MATIC CONTROL UNIT FOR ATTACHMENT TO THE
DEAD-LINE FOR SPECIAL FUNCTIONS, ETC.

Figure 329 shows a face view of a special in-
dicator or load response unit for attachment to
or control by the load on the dead-line for giv-
ing an automatic signal when the 'oad measured
by this unit is the same as the load to which said
unit was subjected at a previous operation, as,
for example, when ‘the weight on the bit on
“reaching bottom” is the same as the weight on
the bit when the “bottom” was previously left by

2 the bit;

Ficure 330 shows a cross-section taken on the
line 330—330 of Figure 331, looking in the direc-
tion of the arrows; )

Fizure 331 shows a back face view correspond-
ing to Figures 329 and 330.

SUB-GROUP XVII-E.—A DEAD-LINE ATTACHMENT
RESPONDING TO LOAD ON THE DEAD-LINE

Figure 332 shows an edge view of an attach-
raent for the dead-line to respond to change of
load carried by that line; and this attachment
includes g diaphragm creating hydraulic pressure
in proportion to the load on the dead-line, which
hydraulic pressure may be communicated to a
suitable unit or units for desired control func-
tions, such as the unit of Figures 329, 330 and
331, or the unit of Pigures 344, 345 and 346, or
the clufch unit of Figure 357* hereinafter de-
seribed;

Figure 333 shows ancther edge view of the unit -
of Pigure 332, but taken at right angles to Fig-
ure 332;

Figure 334 shows a face view of the unit of
Figures 332 and 333, looking at the diaphragm
face of said unit and looking at the dead line
to which said unit is attached;

PFigure 335 shows a cross-section taken on the
line 335—335 of Figure 332, looking in the direc-
tion of the arrows.

SUB-GROUP XVII-F.—A CLAMP T'OR ATTACHMENT
TO A SUITASLE ELEMENT WHICH TRAVELS UP
AND DOWN IN HARMONY WiTH THE STRING
MOVEMENTS

Figure 336 shows a face view of a clamp which
may be attached to a suitable part of the tackie
block or other element which travels up and
down harmoniously with the up and down move-
ments of the drilling string;

Pigure 337 hows a view at right-angles to the
view of Pigure 336.
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SUB-GROUP XVII-G.—A SPRING RETRACTED BEX-
TENSOR FOR USE IN CONNECTION WITH THE
CABLE BETWEEN THE CONTACTOR AND THH
TACKLE BLOCK OR OTHER ELEMENT OF THE
DRILLING STRING, FOR USE WITH A SIGNALLING
UNIT OF THE GENERAL FORM OF FIGURES 108
T0 117, INCLUSIVE

Figure 328 shows a face view of a spring re-
tracted extensor which may be included in the
tension line between the tackle block or other ele-
ment which rides up and down with the drilling
string, and the signalling unit of the form of
Figures 108 to 117, inclusive; to permit excessive

“downward movements of the tackle block to

points lower than the lowest poini attained by
said tackle block during a drilling operation, and
when the cable drum of said signalling unit of
Figures 108 to 117 is locked against forward or
signal giving movement;

Figure 339 shows a cross-section taken on the
line 338—339 of Figure 338, looking in the direc-
tion: of the arrows;

Firure 340 shows a section taken on the line
340—348 of Figure 339, looking in the direction
of the arrows; and it shows the right-hand one
of the two tandem springs, in section;

Figure 341 shows a section taken on the line
34{—341 of Pigure 339, looking in the direction
of the arrows; and it shows the left-hand one
of the two tandem springs, in section; and it
also shows the steel tape drum in section;

Figure 342 shows an edge view of the unit of
Figures 338 to 241, inclusive;

Figure 343 shows a top or plan view of the unit
of Figures 338 to 342, inclusive.

SUB-GROUP XVII-H.— A MICRO-SWITCH. UNIT
WHICH MAY BE CONNECTED TO A HYDRAULIC
DEAD-LINE ATTACHMENT, SUCH AS THAT
SEOWN IN FIGURES 332, 333, 334 AND 335, BY A
HYDRAULIC PRESSURE LINE OR WHICH UNIT
MAY BE CONNECTED TO THE MUD LINE FOR
ACTUATION BY THE PRESSURE OF THE DRILL-
ING MUD

Pigure 344 shows g side elevation, partly bro-
_ken away to shorten the figure, showing a micro-
switch unit which includes a hydraulic pressure

operated diaphragm for actuating the micro- :

switch under control of changes of pressure ex-
isting in the hyvdraulic line leading to said unit
or the pressure existing in the mud line; said
unit serving to ezert one of the controls or sig-
nals delivered to the signalling unit or for other
control purposes;

Pigure 345 shows a longitudinal-section taken
on the lines 2345—-345 of Figures 344 and 346,
looking in the ¢irections of the arrcws;

Figure 346 snows a top or plan view of the unit
shown in Figures 344 and 345.

SUB-GROUP XVII-I.—A TYPICAL WIRING DIAGRAM
FOR THE DERRICK PANEL BOARD OF FIGURES
315, 316 AND 3i6* AND VARIOUS UNITS CON-
NECTED THERETO

Figure 347 shows ¢ typical wiring diagram of

. the panel board for t :e derrick, such as shown in

Figures 315, 316 anc 3138, and vario=s of the units
used ia connection therewith, and it shows said
panel hoard connected up to a contactor or signal-
ling unit such as the type of Figures 108 to 117,
ineclusive, and to the master recorder and to the
totalizer, etc., when said auxiliary units are us d,

5
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Group XVIII.—Solenoid 1:nits for operating clutch
of signailing unit

TYPHE 1

Figure 348 shews a side elevation of a solenoid
operated cluich controlling unit for use in con-

- nection with the clutch of the signalling unit of
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Figures 20 to 63, inclusive, which clutch element is
shown especially in Figures 49 and 54, said clutch
controlling unit being designed for operation by
remote control, either manually or automatically,
and including a clutch releasing solenoid and
toggle means to lock the clutch in released posi-
tion, together with a second magnet operated
togele releasing device, and micro-switches for
discontinuing current supply to either the sole-
noid or the magnet when said solenoid or magnet
has performed its function; this figure being on
substantially two thirds scale;

Figure 349 shuws a plan section taken substan-
tially on the top of the unit of Figure 348;

Figure 350 shows a horizontal section taken
subsiantially on the line 350—350 of Figure 348,
looking in the direction of the arrows, and it
shows the toggle mechanism on enlarged scale as
compared to Figures £48 and 349, being on sub-
stantially ful: scale; and the parts are shown in
the toggle broken and clutch set position in
Figure 350;

Figure 251 shows a view similar to that of
Figure 350, but with the toggle in {he toggle-set
position, and with the clutch rel=ased, the restor-
ing force of the clutch springs being resisted by
the toggle in said set position;

Figure 352 shows a vertical longitudingal section
taken substantially on the line 352—352 of Figure
350, looking in the direction of the arrows;

Figure 353 shows & transverse section taksn
substantially on the lines 353—353 of Figures
348 and 349, looking in the directions of the
arrows, but on substantially full scale;

Figure 354 shows a transverse section uaken
substantially on the lines 354—354 of Figures 348
and 349, looking in the directions of the arrows,
but on substantiully full scale;

Figure 355 shows a left-hand end elevation
looking at the outside end of the solenoid ele-
ment, being a view substantially on the lines
355-—355 of Figures 348 and 349, locking in the
directions of the arrows, but on substantially full
scale;

Figure 356 shows a longitudmal section tlirough
the solenoid and the armature thereof, being a
fragmentary section taken substantially on the
line 356—35% of Figure 349, looking in the direc-
tion of the arrows, but on substantially f..l sca’e; -

Figure 357 shows a wiring diagram for tae
clutch operating unit of Figures 348 to 356, in-
clusive, showing one scheme for connecting this
unit to the dead-line operated switch, for opera-
tion in both the clutching and unclutching direc-
tions, and with 2 manual control switch also in-
cluded in the circuit.

TYPH 2

Pigure 357A shows a direct hydraulically oper- -
ated clucch control unit for the signalling unit
of Figures 20 to 63, inclusive, ¢ other types of
signalling or recording unit whish hydraulically
operated clutch unit may be divectly connected
to a suitable hydraulic diaphregm unit on the
dead-line and operated there)y directly and me-
charically or hydraulically, mistead of vy electri-
cal means, and with complete elimination of all
electrical circuits or electricul energy require-
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ments when using this modified form of clutch '

control.
Group XIX —The duplicator

Figure 358 shows a front elevation of a dupli-
cator for use in connection with the master
recorder shown in Figures 118 to 301, inclusive, to
produce & “duplicate” log or trace simultaneously
with the production of the log or trace of the
master recorder;

PFigure 359 shows a rear elevation corresponding
to Figure 358;

Figure 360 shows a right-hand end elevation
corresponding to Figures 358 and 359;

Figure 3C1 shows a plan view of the duplicator
shown in Figures 358, 369 and 360, with the cover
of the duplicator raised and the view of Figure
361 being substantially a horizontal secticn below
the table; the duplicator shown in Figures 358,
359, 360 and 3561 being providzd with-a time count-
ing device which is operated by regularly de-
livered pulses, instead of by a clock-work;

Figure 362 shows a plan view of the pulse oper-
ated time-counter shown in the duplicator of
Figures 358 to 361, inclusive;

Figure 363 shows a. front elevation of the pulse
operated time-counter of Figure 362;

Figure 364 shows a right-hand side elevation
of the pulse operated time-counter of Figures
362 and 363;

Figure 36% shows & wiring diagram of the dupli-
cator of Figures 358 to.364, inclusive.

Group XX —The totalizer

Figure 365 shows a front elevation of a totalizer
for use in connection with the signelling units
herein disclosed, ak:d with the derrick panel board
herein disclosed; this totalizer being provided
with counters for twelve time elements;

Figure 367 shows a rear €levation correspond-
ing to Figure 366;

Figure 368 shows a right-hand side elevation
corresponding to Figures 366 and 367;

Figure 269 shows a wiring diagram of the
totalizer shown in Figures 366, 367 and 368.

Groug XXI~—The cabinet

Figure 370 shows a front elevation of a cabinet ;

suitable for accommodation of the master record-
er, the duplicator, the tabulator and the totalizer
herein elsewhere disclosed; the roll front of this
cabinet being opened or raised to expose the sev-

eral units for inspection from the front of the :

cabinet;

Figure 371 shows a right-hand side elevation
of the cabinet shown i Figure 370, the roll front
being raised or opened, and the top shelf which
carries the master recorder and the totalizer being
dra.wn forward to bring these units into conven-
ient position for raising the cover of the master
recorder, efc.; )

PFigure 372 shows a top or plan view of the
cabinet of Figures 370 and 371, with the top shelf
still in pulled out position and with the master
recordet and the totalizer ir place on said shelf;

Py 373 shows on an enlarged scalz the
brackers for the left-hand side of one of the
shelves;

Figu-c 374 shows a face view of one of the left-
hand t.:rackets which suppor- one of the shelves
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to produce straight line movement of such shelf, -

the shelf being shown in its retracted or restored
position within the body of the cabinet.

75

Group XX1I—The tabulator

Figure 375 shows a schematic plan view of a
typical tabulator designed to meet the reguire-
ments uf producing a tabulated recording of the
foot-time values for all feet drilled and meas-
ured or recorded by the use of various units here-
inbefore described; and

Figure 376 shows a typical wiring diagram for
the circuits of the units shown in Figure 375.

DETAILED DESCRIPTION

Generally speaking it is intended by means of
the devices and units herein disclosed and re-
lated together, to provide for accurate net meas-
urements of distances in a given direction (spe-
cifically, to measure depths in a weil or bore
hole); to provide accurately functioning means
to measure increments of net time correspond-
ing to such net distance measurements; and to
correlate these distance and time measurements
to determine times to drill increments of dis-
tance in the well or the rates at which such in-
crements  are driiled. Furthermore, it is in~
tended by means of the:disclosures of the pres-
ent application to provide means to plot or log the
related distance and time correlations on & chart
which is suitable for the needs of the geologist
or other student of the material so plotted, and
to provide in such plotting operations the various
notations which are desirable to facilitate anal-
ysis of the logs, and such. other notations as
should be given for the correct interpretations
of the logs. In addition to the foregoing it is

5 also intended to give to the operator or observer

of the functions of the units herein disclosed,
various visual indications which will be helpful
to him during the progress of the work in hand.

Additionally it is intended to make provision
for correct functioning of the necessary units and
parts thereof, taking into account all the diverse
functions and operations and interrelations of
siich functions and operations during the driiling
of 2 well from start to finish; and still more spe-
cifically it is intended to make provision for sub-

5 stantiall - automatic functioning of all these units

and parts, and their interrelations, so that a com-
pletely automatic record or records will be pro-
duced or will be capable of production; but never-
theless, to make provision for manual conirols
when and where, and under wiat conditions may
be found desirable from time to time.

I have already stated somewhat fully various
of the shjects and functions sought to be accom-
piished by means of the devices now to be de-
seribed in full detail; and have, in the brief de-
coription of the drawings, grouped various de-
vices and units in a logical grouping. While it
is true that various of these devices and units are
self-contained, in the sense that they may oper-
ate for some purposes indepcndently of other
units or devices, still, in their desiga and in their
elem:ntal relationships and in the clemnents with
which they are severally provided they are so
constituted that they may all be brought to-
gether, eithier directly, or by suitable electrieal
or other connections, so that when thus com-
bined they produce an orderly snd interrelated
ensembie of parts, calculated and capable of
producing the desired somewhat complex fune-
tions necessary for the correct funstioning to pro-
uuce the desired results.

It has already been seen tkat all these units
and devices may he generally srouped somewhat
as follows:

1. A signaliing device or devices capable of

_
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functioning to deliver, under proper conditions,
signals of increments of distance, accurately
measured; said signals generally being for com-
pletion of new diilling of full Teet of bore, and/or

-tenths of a foot of such new bore.

2. Means to connect such signalling device or
deviccs to an appropriate part of the tackle or
other element, so that said signalling device will
at all times faithfully follow the various up and
down movements which must be followed in
order to cause the signalling device to function
correctly at all times.

3. Means, either fully automatic or manual or
both automatic and manual, for altering the
functioning of the signalling device from time to
time to cause said signalling device to give its sig-
nals only for movements in a prescribed direc-
tion (either down or up, as selected); and for
ensuring that during the giving of signals for a
given set of measurements, either down or up as
selected, reversals of direction of the signalling
unit incident to reversals of direction of the ele-
ment to which the connection of the previous
paragraph is made, shall not cause the giving of
incorrect signals, nor shall there be nay repeti-
tion of signals or overlapping of signals when
the original and intended direction of movements
is again resumed. Also, that under the condi-
tions just above mentioned, the giving of sig-
nals shall be resumed when the previously at-
tained limit of movement has been again
reached, and is to be passed to a further limit.

4. Various auxiliary and related units or de-
vices in connection with the devices of paragraphs

1, 2 and 3, above, for giving visual or temporary

indications of progress of the operations; and also
for msaking either temporary or permanent, or
transitory or totalling indications or summa-
tions of the progress of the operations, if desired.

5. Then the distance measurements, or the
measurements of increments of distance, are to
be correlated to time counts for said increments,
so that the time devoted to each such increment
shall be intelligibly shown. For this purpose

there is provided a recorder, herein generally .-

called the “master recorder,” or a tabulator,
which master recorder is so constituted that a
correct time count may be made for each in-
crement to be fully recorded, and is further so
constituted that such fully to be recorded incre-

ment of distance may be related to its time count, ~

and a plot or tabulated recerd of such relation
may be automatically made on a suitable chart
or tabulation.

6. Associated with such master recorder and ;
such tabulator and the other mecessary units are

various auxiliary units, generaliy in the form of
various special units or relays, which serve to
make the necessary differentiations between foot
and time ccounts for various categories (either
“fast” or “slow”), zerve to make provision for ar-
cumulations of eounis received while making 2
full record of another count, and also serve vari-
ous other purposes and funetions, all ag hereto-
fore briefly mentioned in the preamble, and as
will hereinafter appear in fuller detail.

7. Also, when desired, associated witih such
master recordzr and such- signalling unit, and
other elemerts, or independently thereof there
may be provided variors auxiliary units. Includ-
ed in these may be mentioned the “duplicator,”
the “tabulator,” and the “totalizer” by way of
example.

8. Various other units or devices not directly
associatcd with any specific one of the foregoing

(>
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generally mentioned devices are also provided, s
will hereinafter appear in full detail.

In order to advance an orderly presentation of
the various units and their detailed description,
and to simplify the understanding of the con-
struction and functioning of these various units,
I shall first take up and describe in full detail
each one in its proper order; and thereafter I
shall show more fully how these several units are
interconnected with each other, and how they in-
ter-operate to produce the various desired func-
tions, both intermediate and final. Before so do-
ing, however, I shall first refer to and describe
generally certain forms of logs or charts which
may be prodiiced by means of the devices herein
disclosed, and T shall also refer to and describe
certain well known aixd understood field opera-
tions connected with drilling operations, so that
thereafter the objects and purposes of various
elements and functions for which I have made
provision may be better understood.

The foot-time logs

In Figures 1 and 2 I have shown typical sec-
tions of foot-time logs for well drilling such as
may be produced by use of various of the units
hereinafter to be described. These logs are
shown on full scale; and it is convenient to-make
provision ijor making the log on a paper strip cof
full width of substantailly eight inches. The
edge portions of this paper strip, 500, are perfo-
rated as shown at 301 and 502 for engagement
by the teeth of suitable sprocket wheels in the
recorder unit. Preferably, also, this paper strip
is pre-prepared with longitudinally extending
lines 503 to define regular time values. A pase
line 504 may be provided extending longitudinal-
1y of the strip; ai:d time is measured transversely
of the strip, that is, across said strip when viewed
as in Figures 1 and 2. When the time lines 503
are spaced at one inch spacings it is possible te
accommodate 6 one inch bands, within a width
of six inches from the base line 504; and when
using a time vualue of 5 minutes per inch this
makes provisiol: for thirty minutes of time count
within the assigned width of the paper strip.
If a greater time count is to be accommodated it
is possible to use a time counting of ten minutes
per inch, in which case a total of sixty minutes
of time count may be accommodated within the
assigned width of strip. I shall presently show
how the recorder may be set for either of these
time count values (either five or ten minutes per
inch) and with corresponding time limits of
thirty or sixty minutes.

Vertical distances are shown by wprogress
lengthwise of the paper strip, towards the right
in Figures 1 and 2. At completion of each foot of
drilling the paper strip is advanced lefiwardly a
specified distance, equal advancements represent-
ing equal increments of distance drilled (general-
1y feet). In order to be able to accommodate the
log for a deep weli on a paper strip of reasonable
length it is found necessary to use close spacing

5 of the vertical dimensions along the strip, as it

will be evident that when drilling a well of, say,
ten thousand feet depth, and with a record for
each foot drilled, it is necessary to make ten
thousand reecrdings along the si-ip for the com-
plete well. Therefore present practice has adopt-
ed a standard spacing of generally one inch for
each hundred feet of depth, or two inches for
each hundred feet of depth; and in special cir-
cumstances g spacing cf five inches per hundred
feet is used. For a depth of ten thousand feet
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at one inch per hundred feet the paper strip is
100 inches long: it is 200 inches long for the
two inches per hundred feet spacing, and it is 500
inches long for the five inches per hundred feet
spacing. Evidently these spacinugs, even in the
case of five inches per hundred feet of drilling

. are so close, for individual ‘eet, that it would not

be practicable to use pre-printed paper strip (pre-
printed for the depths), as it would not be possible
to ensure correct registry of these pre-printed
depth positions with the individual fooi-time
readings corresponding to such depth positions.
This will be better undersiocd from the following
further explanation of the logs:

the foot-time log shown comprises a series of
points 505 showing drilling times or drilling rate
values for the successive feet of d2pth; and these
successive points are shown as connected togeth-
er by straight lines 506 to produce the desired log.
Evidently each of these points 505 is to be read
in reference to the proper depth indication shown
at the edge of the paper strip, and a very slight
diserepancy between the positions of these points
and the printed depth positions would result in

false rezdings of the log, in the sense that a given -

time interval would not be referred to its cor-
rect depth position cr conversely a given depth
position would not be related to the correct time
reading. In such case very material errors of
interpretation would result, and the correspond-
ing impairment of the value of the log would
result.

I have, in Figures 1 and 2 shown the foot depth
indications along the edge portion adjacent to
the perforations 531, these being shown at the
location 587 in Figure 1 and the location 533 in
Figure 2. In Figure 1 these depth indications are
—egularly shown and spaced, and this is the pre-
ferred form of trace which it is desired to pro-
duce: but in the modified form of trace shown
in Figure 2 these depth positions are sometimes
separated from each other an exaggerated
amount, for reasons which will presently appear
in full. In this connection, the trace or log of
Figure 2 is produced by a modified operation of
the recorder, and penerally such modified opera-
tion will not be used, so that the standard form
of trace or log shown in Figure 1 will be pro-
duced.

Tt is noted that in both of Figures 1 and 2 the
width of paper strip allowed along the near edge
is sreater than that along the far (or high read-

ing) edge, so that the necessary depth indica-

tions or printings may be accommodated along
the near edge portion of the paper strip. It is
2150 noted that in the case of each of these depth
printings I have shown each individual foot by
a short line or dash %08, these short lines or
dashes being printed at exactly the correci, rosi-
tions corresponding to the depths recorded; and
adjacent to each tenth such dash (that is, for
each decimal foot reading) I have shown il
actual depth in printed form by the digits 5:0.
With this arrangement it is possible to rezdily
read or interpret the log as to depth positions,
since a quick glance will show how many of the
dashes should be counted beyond a given digit
printing, in order to kmow the exact depth at
which 2 given time value is to be read or inter-
preted. This arrangement 2150 makes it possible
to avoid the use of excessively small type for
printing the depth positions, since legible size
type may bz used for this printing without over-
lapping of digits of successive foot value show-
ings. In order to further facilitate reading of
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the log I prefer to emphasize those dashes corre-
sponding to decimal or ten foo! depths, as well
shown in Figures 1 and 2.

Now the transverse position of the point show-
ing time to drill any given foot or showing drill-
ing rate will correctly show such time whenever
such time does not exceed the maximum time

_value which the log is capable of receiving (either

thirty or sixty minutes. according to the setting
of the recorder, as will presently appear). In
both Figures 1 end 2 the recorder has been set
for thirty minutes’ maximum time value. It is
cvident that when the log reaches the high point
(as shown, for example at 511 and 512 in Figure
1, and at 513 and 514 in Figure 2), it cannot be
directly determined from ezamination of the log
alone whnether the reading for the corresponding
foct should be thirty minutes or soine higher
value, as the trace cannot go to a higher value
even when the time exceeds such maximum value
of thirty minutes. However, it will be noted that
in Figure 1 I have shown the dots §15 adjecent
to these high time value readings; and it will be
presently shown that provision has been made in
the recorder for printing such dots adjacent to
those time readings which exceed the high value
for which the recorder has been set (either thirly
or sixty minutes), thus avoiding any confusion
cn this rending of these high time value points.
Tt is to ke noted, however, that the exact time
vaiues of these very slow drilled feet cannot be
directly determined from examination of the iog
of Figure 1 alcne, since said log does not of itself
show by how much these time values exceeded
the maximum reading of thirty minutes. How-
ever, it will be presently shown that if desired a
tabulator may be used as an auxiliary instru-
ment in connection with the reccrder; and when
such tablulator is used it will thow in tabular
form the time value for each foo: as recorded,
irrespective of any m.aximum or minimum read-
ing for which the recorder may be set. .

1t is also to be noted that if, while the recorder
is set for a maximur: time value of thivity min-
utes there shouid be encountered a series of suc-
cessive slow drilling feet, so that a good many
of the drilling operations would show recordings
grenter than the said maxinum value of thirty
rainuies, it would be desirable to set the recorder
over to sixty minute operation, with t:.2 okject
in view of having the log continue to show the
form of the log, so that this portion of the log
could be interpreted, and for other reasons. Such
setting of the reccrder to sixty minute opera-
tion is readily effected as will presentiy appear
when the description of the recorder is given;
put it is here noted that such setting of the
recorder to sixty minute instead of thirty min-
ute operation will at once result in halving of
the transverse values of the points then recorded,
thus lowering the transverse displacement of the
log by one half. Such a sixty minute operation
is shown between the log points for 8179 feat
and 8185 feet in Ficure 1, by the presence of the
dots 516 just abuve each of the sixty minute
scale log points thus recoded, so that the geolo-
gist or other person examining sich a log will
be advised that this portioz of tle log is to be
read on the sixty minute ocale instesd -oi the
tLirty minute scac. .

In the log of Fisure 2 1 will »e ncsed chat when
a time count of more than the mazimum for
which the recorder is set, is to e 1 :corded, when
the maximum time coun® is vrszchied the paper
strip commences to advance stev-hy-step gt com-
pletion of each excess minute hat without re-

e it bRt an i e
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cording of fooizze along the near edge of the
strip, and at each such advance there is printed
adjacent to the far edge of the paper strip a
dot, 511, indicating the lapse of an additional
excess minute. At conclusion of the drilling of
such foot the depth thereof will be printed in
the usual position adjacent to the near edge of
the strip, as well shown in Figure 2. With this
modified form of log cr chart it is possible to
determine at once the total time to drill very
slow drilling feet, and when the time exceeds the
maximum for which the recorder has been set;
by counting the number of these dots 5{7 at-
tributable to ruch particular foot and adding
such number to either thirty or sixty, depend-
ing on the maximum sciting to which the re-
corder was then adjusted. The means by which
this result may be secured will be shown in the
detailed description of the recorder; but it is here
noted that this feature is optional, and that pro-
vision has been made in the recorder for oper-
ating to produce the log of the type shown in
Figure 1 or the log of the type shown in Figure 2,
optionally, .and to shift from one type of log to
the other type merely by the turning of a switch
in the recorder.

It will be noted that with completion of the
drilling of each foot ¢r other increment of dis-
tance suitable sighals are sent to the recorder
to cause this instrument to function the stylus
or other trace producing element which traces
the log on the chart of Figure 1 or Figure 2 to 2
new position correctly showing the time to drill
such foot or other increment of distance, and
to shift the paper strip lengthwise the distance
which has been determined as desired for each
foot (either one, two or five inches per hundred
feet). This is the operation which is performed
by the recorder when making a full record of the
driliing time for such foot. However, it is now
noted that these operations of the recorder re-
quire the lapse of a determined time ‘interval
in themselves, here referred to as the “turn-
over” interval. This is the time required for the
various units of the recorder to go through their
several funciions in proper and determined or-
der; and it is here assumed to be Zifteen seconds
(or less). Dut to this “turnover” interval it is
evidently not possible to make ful1 traced rec-

ords of time to drill feet which require less than .

this “turnover” interval, so, as will hereinafter
appear in full detail, I have made provision for
making partial records of such “fast” drilled
feei (of less than fifteen secnnds drilling time
each), such partial records comprising the set-
ting up and the operation of the printing mech-
anitm for correctly recording the depth thus
“fast” drilled, making such prcper record on
the edge portion of the paper strip; and also for
advancir« the paper strip the correct amount on
comr pleticn of each such “fast” drilled foot.
Since these Tast drilled feet require not over
fifteen seconds each it is seen that the stylus
which traces the log on the paper strip may and
should be set down to the fifteen secend posi-
tion (that is, fifteen scconds above the base line
504 of Figures 1 and 2), and as long as such
fast drilled feet are being encountered the
stylus may remain in this low postion, Cobse-
quently, as the paper strip is advanced for such
fast drilled feet there will be produced a straight
lire portiorn: of the trace, located fifteen seconds
above the bhase line 584, Such fifteen seconds

trace portions are shown in Fizures 1 and 2 at
518, and they lie parallel to the base line. Where,
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in this specification and the claims to: follow I
use the expression “stylus” or like:expression,
it will be understood that I contemplate any suit-
able means to produce the desired frace on the
log strip, unless the context should specifically
require or impose the limifation of a physically
movable “stylus.”

It is evident the* such fifteen seconds or tum-~
over time portiois of the log do not repres:nt
portions of said log which need to be observe i or
interpreted for lithological purpose: in grezter
detail than that shown by a straight line for each
depth incr3ment drilled in fifteen seconds or
less time.

It shcu:d be mentioned that when operating
with the switch or other control set for sixty

‘migutes lim:i*s ior the maximum possible record-

ing time, .nis hase or low line (such as §18 in
Figures 1 ‘and 2) will represent thirty seconds,
although the actual turnover time is only fifteen
seconG:. In the use of both scales, howaver, it
should be pointed out that the actual tirne re-
quired to drill fast feet, or those which fall
within the minimum limits of the kg, will he
recorded by the tabulator, as eiewhere aix-
scribed in detail.

It is also now seen that in order to coivectly
interpret individual points on the logs shown in
Figures 1 and 2 it is necessary to directly rclate
each point of such log (which is to be studied) to
its correct depth reading as shown along the
edge of the paper strip. Since all the notations
of depths are shown along the near edge por-
tion of the paper strip, and since most of the
points of the log which would merit special study
are located a considerable distance above that
edge and away froia such depth notations, it
follows that very accurate scaling would be re-
quired to assure correct correlation of each foot-
time reading witl the correct depth printing, In
fact, in the case of depth scale of twg inches per
hundred feet of drilling it is seen that an error
of two one-huncredths of an inch in such corre~
lation would throw a reading of z time or rate of
drilling value to the depth foot either above or
below the correct foot, and in the case of analysis
of relatively thin strata such an error would be
completely inadmissible.

In order to mc:4 the foregoing condition, and
to matericlly fzciitate the interpretation of the
log. I have provi:led means in the recorder for
trucing g straight line completely across the log
at completion of each group of depth readings,
for example, &t completion of each ten such
depth readings. These are the trace lines 519
of Figures 1 and 2. Preferably they register with
the decimal readings of footage, as well shown in

. these two figures; and by comparison of any
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given point of the log with the adjacent trace
lines 6§19 it is very easy to see at a glance ex~
actly what depth should be assigned to any given
point of the log, and without the need of resort-
ing to use of such special instruments as T-
squares, triangles, etc., for comparing the log
points with the depth markings along the near
edge of the log. -

If desired, the paper strip may be pre-printed
with the lengthwise extending lines 502 spaced
apart, for example, the proper amounts for five
minute t'me counts (or ten minufe counts i case
the recorder is set for the sixty minute maximum
time count); and such pre-printed paper strip
may also be provided with the indicia such as
shown at 520 to indicate the time counts repre-
sented by these lines,
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Since the depths are printed contemporane- -

ously with the formation of the log points it fol-
lows that non-uniformity in the punching of the
sprocket holes 510 by which the paper strip is
advanced will not affect the accuracy of inter-
pretation of the log produced as herein ex-
plained; since each depth is printed adjacent to
the log point for the foot in question, and these
functions are performed af substantially the
same time, and in harmony.

I have now explained the form and principal
features of the logs or traces which I am able
to produce automatically or under manual con-
trol, to make a foot-time recording of the drill-
ing operations. It is now necessary to show and
analvze various of the drilling operations them-
selves, in order that the functions of various
elements and units presently to be described in
detail may be understood and their relationships
to each other properly evaluated.

The various movements cf the drilling string and
other parts

In Figures 4,7, 10, 13 and 16 I have shown cer-
tain typical sequences of movements of the drill-
ing string, the tackle block or other element, the
slips, the kelly, and other parts which are well
known and widely used in the well drilling art.
In each of these analyses the kelly is indicated
by the numeral 601, the point of attachinent of
the cable or other signalling unit actuating de-
vice to the tackle block or other element is shown
by the numeral 602, the drilling string 1s shown
by the numeral 603, the datum of the rotary table
or drive bushing through which the kelly works
is shown by the nun:eral 604, the elevators are
shown by the numeral 605, the “rat hole” is
showi by the numeral 606, the “slips” are shown
by the numeral 6067, and other parts will be in-
dividually considered hereinafter.

Various operations of all these parts must be
considered both as individual operations of said
parts, and also in their relations to other parts,
in order to completely understand the functions
of the various units presently to be described in
full detail; but fundamentally all these opera-
tions resolve themselves into a few relatively
simple movements. The measurements of in-
crements of distance may be found to comprise
the following in general:

1. Measurements of increments of distance
(generally full feet and sometimes also tenths of
feet) during downward drilling of bore hole; and
it is on the basis of these increments of distance
that the foov-time or other log or trace is pro-
duced;

2. Measurements upward and also ouf of the
hole to determine or check against other meas-
urements; and these up measurements may com-
prise measurements during the removal of tie
drilling string from the hole, as in preparing for
the substitution of a new bit; or for other pur-
poses;

3. Measurements downwardly and Yvack into
the hole, as when returning into the hole with a
new bit attached; and these measurements, to-
gether with those of itemn #2 may comprise
measurements during the making of 5 “round-
trip': but it is noted that measurements under
both items #2 and #3 may be made, and said
“round-trips” may be made, during or for other
purpcses than the substitution of a new bit. For

example such a round-trip may be made in con-

‘nection with various other operations connected
with the drilling of the well, including such op-
erations as “coring” (side-wall, for example),
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(and also “wire line” coring), “electrical iogging,"”
“fishing” and various other operations, all of
which are well known in this art.

4. Special measurements, such as for purposes
of checking against measurements made by
other means or during other operations; as for
example in case of disputes between various per-
sons interested in knowing exact depths, ete.

Now it will be understood that the measure-
ments downward during normal drilling opera-
tions must take proper account of many condi-
tions imposed by the very nature of said drilling
operations themselves. Among these drilling op-
erations which must be considered and properly
accounted for may be mentioned the following:

1. Various up and down movements executed
by the kelly and by the tackle or other element
such as the lower end of the spring unit, to which
the signalling unit is connected, during normal
drilling operations. These movements include
the normal downward advancements or incre- -
ments of drilling in the production of new hole
not previously drilled or measured; “holding” of
the drilling string at any given level during var-
ious operations; raising the drilling string above
its lowest drilled level, either for purpose of hold~-
ing said string at such raised level while “circu-
lating” the drilling mud or for other purposes,
or raising said drilling string for operations in-
cident to the changing of the bit or for any other
purpuses; thereafter lowering the drilling string
to its previous “bottom” so that drilling of new
hole may proceed; and various other operations
which are well known in this art. All of these
are incident to the mormal drilling procedure,
bug it is herr noted that in executing these opera-
tions provision must be made so that distance
signals of the signalling unit corresponding to
new hole drilled shall be forwarded to the re-
cording and other units only when new hole is
being drilled, so as to avoid double or multiple
counts being made for any given increments of
distance.

2. These normal downward drilling operations
also include special up and down movements
which must be executed by the kelly and the
tackle or other element to which the signalling
unit is connected, incident to the insertion of
additional joints of drill pipe to the drilling string
or the removal of a joint or joints for substitu-
tion of others. Each of these joints of drill pipe
is approximately 32 feet long, but their lengths
are non-uniforn:.. In executing these special up
and down movements incident to the addition of
new joints of drill pipe the drilling string must
be raised to bring the kelly up through the rotary
plate, and to raise the drive block away from the
rotary plate, and to bring the upper portior. of
the top joint of the drilling string through said
rotary plate, and to set the “slips” by which the
drilling string is sustained when the kelly is dis=
connected from said string. The new joint must
then be picked up by suitable means, swung over
to position above the drilling string, lowered and
connected to said drilling stiing, and theveafter
the kelly must be again connected to the vpper
end of siach new joint. Then the entire drilling
string, including such new joint, must be iaised
slightly to release the slips, and thereafter the
kelly and the entire drilling string must be low-
ered to again bring the bit exactly to the pre-
viously drilled “bottom” before any new or addi-
tional sigaals are given by the signalling unit, to
indicate new drilling of increments, All these
operaiions must be properly accounted for in
the movements of tne signalling unit.
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3. Additionally, in connection with the forego-
ing it is here noted that when making a “rnew
joint” there are various procedures presently be-
ing widely used in this art. Special’y noted are
what is known as a connection by the use of the
kelly with or without the new joint in the rat
hole; and a connection by the use of the eleva-
tors with the kelly set back into the rat hole.
Other methods of making a new joint to the
drilling string are also used, but primarily they
comprise modifications of the foregoing pro-
cedures.

4. Tt is here noted that when drilling down and
making new hole, that is, additional hole not
previously drilled, the up movements of the drill-
ing string incident to such operations generally
do not exceed the length of a joint of drill pipe,
except when adding a new joint to the drilling
string, in which operations the up movements do
exceed the length of a joint of drill pipe, but
usually only by the length of the kelly and such
amount as is needed to bring the upper portion
of the top joint of the drilling string through
the drive plate and to set the slips to lock the
drilling string 2gainst falling back into the bore
hole when the kelly and tackle are disconnected
from the drilling string during the making of a
new joint, and ;o »dd the new joint.

5. Whea “coming out of the hole” or “going
back into the hole” incident to making a ‘“round-
trip” it is customary to raise or lower the drilling
string much greater amounts than the up and
down movements just referred to which occur
during normal drilling operations; and in fact
it is customary during such round-trip operations
to remove (or insert) three joints of drill pipe
at each operation, such groups of three being
known as “stands.” (Of course more than
three joints might be used as a stand if provi-

sior: were made for accommodation of the neeces- -

sary movements and clearances in the derrick
height.) It is here noted ik 1t measurements of
jnerements of distance traversed in the drilling of
new hole may be made without having to make
provisicna fer also measuring these larger up and
Jdown movements which are incident to “round-
trips” and the like, as i% is possible to lock out
the functions of the signalling unit during such
round-trips; but it will presertly appear that in
my signalling units hereinafter to be fully de-
seribed I have also made provision for measuring
these larger up and down movements incident to
round-trips, so that I have made it possible to
check measurements normally made during drill~
ing operations; and have likewise made it pos-
sible to use my signalling angd other units for
measuring the depths of well holes drilled by
other means and other persons and previously
drilled. either with or witl:out measurements
during such drillings.

6. It i now noted that when a series of meas-
urements is being made in eit.:er direction (either
down or up in the bLore hole), as long as new
increraents of distance are being encountored
and traversed the signallir.g unit shoulc give
signals of such new increments; but whanever
movements in reverse direction oceur during such
series of measurements the signalling unit should
reraain silent and not give any signals of incre-
ments; and it is further noted that when move-
ents in the forward direction are again re-
sumed in such series no signals should be given
until the previously attained maximum distance
or increment of greatest number is again reached,
whereupon the giving of signals should be re-
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sumed and should continue regularly as long as .
new increments are being encountered and which
should be counted. These laws prevail whether
the operations or series of counts be in reference
to the drilling of new hole or in reference to
the movements of holes previously drilled, or in
reference to making of round-trips or what not.
7. It is also now noted that fundamentally
these operations resolve themselves intc two
categories; namely, firstly, those back and forth
or up and down movements which are executed
by the tackle or other element such as the lower
portion of the spring unit to which the signalling
unit is connected, while the drilling sfring (and
therefore the bit) is connected to szid tackle or
other element to which the signalling unit is con-
nected; and secondly, those back and forth or
up and down movements which are executed by
said tackle or othier element ‘0 which the signal-
ling unit is connected, while the driiling string is
disconnected therefrom and locked by the slips.
These two categories of movertents are taken care
of independently by the sigr. ling unit and the
related devices or units to be presently disclosed.

5 The former category may be called “significant”

movements; the latter may be called “non-
significant” movements. This nomenclature is of
course of limited application and here has refer«
ence to the significance of the movements as in-
dicative of corresponding mcvements of the drili-
ing string.

8. The back and forth ¢r up and down move-
ments of category #1 just previcusly stated are
taken care of by the construction of the signalling

5 unit itself, and as long as movements of this

category are being executed the signalling unit
is permitted to function normally, as will pres-
ently appear; but when movements of category
#2 are ercountered they must be specially pro-
vided for. This is true since during these move-
nents of category #2 there are times when the
Grilling string is not following the up and down
movements of the tackle or other element to
which the signalling unit is connected, but said
drilling string is stationary and idle during such
tackle movements. I shall presently show how
I have made provision for automatically locking
out the operations of the signalling unit when
movements of this second category are being
executed, or how said locking out may be manu-
ally effected if desired. I shall also show how,
wken said movements have been thus sutomati-
cally locked out, such movements will again be
automatically causeq to resume functioning of
the proper elements of the signalling unit when
the drilling string again commences to follow
said raovements of the tackle or other element to
which the signalling unit is connected, and how
such resumption is effected with the signalling
unit in the same position or signalling condition
as it occupied when the drilling string was dis-
connected from the tackle or other eclement to
which the signalling unit is connected.

9. With the specific ferms of signalling unit
hereinafter described, whenever the maximum
extent of the movements of category #1 and/or
of category #2 does not exceed the physical size
of the signalling unit tc take care of such move-
ments it i3 possikle to take care of all said move-
nients in the sienalling -n:t itself, and without
the need of making eny special provision for
locking out movements of the tackle or other
element to which the signalling unit is conneeted
during the executior of srich movements. Gener-
ally the maximum amount of such movements of
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. category #1 will not exceed 200-225 feet, or less,

depending on the height of the derrick used and
other factors; but when movements of category
#2 are being executed other factors generally
enter into the problem which make it necessary
or desirable to make provision for locking out the
signalling unit during execution of such move-
ments, and without the need of making the sig-
nalling unit of excessive size to accommodate all
such movements. Many of the features herein
disclosed and claimed are also usable with other
forms of signalling unit than herein illustrated
and which other forms of signalling unit are such
as to be able to execute indefinite amounts of up
and down or down and up movements without
the need of locking out. .

Again referring to Figures 4, 7, 10, 13 and 16,
these figures show schematically and typically
th~ various movements which are executed by
the principal illustrated parts for the following
sequences, namely: Fig. 4, when making a joint
connection by use of the kelly with the new joint
in the rat-hole; Fig. 7, when making a joint con-
nection by use of the elevators with the kelly set
back into the rat-hole; Fig. 10, a series of typical
steps in the operation of drilling down the length
or g portion of the length of a given joint of drill
pipe; Fig. 13, a series of typical steps when a
down drilling operation reaches a level at which
1t is decided to stop down drilling and to start
up and out of the bore hole; and Fig. 16, a series
of steps which are typical of the commencemen$
of a return into the bore hole.

Considering Figure 4, from step #1 to step #2
norraal down drilling operations are proceeding,
and the signalling unit is giving its signals of
increments of distance drilled down. Step #2
indicates the lower limit of such drilling opera-
tions with the kelly “drilled down” and with the
joint then comprising the top section of the drill-
ing string well below the rotary plate. In pass-
ing from step #2 to step #3 the drilling string has
been raised sufficiently to bring the kelly com-
pletely through the rotary plate and to raise the
drive block from said rotary plate, and to bring
the upper portion of the top joint through the
rotary plate far enough to permit the slips to be
set. In passing to step #4 the drilling string
has been lowsred slightly to set the slips, thus
locking the crilling string to the rotary plate,
and rzlieving the tackle and the line including
the dead-line from the weight of the drillinsz
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string, and placing that weight on the rotary .

plate through the medium of the slips. This fact
is hiere noted and emphasized. In passing to step
#5 the kelly has been disconnected from the so
locked drilling string, and the kelly and the tackie
and connected parts have been raised sufficiently
to permit the kelly to be swung sidewise to the
position of step #6. Since the drilling stritg
has been disconnected from the kelly, and is be-
ing supported by the siips, without any vertical
movements of the drilling string occurring while
said slips are so set it follows that during such
condition any up and down movements of the
tackle or other element to which the signalling
unit is connected are not significant and should
not result in any increment signals, nor any other
disturbance to thie previously attained condition
of the signalling unit. I have ma:ie provision for
such conditions as will be hereinafter shown.
From the position of step #6 the kelly may be
further manipulated to a positicn indicated by
step #7 for attaching said kelly to a new joint of
drill pipe, the drilling string being still locked
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by the slips. When step #8 has been attained
the kelly has been raised with the new joint at-
tached thereto, and said new joint has been
swung into position over the drilling string which
is still locked to the rotary plate by the slips.
Passing through step #9 to step #10 the tackle
and the new joint carried thereby including the
kelly, are lowered to bring said new joint into
connection with the top joint of the drilling string
itself. At this poiut the connection between the
tackle and other point of connection of the sig-
nalling unit, to the drilling string is re-estab-
lished, so that a definite and cor:tinuing relation-
ship is again established between the position of
the bit and the point of connection to the signal-
ling unit. It is thus evident that further steps
or movements made by the tackle or other point
of connection to the signalling unit, either up or
down, will be accompanied by like up or down
movements of the drilling string and the bit and
are therefore significant; so at this point in the
series of operations the signalling unit must be
again brought into such cundition that it will
correctly function for measurement of new in-
crements of drilling, and for the giving of new.
signals as and when, and only when, new incre-
ments of bore hole are drilled. Such provision
I have made, but here it is noted that under these
conditions the load or weight of the drilling string
is again taken by the tackle and by the cable in-
cluding the dead-line, and such load is retained
by these parts as soon as the slips have been re-
leased and the drilling string thereby unlocked
from the rotary plate. )

The mere attachment of the new joint to the
upper end of the top joint which is locked to the
rotary plate by the slips will not of itself re-
store the load of ihe drilling string to the tackle
and to the cable and the dead-line; but in passing
from step #10 to step #11 the tackle and the
drilling string (including the new joint) are
raised slightly, enough to release the slips, and
in this operation the load of the entire drilling
string is again assumed and taken by the tackle

_-and the cable and the dead-line. If is noted that

at this point, however, the bit is still off bottom
by an amount equal to the amount which it was
off bottom when the slips were originally set, plus
any additional amount by which the drilling
string was raised to release the slips in passing
from step #10 to step #11. If means be provided
in connection with the dead-line to give an ap-
propriate signal when the load on that line falls
below a specified amount (determined as the
lowering of said load to a critical point or amount
materially less than the weight of the drilling
string, including the bit, ete.), and for giving a
further appropriate signal when the load on that
dead-line rises above a specified amount (deter-
mined as the rising of said load to a critical point
or amount slightly greater than the previously
mentioned. specified amount), it will be evident
that sucl. signals may be used in appropriate
fashion to influence the functioning of the sig-
nalling un‘t so that the operations of that unit
will be cut out or discontinued (for the giving of
signals, or for normal functioning of said sig-
nalling unit; at the incoming of the first signal
frora the dezd-line, and the functioning of said
signalling unit in normal fashion will again be
resumed at the incoming of the second signal
from the dead-line; and such control of the sig-
nalling unit will be correct and will ensure cor-
rect functioning of the signalling unit with proper
account for the various up and down movemenis
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of the tackle or other element to which the
signalling unit is connected. This is true because
evidently as long as the weight of the drilling

string is being carried by the slips and not by

the tackle zad cable, including the dead-line, no
amount of up and down movements of said tackle
can be matched by like movements of the drilling
string, which string is then stationary. At such
time (slips set) the movements of the tackle and
associated parts are not significant.

I have provided such means in connection with
the dead-line or other, suitable element of the
tackle and cable, so that the desired signals will
be given automatically to the signalling unit, all
as will presently appear in fuil detail.

+ must here be noted that the means to give
the aforesaid appropriate signals of “loading”
and/or “unloading” corresponding to the condi-
tions that the tackle carries the load of the drili-
ing string, or does not carry said load, must be
very ac.urately and dependably given to the
proper elements of the signalling unit. It must
also be noted that said elements of the signalling
mnit must be of such a construction and of such
an accuracy of manufacture and assembly that
the received signals will cause extremely fast re-
sponses in said signalling unit elements. Also
that said elements must very effectively perform
their intended functions. These facts will be evi-
dent when it is considered that there must be, to
all intents and practical purposes, no movement
of the drilling string, either up or down, which is
not at once translated by the signalling unit into
a correspondingly correct distance counting

movement, when the dead-line and/or tackle is

or are “loaded.”

In the signalling units hereinafter fully dis-
closed I have included clutch elements of an
original and very effective design which clutch
elements are controlled by said signals to effect
the necessary functioning or stoppage of func-
tioning of the signalling unit parts. All these de-
vices ¥ shall hereinafter disclose in full detail.

It will be noted that even when normal func-
tioning of the signalling unit has been resumed
at the attainment of the condition shown by
step #11 of Figure 4, still said signalling unit
should be so constituted that signals for new in-
crements of distance will not be given during
lowering movement of the drilling string (and like
downward movzments of the tackle and the con-
nection to the siznalling unit) until the previ-
ously attained ““>ottom” has been reached by the
bit. Such condition is indicated by the step #12

in Figure 4, and further downward movement of :

the drilling string (and the tackle, ete.) repre-
sented by further increments of drilling, should
result in the giving of appropriate signals by the
sienalling unit. I have made provision to easme
this condition, as wiil presently appear in full
detail.

Next cousidering Figure 7, in this sequence of
eperations steps Mas. 1, 2, 3, 4 and 5 correspond
to like numbered s.eps of the sequence of Fizure
4. ‘Thereafter in step 4 6 and when the driling
string is lecked to vhe rotary plate by the slips,
the kelly and swive?! joint are swung to one side,
and in step #7 said z21ly is lowered into the vat-
hole by lowering the iackle and conn«cted parts.
This leaves the elevifors still cennecred to the
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tackle, although tiz kelly and swivel jeint have -

been disconnected; and in steps #8 and #9 the
tackle and the elevators have beea brought to
position such that the elevators may pick up a
new joint of drill pipe by the elevators. In step

82
#10 the tackle and elevators have been raised to

carry this new joint of drill pipe to position above
the drilling string which is leccked to the rotary
plate by the slips; in step #11 the tackle and
elevators, and this new joint have been lowered
close to the tow of the locked drilling string, and
in step #12 this new joint has been connected to
the upper end of the drilling string which is be-
ing supported by the rotary plate.

14 is here noted that between steps Nos. 4 and
12 the weight of the drilling string is being sup-
ported by the slips, and that during the inter-
mediate steps the up and down movements of
the tackle and the point of connection to the
signalling unit are not significant and have not
been accompanied by any like movements of the
drilling string and bit. Likewise, during these
intermediate movements the load on the dead-
line has been reduced by elimination of the
weight of the drilling string which is carried by
the slips, and is therefore of relatively small
amount. )

In rassing from step #12 to step #13 the tackle
and elevators have been raised slightly to also
raise the drilling string and release the slips; and
in this operation the full weight of the drilling
string is again assumed by the dead-line,
through the intermediary of the tackle and ele-
vators, ete. so that further tackle movements be-
come significant. In passing from step #13 to
step #14 the tackle and elevators have been low-
ered sufficiently to lower the drilling string to a
point where the upper portion of the newly added
joint or drill pipe extends through the rotary
plate sufficiently to permit the slips to be set on
this new joint, and the slips are, in step #14,
shown in their locked position and engagement
with the new joint. This will again cause said
slips to assume the load and weight of the drill-
ing string, and will relieve the dead-line of that
load so that further tackle movements become
non-significant. It is here noted that during the
process of passing from step #12 to step #13 and
finally to step #14, the dead-line was locaded ny
the full weight of the drilling string, so that an
appropriate signal was given to the sigralling
unit. It is also noted that the downward inove-
ment of the tackle and elevators between steps
Nos. 13 and 14. as well as the slight upward
movement between steps Nos. 12 and 13, was ae-
companied by like movements of the entire drill-
ing string and bit, so that corresponding altera-
tions of the condition of the signalling unit should
be effected by such movements. Such result was
ensured, since these movements of the drilling
string and bit were made under the condition
that the dead-line was loaded, so that said dead-
line could give the proper signals to the signalling
unit to cause said signalling unit o correctly
function for these up and down movements of
the drilling string and ht.

In passing from step #14 to step #15 the tackie
and elevators have heen raised sufficiently to
allow said parts to swing laterally for the pur-
pose of picking up tne kelly and swivel joing,
which has been resting in the rat-hole, and in -
step #16 the kelly and swivel joint have been
wicked un by the tackle hook. In step #17 the
tackle aand kelly have been raise¢ to position
above the drilling string, and in step #18 the
tackle ang kelly have been lowered o bring the
rellv into connection with *“.1e upper end of the
drilling string to which it is connected. In step
#19 the tackle. kelly and &r-illing string have
been rzised slightly to releas- the slips, but it is
her» ao0ied that such moveraent, has imposed the
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full load of the drilling string on the dead-line
so that a proper signal would be transmitted to
the signalling unit to cavse said unit to function
correctly and in harmony with the vertical move-
ments of the drilling string since such move-
ments are significant. Then, in passing from
step #19 to step #20 the drilling string has been
lowered to bring the bit back to “bottom.”

At this point it is noted that although in this
sequence of events shown in Figure 7 the drill-
ing string is par:ially lowered back towards “bot-
tom” while the elevators are engaged with the
drilling string (instead of the kellv being so en-
gaged during such partial lowerine), still the
signals from the dead-line wers given in correct
fashion to ensure that all significant movements
of the drilling string, whether up or down, were
correctly irterpreted by the signalline unit, and
the functions of that unit were thus correctly
ensured for all such vertical movements of the
drilling string and the hit. It is also here noted
that this result was ensvred, notwithstanding that
the vertical distance between the tackle and the
upper end of the drilling strine when using the
kelly is different from the vertical distanece be-
tween the tackle and the upver end of the drill-
ing string when using the elsvators. This fact
will be further commented on hereinafter.

It is now noted that when makin~ the cnnnec-
tion of 2 new or additional ioint of drill pine ac-
cording to the sequence shovm in Fienve 4 the
tackle and the connection to the sighaliing unit
occupy the same elevation above the datum (as-
sumed as being the elevation of the rotary plate
or drive bushing) when said new insint is con-
nected to the upper end of the drilline strine,
plus the length of the new joint thus added, as
was occupied when the slips were orieinally set.
Or again, when making a new joint according to
this sequerr: the bit occupies exactlv the same
position, and is the same distance below said
datim when the new joint has besn connected
and with the kelly and swivel ioint azain in the
line as was the case when the slips were original-
ly set. And again, when making g joint accord-
ing to this sequence the it is the same distance
“off bottom” as was the case when *he slips were
originally set.

On the contrary, when making a new joint ac-
cording to the sequence of Ficure 7 it is seen
that during the steps of that sequence the drill-
ing string is lowered while the elevators are in
the line, and during this portion of that sequence
the kelly is not in the line. Tt is also seen that
when mzking a joint according to this sequence
the drilline string is lowered part way back to
its original position durineg the progress of the
steps of that sequer:ce, such =action occucring
while the elevators zre sustaininz the drilling
string. It is furthermore seen that when using
this sequence of Figure 7 the kelly is not at the
same elevation above the rotary plate, plus the
length of the newly added joint, as it occupied
at the teginning of that sequence of steps, since
duriag that sequesce the drilling string was
lowered part of the length of a joint by use of the
elevators. Ang, finally, it is also seen that when
using this sequence of Fizure 7 the bit is not off
bottom: the same distance when the kelly is final-
ly in the line as its distance off bottom at the
time tae slips were originally set. Nevertheless,
the use of a signal from the dead-line accord-
ing to the principles already disclosed, in com-
bination with the sigaalling units to be present-
ly disclosed, will ensure correct functioning of
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the signalling unit so that all significant move-
ments of the tackle or other elements whose move-
ments are communicated to the signalling unit
will be properly accounted for.

It is also noted that with the sequence of Fig-
ure 4 the amount which the bit is off bottom is
shown by the elevation of the tackie asbovz its
elevation when the bit is on bottora, as long as
said kelly is connected to the driiling string; that
the length of the newly added joint of drill pipe
is the distance between the elevations of the
tackle between steps Nos. 4 and 10; and that
any difference between the lengths of the newly
added joint of drill pipe and the length of the
previous joint of drill pipe will be shown by the
cdifference between the elevations of the tackle
at steps Nos. 1 and 12 of Figure 4. It is also
noted that the length of the newly added joint
of drill pipe may be ascertained by determining
the algebraic sum of all movements of the tackle
between steps 4 and 10, namely by determining
the sum of all up movements of the tackle dur-
ing that interval and subtracting the sum of all
down movements during that interval. These
facts are of interest in cousidering certain func-
tions of the signalling units presently to be dis-
closed in full detail as well as other signalling
units not herein illustrated by me.

Now considering the sequence of Figure 7, simi-
lar remarks may be properly applied to this
sequence, modified, however, by the fact of the
partial lowering of the drilling string which is
effected while the drilling string is sustained by
the elevators, between steps Nos. 13 and 14 of
Figure 7. That condition is, however, taken care
of by the signals from the dead-line, as already
explained. In other words, when using the se-
quance of Figure 7 the total lowering of the
drilling string to bottom after the new joint of
drill pipe has been connszcted, is divided into two
parts, but during each of these partial lowering
operations the functioning of the signalling unit
is correctly controlled by the incoming of signals
from te dead-line. It is aluo noted that when
using {32 sequence of Figure 7 it is possible to
determine the length of the newly added joint of
drill pipe by determining the algebraic sum of
all up and down movements of the tackle while
unloaded, between steps 4 aad 18, namely, during
those portions of such inizrval when the tackle
is unloaded. This fact is to be considered in con-
nection with the similar condition just »+eviously
referred to in cornection with the sequence of
Figure 4, and in connection with the usability of
the signalling units hereinafter to be discussed
as well as other signallirz units for measuring
the lengths of newly added joints of drill pipe,
and will be referred to hereinafter.

In Figure 10 there are shown a sequence of
operations in the normal drillinz down of a joint
of drill pipe; and this sequence typically repre-
sents movements which might be applicable to
a joint added to the drilling string according to
the sequence of cither Figure 4 or Figure 7.

In step #1 of Figure 10 the tackle and con-
nection to the signalling unit are shown in their
initial position. In passing to step #2 the drill-
ing string has been drilled down a portion of the
length of a jcint of drill pipe. "Tnen, for some
reason the driller has raised the drilling string
to the position shown in step #3. This move-
ment, while not being sufficient to bring the
upper end of the drilling string through the
rotary plate, nevertheless comprises a reversal of
movement of the drilling string, and therefore
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such movement must not produce or give any
signals of increments of distance by the signal-
ling unit. Step #4 indicates that the drilling
string was refained at the same elevation as that
of step #3; and presumably the drilling mud was
being circulated for an interval with the drilling
string raised to the elevation of steps Nos. 3 and
4. In passing to step #5 the drilling string was
lowered to the depth of step #2, namely the last
“hottom.” I shall presently show how the sig-
nalling units hereinafter disclosed are so ar-
ranged that during the movement from step #4
to step #5, namely a downward movement, there
aTe produced no signals of new increments of
distaiice measured, wtich is as it should be; and
I shall also show how, when the depth shown
by the step #2 is reached, namely “bottom,” any
further downward movement, representing new
drilling will result in the commencement of giv-
ing of new signals by the signalling unii. Upon
proceeding from step #5 to step #6 new hole has
been drilled and corresponding signals are given
by the signaliing unit for the increments so
@rilled. From step #6 to step #8 there is shown
no descent of the drilling string, for reasons
which may include various operations, and
therefore no further distance increment signals
are given between these steps.

In passing from step #8 to step #9 further
drilling of new bore hole has been accomplished,
and further increment signals were given by the
signalling unit. At the depth of step #9 the
drilling string was held until the step #10 was
reached, such holding being for any one of vari-
ous reasons, but no increment signals were given
during this holding. In passing from step #10
to step #11 further down drilling was done to
produce bore hole, and the increment signals
were given during this operation. Then, in
passing from step #11 to step #12 the drilling
string was raised substantially, producing re-
versed n.ovements of the signalling unit. Due
to the construction of that unit no signals were
given during this operation. Then, in passing
from step #12 to step #13 the drilling string was
again lowered to “botitom,” during which lower-
ing no further increment signals were given,
since new hole was not being drilled. However,
ipon reaching “botiom” at the position of step

#13 the signalling unit again reached a condi- ¢

tion such that further downward movement of
the drilling string would produce new increment
signals.

In passing from step #13 to step #14 new bore
hole was being drilled, and increment signals
were given. Upon reaching the position of step
#14 the drilling string was held at that depth
for some reason without drilling further bore
hole, and no signals cf. increments were given,
until the condition of step #15. In passing from
step #15 to step #16 the dn:lling string was raised
high enough to bring the kelly above the rotary
plate, to raise thz drive block from the rotary
plate, and to brinz the upper end portion of the
top joint of the drilling string through the rotary
plate. . During this upward movement no signals
of increments were given since the movement
was up and therefore in reverse or “off bottom.”
'Then, in passing from step #16 to step #17 the
drilling string was lowered slightly to set the
slips and thus to transfer the weight of the drill-
ing string to the rotary plate. However, no in-
crement signals were given durirg this down-
ward movement since the bit was off bottom.

-Now it is here noted that during the entire

10

sequence of Figure 10 from step #1 to step #17
the weight of the drilling string was being car-
ried by the tackle and the dead-line was loaded,
so that the signalling unit was functioning nor-
mally; but upon attaining the condition of step
#17 wherein the slips have just been set, the
welght is transferred to the rotary plate and the
dead-line is unloaded, so that further operations
with the dead-line unloaded would result in non-
significant signalling unit operations of corre-
sponding nature, as will be presently disclosed
herein. '

It may be noted that the general sequence of
steps shown in Figure 10 is one in which no fur-
ther length of drill pipe is being introduced into
the drilling string; and that this sequence may
be extended for greater leneths of drill pipe, as
lcng as no need arises to unload the tackle or to
remove the kelly, namely, no need arises to lock
the drilling string by use of the slips. Thus,
similar movements might be produced to the
extent of 96 or even more feei of drill pipe, if
such a length were available. In fact, when

-.“going back into the hole” after making a round
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trip, or in performing a similar function, it is
customary to use three joints of drill pipe to-
gether as a “stand,” in which case these three
joints, of a combined length of substantially 96
feet are trected as a unit, and once they have
been introduced into the drilling string they may
be lowered without need of again breaking the
Arilling string or need of setting the slips or
removing the weight of the drilling string from
the tackie or dead-line. Generally, however, in
such returning movement of a stand of three
joints of drill pipe trere will be no stoppings or
reversals of downward movement, but vhe entire
stand will be let down rapidly and without re-
versal of direction until the slips are set.

In Figure 13 I have shown a typical sequence
of steps in connection with the operation of
stoppiag drilling at a given depth, and com-
mencing to remove the drilling string by stands
¢l three joints each, namely, commencing the
“coming out of the hole” operation. This might
2:50 Yo considered as the first step in connection
with meaking a “round-trip” for any desired
purpose, such as for the substitution of a new
pi%. At this point I wish to mention that in the
normal down drilling of a bore Lole and when it
is desired to measure the increments of distance
while going down, the signalling unit must be so
constructed that new increments will cause the
giving of signals, but temporary reversals of
direction, as when raising the Jrilling string off
bottom temporarily with the intention of again
returning to bottom and resuming further drill-
ing operations will nof, result in the giving of sig-
nals, nor is any special modification of the sig-
nalling unit needed to ensure this condition; and
further, under these ennditions, when the previ-
ously reached bottom is again attained further
downward movement, due to further new drill-
ing, further increment signals will be given with-
out the need of specially modifying the functions
of the signalling unit. Therefore, the signalling
unit is so arranged that signals of new incre-
ments will be given for increments in one direc-
tion only; and in n:aking measurements down
during drilling these incren eunts will be those in
the downward direction.

In view of the foregoing condition it is evi=
dent that upon reaching a condition such as that
attendant upon reaching a definite “bottom™:
from which it is decided to meusure up and dut of-

1 ; . -
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the hole, the arrangements must be such as to
enable such upward movements to be measured
as upward increments. I have made such pro-
vision in the sienalling units hereinafter dis-
closed, such provision in the form hereinafter de-
scribed being reverse gears interposed between
the signal giving element of the signalling unit
and the connection whereby szid signalling unit
is connected to the tackle block o: other element
whien follows the up and down movements to be
measured. In other forms of signalling unit
which I have devised it is not necessary to pro-
vide such reversing gears in order to take care
of the above stated condition. By means of this
reverse gear of the present application the cffec-
tive direction of movement of the tackle or other
element can be reverse¢, the signal giving ele-
ment of the signalling un:t not being reversed but
still working in its original direction of effective
movement, thus making it possible to measure
the increments of distance either going down or
coming up in the drill hole. In another form of
signzlling unit devised by me it is possible to
effect complete “out-of-the-hole” or “off -bottom”
movements of any amount, even to the full depth
of the hole without the need of using any such
reversing gears.

Now considering the steps of Figure 13, in
passing from step #1 to step #2 new bore hole
has been drilled down, and corresponding incre-
ment signals have been given. This has been a
normal nieasuring down operation. Upcn reach-
ing the depth altained at step #2 it is decided to
come up and out of the hole, and to make meas-
urements upwardly during such operation. Ac-
cordingly between steps Nos, 2 and 3 the reverse
gears of the signalling unit ere reversed so that
thereafter upward movemeris of the drilling
string will be measured instead of downward
movements thereof. 'Then when the drilling
string is raised in passing to the condition of
step #4 such raising or upward movement will
result in the giving of increment signals in the
upward Jdirection, measured from the point where
the gears were reversed, namely the “pottom.”
Upon reaching the nosition of step #4¢ the kelly
has been drawn up through the rotary plate and
the drive block has been raised from said plate,
and the upper portion of the top joint of the

drilling string has been brought up through the ¢

rotary plate, all such upward movements being
messured as off-bottom measurements, as they
constitute distances “off bottom.” In passing
from the position of step #4 to that of step #5
the drilling string is lowered slightly to set the
_slips; but inasmuch as the gears of the signalling
unit stand in reversed condition this downward
movement will not be shown as an inerement of
distance to be measured. The signal giving ele-
ment of the signalling unit will remain un-
changed during this slight downward movement
of the drilling string during the setting of the
slips. However, this setting of the slips will result
in transferring the weight of the driiling string
from the tackle and the dead-line to the rotary
plate, the dead-line being now “unloaded” and
signalling the signalling unit accordingly.

Since, during a “coming out of the hole” oper-
ation it is desired to remove stands of three joints

each, of drilling pipe, it is customary during such 7

operation to remove the xelly and swivel joint
from the tackle and to use the elevators during
this coming out operation. Accordingly, after
stap #5 the kelly and swivel joint are disconnected
from the drilling string, and in passing to step
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#6 the tackle and kelly and swivel joint sre
raised slightly to clear the rotary plate, ete.
Then, in passing to step #7 the kelly and swivel
joint are swung over to one side, and in passing to
step #8 the tackle and kelly and swivel joint are
Jowered to place the kelly and swivel joint in
the rat-hole. .

Having cleared the line of the kelly and swivel
joint the tackle may be lowered to bring the ele-
vators into engagement with the upper end of the
top joint of the drilling string, locked by the slips,
and in step #9 the elevators are shown just above
the top joint, and in step #10 the elevators have
been brought into engagement with the top joint
of the drilling string, whieh string is still locked
to the rotary plate by the slips.

Thereafter the tackle is raised, with the ele-
vators, thus immediately releasing the slips, the
weight of the drilling string being at once trans-
ferred to the tackle and to the dead-line. Af
{his instant the signalling unit will be again con-
trolled so that the upward movements of the
tackle and elevators which are significant, carry-
ing with them the drilling string, will result in
giving signals of increments of distance upward
as long as this condition obtains. Since it is
customary to bring out three joints of drill pipe
at each “stand,” in passing from step #10 to
step #11 the tackle and the connection to the
signalling unit are shown raised the height of
substantially three joints of drill pipe, namely,
about 96 feet. All this upward movement has
resulted in the giving of increment signals by
the signalling unit,

In passing from step #11 to step #12 the tackle
and the elevators and drilling string are lowered
slightly to sét the slips so as to transfer the
weight of the drilling string to the rotary plate.
By so doing the dead-line is relieved of its main
load, and a suitable signal is given to the signal-
ling unit. When the slips have been set as in
step #12 the drilling string is kroken just above
the slips, leaving the main portion of the drilling
string sustained by the slips, and leaving on the
tackle and the dead-line only the small load inci~
dent to the stand of three joins thus discon-
nected from the main portion of the drilling
string. This stand is not of sufficient weight
to prevent the dead-line attachment from giving
its unloaded signal to the signalling unit; and
accordingly the signalling unit is adjusted so
that it will not give increment signals while this
“unloaded” condition continues.

In passing from step #12 to step #13 the tackle
and elevators and the stand of three joints are
raised slightly and said stand of joints is then
swung over slightly and the tackle and elevators
and this stand are lowered to set the stand down
on the derrick ficor. All these movements which
are non-significant are shown in steps Nos. 13,
14 and 15. Having set the stand of three joints
down on the derrick floor the elevators are dis-
connected from the top of this stand of joints, as
shown in step #16. Thereafter the tackle and
elevators are .lowered to engage the elevators
with the upper end portion of the top joint locked
to the rotary plate by the slips, so that there-
after o further raising operation may be effected
to bring up the next stand of three joints of drii?
pipe. It is noted that during the downwarcg

movements of the tackle and connection to the
signalling unit no increment signals are being
given, due to the fact that the dead-line attach-
ment is signalling “unloaded.”

By continuing the general sequence illustrated
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from step #10 to step #17 of Figure 13 it is pos-
sible to measure up and out of the bore hole, giv-

ing signals all the way up, and providing an in-

crement by increment measuring operation clear
up to the top of the bore hole. Thus it is pos-
sible to measure up as well as down, by the use
of the units and devices hereinatter to be de-
scribed in full detail.

In Figure 16 I have shown a typical series of
steps which illustrate the operation of starting
back into the hole and measuring down there-
in. Steps Nos. 1, 2 and 3 are intended to sche-
matically illustrate the initial operations at-
tendant on starting back into the hole. The sig-
nalling unit, for this operation, is set to measure
downwardly and aczording to normal function-
ing. In another form of signalling unit devised
by me it is not necessary to change any direc-
tional gears when going back into the hole after
having come out as in the steps hereinbefore ex-
plained. Many of the features of invention here-
in disclosed are usable with such other form of
signalling unit as well as the forms herein illus-
trated. '

Having started into the hole step #3 shows the 2

initial section or stand, inchuding the bit, pup
joint, or drill collar, ete., set down info the hole,
and the slips set. In step #3 the elevators Lave
been disconnected from this initial stand and
have been raised high enough to pick up a stand
of three joints. In step #4 the elevators have
been swung over to position where they may be
engaged with said stand of three joints, and in
step #5 the elevators have been raised, carrying
the stand of joints with them. In step #6 the
elevators and this stand of joints have been
lowered to econnect said stand with the upper
end of the drilling string or stand which is
locked to the rotary plate by the slips, but said
slips are still set. Up to this point the slips are
set and whatever weight is imposed by the bit
and drill pipe or section conneeted thereto is
being carried by the slips. Of course this weight
is small at the commencement of the return into
the hole, but as successive joints, or as successive
stands of joints are connected into the -drilling
string the weight of said string to be carried by
the tackle, or by the slips, as the case may be,
increases. Up to step #6 the dead-line is “un~
loaded” in the sense that the drilling string is
bheing sustained by the slips. However, even
when the weight of the bit and whatever stand
of drill pipe is connected thereto, is carried by
the slips, as in step #6, said weight is relatively
small, so that when said weight is afterwards
taken by the tackle and the dead-line, in remov-
ing the slips, the absolute weight thus imposed
on the dead-line in this early stage of returning
into the hole is small; and said weight is also
small in relation to the weight of a stand of
three joints of drill pipe which will presently be
added to the drilling string; so during these early
stages of returning into the holr the changes of
load which the dead-line senses in passing from
the “loaded” to the “unloaded” condition, and
vice versa, are proportionately small. Still the
attachment on the dead-line which responds to
these changes of load will be affected by them to
give the d=sired signals or means 1aay be provided
for giving the necessary signals of “loaded” and
“unloaded” to the signalling unit by manual or
other control when the weight of the string is
emall. This feature will be diseussed further
hereinafier.

Said manual or other signals may be supple-
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mentsal to or in place of automatic signsls dur-
ing these early stages of going back into or en-
tering the hole or during the later stages of com=-
ing out of the hole when the total weight of the
drilling string is relatively small,

It may also be noted that the actual load car-
ried at any given time by the dead-line depends
not only on the actual weight of the tackle and
all accessories connected thereto, plus the we g%
of the drilling string (the slips not being s:%);
but said load on the dead-line also depend: on
the number of passes which the cable to the draw
works makes through the tackle blocks, For
example, if there are six such passes of cable,
then the actual weight to which the dead-line i8
subjectar, will be only one-sixth of the rea] weight
of the tackle and accessories and drilling string
carried *h.ercby. Variations .of weight due to
setting slips and rinoval of slips, etc., will how-
ever result in proportionate variations in the load
on thi» dead line. During the early stages of
drilling or “when the weight of the drilling stzing
is relatively small (during the drilling operations,
and when the bore hole is relatively shzlaw), 1§
may be the practice to use only a few yu.38es of
cable tiirough the tackle block (for eample
four) ; then as the weight of the dr.liing siring
inereases due to its increased length the n:xaber
of passes of cable through the tackle bleck may
be increased to, say six or even eight or ten.
Thus the load which will be imposed on the dead-
line will become progressively a smaller propor-
tion of the actual load or weight; but neverthe-
less the changes irom “loaded” to “unloaded”

5 condition of the tackle will result in substantial

and relatively large changes in the leading of

the dead-line.

Evidently the changes of load to which the
dead-line will he subjected will depend, propor-
{ionately considered, on the ratio of the weight
of the tackle and accessaries which remain con-
nected to the tackle, and the weight of drilling
string which is taken and sustained at any given
time by the slips. 'That ratio, for any given
weight of drilling string and for a specified
weight of tackle and accessories, will be the same,
whether there be four, six, or eight or ten passes
of cable throush: the tackle block. ¥or example,
if the weight of crilling string which is taken by
the slips is equal to the weight of the tackle and
accessories, then, upon setting the slips anc. caus~
ing them to carry the weight of the drillir <, string
the weight or load on the dead-line will be haived,
whether there be four, six, or eight or ten passes
of cable through the tackle block.

However, the absolute weight or load to which
the dead-line will be subjected will be changed
by change of the number of cable passes through
the tackle block; and since the attachment
which responds to load on the dead-line Is af-
fected by this actual dead-line load it follows
that changes in the number of cable passes
through the tackle block will affect the function-
ing of this dead-line attachraent. Since it is
customary to increase the rurther of eable passes
through the tackle block as the depth of the bore
hole increases fand as the weight of the drilling
string increases), it follows that the actual load
which must be carried by the dead-line dees not
continue to rise proportionately to incresse of
well depth, but said load is retained witnin a
desired and safe maximum value which is only
a fraction of the amount which weuld be required
if the number of cable passes through the tackle
block were not thus periodically increased. Xk -
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likewise follows that the variations of dead-line
load which affect the attachment thereon, and
which therefore affect the functioning of the
signalling unit, lie within a closer range of values
than would be the case if the number of the
passes of cable through the tackle tlock were
not periodically changed.

In passing from step #6 to step #7 the drill-
ing string is raised slightly to release the slips,
and this operation also results in loading the
dead-line. At this point the signalling unit is
controlled to cause it to deliver signals for incre-
ments of downward movement. In passing from
step #7 to step #8 the drilling string is lowered
the amount of stand of three joints, and cor-
responding increment signals are delivered. In
step #8 the slips have been set to take the load
of the drilling string. In step #9 the clevators
have been released from the upper end of the
drilling string and in step #10 said elevators
have been raised, by raising the tackle, an
amount sufficient to permit another stand of
three joints to be taken by the elevators. In
step #11 the elevators and tackle have been
swung over and lowered slightly to connect the
elevators to the next stand of three joints, and
in step #12 the tackle and elevators have been
raised to raise these three joints high enough to
permit them to be swung into position over the
drilling string which is being sustained by the
slips. In step #13 all these parts have been
lowered to connect this stand of three joints to
the upper end of the drilling string which string
is still being sustained by the slips. During all
the movements from step #8 to step #13 the
weight of the drilling string is being sustained by
the slips, and consequently the signalling unit
is functioning without the giving of any signals,
and with various portions of said signalling unit
locked out of operation.

In passing from step #13 to step #14 the
tackle and elevators are raised slightly to raise
the drilling string sufficiently to release the slips
and thus to restore the load to the dead-line, and
to cause the signalling unit to re-commence its
normal functioning for delivering signals for
increments of downward measurement. In pass-
ing to step #15 the tackle and drilling string
have been lowered to set this new stand of three
joints back into the hole, and the slips have
been again set to sustain the so lowered drilling
string.

1t is thus apparent that not only is it possible
to measure newly drilled bore hole by incre-
ments as said hole is drilled, but it is also pcs-
sible to measure up and out of the hole, and
also down and back into the hole, these two lat-
ter measuring conditions being for bore hole
previously drilled. In the jllustrations just here-
inbefore given of measuring up and out of the
hole, and of measuring back down and into the
hole T have shown how such measurements may
be made (by the devices presently to be disclose
jn full detail) when using drilling string com-
prising a series of joints which are connected
together serially or disconnected from each other
serially during the operation. I shall presently
show how my signalling units may be caused to
tunction continuously for the line measurement
of well depths, for either up or down measure-
ments, and by the use of continuous lines which
are let down into or are drawn up from the bore
hole according to practice which is' well under-
stood and practised at the present time.
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The automatic functioning of the “dead-line”.
clutch or other “loaded” aend “unloaded” re-
sponsive element

It now appears that in order to effect correct
string measuring operations by the use of an
element connected to a suitable portion of the
tackle, provision must be made to discriminate
between those tackle movements which are
“significant” and those which are not “signifi-
cant,” and that the significant tackle element
movements are those in which the string is
connected to the tackle’so that the string move-
ments up and down are the same as correspond-
ing up and down tackle movements. It also ap-
pears that the non-significant tackle move-
ments are those which are execufed at times
when the string is not connected to the tackle
but when the string is suspended by the slips or
other sustaining elements. It also appears that
a means for automatically signalling the fact
of connection of the string to the tackle (during
tackle movements), or non-connection of the
string to the tackle (during the tackle move-
ments) may comprise some means which is re-
sponsive to the “loaded” or “unloaded” condi-
tion of the tackle element to which such auto-
matic signalling means is responsive. Such an
automatic signalling means has been mentioned
in the form of a tackle dead-line attachment.
Other signalling means are also contemplated
which shali be able fo discriminate between the
“lecaded” and “unloaded” conditions of the tackle.

The accuracy with which the “loaded” and
“ynloaded” signalling unit may give its signals
depends on various factors of design, principle
of operation, ete. I may say at this point that a
high degree of said accuracy is possible of at-
tainment; but even so, it must be admitted that
some range of loads within which range the
operation is not dependable, must be accepted
as inevitable, but within which range the signal
may be expected to occur. For example, for de-
creasing dead-line loads corresponding to a
progressive shortening of the drilling string (by
successive removals of three joint stands from
the string when coming out of the hole during
the making of a round trip) the following ex-
ample might be illustrative; with the dead-line
unit set to signal “unloaded” for a small weight
of string (but not so small as to give a “loaded”
signal for attachment of merely the kelly and
swivel joint units, if used. to the tackle), the
sensitiveness of such unit might be such as to
require that it change from its “loaded” to its
«unloaded” condition for a string length which
might include three stands of pipe joints (plus
the drill collar and bit). That is, when the string
included more than said three stands (of three
joints each) plus the drill collar and bit, the
signalling element would be expected to signal
“loaded,” but when the string has been short-
ened by removal of one stand the signalling ele-
ing would be expected to signa “unjoaded.” -
With the foregoing suggested example there
would be expected Lo be not sufficient differ- .
entiation of weight between the completely un- -
loaded tackle (and elevators, and kelly and swivel
joint, if used), and the weight imposed by ad-
dition to the tackle elements of not more than
th2 three stands (plus the drill collar and bit),
so that vo signal of “loaded” would be expected .
o occur; Lus such signal would occur with the
further addition of at least some additional -
length of string into the string. }
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Under the above assumed example it will be
seen that when coming out of the hole (for &
round trip or other purpose), and assuming that
the bore hole is comparatively deep (for example,
ten thousand feet), the “loaded” weights with
such a long string would be so much -greater
than the “unloaded” weights that sbsolutely
definite and reliable signals should be produced
each time the tackle was changed from a
“loaded” to an ‘“unloaded” condition, or vice
versa. This certainty of definite and dependable
stgnals should be expected to continue as the
string was progressively shortened (by successive
removals of stands of joints) until finally the
shortened string condition was attained at
which the signals could no longer be considered
as dependable (assumed in the above example as
three stands of joints, plus the drill collar and
bit). Thus the functioning of the measuring and
recording equipment presently to be described
could be automatically controlled with assurance
of accuracy and dependability of the time and
condition when the string had become too short
and too light to produce that amount of differ-
ential between “loaded” and “unloaded” siring
needed to give the dependable signals.

It should be here remarked that when going
back into the hole a contrary condition will of
course obtain. That is, the automatic giving of
the signals of “loaded” and “unloaded’ cannot be
expected to attain dependability and accuracy
until a string length of several stands (plus the
drill collar and bit) has been attained.

It will presently appear that the means here-
in disclosed for making measurements and
records are fully automatic and dependable and
accurate, as long as the proper signals are
transmitted to said equipment, by which signals
proper discrimination is automatically effected
between the “significant” and the “non-signifi-
cant” tackle movements. Means should however
be provided by which the needed signals may and
shall be transmitted to the measuring and record
making equipment for drilling strings shorter
than the assumed minimum lengths above sug-
gested. 1 have herein made provision for the
giving of such signals manually at and during
the operations and intervals when the drilling
string is less than such “critical” length and
weight. Other means to produce the needed
signals fully automaticaliy under such conditions
of & too short and too light string are also con-
templated as within the scope of my invention.

When such signals are to be given manually
for such short and light string conditions any
person who is located conveniently to observe
the operations of connecting and disconnecting
the kelly (or the elevators) to or from the string,
and the setting and release of the slips, may give
the necessary manual signals by operation of a
convenient switch or other element. In many
cases such a switch may be located at a position
close to, or on the driller’s stand so that the
driller nimself may actuate such cwitch in prop-
er harmony with the operaticns of connecting
and disconnecting the kelly (or the elevators)
to or from the upper end of the drilling string,
and in proper harmony with the setting and/or
releasing of the slips. I contemplate and have
hereinafter disclosed such switch arrangements
and locations. .

It is very desirable to provide means (other
than a physical count of the number of stands
or joints of drill pipe, taken out of or set into
the string) to inform the driller or other person
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giving the marual signals above explained, when
such manual cignals are used, as to the length
or amount ¢f string in the bore hole. By pro-
vision of such an indication or warning to the
driller or other manual operator, he will be able
to know and will be forewarned, as to the time
when he should commence the giving of the
manual signals (when coming out of the hole),
or as to the time when he may discontinue the
giving of such manual signals (when going back
into the hole). I have provided such an indicator
showing information as to the amount by which
the bit is “off-bottom” (or conversely, the amount
of string remaining in the hole). This means
operates sutomatically with the functions of the
main signalling unit. It thus operates sauto-
matically when coming out of the hole. This
automatically functioning indicator will thus
show the driller when the string has become so
shortened and light that manual (or other sub-
stitute control) should be substituted for the
control by the “loading” and *“unloading” of the
tackle and connected parts. Such indicating
means will then continue to operate automati-
cally as long as the manual or other substitute
control is correstlv functioning, and until the
bit is brought clear up to the datum from which
measurements are made, generally the rotary
plate itself.

It will be understood that when going back
into the hole a contrary procedure is then possi-
That is, the manual. (or substitute) con-
trol will be used until the string becomes long
and heavy enough to ensure dependable fully
automatic operation, at which time the manual
control will be discontinued, and the fully auto-
matic “loaded” and “unloaded” signal control
will be used. Such automatic signalling unit
control will then continue until at a later time
the string is again shortened to a length and
weight less than the “critical” values for which
dependable automatic signalling control ceases.

In Figure 64, presently to be described, and
elsewhere in this specification, I have shown
schematically a wiring diagram of arrangements
by which the main solenoid of the “dead-line”’
clutch of the main signalling unit may be actu-
ated either by signals automatically given by &
unit which respends to the “loaded” and/or “un-
loaded” conditions above discussed; and this
figure also shows manual switch ineans located on
the derrick by which the manual (or substitute)
controls of said cluteh may be effected. In said
figure I have also shown, schematically, the else-
trical means of an “off<bottom” indicator, also
located on the derrick so that it may be observed
by & proper person such as the driller, to give
information to him for the purposes already ex-
plained. The details of such “off-bottom” in-
dicator are also shown in Figures 81 to 87 and
elsewhere. In Figure 64 I have also shown &

- sigral element in the form of & signal lamp 2007
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to indicate to the driller or other person making
the manual controls already explained, the oper-
ated or non-operated conditicn of said clutch.
All of the foregoing elements are fully explained
at various parts of the present spzcification, here-
inafter.

At this point I desire t» emphasize the value
and importance of proviiing means to- ensure
that all of the measuring operations from the top
to the bottom of the bore hole or vice versa,
shall be accurately and dependably made, either
fully sutomatically, or by & suppblemental contrdll
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when needed, elther manual or automatic, as al-
ready discussed. In the absence of such pre-
vision and such means it will be seen that any
measuring operation must be made from some
assumed or otherwise determined location or
datum sufficiently far below the rotary plate to
ensure dependable automatic operations, as al-
ready explained. For example, if it be con-
sidered that all operations involving the use of
@ string at least 400 fest jong (from the kelly or
elevators to the bottom of the hit) will involve
8 string of sufficient weight to assure complete
dependability and reliability, then the follow-
ing procedure may be used, by way of example:
The strinzg mey be lowered with progressive in-
crements of its length, by the usual operations
involving the use of the elevators (or the kelly
and swivel joint), the tackle, and the slips, adding
sections (either single joints or stands of three,
for example) to the string, steel tape line
measuring the sections so added from time to
time until a known and sufficient length of string
has been attained. 'Then, by proper corrections
for elevation of the rofary plate with respect to
datura and other well known and accepted
procedures, the string may be lowered to the
point where the bit is at the exact desired depth
where automatic measurements are to commence
(for example, 400 feet below datum). The
depth counter and other proper elements of the
recording equipment may then be set to read
«400” (or the assumed and measured correct
depth position). Then the proper switches or
other control elements may be adjusted or
vrought into operative condition so that there-
after all measuring operations will he performed
on a fully automatic basis of operations. The
use of the manual or supplemental automatic
controls described by me under the present head-
ing will make unnecessary such pre-setting of
the strinz to a known depth below datum, and
will make unnecessary the actual tape line
reasuring of the string sections, and thus will
greatly simplify ail of the operations.

Returning to “bottom”

When any given depth of kore hole has baen
drilled said bore hole has a “Lottom” and ivs
depth is measured from some assumed datum to
that “bottom.” Since the location of that bottom
cannot be directly surveyed from triangulation
points on the surface of the ground it is neces-
sary to determine that bottor by letting a line
down through the bore hole and determining the
amount of line so let down. That determination
presumes that means 'shall be provided whereby
the operator may known when such bhottom is
contacted. .

When a drilling operation is in continuous
progress the bit is continually in engagement
with the bottom of the hole being drilled, so
under these conditions it is mersly necessary to
measure the amount of additional drilling string
_being passed through the rotary rlate and let
down into the hole as the drilling proceads. Bub
such a continuous operation is not a practicable
one and in real fact the drilling operation com-
prises a series of many jntermittent drilling in-
crements, of varying amounts and at varying
deptns of the vore. Between these disconnected
grilling operations various other operations in-
tervene, some of which have been hereinbelore
discussed and analyzed. Many of these interven-
ing operations include actual lifting of the
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drilling string and bit “off bottom” by amounts
which may vary from a few feet to a complete
removal of the entire drilling string from the
already drilled amount of bore hole. In each
case, however, when the drilling operation is to
be resumed it is necessary that “bottom” be re-
established before actual new  drilling may
proceed.

During these intervening operations it will fre-
guently happen that maferial from the walls of
the bore hole will fall or be displaced onto the
bottom of the bore hole, amounting to a partial
filling of already drilled bore hole. ‘When this
happens, and such material is below the bit
which has been temporarily raised, it is neces-
sary that such material be drilled out again he-
fore the original “bottom” depth can be reached.
Such re-boring operation does not result in any
increase in the actual depth of the bore hole,
but it does require time, and it requires that the
bit be under a drilling weight or pressure.

1 shall presently show how my signalling and
measuring units hereinafter to be described do
not produce or give any repeat signals of incre-
ments due to such re-boring or like operations,
but such signals are only given for new bore hole
actually now for the first time drilled, so that
these increments of depth as represented by such
signals truly give the actual depth at which in-
crements are currently being newly drilled.
Likewise, such signais make it pcssible to measure
the true depth of the bore hole, measured from
the assuned datum.

Heretofore iv has sometimes been the custom
to determine when “bottom” has been re-estab-
lished by noting when the weight or pressure on
the bit has risen to a specified value, which value
is then assumed to indicate that actual contact
with the true bcttom has been established. How-
ever, this practice is subject to grave errors since
in case of the presence of a substantial amount
of such displaced material on the bottom of the
bore hole it is evident that a false or phantom
bottom may be established, considerably above
the real bottom previously attained. If the driller

hen relies merely on the indicated weight on
the bit to determine that he is again “on bottom”
he will be operating on a false or erroneous as-
sumption. All such errors are avoided by my
signalling units presently to be disclosed.

I may here mention, however, that in case of
the presence of such displaced material requiring
re-boring before reaching the previous “bottom”
it is possible by use of my signalling units and
certain auxiliary units nereinafter disclosed, to
determine the amount of such re-boring required
or performed to return to the real bottom. In
this connecticii I have provided means in con-
junction with the dead-line which will show when
the load on that dead-line is the same as it was
when the previous drilling operation ceased,
thereby showing that the weight condition on the
bit is the same as it was when the previous drill-
ing operation ceased; and then by comparing the

5 depth at which this sondition occurs with the

depth of the real “hottom” (namely the depth
previously actually reached) information will be
immediately available as to the amount of filling
of bore hole which has occurred since that pre-
vious drilling operation ceased.

“Time-out”

The discussion heretofore given in relation to
the sequences shown in Figures 4, 7, 10, 13 and
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16 has been limited to distance quantities or
values which are a printe objective of the sig-
palling unit. However, sinee the recorder which

. produces the recorded trace of foot-time or other

related values must differentiate said distance
values with time values it Is now necessary to
consider this time element as respects certain
findamental conditions, and in order to better
understand certain features which I have pro-
vided for in th2 signalling units themselves, as
weil as in the recorder and other units.

In discussing certain of the steps shown in
the foregoing sequential figures I have spoken
of suca operations as “circulating drilling mud”
while the bit has been raised off bottom. Evi-
dently the time consumed in this operation is
not properly attributable to the drilling of the
then current foot, and provision should be made,
either manually or automatically for eliminating
any such time from the time count charged
against such current foot. Such a “circulating”
cperation may be performed either when the bit
is on bottom or when the drilling string and bit
have been raised some distance off bottom, and
generally the latter procedure is followed. How-
ever, it is now noted that in either of these cases
either ar both of two conditions will obtain; first,
the load or weight on the bit will be materially
reduced, or even reduced to zero, as when the
drilling string is raised off bottom; and/or sec-
ond, the brake of the draw works may be locked,
thus preventing downward movement of the
tackle and connected parts. In such case the
continued rotation of the drilling string will cause
the bit to “drill off,” the drilling string gradually
stretching as new hole is drilled, and the pres-
sure on the bit correspondingly reducing until
further “drilling off” ceases. During this opera-
tion the weight on the tackle will increase due
to sueh reduction of bit pressure. In case it is
desired to count “time out” when the weight on
the bit falls below a prescribed amount or value
such result may he secured by use of a suitable
attachment to the dead-line, or to a “point” in-
dicator which is used in connection wiith that
dead-line, which provision I have made, as will
hereinafter be shown in full detail; or, since an
actual upward movement of the drilling string
from its lasi attained “bottom” position will
manifestly result in discontinuance of drilling,
I have also made provision for counting time-
out when that condition obtains. This is done
by the signalling unit itself, as will hereinafier
appear in full detail.

Incidentally I may here mention that it may
also sometime b2 desired to count time-out when
the driving torque demanded of the drive staft
which rotates the rotary plate falls below a pre-
seribed value, and T have made provision for this
result as I shall presently show in full d=tail.
Also, there may sometimes arise conditions under
which it w1l be desired to count time-out when
the pressure in “he circulating mud line falls
helow a prescribed value, and I have made pro-
vision for securirg this resulf, as I shall show

lereitiafter in full detail

Thus I have grovided four distinet functions
which may be used in connection with ~ounting
time-out, either individually or in groups »f said
funetions, namely:

1. The condition of actually being “off bottom.”
This function is provided for by the construc-
tion of the signalling unit itself.

3. The condition of & lessening of the load or
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weight on the bit to an amount less than a pre-
scribed value, indicating a discontinuance of
real or intentional drilling. This function is
provided for by a suitable attachment to the
dead-line or other like provision of suitable
means. . .

3. The condition of existence of a driving
torque on the irive shaft which drives the rotary
plate, of amount less than a prescribed value
which is accepted as indicating a drilling condi-
tion. ‘This function is produced by a suitable
attachment at a suitable point in the drive shaft
itself. .

4. The condition of the existence of a hydraulie
pressure in the drilling mud line of amount less
than a prescribed value which is accepted as
necessary . for drilling operations. This func-
tion is produced by a suitable attachment to the
mud line itself.

All of the foregoing functions may be automat-
ically used for counting time out by means of
the respective suitable attachments. It is also
nated that the foregningz several functions for
counting time-out may be used either individually
or in selected groupings of two or more of said
functions either as individual or combwmed con-
trols; in which latter case the time-out count
will not occur unless and except when both or
all of such selected functions are simultaneously
in force.

It is also noted that under various conditions
it may be desired to count time-out when none
of the foregoing functions are in force or avail-
able. For this purpose manual contrels for count~
ing time-out may be provided; and therefore I
include the following additional item to the above
listing, as follows:

5. Special time-out counts, manually contrelled
and determined, for which purpose suitable
manual controls are additionally provided.

The schematic derrick sel-ups

In Figures 3, 93, 302 and 312 I have shown
three typical setups for the connections between
the derricz and the signalling unit and cther
units. These are to be considered as typical
only, and it will be understood that various com-
binations of units and/or elements herecinafter
to be described may be used other than tlose
specifically shown in said set-ups.

In these figures the derrick ‘s indicated by the
numeral 700, the tackle block by the numeral
781, the crown block by the numeral 102, the
draw works by the numeral 1€3, the rotary plate
by the numeral 704, the drive bushing by the
numeral 705, the kelly by the numeral 106, the
elevators by the numeral 701, the swivel joint
for the kelly by the numeral 798, the mud-line by
the numeral 108, the drive shaft for the rotary
plate by the numeral 110, the rat-hole by the
numeral 711, the rack by the numeral Ti12, the
dead-line of the cable by the numeral 713, the
hook of the tackle by the numeral 718, the “spring
unit” by the numeral 1142 and the derrick floor
by the numeral 715, Various other parts may be
hereinafter specifically enumerated if need be.

In the arrangement of Figure 3 I have shown
schematically one form of signalling unit, desig=
nated ‘in its entirety by the numeral 116, and
iocated near to or convenient to the derrick itself,
since in the particular arrangement shown in
this schematic layout this signaliing unit is
mechanically connected to the tackle or other
sitable element by means of the cable 1i7. This
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cable passes from the signalling unit drum over
the pulley 118 or pulleys located at a convenient
point in the upper portion of the derrick, and the
cable then runs down to and is connected to a
suitable element of the tackle or other part which
rides up and down exactly in harmony with tho
up and down movements of the drilling string
when said string is connected to the tackle, etc.
In the arrangement shown in Figure 3 such con-
nection is effected by means of a clamp 119 which
may be gripped to the hook or some part con-
nected thereto. The form of such connection is,
of course, optional. Such connection should be
made at 2 point and to an element below any
spring or yieldable element 7142 so that said cable
71T will at all times faithfully follow the up and
down movements of the kelly or the elevators,
which ever of these may at the time be in con-
nection with the drilling string.

The signalling unit schematically showr in
Figure 3 is shown in full detail in Figures 20 to
63, inclusive, and a modified form thereof is also
shown in full detail in Figures 95 to 107, inclusive.
Both of these signalling unit constructions will
presently be described in full detail; but at this
point I mention that in each case a cable drum
is provided around which wraps the cable Ti1
which is connected to the tackle or other suit-
able element, and a counterweight or retractor
cable 126 is also connected to said cable drum
and passes over a suitable pulley 12{ carried at
a high point of the derrick, and then a counter-
weight or retractor 122 is connected to said cable
720. This counterweight conveniently rides on
a guy line 123 which extends from the upper por-
tion of the derrick to a suitable point of anchor-
age 124. The arrangement is such that as the
tackle or other element rides up and down the
cable cdrum of the signalling unit is rotated back

and forth in =xact harmony with such up and -

down mo iments, the couaterweight being of
sufficient mass to ensure correct and prompt re-
sponse of the cable drum to changes in the move-
ments of the tackle block, ete. Other forms of
retractor than such counterweight may also be
used, as for example, a spring retractor, or other
forms such as electrical, hydraulic, or gaseous
pressure forms.

Here it is mentioned that these back and forth
rotations of the cable drum of the signalling unit
serve to give the correct signals according to in-
crements of distance traversed, and taking ac-
count of the manifold conditions already dis-
cussed herein. The detailed description of these
signalling units will show huw these results and
functions are attained.

In Figure 3 I have shown a fixture or attach-
ment 125 on the dead-line which serves to give
the ‘“dead-line” signals according fo the prin-
ciples already discussed; and I shall hereinafter
describe a suitable form or forms of such at-
tachments to meet the conditions of the present
problem. I have in Figure 3 shown this fixture
125 as connected to the signalling unit 715 by the
line 726, which will generally be an electrical cir-
cuit or portion thereof or a hydraulic or a me-
chanical connect'on. However, in the arrange-
ment of Figure 312 said fixture 125 is connected
to the special unit or indicator 7282 by means
of a hydraulic line 733, said unit 7342 preferably
being located on cor cluse to the panel board 134;
and zaid unit 784+ will presently be descriked in
full detail. It is a cpecial form of “point” indi-
cator to determine and indicate when the bit’s
weight on bottom is the same as it was. when
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said bit was raised off bottom. In Figure 3 I
have also shown the fixture or attachment 721
in the mud-line 709 and responsive to pressures
existire in said mud-line; and in said Figure 3
I have also shown this fixture 127 as being con-
nected to the signalling unit 7116 by means of the
line 728, generally also an electrical circuit or a
portion of such circuit.

Ir. Figure 312 I have shown uanother form of
signalling unit or contactor for installation on
or close to the derrick, and which likewise is suit-
ably connected to the tackle block or other ele-
ment so that said contactor is correctly actuated
according to the up and down movements of the
tackle block or other selected element. In the
arrangement shown in this Figure 312 this con-
tactor or signalling unit is designated in its en-
tirety by the numeral 729, and it is shown as
being installed on the upper portion of the der-
rick, and close to the crown block 732 thereof.
This form of signalling unit is shown in full de-
tail in Figures 108 to 116, inclusive, which will
presently be described in full detail; but at this
point I mention that this form of signalling unit
iz ope which is provided with a cable drum on
which winds a cable which extends to and is
connected to the tackle block or other suitable
element; but in the case of this signalling unit
of Figures 108 to 116 there is provided no counter-
weight cable, but on the contrary said cable drum
is provided with a suitable spring for retraction
of said cable drum, and to keep the cable vnder
tension.

In Figure 312 I have shown the tension cable
155 extending from the eable drum of this sig-
nalling unit 729 and downwardly to connection
with the tackle block or other suitable element.
The details of this connection, when this form of
signalling unit is used, will be described in full
detail hereinafter; but af ihis point I mention
that with this form of signalling unit the up and
down movements of the tackle block are accom-
panied by like rotational back and forth move-
ments of the cable drum or other element; and
that thic signalling unit is also so constituted
that these back and forth rotational movements
will result in production of the correct and de-
sired signals.

In the arrangement shown in Figure 312 T have
shown a panel hoard 73f located at a suitable
point relatively close to the derrick generally, ansi
the signalling unit 729 is shown as being con-
nected to this pancl board by the electrical cable
or series of conductors, 132. This panel board is
herein referred to as the “derrick panel” and it
is provided as a matter of convenience for giving
to t'ae driller or other person on or close to the
derrick floor such information as may be deemed
of aid to him in conducting the drilling opera-
tions. A similar derrick panel may also be pro-
vided, if desired in connection with the arrange-
ment shown in Figure 3 already described.

The arrangement shown schematically in Fig-
ure 312 also includes a fixture 727 on the mud-
line, responsive to pressure existing in said line,
a fixture 725 on the dead-line, responsive to the
load carried by said line, and a fixture 733 which
is responsive to torque being delivered through
the drive shaft 110 to the rotary vlate 784, T have
also, in Figure 312 shown these dxtures 725, 727
and 733 as being counected by the eiecirical or
other lines 734, 135, and 736 to the panel board
131, This arrangement is shown by way of illus-
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trating schematically an arrangement in which
the various controls for the derrick portion of
the system are brought into a convenient group-
ing. Prom this panel board, when used, suitable
czbles such as shown at Y37 and 138 extend to
the master recorder and to the totalizer or to
other wmits as required. All this will be presently
described in full detail. -

In connection with the arrangement shcwn in
Figure 312, including the form of signalling unit
shown in detail in Figures 108 to 116, I here men-
tion that I may provide what may be called an
“extensor” 139 in the cable or tension element 730
connecting the signalling unit 729 with the tackle
block ¢r other element. I shall presently describe
this unit in full detail, and its purposes and func-
tiong; but here I mention that such device is not
needed in connection with the form of signalling
unit shown in Figure 3, and which furm is shown
in detail in Figures 20 to 63, inclusive and in
Figures 95 to 107, inclusive.

The schematic layouts for selsyn drives of the
signalling units

At this point I shall briefly describe the
schematic layouts which are herein illustrated for
driving the signalling units by selsyn drive con-
nections instead of by means of cable connections
as are shown in the schematic layouts of Figures 3
and 312 just hereinabove described. For this pur-
pose reference is now made to Figures 93 and 302,
respectively, wherein are shown a typical three-
phase alternating current selsyn drive, and a sten-
by-step, direct current selsyn drive, respectively.

Ir: thie arrangement of Figure 93 the signailing
unit, presentiy to be described in detail, is pro-
vide@ with a gear on other drive element (herein
shown at 740), which is to be rotated in a given
direction for measurements down into thes well
bore, and is to be rotated in the opposite direc-
tion for measurements up and out of the well
bore. Assuming that measurements are to ke
made down into the well bore this signalling unit
is properly set for such measuraments, and it re-
mains to riake provision for ensuring that the
rotations of the signalling unit gear 748 will ke
made exactly in proportion to the increments of
downward movement in the well bore.

The arrangement of Figure 93 includes a selsyn
type motor or follower 744, which is connected by
suitable polvrhase circuit connections 742 with
the selsyn driving element 743 so that the gear
144 of the follower 14f will exactly follow the
rotations of the driving element 143, according to
well understood selsyn drive arrangements. The
selsyn toliower gear 144 meshes with the signal-
ling unit gear 140 so that the signalling unit is
accordingly rotated in exact harmony with the
rotations of the selsyn driving element 743, These
arrangements will be further described in full
detail at a later portion of this specification.

The selsyn driving element 743 is connected to
and is driven by a pulley 745 which engages a
pass o7 the cable which is threaded through the

tackie biocks of the derrick, so that as down (or

up. movements of the drilling string are executed
the selsyn driving element 743 exactiy follows
such down (or up) movemeuts, and likewise the
signalling unit is caused to follow such. move-
ments exactly. It is also evident that said pulley
715 might with equal operativeness be impressed
apainst a line which was being lowered continu-
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ously into the bore hole (cy drawr: up from said
bore hole). so that continuous and uninterrupted
measurements of the bore hole, either down or up
could thus be made, instead of making the “joint”
measurements heretofore referred to. Further-
more, when using such a selsyn drive arrange-
mient for the signalling unit it is possible to meas-
ure either down into or up from the bore hole at
speeds which are only Iiniited by the capacity and
ability of the signalling unit to receive and in-
terpret and give its signals, as will hereinafter be-
come evident. These speeds are sufficient to more
than take care of generally accepted practice in
going down into or returning up and out of the
bore hole, in line measurements. ’

Now it is sometimes incenvenient to have avail-
able the required polyphase or other type of alter-
nating current needed for operation of such a
polyphase selsyn drive as that shown in Figure 93,
without the need of making special provision for
producing such alternating current at the loca-
tion of the drilling operations. For this and
other reasons I have also, in Figure 302, shown
schematically a direct current selsyn arrange-

Y ment. This includes the seisyn follower 7148, hav-

ing the gear 7147 which meshes with the gear 740
of the signalling unit presently to be described in
full detail, so that said signalling unit is driven
in proper direction according to the measuring
signals being received from the derrick by said
selsyn follower 14%. These signals, so received
by said selsyn foliower 146, are delivered by a
“pulser” 148 located at or adjacent to the derrick
and driven in convenient manner in harmony
with the down (or up) movements of the tackle or
other element, or in harmony with a line let down
into or drawn up from the well bore. This ar-
rangement will be hereinafter described in full
detail; but it is here noted that by means of this
selsyn drive arrangement continuously produced
increment signals may also be received by the
sicnalling unit and correctly interpreted, and at
rares consistent with the kest well measuring
practice now xnown.

It is now evident that whea using selsyn drive
arrangements for driving the signalling unit ac-
cording to the down (or up) movements of the
ta.kle or line it is possible to make the distance
inecrement measurements either when said tackle
or line is subject to various up and down move-
mexts, as in normal drilling or. related opera-
tions, or as in making joints, or as in making
a “round-trip”’; or when said teckle or line is
being continuously moved dowiwardly (or up-
wardly). These features will become still more
apparent when the detailed descriptions of the
parts have all been exposed hercinafter,

The detailed illustration of the various units
shown schematicaliy in Figures 3, 93, 362 and
312

In the previous explanations of the schematic
lay-outs of Figures 3, 93, 302 and 312 T have re-
ferred briefiy to various units in their entirety,
but without detailed description of the same.
Such detailed descriptions wil' be given herein-
afier; but at this point, and o facilitate refer-
ence to the figures of the drawings which show
such units in detail I now prestat a tabulation
of the several figures in which said units are thus
mustrated in detail as fOll’.)WS'
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LISTING OF DETAILED ILLUSTRATION OF VARIOUS °

SPECIAL UNITS SHOWN IN SCHEMATIC FIGURES
NOS. 3, $8, 302 AND 312

Unit Designation in the schematic Detatled illusiration
No. figure description in Figs. Nos.
kS, Signalling Unit, Type 1occeneaenes 20 to 63,
6. . Simalling Unit, Type 2...... €5 t0 107,
T19.oae Chmp attachment to tackle. 236 and 7.

d 33
332 to 335; und 344 to
346; and 72 to 76.

725 - Dread-Line Micro-Switeh......

727 e Mud-Line Miero-Switeh. ... 344 t0 346.
729 oo Simnalling Unit, Type 8.-ccveeeens 108 to 116.
73l i Dwrrick Panel Board ... .. 315 to 316a.
733-ceaan Drive Shaft Torque Meter_..._... l\otddet:nled; Stand-
ard.
Special “Point’” Indicator.... ..o 329 t0 331

Extensor Connection to Tackle....
; Signalling UbnnSDrivse 1Gca.r .......
. C. Step-by-Step Selsyn-.......

e P 2,343,325,

wPulser” for D. C. Selsyn - -| 303 to 311.
i A.C.SelSYD.cccm e rmennn 93,

45 and 49 and 8.
Ranseen Patent No.

By reference to these detailed  fizures and
showing of typical embodi:aents of these several
units the student of this specification wil] be in-
formed as to the fundamental elements which
are embodied in said units; but said embodiments
thus illustrated are so illustrated by way of il-
lustration only, and not by way of iimitation, ex-
cept as such limitation may be required to meet
the corditions of functioning herein elsewhere
stated.

The signalling units

T shall now proceed to describe the signalling
units which I have chosen to illustrate, in detail.
Three such signalling units are herein illustrated,
as foilows:

1. T¥pe 1, shown in Figures 20 to 63, inclusive,
and with a suitable housing, in Figures 65, 66 and
67. This type includes the contact section; and
these ficures show said contact section as driven
by a cable drum arrangemernt, wherein provi-
sion is made for use of a counterweight or other
retractor; but said contact section can also be
driven by a suitable form of selysn drive, instead
of by the cable drum, as is shown by Figure 93, il-
lustrating a simple form of polyphase selsyn drive,
and as is shown alternatively by Figure 302, and
in detail :n Figures 303 to 310, inclusive, illustrat-
ing a form of step-by-step D. C. selsyn drive.
These selsyn drives will be described at a later
point in this specification. Other forms of drive
for the contact section may also be used. Fer
example, in continuous line measurements of
depth s suitable line drive to the contactor sec-
tion may be used as will be evident.

2. Type 2, shown in Figures 95 to 107, inclu-
sive. This type is similar to type 1, with minor
modifications; and the general remarks abhove
given with respect to tvpe 1 apply with equal
force to this type 2.

3. Tvpe 3, shown in Figures 108 fo 116, inclu-
sive. This type is similar to types 1 and 2 in
many respects; but in this type 3 the cable drum
is provided with a spring retraction, s» that the
counterweight is not needed; and in this type 3
toth the cable drum and the screw-threaded
shaft are endwise movable with respect to the
contactor section; and this type 3 is also distinc-
tive in several other particulars, as will herein-
after appear in detail.

Each of these types of signalling unit is so de-
vised that it will forward signals upon comple-
tion of distance increments for movement in a
given direction, only; and is also sc devised that
movements in the reverse direction serve to pro-
duce cisplacements involviag said screw-thread-
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ed shaft or other reverse counter, and cf
amounts proportionate to the amounts of said
movements in reverse direction, which displace-
ments must be again taken up or neutralized
when movements in the original or signalling di-
rection are resumed, and prior to the commence-
ment or renewal of signalling for new and un-
signalled increments of distance.

PFurthermore, in each of types 1 and 2 there
is provided means to disconnect the contact sec-
tion from the cable drum (or from the selsyn
drive, if used) by a suitable element, either by
an sutomatic signal from the derrick, or by man-
ual control, or both, so that during the interval
of such disconnect the movements of the cable
drum (or the selsyn) will not affect the position
in which the contact section found itself at the
giving of such signal or other disconnect means,
and the movements of the contact section will
not be again resumed until such disconnect
means is again brought to its connecting condi-
tion.

Furthermore, in each of types 1 and 2 there is
provided means to reverse the relative directions
of effective connect between the cable drum (or
the selsyn) and the contact section, so that the
direction in which cable drum (or selsyn) move-
ments must occur in order to drive the contact
section in the signalling direction will be re-
versed by use of such reversing means.

Various other features of similarity, both func-
tion and structural, between types 1, 2 and 3 will
e seen by detailed analysis of said signalling
units.

Signalling unit, type 1.~—~The contactor section

Reference to Figures 20 to 63 shows the de-
tailed construction of this signalling unit. It
includes generally the cable drum section, 80{,
and the contact section 882. Preferably these
are both mounted on a common base element 8083
provided with pads 804 and 805 tc ensure good
alignment between said sections. When a sel-
syn drive is substituted for the cable drum drive,
the cable drum section 88! is removed, and in
place thereof the driven membher of the selsyn
is mounted on the base, and proper connection
is then effected from said selysn to the contact
section, as will presently appear.

The contact section is shown in full detail in
Figures 46 to 62, inclusive. It includes the con-
tact disk or drum 896 which is journalled to per-
mit rotation in a single direction; and said disk
is provided with lugs or dwells 887 and 808 which
are placed in sets, the lugs of each set being at
uniform spacing around the periphery of such
disk. The signalling unit herein shiown is de-
signed to deliver signals at completion of full
feet of drilling, and also at completion of tenths
of a foot of such drilling; so the set 807 1s for the
full foot signals, and the set 888 is for the tenth
of a foot signals. Conveniently this disk 866
comprises a ring which is secured against the
peripheral portion of the outer face of the flange
803, said flange being secured .to the sleeve or
tubular element 840 (see Figure 49). This sleeve
is journalled by ball bearings 811 and 812 in the
stands 83 and 3{4; but for purposes presently to
be explained the bearing 812 is not directiy car-
ried by the stand 814 but is carried by a ring 615,
which is in turn secured to the stand 8{4. The
securing of the dist or flange 889 to this sleeve
810 is effected as follows; said sleeve is provided
with the flange 8!8 against which the disk 808 is
pressed by the nut 817 threadsd onto said sleeve
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810. Incidentally it is here noted that this flange
816 1s provided with the oppositely placed radial
slots 848 and 819 which communicate with corre-
sponding axially extending grooves 820 and 821
in the sleeve 818. These slots and grcoves ac-
commodate the wires which extend between cer-
tain control micro-switches carried by the con-
tact element, and outside connections, through
the medium of slip rings as will be shown shortly
hereinafter.

Surrounding the sleeve Bi0 is another element
or glip ring element which includes the sleeve
822 having the flange 823 at one end; and said
sleeve 822 is locked with respect to the sleeve 810
in the following manner: The flange 816 is not
secured to the sleeve 810, but is set thereon with a
nice fit. When the nut 817 is tightened up it
clamps the disk 808 against this flange 816, which
in turn acts through the inner race-way of the
ball bearing 8{f to press said race-way against
the sleeve 822, forcing said sleeve against the
inner race-way of the ball bearing 812; and the
inner race-way of this latter bali bearing is held
by the bearing retainer 825 threaded onto the
sleeve 818. The net result of all this is that both
of the sleeves BID and 822 sre compelled to act
as a unit, that the disk 809 (and the contact
ring carried thereby), the flange 823, the nut 847,
and the slip-ring element all also comprise a por-
tion of said unit, and all these parts are com-
pelled to rotate as a unit, but ore carried by the
ball bearings 811 and 812.

There is a flange 826 secured to the flange 823,
as by screws not sl.ovwn, and said ilange 82§ is
provided with the annular ring 827 which rotates
nicely around the ring 815, previously referred
to, and which ring is secured to the stand 8i4
and is therefore stationary. Due to the fact that
the ball bearing 812 is located between the sleeve
810 and said stationary ring 815 it is seen that
said ring 827 will be vetained nicely centered
witn respect to the ring 815 as the sleeve 810 and
connected parts rotate. There is a one-way
olutch located between said rings 827 and 815,
so that the sleeve 810 and connecied parts (com-
prising the contact element) may rotate only in
one direction. This cluteh is shown in Figure 56.
It includes the notches or recesses 828 formed in
the ring 815 and having the non-circular floors
829, and the alls or cylindrical locking elements
830 are placed in these recesses. Light springs
831 are set into bore holes formed in the ring ele-
ment 81§ to receive them, and these springs con-
stantly oress the balls-or cylindrical locking ele-
ments 830 outwardly and constantly into en-
gagement with the outer ring element 821. 'This
arrangement comprises, therefore, a clutch which
will allow the outer ring element, and therefore
the contact disk 889, to rotate clockwise when
viewed as in Figure 56, but will promptly act
to prevent any reverse movement of said ring
821. ‘Tirus the entire sleeve element with the
contact disk 889 and the lugs or dwells 807 and
808 is permitted to rotate forwardly, namely in
clockwise direction when viewed as in Figure 48,
but is prevented from any backward rotational
movement; and such prevention is very -effective
and actually serves to prevent any appreciable
backward rotation whatsoever.

Within the sleeve 8108 there is freely rotatably
mserted the screw-threaded shaft 832 which is of
considerable length. The sleeve 810 is provided
through at least a portion of its bore, with
threads to receive and mesh with the threads of
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this shaft, such threaded section of ithe sleeve
being shown at 833 in Figure 49. Due to this
threading of the shaft 832 to the sleeve 840 K
follows that when the shaft is rotated in coun-
terclockwise direction, when viewed as in Figures
48 and 56, in which direction the sleeve is pre-
vented from rotating, by the clutch already de-
seribed, the shaft will be compelled to thread -
self outwardly, that is, towards the left in Figure
49; and the smount of such .out-threading will
depend on the number of turns of ‘the shaft
which are executed in such -counterclockwise or
reverse direction. Thereafter, if ‘the. shaft be
rotated back, that is, in clockwise -direction, ‘#t
will thread itself back towards the right in Figure
49, assuming that -during this operation fthe
sleeve be retained against rotation with the shaftt
during such returning movement., It is There
noted that during such return movement and ro-
tation of the shaft there will of necessity be &
tendency for the sleeve to follow the rotations of
the shaft, such rotations being in the direction
which is permitted by the clutch, but such rota-
tional following tendency of the sleeve ‘will be
comparatively small, and will be due merely to
the frictional engagement of the sleeve with the
shaft threads. It is very important, however,
that no such rotation of the slecve with the shaft
(due merely to {friction) be permitted, and to
definitely prevent any such unintended rotation
I have provided as follows:

The outer suriace of the ring 827 of the sleeve
element comprises a brake or d*ag drum. .Sur-
rounding this brake or drag drum is the elemext
comprising the split sleeve element 834, central-
ly retained against following the drum by means
of the stationary stud 835 which is carried by
the stand 814. The free ends 836 and 837 .0f this
brake or drag sleeve are drawn together under
spring pressure by the spring 838 whose com-
pression may be adjusted by the nut 839. By this
means the tendency of the sleeve to improperly
follow the rotational movements of the shaft is
definitely counteracted, and the cormtact disk is
therefore definitely held against impreper rota-
tion, even in the direction permitted by the
clutch, until the conditions are proper to perrmit
said contact disk to follow the rotations .of said
shaft. Such rotation against the drag exerted by
the drag or brake unit can be eifected by the in-
tentional forward and counting moverents of
the shaft and other parts presently to be Hde-
scribed.

At this point it is noted that the present signal-
ling unit is designed to normally compel the con-

- taet disk to follow the rotations .of the shaft in
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the clockwise direction, when viewed as in Fig-
ure 48, and when the shaft has threaded itsell
back towards the right, viewed as in Figure 49
to what is here czlled “bottom,” and such foi-
lowing movements of the contact disk, following
the shaft rotations in the clockwise dire:iion,
will continue as long thereafter as said shaft is
rotated in the clockwise directinn, and .as long
as tire rotation of the shaft.is not reversed. Such
clockwise rotation of the shaft may be called the
signalling direction, and rotations of said shaft
in the opposite direction may be called “cif bot-
tom” rotations, in the sense that they are-in The
non-signalutyg direction, To effect the proyper
engagement of the shaft with the contact disk,
and therefore with the sleeve unit as an entirety
when the shalt returns to its signalling posi-
tion, the following arrangeinent is shown:
Mounted on the nut 817 isa block 840 ¢see Fig-
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ure 48) which may rock slightly with respect to
such nut, the extent of such rocking movement
being generally limited to a very few degrees, pos-
sibly two or three degrees. Said block is provided

with the two wings 841 and 842, as shown in Fig--

ure 48, The face of the disk §09 carries the blocks
843 and 844 corresponding to the wings 841 and
842, respectively; so that upon slight rocking of
the block 840 both of these wings 841 and 842
will simultaneously engage both of the blocks
843 and 844. Backward rocking of the block 840
with respect to the disk is limited by engage-
ment of the faces 845 and 846 of the block 840
with the right angular faces of the blocks 843
and 844, respectively, so that the rocking move-
ment of the block 840 is limited to the small angle
already mentioned. It is noted, however, that
returning rock of the block 840 with respect to
the disk 509 is always limited and stopped at ex~
actly the same relative positions of these parts,
since such return rocking is limited at the in-
stant that the wings 841 and 842 co.1e into en-
gagement with the blocks 843 and 844, respective-
ly. This point is of importance in understand-
ing the accuracy with which this signalling unit
will function to determine the condition of
“reaching bottom.”

The block 840 is provided with the two drive
faces 847 and 848 which face against the direc-
tion in which the contact disk may rotate; that
is these drive faces look in the counterclockwise
direction. The screw-thréaded shaft 832 has se-
cured to it an end nut or block 849. This is pro-
vided with the two companion drive faces 850 and
851 which face oppositely to the faces 841 and
848, that is, clockwise. All these drive faces are
preduced by suitably forming the projections 852,
853, 854 and 855 on the block 840 and on the
block 849, respectively, as will be evident from
examination of Figures 60, 61 and 62. These
drive faces extend substantially normal to the
plane which lies normal to the axis of rotztion,
so that when the face 850 of the block 849 engages
the face 8471 of the block 840 a driving engage-
ment is produced; and similar driving engage-
ment is produced by engagement of the face 851
of the block 849 with the face 848 of the block
840. Furthermore, the several projections 852,
853, 854 and 855 are formed with their back faces

retreating from said normal faces, and the ;

amounts of projection of these projecting por-
tions are preferably slightly less than one-half
of the pitch of the threads on the shaft. With
this arrangement the following functions are
noted:

As the shaft is rotated counterclockwise
(viewed as in Figure 48) the faces 850 and 85i
are carried backwardly and.away from the com-
panior faces 841 and 848, resulting in no at-
tempted drive of the contact disk 809. As such
counterclockwise shaft rotation continues said
shaft screws itself towards the left in Figure 49;
and by the time a one-half rotation of said shaft
has occurred the projections 354 and 845 of the
tlock 849 have been carried leftwardly at least
the pitch of one-haif a thread, so that as the
counterclockwise rosation of the shaft continues
said projections will clear the projections 852
and 853 of the block 840; and thereafter further
counterclockwise shaft rotation meay continue
indefinitely, limited only by the length of the
threaded portion of said shaft. This is what oc-
curs when the signalling unit is being rotated in
the “off bottom” or “non-signalling” direction.
During this operation the contact disk is station-

[543

ary at the position and condition which it occu~
pied at the instant when clockwise rotation to
give signals was discontinued. The amount of
such “off bottom” movement which may be exe-
cuted will depend only on the length of the shaft
available for “off bottom” movement, taking ac-
count of the pitch of the shaft threads and the
amount of tackle or other movement indicated

_ per inch of shaft movement “off bottom.”
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Likewise, when rotation of the shaft is re-
versed, tha$ is said rotation is commenced in the
clockwise direction, said shaft will thread itself
through the contact disk, and through the sleeve .
810, thus causing said shaft to move towards the
right in Figure 49 and causing the block 849 to
approach the block §48. When the last one-half
rotation of said shaft commences, the projec-
tions 854 and 855 of the block 849 will move in
between the projections 852 and 853 of the block
840, and at completion of that last half-rotation
of the shaft the faces 847 and 848 will again en-
gage the faces 850 and 851, respectively.” There-
after further clockwise rotation of the shaft will
cause said block 840 to rock slightly to bring the
faces of the wings 841 and 842 into engagement
with the faces of the blocks 843 and 844 carried
by the face of the contact disk itself. Such rock-
ing movement is very slight. As soon as much
rocking movement has been completed a drive of
the contact disk 809 from the shaft will occur in -
the clockwise. direction, such drive being from
the block 849, through the faces 856 and 851 to
the faccs 8471 and 848 of the block 849, then
through the wings of the block 840 to the projec-
tions or blocks 842 and 844 carried by the con-
tact disk itself. Thus said contact disk will now
be rotated in cicckwise direction and in strict
accordance with the shaft rotations in that direc-
tion. .

At this point the following comments on this
drive are in order:

‘Whenever the shaft is rotated in reverse or
counterclockwise direction, no matter for how
small an increment, the contact disk will be left
behind, and stationary; and after a very slight
amount of such counterclockwise shaft rotation
the wings 841 and 842 and the block 840 by which
they are carried, will come to rest with respect
to the contact disk, since the surfaces 845 and
846 of said block 840 will have engaged the com-~
panion surfaces of the blocks 843 and 844 carried
by the contact disk. Thereafter further shaft
rotation in the counterclockwise direction will
result in centinued projection of said shaft to-
wards the left, each full rotation of the shaft
adding to such projection by the amount of one
thread, or an amount equal to the pitch of the
threads. Furthermore, when shaft rotation in
the clockwise direction is again resumed, said
shaft will commence threading itself towards the
right, thread by thread, until firally re-engage-
ment of the faces §50 and 851 of the block 8484,
with the faces 847 and 848 of the block 848 occurs,
and then slight rocking of said block 840 cccurs
to finally result in deiinite engagement with the
contact disk for driving purposes. It is specially
noted that when this last action occurs the shaft
is in exactly the same angular position with re-
spect to the contact disk as said parts occupied
when the shaft was first started in its counter-
clockwise rotation, and therefore the driving en-
gagement to the contact disk will occur at exactly
the same position as that at which drive was
previously left off. This is important as affecting




2,671,546

109
the &bility of the instrument to recommence sig-
neliing increments exactly “at bottom,” or exactly
at the point where such signalling action was
previously discontinued.

The function performed by the slight rocking
of the block 840 will be explained shortly, and
this function generally has to do with the giving
of anxiliary signals, such as “off bottom,” “time
out,” etc., and for other purposes.

The contact disk 808 carries the ring 806 to
which reference has already been made; and said
ring is provided with the two sets of projections
801 (for one-foot signals) and 808 (for one-tenth
foot signals). These two sets of projections are

displaced axially of the shaft; that is, one set :

lies to the right of the other set when viewed as
in Figures 20 and 49. It is here noted that in the
particular design of signalling unit here being
described, i is intended that each complete rota-
tion of the shaft shall produce three one-foot
signals, when signals are being delivered, and
that such zomplete shaft rotation shall also pro-
duce thirty, one-tenth foot signals, when signals
are being delivered. The drive of the shaft is
accordingly so arranged that such relationship
is established, as will presently appear.

I prefer to use whet are known as ‘“micro-
switches” for giving electrical impulses corre-
sponding to these projections. Other means, such
as mechanical or hydraulic connections might.
‘however, be used, I have hereinafter shown one
such mechanical connection arrangement. Inthe
one-foot signals position the three projections
801 are spaced equidistant around the periphery
of the disk: and in the one-tenth foot signals
position the projections 808 are also spaced equi-
distant around said periphery. Preferably also,
but not necessarily, each one-foot projection
comes opposite to a tenth-foot projection, with

the nine intermediate tenth-foot projections ¢

spaced ‘equidistantly between such two one-foot
projections. It is here noted that these micro-
switches are of relatively small size but are
rugged and very accurate in their functionings,
:and are sensitive in response to the operating
forces applied to them. One of them will be
‘described in detail hereinafter; but at this point
I mention that such switch is provided with a
“biased” spring leaf, comprising one of the
-switch contacts.
engagement with one stationary contact carried
by the switch, so that & circuif is -normally closed
‘between such spring leaf and said cortact. The
‘switch also carries another contact or stop in

Jposition to be engaged by the spring leaf when :

the bias of said leaf is overcome; and by depress-
ing a stud of the switch said spring leaf is sprung
from engagement with the first mentioned con-
tact and into engagement with the second men-
tioned contact. Thereby the circuits are revarsed,
-gne being broken and the other being closed.
“Thereafter, when the pressure on said stud is
released the bias of the spring leaf causes said
leaf to spring back suddenly to its original con-
tacting condition. This causes said leaf to dis-
engage from the second mentioned contact and
to reengage the first mentioned contact; thereby
restoring the contact conditions as they originally
existed.

I mount one of these microswitches in line with
each of the two sets of projections 807 and '8(8.
These are the two microswitches 856 (one-foot)
and 857 (one-tenth foot), located in alignment
with the sets of projections 807 and 808, respec-
tively. These:microswitches are mounted-on the

This biased leaf is normally in 5
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bracket 843, or stand (see Figures 48 and 495:
Conveniently such mounting s made as follows;
the S-shaped blocks 858 and 859 are provided for
the two switches, each such block being provided
with a pair of wings 860 and 861 which le face
against the stand 813. These wings are provided
with slots through which extend the retaining
screws 862; and by means of this slotted provi-
sion it is possible to set each block 858 and/or
859 slightly backward or forward, and also
slightly up and down. The blocks are also of
height to bring the respective switches into align-
ment with the respective sets of projections, 807
and 808, FEach microswitch is provided with a
spring leaf 863, which bears against the stud 864
of such switch to deliver pressure against such
stud (it veing noted that these leaves 863 are not
the biased contact leaves heretofore referred to).
The free ends of these spring leaves 863 are pro-
vided with the fiber lugs 865 which bear against
and are engaged hy the projections 807 or 803,
respectively of the contact disk. The foregoing
arrangement is such that each microswitch may
be exactly adjusted to position such that its biased

5 leaf will be caused to function back and forth

with very ceriaini isnctioning by the projections
807 and 898 as the case may be, during the rota=-
tions of the contact disk forwardly (it canmot
rotate backwardly). Thus each microswiich can
be brought to position such that as each pro-
jection of the corresponding series comes towards
the fiber block or lug 865 of such switch and comes
into engagement with such lug, the biased spring
leaf of such switch will be deflected by the oncom-

5 ing of such projection, until finally the switch

will snap over and reverse itself, with correspond-
ing signalling action. Such condition will con-
tinue to exist until, during the further advance-
ment of the contact disk, such projection moves
over far enough to gradually or rapidly permit
the lug 865 to resume its initial condition, and
finally there will come a time, in such restoring
action, when the biased spring leaf will again snap
back to its initial condition, thereby restoring the

3 contacts of the switch to their original signalling

position. Such position they will retain until an-
other projection of the series comes into switch
actuating position, when the operation will be
repeated.

Now it is here noted that upon analyzing the
foregoing action it is seen that the same com-
prises in effect four distinct stages as follows:
PFirst, a depression of the biased spring leaf due
to the “rising” portion uf the projection of the
contact disk; second, - snap of the biased spring
leaf to its opposite position, with reversal of con-
tacts and circuits in the switch; third, a releas-
ing action on the biased spring leaf, due to riding
of the lug downwardly on the retreating face of
the projection of the contact disk; and fourth,
a snap of the biased spring leaf back to iis original
condition, with restoration of the circuits to their
original condition. Now, between stages two and
three, above described, it is necessary for the
fiber lug 869, riding on the projection in question,
to move a substantia. portion of its total travel
inwardly or towards its original position, before
the biased spring leaf will snap back to its original
and normally biased condition, and to restore the
circuits to their original condition., Such an

inward travel of the fiber l.ig cannot occur until
the contact disk has advanced appreciably beyond
the position it occupied when the snapping action
-of stage two occurs; and due to the clutching
-action produced by the rollers or balls 839, alrexdy
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referred to, it is evident that retrograde or back-
ward movement of the contact disk in degree
sufficient to permit the biased spring leaf to re-
store to the original switch circuit condition can-
not possibly occur. Due to this fact “chatter”
cannot occur, and there is practically no possi-
bility of the giving of a false signal due to “danc-
ing” or severe vertical vibration of the drilling
string when the bit is working against bottom
formations which fend to produce such severe
vertical vibrations. This is because, once the
switeh has thrown over to the position produced
by stage two, which is a snap acticn, no returning
movement of the spring leaf can occur except by
forward advancement of the contact disk by an
amount sufficient to permit the lug 865 to move in
far enough for such return snap action to occur.
This necessary forward movement of the contact
disk is substantially the full amount of the incre-
ments for which signals are being given (say one
full fout). Such exireme vibrations are practi-
cally unknown in practice. Therefore, no false
or repeat signals can ocecur, due to vibration to
which the signalling unit may be subjected in
service and on the derrick, if it should be located
thereon, or due to vertical vibrations of the drill-
ing string.

I here also call attention to the following addi-
tiona] features respecting these projections and
the microswitches: It is seen from examination
of Figure 43 that each projection comprises a
flattened or uniform radial surface between two
intervening depressions of curved fcrm., The
periphery of the cantact disk thus is “scalloped.”

Consequently as each projection comes into switch *

operating position the fiber lug of such switch is
retained in its moved position for an interval of
time, which interval depends on the arcuate ex-
tent of such surface as well as the rate at which
the contact disk is being advanced. Likewise the
interval during which the circuits controlled by
such switch will receive current will be affected
by the extent of such surface. I here r.ention
that various of said circuits to be presently de-
seribed and analyzed include relays which must
function in correct order; and for this reason it
is desirable that even with comparatively fast
operations of the contact disk (incident to fas®
drilling operations, and other conditions) the
microswitches e enabled to retain their biased
and their operated position, respectively, as long
as possible between the snappinz operations.
Such result I secure by forming tnese surfaces
which are of uniform radius or arcuate, of such

lengths as may be desirable, consistent with the ;

need of providing the definite projections, and
the need of providing the slanting surfaces rising
to and receding from said arcuate surfaces. In
some cases it will be found desirable to so form
these projections and surfaces that the micro-
switch lugs are retained in moved position for
about the same lengths of time as they remain
in their normal or unbiased or unmoved posi-
tions.

I also call attention to the following condition
which is shown in Figure 48; examination of that
fizure shows that each of the one-foot projections
has its approaching surface (which is first en-
gaged by the fiber lug 865 of switch 856) in
alignment with a corresponding approaching
surface of one of the fenth-foot projections, so
that both the one-foot and the tenth-foot
switches are engaged at the same time, when
each full foot is reached. Thus both switches
operate simultaneously to give their signals when

10

i
[}

49

1]

85

76

%

corresponding signals.

112
each full foot is completed. However, each of
the full foot projections is of longer duration than
the tenth-foot projections, so that the signals
given for the full foot switch are sustained longer .
than the signals for the tenth-foot switch, This
provision is made, even when said full foot pro-
jections are not of as large size as might be the
case, so that there will be assurance that in all

‘cases, even with fast drilling, the full foot signals

will be correctly and infallibly given, even though

Quring such fast drilling the tenth-foot signals

might become confused.

The rates at which these microswitches func~
tion will depend on the rates at which increments
of drilling are completed, or the rates at which
other measuring operations are conducted. In
the normal drilling operations these switches,
both for the full-foot counts and for the tenth-
foot counts, can follow these increments and give
However, when making
very fast “round-trip” operations, or in line
measurements, the rates at which tenth-foot
increments would be encountered would be s0
great that the tenth-foot microswitch might not
be able to follow such tenth-foot increments and
give proper signals therefor, In such a case the
microswitch 851 for the tenth-foot increments
could be tempcrarily cut out of commission.. This
could readily be done, for example, by swinging
the block 859 down enough to carry the fiber lug
865 of the tenth-foot microswitch completely
away from the path of the projections 8988, so

‘that this microswvitch would remain unoperated

during such condition. During such fast opera-
tion the full-foot microswitch 856 would continue
to give its signals, and thus the full foot incre-
ments during such fast operation would be
counted. :

I have previously referred to the giving of “off
bottom” and “time out” signals by the rocking
of the block 840 (see Figure 48). For this pur-
pose the following constructions have been pro-
vided:

Mounted on the face of the contact disk 809,
and adjacent to each of the blocks 843 and 844
thereon, is a microswitch. These are designated
as 866 and 867 corresponding to the blocks 843
and 844, respectively. Of course these micro-
switches travel with the contact disk 809 during
rotations thereof, but still said microswitches al-
ways retain their correct relatirnships with re-
spect to said blocks 843 and §44, which also travel
with the contact disk. Extending through these .
blocks 843 and 844 are the pins £68 and 869 in
line with the studs 864 of the respective micro-
switches, so that forcing said pins towards the
microswitches will result in causing said switches
to function. Ixtending through the wings 841
and 842 of the block 843 are the screw-threaded
pins or screws 870 and 871, respectively, which
are in line with the pins 868 and 869 of the blocks
843 and 844. These threaded pins 870 and 871
are readily adjustable, being provided with the
knurled heads as shown; and set nuts 872 and
873 are provided on these threaded pins so that
they may be locked in their adjusted positions.
The foregoing arrangement makes possible the
following functioning:

The threaded pins 870 and 871 are adjusted so
that when the block 840 rocks to carry the wings
841 and 842 into driving engagement with the
blocks 843 an 844 to drive the contact plate for-
wardly, said pins 870 and 871 force the ping 858
and 869 to move in said blocks 843 and 844, and
Ahus to cause the studs 864 of the two micro-
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switches to. simultaneously. throw- over. said:

switches, and give the desired signals: that the
contact disk is in driving engagement with the
screw-threaded: shaft or-a part ccnnected there-
to. In other words, these signals are given at
the instant that the drive is again “on bottom.”
It was mentioned that the rocking movements of
the »lock 840 are small, probably no’ over one or
two. degrecs or thereabouts. As the wings 841
and 842 come against the blocks £43 and 844 and
as. the pins 858 and 869 are forced against the
studs 864 to actuate the switclies, the spring
biases of said springs must be overcome. This
requires the exertion of a torque pressure of the
block 840 (and the block 849 and the shaft)
against the contact disk, in order that said
switches may be actuated, and in order that the
spring biases of their spring leaves may be over-
come for this actuation. Such torque pressure
thus exerted by the block 840 with respect to the
contact disk might be sufficient to cause said
contact disk to commence rotation clockwise un-
der the driving force of the clockwise rotation of
the shaft, and without causing the switches to
function; in which case said switches would not
properly signal “on bottom” or that the “time
out” count had ceased. However, the brake ele-
ment 834, already referred to, and which creates
a drag on the contact disk, tending to hold back
said disk, requires that a certain amount of
torque shall be developed between the shaft and
said disk, or between the block 840 and said disk,
befere the disk will be forced to rotate forwardly.
The brake spring 838 may be adjusted to such a
degree of force that the drag exerted against for-
ward rotation of the. coatact disk will be large
enough to ensure that in all cases the micro-
switches 8566 and 867 shall both be actuated prior
to commencement of forward rotation of the con-
tact disk so that their signals will be correctly
given,

By a like token, when the rctation of the shaft
852 is reversed to go “off hottom” it is necessary
that the bleck 840 be caused to rock backwardly
or counterclockwise slightly in order that the
switches may also reverse by the bias of their
leaf springs, to reverse their contacts, and give
the signals of “off bottom” and “time out,” etc.
The spring forces of the two switeh spring leaves

is found to be ample to cause such backward .

rocking movement of the block 848, the drazging
effect produced by the drag sleeve 834 preventing
the disk 806 and the microswitches 866 and 861
from improperly moving clockwise (in Figure 48)
at such time.

1t. is also noted that by establishing the fore-
going relationship between the torque effect pro-
duced by the spring leaves of the microswitches
and the drag produced by the drag element 834,
ancther and important effect is produced, as fol-
lows; since, the drag pruduced by this brake or
drag element is sufficient to enable the spring ef-
fects of the leaf springs of the switches to be over-
come; it follows that such drag will require that
the- block 840 be rocked full over and-into solid
engagement with the blocks 843 -and 844 carried
hy the contact disk, hefore rotation of that contact
disk forwardly or clockwise will occur. There-
fore, such forward rotation of the contact disk will
occur only when the block 849 is in solid engage-
ment with the bilocks 843 and 844 and under the
condition that the angular relation between the
shaft and the.contact disk is exaetly the same
as it was. when the previous.counterclockwose; or
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“off bottom” movement commenced. In.other
words, the parts will be compelled to. come.back.
to their correct “on bottom” position.: before-fur~
ther forward signalling movements can occur..

Since the microswitches travel rotationally.
with the rotations of the contact disk and shaft,
it is necessary to provide slip rings to give con-
tinuous and uninterrupted circuit connections to.
these switches from outside the unit. For this
reason I have provided the slip ring unit shown.
in section in Figure 49 and to which reference:
has already been made. This slip ring unit in-
cludes the six slip rings 874 carried by suitable.
insulating rings 875 mounted on the sleeve 822.
A nut 876 is threaded on the left-hand end of said.
sleeve 822 and compresses -he said insulating.
rings against the flange 823 at the other end of
said -sleeve, thus retaining the sel of insulating.
rings and the slip rings themselves in solid com~
pact mounting. The wires from these slip.rings
extend radially inward through the radial:slots
871 to the axially extending slots 820 and. 82f;
so that sauid wires can be led from the several-slip
rings to the several contacts of the two micro~
switches; it being understood that each micro-
switch has its biased soring leaf contact, and.the.
two fixed coniacts, three in all for each switch..

Evidently any suitable brush arrangement may:
be provided in connection with the slip rings:874.
In the arrangement shown in the drawings I have
provided the block 8718 extending between the
stands 813 and 8i{4. Mounted on this block are
the two insulatihg blocks 879 and 880 between
which are clamped the brushes 881 which press
with a spring action agains{ the respective: slip.
rings. I have also provided the terminal. block
882 secured to the stands 813 and 814; said-termi~-
ral block being provided with the several termi~
nal pins 883 and nuts 884, of well understood
form. The various slip rings, as well as the mi-
croswitches 856 and 857 for the distance incre-
ments are connected to these terminal pins 833
according to whatever scheme of connections
is desired. I shall presently explain this feature
more in detail. .

The shaft 832 is rotated harmoniously with
the distance increments to be measured. Said
shaft is rotated clockwise (when viewed as in Pig-
ure 48) when increments of new distance are to
be signalled; and said shaft is rotated counter-
clockwise when going “off bottom.” Clockwise
rotations may be considered a:: positive, and
counterclockwise rotations may be considered as
negative.

In the signalling unit of type 1 now being de-
seribed there is the gear 885 which is. driven.by
a suitable connection to the tackle block or other
increment transmitting elemer:., such as. a.line
let down into a previously drilied well bore. Im
the signalling imit of type 1 I have provided means:
to rotate sai2 - ar 885 by a cable drum which is:
connected by « suitable .cable to the tackle block:
or other eleirent; and in Figures 93 and 362 I°

‘have shown means to rotate szic gear by use of'

selsyn drives whicix follow the: movements of the-
tackle block or other element; but manifestly:
other mcans of driving said gear might be em-
ployed, consistent with the requirements cf the
present problem. I contemplate all such other-
means as well as the particular means herein
disclosed, exceot as I may limit myself in the:
claims to follow. ’

'The shaft 832 is provided; in addition to-the
screw threads thereof, with a:longitudinalli~ex-
tendinz spline or keyway:886. A:sleeve-887- surs-

o e TR
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rounds and receives the shaft but is not threaded
to the shaft, said sleeve being journalled ai 888
and 889 in the stands 814 and 899, respectively.
This sleeve is thus journalled at two points which
are well separated from each lengthwise of the
sleeve. This sleeve is provided with a key 83i
which reaches down and engages the keyway 886,
- so that the shaft and the sleeve are compelled
to rotate together eéither counserclockwise or
clockwise as the case may be. But still the shaft
is permitted to move endwise independently of
the sleeve when necessary. Incidentally it is
noted that this key 891 has its ends provided with
the slightly overhung portions which engage like
depressions of the sleeve, so that the key is held
against moving inwardly when the shaft is re-
moved from the sleeve; and a short retaining
sleeve 892 is telescoped over that portion of the
sleave 881 which carries the key, so that said key is
thus locked against falling away from the sleeve.
All these structural details are well shown in
Figure 49.

Now this sleeve 88T is to be driven according
to the movements of the gear 885, except as con-
trolled and modified as hereinafter to be ex-
plained; but whenever said controls are set into
a given condition the drive from the gear 885 to
the sleeve is effective, or is discontinued as the
controls dictate. Also these controls include
means to transmit rotations from the gear to the
sleeve in either relative condition of rotations as
between these parts; that is, if clockwise rota-
tions of the gear be considered as “forward,”
then the sleeve rotations may he either “forward”
or “backward” according to the setting of this
control; or, viewing the matter in another man-
ner, clockwise rotations of the sleeve, for deliver-
ing signalling movements to the contact disk 808
will be delivered by clockwise rotations of the
gear, when said control is set to one position, and
will deliver clockwise rotations to said contact
disk by counterclockwise rotations of the gear,
when the control is set to its other position. Still
again, clockwise rotations of the shaft will be de-

livered by said sleeve from clockwise rotations of .

the gear, when said control is set into one posi-
tion; and clockwise rotations of the shaft will be
delivered by said sleeve from counterclockwise ro-
tations of the gear, when said control is set into

its other position. This control I herein desig- :

nate for convenience as the ‘“reversing gears’
but without any intention to use that term in a
limiting sense, as will presently appear.

I also provide another control hetween said

gear 885 and said sleeve 887, in the form of a ;
suitable clutch between said elements, which

cluteh can be controlled either automatically or
manually as desired, or by both such controls.
Said clutch serves, when in clutching condition, to
provide direct drive between the gear and the
sleeve (sometimes with intermediate elements in
said drive, as will e hereinafter mentioned), and
said clutch allows, when in its disengaged or un-
clutched conditio:, the gear to rotate in either
direction, freely, and without causing any rota-
tion of the slesve in either direction. In other
words, these paits are unclutched at such time.

Referring to Pigures 49, 50, 51, 52, 53 and 58,
in particular, I have provided the spider 853
which is journalled on the sleeve 887 by means
of ti:e two buil beariras §94 and 895 well set apart
from each other. This spider is provided with
the g2ar 896 at its driving end.

Beneath said gear 886 thers are provided the
two shafts or rods 897 arnd 8¢8 lying parailel to
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the shaft 832. These elements 837 and 898 are
conveniently carried by the two brackets 889 and
9008 which in turn are carried by the rods §81 and
8¢2, These rods 01 and 802 are extended threugh
the stands 814 and 8998, to which they are pref-
erably locked (and they may also extend through
the stand 813 as shown in the fizure). The ele-
ment 897 comprises a shaft to which is secured
the gear 885, already referred to; and preferably
tiis shaft 897 is well journalled in the brackets
839 and 900 by provision of the bronze bushings
903 and 904 as shown in Figure 53. Also, this
shaft 897 is provided with the squared portion
905 on which slices the gear reversing clement
906 which element includes the two gears §47 and
908 of equal pitches and eyqual numbers of teeth.
Between these gear elemenits 887 and 998 there
is provided the annular zroove 903 (see Figure 58)
which is engaged by tue shifter 810, Thus said
gear element may be shifted endwise on the shaft
897 while maintaining driving engagement there-
with in all positions of such shift. It is here
noted that while the gears 807 and 508 are noth
of such sizes and are so journalled (on the shaft
867) that they might mesh with the gear 836 of
the spider 893, still said gear 997 never does en-
gage said gear 896, although the gear 908 does
make such engagement with the gear 83¢ for one
direction of rotation that is, for one conditicn of
setting of the gear reverser. In this connection,
the reversing element 886 is, in Figure 58 shown
in its position such that the shaft €87 and the
spider £93 hoth rotate in the same direction; and
when said reverser element 905 is moved to the
right in Figure 58 such driving condition is re-
versed, as will presently appear in detail.

Slidably mounted on the rod 898 is the second
reverser element 91l (see Figure 58). This in-
cludes the gear 912 of double width and which
meshes with the gear 907 of the element 906.
This element 811 also includes the annular groove
9i3 opposite to the groove 989 of the element
866. The shifter 940 engages both of these
grooves simultaneously so that both of the re-
verser elements 806 and 811 are shifted back and
forth simultanecusly. - During such shift the
gears 907 and 912 are retained in mesh with
each other, and also they retain their longitudi-
nal positions unchanged with respeci to ezch
other, that is, the gear 912, which is of double
width as shown in Figure 58, has its right-hand
portion continually in engagemert with the gear
907 and its left hand portion lies completely to
the l=ft of such meshing portion. When said
reverser elements stand in the position of Figure
58 said left-hand portion of the gear $12 meshes
with the gear 836 of the spider; and under these
conriitions analysis of the several gear elements
shows that the spider will rotate in the same di-
rection as the shaft 887, as already stated. How-
ever, by shifting the shifter 910 to the right, both
of the gear elements 906 and 911 will be carrieq
to the right. This will soon disengage the gear
842 from the spider gear 896 and discontinue
drive to the spider, and will allow the gear 885
to rotate freely and without driving the various
elements of the signalling unit beyond the po-
sition of the gear element or unit 905. In other
words the shifter 910 has now brought the re-
verser elements into a “neutral” rosition.

Further shift of the shifter 918 towards the
right will result in bringing the gear 328 of the
unit 806 info direct engagement with the gear
896 of the spider; so that the spider will now be
driven in direction opposite to that of the shaft
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805 and the gear 885. In other words, the op-
eration has been reversed. When using this ex-
pression it will be understood to refer to the
direction of the spider rotation with respect to
tLe rotation of the gear 8¢5, since evidently the
actual direction of the gear 885 itself may change
many times while the shiftcr stands in any given
setting.

Here it is also noted that the severz} gear ele-
ments which come into play during these “revers-
ing” operations are of such pitch and such num-
bers of tezth that exactly the same gear ratio is
produced between the gear 885 and the spider
gear 898 for both “forward” and “reverse” op-
eration, so that the correct functioning of the
contact cisk is produced in either setting of said
shifter.

Conveniently said shifter eleinent 910 com-
prises a finger carriesd by a block 3t4 which is
slidably mounted on the rod 915 extending be-
tween and secured to the brackets 83% and 9€0
al-eady referred to. Said block and finger of
the shifter are held against falling in one di-

restion or the other ¢hout the said rod &5, due

to the fect that the finger extends up between
the annular grocves 389 and 913 of the two gear
elements, as skown in Figure 58; and these two
annular grooves also serve to retain all these
parts in proper relation with respect to each
other t¢ ensure corr.ct endwise shifting of both
gear elernents under the inflience of the shirts
of said shifter.

Examinaticn of Ficure 49 in particular shows
that the bottom face of this shifter block is pro-
vided with the rack teeth 916.
gaged by a pinion 91T carried by the transverse
rock shaft 918 which extends beneath the rod
915, and to the ouler end of which rock shart is
secured the reverser handle 9{9. This rock shaft
i conveniently journalled in the block 920 which
is secured to the base of the signalling unit, or tc

~ a sub-bese for the contict section, which sub-

base is shown at 92f. Incidentally, all thre: of
the stands 813, 818 and 898 alveady referrel o

are secured to this sub-base, so that the entirz |

contact section of the signaliing unit is substan-
tially self-cor.araed and kept in perfect align-
ment as re.p s its several elements.

The reverser handle 99 is provided wizh th:=
hand crank 922 by which said handle mav b2
rocked; and said crank is provided with the pin
923 whish may be set into either of {hree hales
944, 925 and 926 formed in a segment plate 327
secur::d to the sub-base, or these holes may te
formed in the housing for the contactor secvion

25 shown in Figure 65, when such housing is

providecd. A stop pin 928 limits the rocking move-
ment of the handle 99 towards the right; and
limit of movement of said handle towards the
left is afforded by engagement of the gear unit
806 with the left-hand bracket 900, zs shown in
Figure 58. Incidentally these three positions of
this handle 919 are shown in Figures 68, 69, 76 and
71 wharein the following designations have beeu
used: The left-hand position of the handle, to
engage the hole 324, is shown as “2,” the central
or neutral position of said handle, to engage the
hole 925, is shown as “N,” and the right-hand
posstion of the handle, to engage the hole 925, is
shown as “1,” in szid Figures 68 to 71, inclusive.
These figures will be hereinafter referred to in
discussing the ‘“cakle drum” section which drives
the gear 885 to which I have already made fre-

- quent reference.

It remains to provide a connection between
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the spider 8§83 and the sleeve 887 (which drives
the shaft for rotation), which conreclon shall
be in the form of a clutch so that such driving
may be discontinued when rotations ¢! the gear
£85 are not to be transmitte? to the shaii, »né
so that such rotations wi ¢ fransmit’2d to the
shaft for either direction of iotation of said
gear, when that condition of shaft rtaticr .o
to be effected. At this point I may mention L1t
zny suitable form of such clutch mey be em-
vloyed at tkis pomt, provided it comilies with
the conditions previously meniioned herein, in-
cluding «rcat aecuracy of functioning and ex-
tremely fast and absolutely dependable opera-

¢ tion as well as the conditions just outlined; but

there are cerfain other conditions of use of such
element which may or may not be incorporated
in a given unit for giving the increment signals;
and for that reason I have in the construction
now to be described employed a special form of
such clutch, in the form of a differential ele-
ment. According to well understood practice
st.ch a differential element includes two bevel or
ring gears in atignment with each other. One of
these is connected to the driving shaft and “he
other connected to the driven shafi; and also
this clutch includes an interposed cage element

. which carries one or more (generally three) bevel

pinions which raesh with both of the ring gears.
In anotber embodiment of certain features of
the present invention I have also incorporated a
differential form of clutch hut of somewhat dif-~
ferent construction. Said other embodiment also
includes the cage clement carrying a gear or
gears continuously meshing with gear elements
eonnected to the driving and driven shafts.
When said cage is locked stationary it is evident
that rotational mevements of the driving shaft
will be transmitted from the first or driving ring
gear through the several hevel pinions to the
second or driven ring gear and its shaft; and also
that such arrangement will resuit in reversal of
rotational movements as between the driving and
driven shafts. It is also evidant that when -aid
cage is unlocked anc is permitted to rotate freely,
the rotational movements of the driving shaft
and its ring gear will merely result in rotation
of the cage at nalf speed, assuming that the fric-
tion or resist ‘nce encountered by the driven shaft
and its gear is suffizient to more than overcome
the frictional cugagement of the gears of the
diftereniial in such cage rotatior:. In the pres-
ent instance I have assured such sufficiency of
drag or resistance of the driven shaft and the
driven ring gear, us will be presently made ap-
parert.

In Yigures 49, 54 and 55, in particular, the
end of the spider 893 has secured to it the driv-
ing riry gear element 928. The sleeve 887 is pro-~
vided with a flange or collar 929 to which is se-
rured ‘he driven ring gear element 930. Freely
journailed on the sleeve 892 (which surrounds
the sleeve 887 at the position of the key 891) is
the ring element 93{ having an outwardly ex-
tending flange 932. Secured to the right-hand
face of this dange is a fiange 933 of another ring
element 334. Between these two flanges 932 and
933 are secured the three radially extending pins
§35, 936 and 937 (see Figure 54); and on these
pins are journalled the three bevel gears 938,
939 and 940. by suitable bushings or other anti-
friction elements the details of which need not
be explained as they are well known and under-
stood. These three hevel gears, however, are
freely accommodated within the three pockets or
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" recesses 941, 942 and 943 of said flanges 932 and

933 as well shown in Figure 54.

It is now evident that said differential’s cage
may be used as a clutch eiement to control trans-
n ission of drive from the gear 885 tc the shail
832. TFor this purpose I have provided a brake
in connection with the drum or ring element 834
aiready mentioned. This brake is weli shown in
Figure 54 in particular, and is described as fol-
Iws:

Between the two stands 814 and 892 there are
extended the supporting rods 944 and #45. There
are provided the companion semi-circular shoe
elements 946 and 947, which preferably have
their inner and annular braking surfaces ser-
rated or otherwise formed fo ensure definite and
non-slipping engagement between said shoe ele-
ments and the drum 834 which comprises a por-
tion of the differential cage. As shown in Figure
54 it will be noted that these elements 945 and
947 are relieved in their end portions so that
they perforin their locking action in their cen-
tral portions.

The element 946 is pivoted on the rod 944 and

the element 947 is pivoted on the rod 945, <o thas
by slight rocking movements of these elements
they are either gripped strongly against the op-
posite arcuate portions of the drum 934, or are
released from such grip. These pivoted end
portions are also bifurcated as shown in the plan
view of Figure 47; and said pivoted end portions
are also cut back as well shown in Figure 34 so
that the free or swinging ends of the two ele-
ments 946 and 947 set into these cut back

portions, 948 and 949, and said free ends of the

elements are free to rock the amounts necessary
to permit locking and unlocking actions. These
free end portions also provide the radial surfaces
850 and 851 as shewn in Figure 54. Between
the bifurcations of these elements there are lo-
cated the rock arms 952 and 953, pivoted on the
rods 944 and 945, respectively, said reck arms
reaching down to a convenient point where they
may be manipulated. These rock arms also are
provided with the knees or lugs 954 and 955 which
-+ 111 engage the surfaces 850 and 954 of the shoe
elements when said rock arms are rocked on the
rods 944 -and 945, respectively; and it is here
noted that the arrangement is such that by rock-

ing both of the arms 952 and 953 towards the 3

left in Figure 54, both of the shoe elements will
be simultaneously rocked slightly to release them
from their locking engogements with the drum
834. Also, by this arrangement very powerful
uniocking actions may be produced by relatively
small applied forees to the lower ends of the arms
952 and 953. The breaking forces are produced
br rieans of strong springs 856 and 357 which
press outwardly against the set screws or adjust-
ment screws 958 and 859 threaded on the rods
960 and 961 which in turn extend into pivotal
connection with the free eads of the elements
846 and 947. By tightening up these springs by
proper manipulation of the nuts, it is pcssible to
produce such a degree of braking action on the
cage of the difl ~rential as will definitely pre-
vent such cage .rom rotating under any force
which may have to be overcome in the operation
of driving the shaft 832; whereas, by the slizht
movement of the arms 952 and 353 already men-
tioned it is possible fo complecely release the cage
and thus to secure the desired unchilching ae-
tion.

Preferably both of the lower ends of the arms
952 and 953 are connected together by the link
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962, well shown in Figure 54. Also, the arm 952
preferabiy extends down Jower than the arm 953
to provide added leverage, and suitable means
are connected to this arm 952 to actuate the shoes
of the clutch, as will be explained hereinafter.

The function of drawing the lower end of the
arm 352 to the left to release this clutch may
be performed manually by direct action on said
lower end, or under remote control, either man-
ual or fully automatically. I shall hereinafter
show such controls in detail.

The desirability of securing very fast response
in the clutching and unclutching operations will
probably be well understood by now; but such
quick action and response is especially desirable
in connection with the measurement and count-
ing of distance increment signals when operat-
ing at a fast rate. ‘The form of clutch herein
disclosed makes such quick and definite clutch
operations fully possible, and renders them very

_ certain and dependable.
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Evidently when the clutch is released from the
differential cage the only tendency for trans- -
mission of rotations from the spider 8§93 to the
sleeve 887 will depend on the friction of the gears
themselves, but nevertheless such rotational tend-

_ency will exist and should be definitely ensured

against. For this reason I have provided a sec-
ond brake or drag element operating in connec-
tion with the sleeve 881, and therefore in con-
nection with the shaft 832. For this purpose I
have provided the brake drum 962 secured to
the flange 929. Then I have provided the split
ring element 964 surrounding said drum, and
pivoted in its central portion on the stud 965
which is carried by the stand 814 and constitutes
an extension of the stud 835. The free ends of
this split ring element are drawn together under
spring force by the spring 966 of which the com-
pression may be adjusted by the nut 9€1. By
this means the drag produced hy this brake or
drag element can be brought to an amount which
will definitely prevent the shafi{ from being un-
intentionally rotated in either directicn, but still
will not prevent szid shaft from being rotated in
harmony with the rotations of the gear 885 when
said gear is in gearing connection with the shaft.
The split ring 964 is preferably lined with a
suitable brake lining element 964* as best shown
in PFigure 55. This will ensure smooth running
?f tthe parts while giving the desired dragging ef-
ect.

It will now be seen that when the shaft is being
rotated counterclockwise away from driving en-
gugement with the contact disk, and whenever
said shaft is being rotated in either direction
while “off bottom” the clutch of the differential
cage must overcome the drag of the bhrake on the
drum 963; .and when tnhe shaft is “on bottom,”
that is, in driving engagement with the contact
disk;, the differential cage must overcome the
drags of both the drums 963 and 821, exerted by
the ¢plit rings 964 and 834, so that at such time
said differential clutch must exert a double hold-
ing xction. Such result it is well able to accom-
plish vrith the design heretofore described in de-

teil.

In connection with the foregoing drags pro-
d:ced on certain elements, it is noted that when
d:iving the gear 885 for the couni.ng of new in-
crements of distance, the driving f{orce must be
sufficient to overcome -uch drags as well as other
{rictional resistances. When using a cable drive

to the cable drum, presently to be described, or
when using & selsyn drive alsc presently to be
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described, sufficlent driving force is available to
meet these requirements in full. '

Signalling unit, type 1.—The cable drum sectlion

In Figures 20 to 45, inclusive, I have shown in
full detail a cable drum arrangement for trans-
lating the up and down movements of the tackle
or other point of connection, which is to be meas-
ure, into rotational movements which are de-
livered to the gear 885 of the contactor section
just described. At this point I call attention to
the following conditions in such a translation:

There must evidentiy be some sort of connec-
tion between the tackle or other point to which
{the connection is made, and the translating de-
vice, whether that translating device be a cable
drum, a pulley, a line connection, a selsyn drive,
or what not. Furthermore, when the movements
of vertical increments are delivered to the con-
tactor section said movements must be of ac-
curately known values, as otherwise they will
produce correspondingly incerrect summations
througn the intermediary of the contactor sec-
tion. The importance of this statement will be
evident when it is recalled that an error of one
ten-thousandih of a foct in the measurement of
three feet in such translations, will add up to
o cumulative error of one-third of a foot in ten-
thousand feet. If an error of -one foot in ten
thousand is a permissible tolerance of accuracy,
then the cireumference of such a three foot cable
drum must be accurately known within three
ten-thousandths of a foot.  Lilkewise if the rota-
tions of a pulley or otiter translating device are to

be used in connectivn with translations of up and

down movements into rotational movements of
the eontactor section, then this pulley or other
like device must be very accurately calibrated as
to its circumference, and as to the amount of

line or cable which will traverse it i each rota- .

tion.

Since a cable connection of some kind is to he
made between the tackle or other element, and
such cable drum it is very important that na dis-
placement occur between such cable and said
drum. Such displacement might oe due rot only
to actual displacement of the cable over the sur
face of the drum, but might also be due to “creep-
age” of the cable around the drum or pulley.
Such creepage can only be avoided by definitely
anchoring the cavle to the drum; and this re-
quires that the dimensions of the drum be such
as to acccrmmodate all the cable needed between
maximum and minimum limits of tackle move-
ment, or of movement of other element to which
connection is made with a single layer of cable
on the drum. With such an arrangement, assum-
ing that the necessary amount of cable is layed on
the drum surface at the beginning of a series of
downward movements, it is evident that the com-~
pletion of successive downward increments of
equal amounts should produce drum rotations of
equal values through the entire process; and it is
further necessary that such drum rotations of
equal values should be of absolute values of
amount correct to ensure that the signals given
out by the contactor section for full feet, and tae
signals given out by said contactor section for
. tenths of feet, should really and truly represent
increments of like amounts, in the movements of
the tackle or other poin* ¢f connection. Other-
wise the entire measurmg process will be cor-
respondingly erroneous.

Since the length of a wrap of cable around the
cable drum will depend on the diameter of gaid
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cable as well as the diameter of the drum surface,
and since the exact diameter of that cable will In
fine depend also on the tension to which said
cable is subjected when wrapped on the drum, it
is evident that in order to ensure very close -
measurements, say, within a tolerance of three
ten-thousandths of a foot in one rotation of a
“three foot” cable drum, it is also necessary that
said drum be exactly calibrated with respect to
the cable to be used on it; and also that such eali-
bration be made with the cable under approxi-
mately the same tension as said cable will carry
during actual measuring operations. In said Fig-
ures 20 to 45, inclusive, I have shown in full de-
tail a cable drum which may ke adjusted and
calibrated within the degree oif accuracy just
above mentioned; but evidently if the drum is
brought to the exact size by cther means than
such calibration it may also be made to func-
tion with the desired accuracy. I shall now de-
seribe said figures:

The cable drum shown in Figures 20 to 45, in-
clusive, includes the stands {80f and 1082 secured
to the base 803 of the signalling unit, and pref-
erably in alignment with the contactor section.
In these stands there is journalled the hollow
shaft or axle, 1003, by means of the ball bear-
ings 1064 and 1005. The drum proper includes
the end disks (008 and 1007 of diameter slightly
greater than the maximum diameter to which the
drum surface is to be calibrated, according to the
calibration adjustments hereinaiter described.
To retain these end disks securely in place with

" respect to the hollow shaft I provide slight shoul-
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ders facing outwardly on said shaft as shown at
{008 and 1009, respectively. Against the shoul-
der 608 is set the ring 1010 against which the
disk 1096 is pressed; and the nut 1011 is threaded
onto the shaft to jam the disk 1006 against said
ring and the ring against the shoulder. Then a
thin ring or sleeve 1012 is set onto the shaft out-
side of the said nut 10f1 and against the inner
race-way of the ball bearing 1004; and the gear
element (013 is set onic the shaft beyond said
sleeve, and said gear element is jammed against
the sleeve by the outside nut 1014. In this man- -
ner the end disk (0806 of the drum is secured to the
shaft, the shaft is held in proper position endwise
with respect to the stand {901, and the gear ele-
ment {013 is locked to the shaft and is compelled
to rotate with said shaft in either direction.

At the other end, there is a sleeve {015 set on-
to the shaft beyond the shoulder 1009, and the
other end disk 1007 is set against the outer end
of this sleeve {0{5. It is here noted that this
sleeve 1018 is provided with the outwardly ex-
tending flange 1016 which establishes thzrefore
an annular groove in conjunction with the inner
face of the disk 1007. Beyond the disk {007 is
the nut 1017 threaded onto the shaft, and thus
clamping the said disk securely with respect to
the shaft. Beyond the ball bearing 1035 is the
sleeve 1018 set onto the shaft, and an end nut
1019 threaded onto the shaft serves to jam this
sleeve against the inner race-way of the ball bear-
ing 1665 and to jam said inner ruce-way against
the nut 10171, It is thus evident that both cf the
disks of the drum are effectively clamped and se-
cured to the shaft 10903. .

The dium is provided with a cylindrica! sur-
face, but before explainitig the manner in which
this is produced and the manner in which this
cylindrical surface may be exactly calibrated, I
shall refer to the cable “layer” for directing the
incoming cables onto tLe drum surface with the
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wraps thereof in exactly spaced lays, and for di-
recting said cables away from the drum surface
in correct manner. Tor this purpose the follow~
inglayer is provided: ’

The two brackets 1020 and 1021 are provided
adjacent to the stands 1001 and 1002, respective-
iy. These brackets are rockingly mounted on said
brackets 100§ and 1002 in the following manner:
The cup aud ring shaped elements 1022 and 1523
are provided with the cylindrical portions 1024
which extend through corresponding openings
in the brackets 1020 and 1062{; and the end
flanges (025 formed on said elements to retain
the brackets.in place on said cylindrical portions.
The inner ends of said elements 1022 and 1023 are
carried inwardly some distance to provide sur-
faces lying against the oufside faces of the
stands 1001 and 1002, respectively, and the smaller
portions of these inwardly extending portions are
provided with the flange portions 1026 and 1027
which are properly proportioned to engage the
outer race-ways of the ball bearings 1804 and
1005, respectively. These elements therefore
serve the dual purposes of retaining the outer
race-ways in position, and also of previding jour-
nals for the brackets 1020 and 1021 of the cable
layer.

The general form of these brackets (020 and
fe21 is shown in Figures 23 and 24. Their upper

portions are widened out, and the tie reds 1628

and 029 extend between the corners of these wid-
ened out portions. These tie rods are rigidly se-
cured to the corner portions of the respective
brackets by the nuts 1030 which draw the brackets
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said gear to the shaft. By this means said shaft
is rotated in either direction by means of said
gear.

In the arrangement shown in Figures 20 to 45
the gear element 1013 is a dual gear, that is, it is
provided with two sets of gear teeth, 10432 and
f013b. The gear teeth 10432 are used for opera-
tion of the layer shaft. For this purpose the stud
1045 is secured to the bracket 1820 between the
gears 1013 and 1044; and the idler gear 1047 is
journalled on said stud and meshes simultaneous-

* 1y with both of said gears. It is noted that the
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dual gear 1013 is provided with the blank annular
space 1048 between the sets of gear teeth (013
and 1013 and by setting the idler pinion (047
out on the stud (0846 slichtly more than the
width of the gear teeth it is possible to disengage
the layer from the cable druin.- To hold the idler
gesr in working position and in mesh with the
gear teeth 1013% I have provided the nut 1043
on the stud 1045, which when threaded fully in-
wards serves to retain the idler in working posi-
tion, but without jamming said idler against ro-
tation. :

A layer head 1059 is slidably mounted on the

_rods 1028 and 1029, and the screw-threaded shaft

firmly against suitable shoulders formed on the . -

rods. These tie rods serve therefore to hold the
two brackets in definite relatinnship to each other,
and cause them to rock as a distinet unit. The
lower portions of these brackets are provided with
the downwardly extending segmental racks 1831
and 10832, respectively; and a longitudinally ex-
tending shaft {833 journalled in the lower por-
tions of the stands 1601 and 1002 passes slightly
below these racks. The pinions 1034 and 1835
are secured to this shaft and mesh with the two
segmental racks. One end of this shaft is pro-
vided with the squared extension #1036 onto which
may be placed a suitable crank to rotate the shaft
during setting the layer to the desired angle with
respect to the base of the signalling unit, and

according to the direction from which the cables .

reach the drum. These brackets are also pro-
vided with the arcuate slots 1837 and (038
through which may be passed set screws threaded
into the adjacent portions of the stands 1081 and

§002, to lock the brackets in their adjusted posi- ;

tions, and independently of the shaft 1£33.
Extending lengthwise of the layer is the
tiivzaded shaft 1939 which is conveniently jour-
nazilad by the ball bearings in the central upper
portions of the brackets 1020 and 102i. said ball

. bearings being shown at 1040 and (04{, respec-

tively. Suitable means are provided for locking
the outer race-way of the ball bearing {040 into
the bracket §020; but the outer race-way of the
ball bearing 1041 is free for slight endwise aa-
justment and allows the screw-threaded sheft to
float into exact bearing position. The nut 1042
on the right-hand end of the shaft serves to lock
the inner race-way of the bearing 1041 to said
shaft. The bearing retainer 1043 serves to re-
tain the outer race-way of the bearinz (040 in
place. The gear 1044 is ecured to the left-hand
hand of the shaft, said gear being provided with
the inner huh portion which sets against 2 shoul-
der of the suaft; and a nut (045 serves to lock

1639 extends through said layer head (see Fig-

w.es 44 and 45). Said layer head is provided
with the end flanges 1051 and {052, and with the

, side flanves 1253 and 1054 (see Fig. 25) (flange

1954 not being shown but being opposite to the
flange 1053). The screw-threadeq shaft 1039 ex-
tends through an opening 1655 in one flange §052
without threading to said flange; but a nut (9585 is
threaded onto said shaft and said nut is extended
tnrough an opening in the other flange 1051, up to
the position of a shoulder 1057 formed on said nut
(see Figure 44). Then a lock nut 1858 is threaded
on the neck portion of this nut 1656 and against
the outside of the flange 1051 to thus lock said
Aut to said flange. Thus the said nut 1056 is
locked to the iayer head, which is equivalent
to providing a threading connection between the
screw-threaded shafi and the Iayer head. By
this means said layer head is compelled to travel

45 back and forth between the brackets 1020 and

{621 directly in proportion to the rotations of
the shaft 1038. Since said shaft is geared fo the
drum shaft by a one-to-one gear ratio (the gears
1613 and 1044 being of equal pitches and of equal
numbers of teeth) it follows that the layer head
is caused to travel lengthwise of the drum the
pitch distance of the screw on the shaft 1039 for

- each rcotation of the drum. This pitch has been
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selected to provide good laying of the cables,
sonsistent with the diameters of said cables, and
with very slight clearances between the lays of
the cables on the drum surface.

Referring -to Fizure 45 I have therein shown
a detail of the sliding mcunting of one end or
side of the layer head on the adjacent rod 1028
or 1029, as the case may be. As there shown
the flanges 1052 and 1051 .of the layer head are .
rrovided with the bronze sleeves 1053 and 1060
which slide nicely on the rod 1028 or 1629 as the.
cass may be, the inner ends of these sleeves
being separated from each other. Then a larger
sleeve 106t is se! over the inner end portions
of the sleeves {8%. =:d 1060, within the body of
the layer head, thus providing an ¢il space 1062
within this sleeve 1861 and around the rod. By
tl:is means a very nicely riding support is pro-
vided for the layer head on these side rods, and
it is found that there is no tendency for the
layer head to bind at any portion of its travel,

This layer head carries suitable cable guides
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for the cables to be laid oy it. At this point I
shall explain more fully the cable arrangement
which is shown for functioning this cable drum.
I have already referred to the csble which ex-
tends between the drum and the peint of attach-
ment to the tack’e or other selected element, and
T have also mentioned that type 1 of the signal-
ling unit is provided with a counterbalance or
retractor connected to the cable drum by a suit-
able counterbalance or retractor cable. These
are the cables 120 and 123 shown in Figure 3
schematically. In that Agure it is seen that
these cables reach to opposite sides of the cable
drum of the signalling unit 716 shown in that
figure. The layer head is also shown schemati~
cally in the ! i.gure. -
The opposite sides of the laver head 1050 are
provided with the flattened surfaces 1063 and
1064, well shown in Figures 21 and 22, and being
the outside faces of the flanges therein shown
as 1053 and {054, These flanges are provided
with the horizontally spaced holes {865 and {066
at one side of each flange, and 1067 and 1068 at
the other side of such flange; and a guide carry-
ing plate 1089 is set against each of these sur-
faces 1083 and 1664. Each of these plates is
provided with the two spaced apart outwardly
exteriding studs 1670 and {07 located to one
side of the center line of such plate; and if de-

sired these studs may be provided with rollers

in the form of sleeves set onto szid studs to
render them anti-friction, and to reduce tend-
ency to fray the cables. These studs, whether
rollers or not, are spaced sufficiently to pass the

~corresponding cable readily but without too much -+
lateral play of such cable between the rollers. A

plate {072 is removably set onto the ends of
these studs, and secured in place by suitable
nuts: a:3d by this construction it is possible to
readily set the cable into place between the
studs, and then fasten the plate 1612 in place
to prevent displacement of the cable from be-
tween the studs. The plate 1069 is provided with
the two longitudinally extending slots 1873 and
1074 through which the nuts or screws 075 and
{076 are threaded into selected holes of the
fiance of the layer head (holes {065, (066, and
1061, 1068). 'The relative pesitions of the hules
just mentioned and the slots may be varied
through a considerable range laterally of the
layer head, and thereby the amount by which the
cable guiding studs are set off center (with
respect to the center transverse line of the layer
head). Examination of Figure 22 shows that in
that figure said studs at the near side of the
layer lie to the right-hand side of the center
line of the layer, while the studs at the far side
of the layer lie to the left-hand side of the center
line of the iayer. It is thus evident that the
positions at which the cables passing through
these two sets of guiding studs will meet the
dram surface will be separated by an amount
dependent on the -combined amounts of oft
centering of the studs of the two plates 1068
at the two sides of the layer head. It will be
found possible to adjust these layer plates through.
any amount of such offcentering between zeiro
and substantially three inches in the construc-
tion herein illustrated. Generally an amount

of substantially one inch will be found satisfac- 7

tory and sufficient for good operation at high
speeds. ‘

Such offcentering is shown in Figure 21 by
the lines designated .as “To tackle” and “From
counter-weight,” - heing the lmes TIT and 20
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shown in Fgure 3. Now the ends of both of the
cables (tackle and counterweight or retractor)
are connected securely to the drum, and prefer~
ably such connections are effected tn the flanges.
Evidently there are two basic ways in which
these cables may be brought to the cable drum
under such conditions of connection: First, the
cable coming to the drum at the near side of
Figure 22 (being the visible side in Pigure 21)
may have its end connected to the right-hand
drum flange, and the cable coming in to the
opposite side of the drum (far side of Figure 22)
may have its end connected to the left-hand
drum flange; and this is the scheme llustrated
in said figures; or, second, these connections
might be reversed, the cable coming to the near
side of the drum in Figure 22 being connected
to the left-hand drum flange, and the cable

* coming to the far side of the drum in Figure 22

being connected to the right-hand drum flange.
I shall hereinafter discuss these possible setups,
which are illustrated schematically in Figures
68, 69, 70 and 71 as beiriz included within “cases™
I, II, I11, and IV, respectively. It is here noted
that when the layer shait 1838 ls right-hand
threaded as shown in various figures, at.d whea
said layer shaft is caused to rotate in the same
direction as the drum rotation (due to the pres-
ence of the idler gear as shown in various figures,
or by a chain drive, not illustrated), the draw-
ing off of cable through the near side of the layer
head (in Figure 22) to the tackle block by iower-
ing o7 the tackle during drilling operations, wiil
cause rotation of the -<cable drum counterclock-
wise wher. viewed as in Figure 24; and this will
require movement of the layer head towards the
right in PFigure 22, being an unwinding opera-
tion. Such right-hand movement of the layer
head will be produced in the arrangement shown,
and under the stated conditions. Likewise, such
movement will require that cable from the
counterweight or retractor be drawn into and
wound onto the drum through the far side of
the layer head, viewed a¢ in Figure 22; and such
action will also occur under the stated condi-
tions of operation. It is thus evident that with
the set-up shown in that figure correct oper-
ation will oceur.

It will also be evident that with the foregoing
operation, as cable is drawn off from the drum
(either by the tackle or by the counterweight)
corresponding cable is wound onto the drum
«(from the ccurterweight or retractor or from
the tackle as th~ case may be). It will also be
seen that under these -conditions the space be-
tween the outgoing and incoming cables (length-
wise of the drum) will depend on the off-centering
of the said cables, as controlled by the setting
of the studs of the layer head. Said space or
clearance will remain ccnstant curing complete
operations, and with back and forth movements
of the layer head due to up snd down move-
ments of the tackle or the other point of con-
nection. ‘This space represents dead surface on
the cable drum, snd acrordingly it is desirable
to reduce the off-centering ss much as possible -
to secure sufficient drum cable capacity in a drum
of small length., It is however noted that with
the arrangemer:ts for reeling cable -onto the drum
at the same time that cable is bzing unreeled
from the drum it is possible to use the counter-
weight or retractor arranzement with a drum
of only slightly greater total length than would
be required for a single cable of -desired length
wound thereon. - - - s
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In considering the operations o6f the layei it
should be remembered that only a single series
of convolutions may be wound on the drum and
in a single layer. This is true since in order to
deliver signals for equal increments of distaace,
each revoiution of the cable drum must represent
a given increment of distance, and such result
can only be secured when all convolutions of
cable on the drum are of the same length, re-
quiring that they shall all be of the same diam-
eter. : .

Referring now to Figures 26 to 32, inclusive, I
shall describe the means which I have shown in
signalling unit, type 1, to enable the cable drum
thereof to be very accurately calibrated to bring
its circumference to exactly the size required in
order to deliver signals representing increments
of distance of exactly predetermined value. In

this connection it is noted that the contact cisk °

809 is intended to.make one revolution for each
three fesi of cable drawn from or returned to
the cable drum, there being three of the one-foot
projections 867 around said contact disk. There-
fore in order for the signalling unit to function

accurately the cable drum must make one revolu- 2

tion for exactly three feet of cable wrap thereon.

The body portion of this cable drum comprises
a series (nine) of sections {071 of generally T-
shape extending lengthwise of the drum be-
tween the end disks 1006 and 1907. The end
disks are provided with radially esterding
grooves to receive the ends of the flanges of
these sections {077 (said grooves receiving the
flanges of said sections out to the locations of

the cross or T portions of said sections, beyond *

which location the end disks are of re:duced
thickness, as shown in Figure 26). These grooves
are shown at 1078 in Figure 26. These grooves
serve to guide and to support the sections {071

and to retain them rigidly in correct relation- -

ship for all adjusted positions of calibraticn.
The cross or T porticns of these sections are
formed on circular arcs, and in the form shown
in Pigure 26 these circular arcs comprise 40
degree arcuate sections of a circle having a radius
equal to the inmost adjusted positions of said
sections 107117. In other words, with said sec-
tions fully retrasted inwards the outer surfaces
of said¢ sections were turned and ground to a
given circular size. Under thése conditions it is
evideni that when said sections are fully re-
tracted o minimum diameter of drum the en-
tire surface of said drum will be of truly cylin-
drical form, and circular in cross-scetion; but
as the sections are moved outwardly to ir.creased
diameters their combined surface will not be
of truly circular cross-section. -If will comprise
disconnected sections, each embracing slightly
less than one-ninth portion of the new circum-
ference, with small gaps between the successive
sections; and also each such section will present
g curvature slightly different from the true cir-
cular form for the diameter to which the sec-
tions have been shifted, when the sections are
originally turned to a true circular form under
the condition that they are fully retracted.
Said segmental surfaces cof the sections when
in expanded condition will have their longitu-
dinally extending edges lying slightly below the
true cylinder of the expanded drum size, and the
segmental surfaces of such sections lying directly
to the outside of the radial flanges of said sections
will lie on the arc of such cirzle of expanded size.
It is therefore evident that with the sections thus
expanded outwardly, when the cable is wrapped
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around such expanded drum it will be lying on
a slightly non-circular surface; but study of this.
matter will show that the departure of the sur-
face form of the drum from a truly cylindrical
circular surface will be extremely small, and
within the limits of tolerance permissible in order
to calibrate, say, to nne ten-thousandth of a foot
in the circumference of a drum carrying three
foot wraps. . '

When the cable or cables are wrapped on this
sectional drum the drum sections will be securely
held against any outward movement or displace-
ment, and in fact the wrapped cable or cables
will exert a very strong collapsing force on said
sections, tending to refurn them to smaller diam-
eter positions. I have provided means to effec-
tively support each section in its expanded posi-
tion, such supporting means acting along the
length of the fiange of such section, and acting
at several points ¢f such flange; and said sup-
porting means also-acts as the expanding medium
by which the sections are expanded to their
larger calibrated positions. However, prior to
wrapping the cable on the expanded and cali-
prated drum it is evideni that means should be
provided to hold the sections against falling
outwardly of themselves; and suchk means I have
provided, as follows: ) .

To the end portions of each of these sections
there are pivoted the endwise extending lever
arms 1079 (one at each side of such end of the
section). These lever arms are pivoied on the
pins 1080 extended through the sections. The
outer ends of these lever arms engage  with
notches {081 formed in the inner surfaces of

. the end disks 18686 and (097, as well shown in
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Figure 26, so that inwardly acting forces exerted
on the inner ends of these-arms will tend to
draw the sections 1011 inwardly to the small
diameter position. ¥For this purpose I have pro-
vided the inwardly extending pins 1082 pivoted
to the cuter portions of the sections at 1083
and reaching inwardly adjacent to the inner ends
of the respective lever arms. On these pins are
slidably mounted the small cylinders {684 which
have their side faces notched to receive the ends
of the respect.ve lever arms, as shown in Figure
26 in particular. The springs (085 are set onio
these pins 1682 and serve to press the cylinders
to smaller diameter positions, and thus also serve
to urge the lever arms inwardly. Thus each sec-
tion (011 is subjected to a spring force acting on
each of its ends, and tending to shift said section
to a smaller diameter position in the drum. Of
course the sections may be forced to shift out-
wardly to larger diameter positions for calibra-
tion purposes, against the forces of these springs.
_ All of the sections (077 are shifted outwardly
{o larger diameter positicns for calibration, and
under very accurate corirol, by the following
means: . :
Set into the annular groove esteblished between
the flange 10816 of the right-hand sleeve 1015, and
the inner face of the right-hand disk 1007, is the
gear clement 1086 shown in Figures 26, and 29, 30
and 32. This gear element comprises the sleeve
section 1087 which has a substantial dimension
lengthwise of the drum, and the toothed section
1088 of conventionzl form. Said sleeve section
is threaded on its outer surface as shown in Fig-
ure 26, so thet by rotating said gear element said

tareads will draw an element lengthwise of the

drum, o will push suzid element in contrary direc-

- tion. This is the sleeve element 1089. It has its

leis-hand end t:escoped ontce the ring 010 -
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which &s made of sufficient length (o afford sup-
port Tor said sleeve throughout the entire end-

wise movement of said sleeve; and the right-

hand end of said sleeve 108§ is threaded onlo the
threaded sleeve section {081, Therzfore the gear
rotations will shift said sleeve 1359 endwise in
one direction or the other according to the dircc-
tion of gear rotation.

Sald sleeve 1089 is provided at several loca-
tions along its length with the series of cam sur-
faces 1090. In the-form shown there are pro-
vided four of these series of cam surfaces; and
each of said series comprises nine cam surfaces
in radial alignment with the nine sections 1077.
To provide for nice calibration effect I have
formed these cam surfaces of planar form so that
the inner edge portions of the sections 1077 will
take good seats thereon. These inner edge por-
tions of the flanges of the sections {077 are pro-
vided with companion cam surfaces which flatly
engage with the surfaces 1090 of the sleeve.
Since the sections {077 are supported against
endwise movement in the drum, and are guided
radially by the grooves (318 it follows that as
the sleeve 1089 is shiffed endwise said sections
1071 are moved outwardly as a group (when the
sleeve 1089 is shifted leftwardly in Figure 26);
and when said sleeve is shifted to the right in
Figure 26 the springs 1085 cause the several sec-
tions to move inwardly radially as the cam sur-
faces retreat towards the right in Pigure 26. It is
» thus seen that I have provided means to cali-
brate all the sections 1877 simultaneously to any
diameter of drum between a minimum repre-
sented by the fully collansed positions of- these
sections, and a maximum, represented by the
limit of shift of the sleeve towards the left in
Figure 26. )

The sleeve {088 is providéd at the location of

each of the cam surfaces 1080 with a pair of out-
wardly reaching guide lugs 1090® (see Figure 28)
between which lugs the radial flange of the corre-
sponding T section {077 is accommodated. Thus
the sleeve 1089 is retained against rotation with
respect to said sections 1017, and therefore
against rotation with respect to the body of the
drum. This is important since the friction be-
tween said sleeve and the gear by which it is
shifted endwise will tend to produce such rotation
which must be resisted. - -

In order to rotate the gear element 1985 I hnve
provided the pinion 1094 meshing with said gear
element and carried by the stub shaft 1392 which
is journalled in the end disk {007. ‘This stub
shaft extends to the outside of said disk 1007,
and its-outer end is squared to receeive a
suitable crank or other tool. Evidently there is
established a relation between each revolution
of said stub shaft 1092 and the amount of change
in circumference of the drum. That relation de-
pends on the pitch of the threads on the sleeve
portion {987, the angle at which the cam surfaces
1880 are formed, and the gear ratio between the
pinion 109§ and the gear element 1688. At this
point T mention that in a preferred embodiment
aof this construction of calibration drum I have
provided such proportions of these parts that
each revolution of the stub shaft 1092 represents
25 ten-thousandths of a foot drum circumfer-
ence. I have provided a disk 1093 on the outer
end of the stub shaft {092, which disk is provided
with the 25 calibration marks shown in Figure 27.
Thus each of these marks corresponds to one
ten-thousandth foot of drum circuraference
change. Since during a given calibration of the
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drum 1t will generally be necussary to make more
than = single revolution of this stub shaft and
the pinion, and to keep track of these full revolu-
tions I have provided the supplemental shaft 1094
journalled in the end disk 1007, and carryir g the
pinion 1095 which meshes with the gear element
1085. This pinion cazrries the-same number of
teeth as the pinion (091, and therefore makes one
revolution for each reolution of said pinion 1091,
The detai's of this vnit including the stub shaft
1093 and the pinion {695 are shown in Figures 33
to 39, inclusive to which refeérence is now made:
The stud or shaZt 1984 is holiow and its outer
end is squared as shown in Figures 37 and 38;
and this squared outer end carries the element
{096. This element carries the stud -1097 on.
which is journalled th: small pinicn 1098. The
hollow shaft 1684 is directly journalled in the
sleeve 1099 which extends through the disk 1007,
and the outer end portion of this sleeve 10935 is
flanged as shown at 1180, which flanged portion
sets down into a circular recess in the disk 1007.
Said iianged portion is secured to the disk 1007
by screws as shown ir. Figure 34. The peripheral
edge of this flanged porticn is provided with
teeth, as shown in Figure 37; and one half of the -
teeth of the pinion 1098 mesh with these teeth
{191 of said flanged portion, so that as the shaft
1054 rotates (under the drive of the pinion 1095)
the pinicn 1098 is likewise rotated, the flange por-
tion 1100 remaining stationary. There is a stub
shaft 1102 extending through the hollow shaft
(094, and the outer end of this stub shaft 1102
carries the flange (103. The inner face of this

" flange 1103 is provided with teeth, shown at 1104

in Figure 36; and when the stub shaft (102 is
drawn into its fully inserted position, as shown

in Figure 34, these teeth 1104 engage with the

outer halves of the teeth of the pinion 1098, as

i shown in Figure 34. The flange 1100 is provided

with one tooth more or less in aumber than
the number of teeth on the flange 1103; as the
hollow shaft 1094 makes one revolution the flange
1183 and its stub shaft are compelled to make
either one less or one more tooth movement than
the number of teeth movements of the pinion
1098. Or, looking at the matter in another way,
as the hollow shaft (094 makes each revolution
under drive of the pinion 1985, the disk (103
will be advanced or retarded the distance of one
of the teeth {108. In the arrangement shown in
the Figures 33 to 39, inclusive, the flange 1100
carries 46 teeth, 1101, and the flange 1103 carries
45 teeth, 1104. Consequently for each revclution
of the pinion 1835 and the hollow shaft 1034 the
disk 1103 will be advanced or retarded the amount
of one tooth, {104. Since there sre 45 of these
teeth, {104 it is seen that in 45 r-:volutions of the
pinion 1895 said disk 1103 will execute one com-
plete revoluticn. .

As shown 1 - igure 27, the outer face of this
disk {103 iz miuvided with 45 markings, 1105,
which may b2 compared with a suitable indicia
{106 on the outer face of the disk -1007.. Inci-

5 dentally, the outer face of said disk 1007 also

carries ¢ suitable mark {107 with whick the
markings on tne disk {093 may be compared,
as shown in Pigurs 27. It is now seen that as
the stub shaft 1092 is wurned to calibrate the
drum, each full turn of said stub shaft will be
accompanied by a movement of the disk 1103
equal to one of the markings on.the eci2 of said

- disk, and partial revolitions of said stub shaft

. {852 will be shown by the markinas on the outer

face of the disk 16¢3. in the embodiment previ- -
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ously mentioned, wherein each revolution of the
stub shaft corresponds to 25 ten-thousandths
of a foot in.the drum circumfercnce, it is evi-
dent that I have made provision for a total of
45 times 25 ten-thousandths of a foot of drum

circumference, namely 0.1125 cf a foot circum-~

ference.

Now, since the exact diameter of the cable
used on the drum will affect th: diameter to
which the drum should be calibrated in order
to produce exactly three feet of cable wrap per
drum revolution, and since the exact diameter
of the cable is also affected by the tension to
which that cable is subjected. it is desirable to
calibrate- thé drum diameter empirically. This
may be-readily done, with the facilities afiorded
by the indexed disks in the following manner:

By wrapping a number of turns of the cable
around the drum under the tensisn which will be
used in normal drum operations, & supply of cable
will be provided on the drum urder said tension.
Then, by drawing oif a specified length of cable
from the drum, which length is riceurately meas-
ured, and by simultaneously noding the amount
of drum rotation thus produced. if is possible to
see by what amount the drum’s rotations derart
from what they should have baen if the -drum
had been of size to deliver exactly three izet of
cable per drum revolution. For examyple, :f such
amount of departure is 115 ten-thousanisths of
_a foot per revolution of the drum, then it is
evident that corresponding ad‘ustment of the
drum’s size should be made. This would amouns
{o four points on the disk {103, corresponding to
four complete turns of the disk 1093, plus 15
points on the disk {883, a total of 115 points of
said disk 1893. Having made such ar amount
of adjustment of the drum’s size (the cable hav-
ing been removed from the drum to en:bie such
drum adjustment to be. made), tne cuble may
be again wrapped on the drum under said ten-
sion, and a second test made to see whether
the calibration has been correct. If further ad-
justments are needed they may be made; but

generally two or at most three such adjustments

. will suffice to bring the drum to the exuct size
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required to deliver three feet of cable per drum

revolution, within the tolerance of ong ten-
thousandths of a foot, or thereabouts.

-~When the drum has been brought to eYact &

calibration it is desired to lock it in such con- -

dition, and against inadverient change by uii-
authorized turning of the stub shaft 1092. For
this purpose I have provided the clamping shoe
1108 (see Figures 27, 29, 30, 52, 40 and 41 . ~ This
shoe has the tail portion {108 Testing against
the inside face of the disk 1897 of the drum, and
retained against lateral shift by the stud 1148
set into said disk 1087, A screw L1l is threaded
“into this shoe, said screw reaching to the out-
side of the end disk {007 where it may be readily
“turned by a suitable tool. )
shoe is provided with a lip {112 which: overlies
the edge portion, of the gear element (086, so by

tightening the screw the shoe clamps the gear

element firmly against the inner face of the end

- gisk and securely enough to prevent any rotation
of said gear element.

I have now describe3 the detailed construction

of the contactor and cahle drum sections of sig-

nalling unit 1. I shzll now show how these sec-

tions are specially related to each other for cer-
tain functions as weli zs for the proper function-
ing of the contactor section itself.
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Signalling unit type 1.—Relation of contactor
section to drum section for special functions

The contactor scction gear 885 is driven by
the cabie drum gear (013%; and it is here noted
that the gear ratios established between ths gears
are such that each revolution of the cable drum
in either direction (when the parts are properly
controlled), produces a revolution of the shaft
832 of the contactor section; in other words, the
ratio is one to one. If is also noted that the
length of the shaft 832 is determined by the
amount.by which it is desired to provide for “off
bottom” movenients of that shaft in direct meas-
urements. It is also seen that such shaft length
wili depend on the pitch of the threads of the
shaft, since each rotation of the shaft will cor-
responds to one cable drum rotation, that is,
in the embodiment previously referred to, to

" three feet either up or down. This pitch should

not be too small as it is desirable to provide for
and receding of
the block 848 carried by this shaft, to and from
the block -840, so as to secure good driving en- -
gagements, ete. It has been found that a pitch
of five threads to the inch is acceptable, and
under these conditions each inch of projection or
length of said shaft represents fifteen feet either
up- or- down, when off bottom. To provide for,
say, 225 feet therefore requires a shaft length
such as to allow fifteen inches of projection oi
the block 848 away from the contactor disk 840.
Furthermore this shaft should have a length
additional to such amount sufficient to provide
for geod bearing and support of the shaft even
when thus fully projected. Such total - shaft:
length is found to be considerzbly greater than
can be readily accommodated within the confines
of the contactor section, which is of much leos
length than is thus required.

By mounting both the contactor and cable
drum sections on a common base section 803,
and in alignment with each other, and by making
the cable drum shaft 1663 hollow and of a suffi-
cient bore, I am enabled to allow the shaft 832

3 to run back into this hollow cable drum shafit,

but without any driving coanection between these
parts, except as hereinbefore stated, through the
medium of the various elements of the contactor
section itself. - In other words, the hollow shaft
of the cable drum merely serves as a housing for
the right-hand portion of the contactor shaft
832 when said shaft projects to the right beyond
the limits of the contactor section. Generally
said shaft 832 will remain at least partially en-
closed in the holiow shaft 1883 in normal op-
erations.

It is to be noted, h0W°Vel that insofar ‘as con-
cerns the normal functioning of the contactor
section, the same might be located other than in
alignment with th2 cable drum section, and in
fact when using a selsyn drive, presently to be
further referred to, no cabkle drum is present.
Purthermore, a s‘nzle cable drum or a single

.selsyn drive might serve two or more of the con-

tactor sections simultaneously. in case of special

.. functions, such as will be presently referred to.

When the confactor and cable drum sections

" are placed in alignment and in definite relative

positioning a further functmn and relationship
is to be noted, as follows:

If the pitches of the layer shaft (639 and the
contactor sectior :haft §¥2 are the same (five
threads to the irch in the form shown), and if
the set-up of the cable drum (the manner in
which the mckl- cable and the countelweipht;







