2,394,602

102 103 104

13} (5} 153 (GHT

101

-

OO O TORC)
0160161010

I} (o} L6k Lor A6l

141 12} (2} (2x 42 &
OO TOTO IO, ?/
@121 fzn {2 zr (O
O (B (T (LD

15} (51 {5} (3N 1(5h

Feb. 12, 1946. H. G. FISHACK ET AL
: COMPUTING AND BILLING DEYICE
Filed Jan. 21, 1942 26 Sheets-Sheet 1
é )
0 >~
) S S R T
wexor) Gew-o02d (O M0H-L<OF
Y
S

OO O OO

)

700 —

157
/

f‘c446

O O
o O

O O O
172a
"0 o

o O
O O

000

O 0O 00 0O OO
0O 0O 0O 0O0O OO0 O

O O O O O O O O
O O O O O O O O
O-0 O O O O O O
O O O 0O O O O O
O O O O O O O O
O O O 0.0 O O O

753

758

Fig.BZ

INVENTORS

HOWARD 6. FISHACK
LOREN B. MILLER
JOHN J. SHIVELY

%/ATTERNEY-




2,394,602

26 Sheets-Sheet 2

Filed Jan. 21, 1942

H. G. FISHACK ET AL

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

. , SN . 8%, oge .
/PR e G
Fley S —— # @)\ 15 g

NS T P72
/ g 4 < o ?
‘ . ras . ——amp, ="

295 =G 6. > y R

N7 “
R <
X4

A
s L .
PN
1,

97

INVENTORS
HOWARD G. FISHACK
LOREN B, MILLER

BY JOHN JT. SHIVELY

Pt i

/
Z

8¥5

LFF

L ,p,..lu,,,,/u
\*\ IR 1
yr7 AL & | \sor
Sl R 5 3

ogr—l ”a%\\\\\g\/w\ ; =

7 ERVAY W TN %
Vsl L N 7 7 .u.n = . F 7 . ~ o\
RREAL e ¢ F Y ; U CS e  f
f R ! . g 5 /s A 2R \.. ES (99 g
R Psin . 5 ; _Bm 3 g >
ror ‘r@&?ﬁﬂ L 2 / R A , .m,,w(p«\p s o j\ ’
11 /A o/ , » - e Lt o~ N \\B / — - 3

mNNQQN \\Iﬁ%ﬁ*

i
Ja @&M,
C & 1Z %

(YA




Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan, 21, 1942 26 Sheets-Sheet 3

INVENTORS
HOWARD G. FISHACK
LOREN B, MILLER

BY .7 A';/ISH/VELY
/;' ATFORNEY 5 .




Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 2i, 1942 26 Shiee¢ts-Sheet 4
° el
s %8 3w o @
Y
0 288N § 9w
- g N N X A N
8 SR
N X N
® e Y [3
\q l )y Pa :’1 oh
s B8
R I
F
7 AR | N
||
O - (R RE RN
D
3 1
6 p— T
3]
o ~
a~ 1 RIVIND
) 8
5
6 O ! AR
[\
oy !
S 2
[31] )
R
A3
té - I - T
o oY o SR N y
S _8® 3 9 3" N S ~
© [ . | iy A
« N
2 S
9 = ~
S A
Ng;\\ v
QN
&
annt
uy
T ~
3
=
z—~
S
Y X ¥ § INVENTORS
A HOWRARD G FISHACK
tg LOREN B MIELLER

BY JOMN, T, SHINELY
“%;/ ‘?‘{;,
ATTORNE




2,394,602

H. G. FISHACK ET AL

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

26 Sheets-Sheet 5

Filed Jan. 21, 1942

Xy>
LB B
: 6 P
AN
zg2 INE
N
Hmw/
o

23 g
767 107 v707 r0 ; Yoz
S SSSaaaa e -
MOLIEMEN
17
[ A
Fer
697
95 €8z N3 a7 987 778 997 e 67
997 e A
g4LF , |
o 267N __Sb7. K_“ﬂwﬂ%k 957. 46753 €02 nmu
< S ES NN | NANANNN S = SE

/4

osr” [© N
647 S s W ENEE N wmml% %«j e—ry ||

L 477 SLF uF Bl

< 567

%Aﬁf&



Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE
Filed Jan. 21, 1942 : 26 Sheets-Sheet 6

[ W maa® o 3 s B el e

I B

I

| ’ i
h+266 | <5
f 50 L S5
229[} 2253 H 36| Sfpotze 295 £ pag
| NS ; 313
' Pyl \ g B 315
: 528, ‘:3—_53 \ 342
! 26, 3 299 298 .
524, 599,
R70 374 <2
7/ 31
&30 3044 209 205
/
!
228 2 <10
227
it

.ba
= E——
I i o]
(O Y 239
238
" INVENTOR®

HOWEARD G. F/SHHCK
LOR‘EN B M/ILLE

7 ih’/ )’/ELY
/’Z RNEY




Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942 26 Shegts—Sheet 7

Vi z:ﬂb 9.
Nz
Pde
)
207 247
227
247,
- 253,
. 259,
2591l 464
- 260:
260, ] R75
I~ 27&
275 1]
275
L\LL M RRRE | L
275, 127_5
266 2664

275
275, »77% / ‘2/72751 275,

l
!
T Q-260
269, \ 275
’4 260 =

260, 260, 260, 260
e

Fayf. 70.

INVENTORS
MNOWARD G.FISHACK
LOREN B.MILLER

BY TOMN T SHIVELY
/ AUé(NEY é




2,394,602

26 Sheets~Sheet 8

3
™

NNAN\N\\E

Filed Jan. 21, 1942

1INEH I

H. G. FISHACK ET AL

COMPUTING AND BILLING DEVICE

N

1 [If]

__INVENTORS ,
HOWARD G.FISHACK

sez .
s k)
ey s

I

[T I N

L 1]

P
P

aLe

99 £LE &

N

11

|

"

A

E“w

i1}

U OV VORI T a —_——————

il sl iy 2
L —1

itk R SRR
e J 1

NZZ2ZZTXTT T2 ZTR 7727 /.4

Feb. 12, 1946.

gsg’ o)

(pce

| 526/
ShE 9IS
\ ¢ LG LA M
e
cee’ et

T2 222 EL L7

L2l L

ese) (cog 45€7 zec
L

Vi 4

7

LOREN B. M/ILLER

BY i /%\/ 'J; éﬁf VELY
4 2hs
K/T{ORNE ! _

. I
AN

§




Feb. 12, 1946. " H. G. FISHACK ET AL 2,394,602
COMPUTING‘IAND BILLING DEVICE

Filed Jan. 21, 1942 26 Sheets-Sheet 9

1099 1100
- =
v o ( 294
345 N MY A-34/
/097 :I\ 35_ i )
W th 353
354 / ] ’1I\ L~___,J H} "N\,
—~ NS 5 NI
356 > NY7
3490 N1 4349, 355
34647 34Ny 242
300™
. Y 299
Vid ’zyb. 17,
2%
3/5
o4

330,333 /295 (294

<

.

. =T 345
1099 e—1EE =z (% 1100 |
i 352 351 { /341 :
345 353 1098
. b 353
1097 T (3497 N !
Nl 249 :
35 - ot £
354 7 3, 348
348+ 300«
299
7
Z 29¢
- 315
Ff)}ff.]&

" INVENTORS
HOWAHRO G.FISHACK
LOREN B, NMILLER

.,BY/‘%HN . SHIVELY
/ V{TTORN% '




2,394,602

H. G. FISHACK ET AL
COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

26 Sheets-Sheet 10

Filed Jan. 21, 1942

787 —
Gk D I
F1 4 ] 1
oz 7 e iy =" _
J ooz’ 2 265 &mw_‘%. mm_m. .N%..&DN
@
- = ==
I:lnllllupnir%ﬁMMIl
N\ T T T Pt EEe—— = AT |
%%l 97 \: |- i M 707 %hﬂ //ﬁ//_\m\\@\\-
por T e \:
="y e
%7 K224 A\
765 4 56g VL8 ,
€ 7 o
@ _ I 065
645 I a7
78§ 765 8% v _
@ ! | (414 ; . 685
% \ sz £ e ==
/ T : o
el L SISl SIS
26
2
il i 11— i 0gbrd
[ » 1 3 C ] I 1 [ -
J773 o7 cof 807 407"

REN B.M/ILLER

INVENTORS

HOWARD G.F/ISHACK

LO

7, ﬁ/VELV’
ORNEY

e

BY



2,394,602

H. G. FISHACK ET AL
COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

26 Sheets-~Sheet 11

Filed Jan. 21, 1942

IVE LY

BY JOY. /
Z TORNEY.

INVENTORS
HOWARD G EISHACK

LOREN B, MILLER

96%

ﬁﬂ\ |
| { !
A1t | leoy | 607

\_amw §_L1~NT_ .N%..&BN
V% 4 V{33 MN—;l .%NT




Feb. 12, 1946.

H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942

26 Sheets-Sheet 12

16457 591
s T A% tekees I %276.
595 . .
! INVENTORS
] HOWARD G. FISHACK
600 546 » LOREN B.MILLEFR
. , 598
J \
594 597 599

BY JOZ;V/(]; ﬁyfvgur
/ ATTORNEY




Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942 26 Sheets~Sheet 13
; O i 29;, zzz)
/ —~ /O99 W s294
U A / ‘ ,’ 538
544 543;6 o0y } \\\ 5300 B 532 | 550
4,533 528 527 1097
S 530
772 I [aa—r Y P26 saa [ 1095 537
770 3096 L 18! Bsub
541 A S a5
“/
Ji-353= 529 354 R
’ o (] e
oy Ti 535
P -NSULITION /nsutario =
( 297 45
Z;'bf{Z&
35>
/573 29 K oumrmner
572/ 572 548
| 548 :
f547
—r
S50 {JJ/ 549 o
: S554
AR 15
56/
385
—————7“—’ % = 564!#51/417&&
577 568 557

552

554 FH l Ii N i
564 ‘lululu‘n‘u‘a‘mlu=ulu.llu'n-=.u=g.a 4
563

549 - INVENTORS
_.{ 30 HOWPARD G.FLSHEACK

LOREN B, MILLER

Ve 59(/./39; BY T55 AIVELY
e el




2,394,602

FISHACK ET AL

H. G.

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

26 Sheets-Sheet 14

Filed Jan. 21, 1942

260

446

8
N 8 3
! 0 0
3,0 d,0 3
o'o o' o o o
o0 co o
o0 00 oo ©OO ©O00 00O
o o 0 0 00 006 0 0
006 006 00 ©00 00 00
oo ©0 ©0O0O O©O0 00 00
® 0 0 06 00 0 0 0 O
0o oo 00, OO0 0O -0O0
§ 9
b
oo oogxg wvd oo 0o 00
"0 0 o~ 070 O 0 0 O
©o ©00 Q@EPoo 00 00O
. $8
00 00 OO0 OO0 OO0 OO
0O 0o © 0 60 00 0o O
o0 ©00 ©60 ©00 00 00
oo 00 ©00 o000 00 0O
0O 0 00 060 0 0 0 O
00 00 00 00 00 OO0

xQ

xR

o

olo

o o0

o0
oo ©Oo
c o 0 ©°
o0 ©0o0
©0 oo
o 0 0 o
00 o0
oo 00
0 o o0 ©
oo 0o
oo o0o0
o o o o
oo oo
00 00
o 0 o o
00 oo

v

Wik

e
SN
3%
%F L7
SaINE
£Q .
Zyn 2
LR NEE
23 ANRT
IOOJ .
I

>

o




Feb. 12, 1946.

H. G. FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942

@ ©©© @©
O 0% o°
©0
©
©
Y
Y
AN o~
O
oS
(OF
()@D
©
N
[ ~
&\1 le) fo) §
== = =
N o o

447~
©@ ©
NN

©
Q@ ©O

cerTY

 d 0o 8000
©

[
57
)

x5

1

Tig

Q
©

(@

0 O K P

26 Sheets-Sheet 15

¥ %
. ﬁ \‘
\ g
i
i
i
i
I
i
RN
N

Al N
D
K

INVENTOR S
HOWARD G. F{SHRACK
LOREN B. M/ILLER

BY%ZV/J S/://V Ly
TTORNEY ? '




2,394,602

H. G. FISHACK ET AL
COMPUTING AND BILLING DEVICE

26 Sheets-Sheet 16

P o 25 |

.mmwm.l we u.h&.wm;uw‘aw u‘v%.nu%._;% n\mﬂwwﬁg

k) 6

¢[T§ eLE: >
SONYS ML

LYy

.QL
208 op25 A

2
wah
hwhm /

l

&

INVENTORS

=
T8
=

HOWARD G, FISHACK

1
YT RS
O% | lpaR
B B8
LOREN B, MILLER
BY 7o . ,2: IVE
M RNEY '

—
\

Filed Jan. 21, 1942

i

A
N

i

-250 He uﬂe
Eifl LN {
'ﬁ.ﬁ._aﬁ aps69
oy i e
f .Y—IAI__ [ Y—.m._ "'—NN,.I%_\\BQ
( .,E_%\ grs] [(0(CEZ)
Lo OlLi | $- 113>
A ((ambee ([Z] (M}

—

p——

I\
Y

NQ\N A& ddd

£
"N
IS
¢

;
6' h

©
3

WV

s

N
~
N
N
E

4

P
™
N A

-

122

s
b
tl’

mv\v a0z 809
wmmue _

l2is

Feb. 12, 1946.

so¥
E99%, 4997, 297 [22.4 9 299 995 »99F
— s T T i i =] i
%NNW# 22 2922/ %2/ 922 922) S (=220
P ) ..
7. 6LY
% MH. 7 st coBF redii fiy iid copy
' , Yar (||| Fis oo
. Gor ee¥) ot =
L; I 4 ! / szl ((Y 965 x . wmumw%
»mmwh.q& A @Q We' 4o loov .WQ 269 hwnwo Gos th% S04 49 mmv ..Q%sm\w J &L:b%m% Vi



69%

234

6a¥ 09 LG

2,394,602

26 Sheets-Sheet 17

H. G. FISHACK ET AL
Filed Jan. 21, 1942

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

) : R MMVI
57 419 N L
ARRBE AR _.NN“M-,U H ﬁ W u W
[ =P || 883
- a\ ~ 4 b
¥ i i IS 4
_ 72 _ CUQ,. =
: ﬁ araa L2 : MM_W_](T
i e RN
—y W/—J
FFG 11 >
- m
5% :
= e ||| L
[1ZX 2 &
z
- =y 4 R
1211 day)
e suE
W 06% .&M,m-
% i 5
22212200 [
|..P|1 [
211X 2 L-60%
—_t -l 4
- P Log 7
12222 [ 1 g7
E =
, ] vob 97
I A N I Nz
RS - V-4
122208
JALAAA S
L
SHIQISUNGH QmﬂN. L .
L bl
9p b2



2,394,602

26 Sheets-Sheet 18

LOREN B, MILLER
BY JOHN, T, SHIVELY
) A"égRNEYﬁ !

H. G. FISHACK ET AL
Filed Jan. 21, 1942

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

X
wa LA 6% %ﬁ 569 629 c69 m\§ o9 #9689 . kms m
Yl 4 %H
1 b O nhu
LS =S
e[l w2 [T et g3
BEL rIvE - 04 = >
ez omy 9 9L | dr —— =X
%
logZ 7 )
1) 5 L — —F mklwul\:wMQM\i th ros] T
773 7 77
"
9c 7
649
-
— #rs Lo
¥, 133
28 u.&bmml 06%| P67 rﬁm.
MUI«\ i Nﬂ\.\h 926
Tzor
W | | y
d . (2
—t —= . f g
T e w— -1
b suma 0 N\n sNaL EQ.W sazyanaH Na.mniwnaomh w\wmhqzwmbowh N7L NMM #5F 7]
977 . ]
/ / :
223 695 06% £5%

T Y We o !




Feb. 12, 1946. H. G. FISHACK ET AL 2,394,602
COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942 26 Sheets-Sheet 19

693) 43

\

s
L
|~
Lr

/189

m

g

S
O
ul@

o

\O

e
AN

519

3
~
E‘ N
3
_
3

F?j’m38.

INVENTORS
HOWARRD G. FISHACK
LOREN B, MILLEF

BY 7 H./I (INELY
%/éRCNEY 5




2,394,602

Feb. 12, 1946.

H. G. FISHACK ET AL
COMPUTING AND BILLING DEVICE

26 Sheets~Sheet 20

Filed Jan. 21, 1942

e
.HLE -
ANES
66 S FMM
&L Sois
fdoLs INTH T —LGYLS mmMa/n
098 £/ OLZ .922 08/ Ses .06 oF o Z wﬁ <
I NN NN i | £9F Wvo INIEZ| JION
VG aveLps ] M SHOLV IAIDY| 13
NN N 3 T A AN 282 WV Ve =
= T T Eer R REL T 2T SRR R Z26 WvI adv
W b TN N T . ARRLR 270 HoIv 7 D 920 aOINI 708 aav
NIJIO NN EN _ 20F HIXVIHG
: MILO NI POF HIHVAHE
NN MZd0 N W £9Q HIMVIHT
MM N N N GeF HTIAVIGHE
AN N NN N 268 HOINTI
N NENE IS I2# QIONIT0S dIH I HIIATI
Y NIRRT N 968 HOLOW
N A R TN S N 95F AVIZH HOLOW
KNId0 BT N NELNTER N LY AV ITH
A N EALRN 866 GIONITOS INIHIOT
NIdo RN X N \ v 98 HILIAG ¥ 07 XTH Aav
NIZd0 N NN Nl \_zee-/2g SIIVINOI INIHO0ISTY]
NI AR NIRRT AR NN 687 GIONTT0S 012177
MRS NN NATO XN 922 HIHVIHE A TTH
AT, N NS ST \N__ ##/ GIONZTOS DNIHIOT
NAILO NN NSRRI N Fvanvm 2eVHILIMS P20/ XTH
098 ) 2028 .ve2 .08/ N <06 oOF 0
e 0L LAIVHS-WYI 40 NOILVLOH ]




Feb. 12, 1946. H. G, FISHACK ET AL 2,394,602

COMPUTING AND BILLING DEVICE

Filed Jan. 21, 1942 26 Sheets-Sheet 21

-1 923
- 922

TORS -
HOWARD FISHACK
LOREN B.MILLER
BY JOHN J. 5H’VEL\/

e i,




2,394,602

H. G. FISHACK ET AL
COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

26 Sheets-—Sheet 22

riled Jan. 21, 1942

1t 214 116 N
\ X [N ~
" SRR
m MMWMV
: "D N >
m 2LIoR
; Oxm O™
i 280 g
! Zzq2 3
_ g SNRE
! P) / Z39Q
i 7 o~
19'gsz | 18-8¢e 19'gs2 | 09'952 | €3 scol 02202 T
UFLEVAD HI¥N04] MILYVYNO GHIHL{HI1YYnD ONOJ3S mm.hms._uh.m.m:.m XYL 1INd NOILYNIVA m
\N \ﬁ \\ .\“
2/26 qlZ6 /26 136
ore 6g6 pg6 626
B\N\ £/0f 4 1 210/ A, w ot ) #lol @00l '
;
Z
. £
2 k4
T201
q v £
330/, 0L 9
2 ' 2
%201 1291 130} , M L6£
b g7
£02
e i) .
9606 9266 9556 ] .
: ¥ o/
; e




2,394,602

26 Sheets-Sheet 23

H. G. FISHACK ET AL
Filed Jan. 21, 1942

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

\%N\ \NHN\ 7066 vI66 \WQ\\LN%\ \.WN\Q 526! mﬁ &rﬁgﬂn@\eﬂh‘
[ L #
533
ORXIS &
SRUS ¥ 2
Eex2™NO
i
7661 2308 <
g3’ gzsk  £olgOFE | oozl ol 656 WG| ooz 1ol LEENWY | 25 { .ﬂm«_‘, m
Iﬁ LI.W 2 hf | 71 .' |_ 3 ( é g f - 1k .Wﬂ J]umulﬁ
o m Tl g m ﬁ%ﬂl a | 2 ot 166 r
D« Y Hm X an 1 £00 z
vll' . , J h . J 3 § Q\nﬁ\
I e ) LI o Q200 o0/
3 — " : .L_lj , g i L10/ L4
pzed Al _ B | |1 P a di 7 ~alof ¢ €801
H. | oL T 0o 1266 ? 220/
WQQ\ przol szt 1 mHJ La’—lj % .—H.... QN.NQ v /
oz, 7 .
] o L\nh\&wq n‘mw\wnw, Bt h& R& id \cm.%m
T Pore e { a7 e A
T asz/ 253l IR dh

Jﬁ

o2/
290/,

P0T/

q.
=2

£02/

e

Iu %90/ nﬂ.\l&@» u* MIU q_:. u@ Py Ve *@.\JL =L Tmm @

-Lﬂ-_—‘—t

e/ \n&.ﬂ [r-+396

mhummw L6 Wnnm&w rass{l

snmmm 229611 poor, JE66+] 92668

22007 ore Dprke ‘0066 7967 7466 T Sree Tt #6iL
var’ [zl £J4l2]]27) pagnge pAERRa oc6-~0RBARRE [ 2w QEARDDEBRE va68’
. 6 ££6 Z£6 1£6 @ 626
@ @ <580/
] Sy YayYY
er o e soh R 20l




2,394,602

'26 Sheets-Sheet 24

H. G. FISHACK ET AL
Filed Jan. 21, 1942

COMPUTING AND BILLING DEVICE

Feb. 12, 1946.

. 5 . - . 4
I 7 2074 = =] _ w | 9
" 5101 séol 886 PELETR S
26 m Tad
=nae
né W= >
174 N Ml
486~ = iy T
L 15%0
: 252l
0166 7 . /
_a\ ﬂm* WNJ A
0 »ob6 . AEN
o 1566 N
J \Nvmm\ ﬁ. ! L3321 £ 521! WRH &
~—— -+ -4 - o - S—— Q0o
; N 066 | a6 127 T
N L—{ Y YYD b ,— N owu. 6 N2 N p K743 [
.~ ] vl | ik BN L { o9F 2
( 266| | |oge m e ——
~, ﬁ, = { o6, 807,
L : N
{ £00i M
] 2o 1| 5% L i
: IIJ. 66411 \
~ L 5 - Al mmm@..\. ~ - — U
' oyl 2 . 6
~ : 3 . |
~.|\.mm un -.A.W\‘ Y 3 Jll«.ﬂﬁwl- —4 AW.W¢«- +H “.‘ _“; ~
8.6 152) osell o el b 168 ~g— T
%s v va i 4 - Vo, i} v
696 = == AL
986 586 §26 ;I%u%o <o0i Wﬂ“lua'
] P66
9201 w066 1 ! LI S
Vd réo|
—— s
poor e - LAy
a | ool 126
R A EVNA beL
o 1. [
: 1401 Illm"o.ao — n WI/
F LI = u&o—\, n L,
0590} =] ~ — B W,mv ur
_ N
626 —d
t _ _ - - L Ly 2901 -
! »266 w0l Y G > I sarA 3 A & Fwgy *
59 P66 /901 polr~ woge P68 P® 60l ¢80t




2,394,602

FISHACK ET AL

G.

COMPUTING AND BILLING DEVICE

H.

Feb. 12, 1946.

26 Sheets-Sheet 25

Filed Jan. 21, 1942

Z901

(4
8¢ _/

9.

66~
$8--
|G~

reel
0g~~"

o

££2!

sz-—
2z

00~

1£21

890l

656 NS
{10y

L56 NV
(10)

INVENTORS

HOWARD G. FISHACK
"LOREN B.MILLER
BY JOHN J.SHIVELY

96 ¥MNVE

(10°)

N
RN

5 \ Z

)
o2 ,

Sz

«
s

)

\Re 7
s \mw

2£01

S0z

[o1=0>3




© WG, L3/
N I X
x
2 3 3 8LZ/ : h i,
- & 0Q 2/o et 0/ Mmm Nz
3 : i £9 oLXp YZ
T zzai~. ] E8g 3
N 3 <23/ _ mwmw/m
622/ <
o NC ecel 2353
N Z T.NN\ 1£31 - A
74 803/ o
2 v66/ 1zz! . =
2 —
33 N __\ 7777 /0 @ o/
o
_._..m M M.u N\W\(.v/ £cc/ q0c/ £03/ 108/
T 1 rez/ a T
24 | Bl wn -
< o« / Y v 7717 N, N
m . ) £ . . a
5o 8 “u A @ s i
I \. N G\ Z 227/ £ IN=
z & o D\ ro71 DN Do
O Z o .
T 5 & N 223/ 4 2 923/ s Y Qo
= J N7 7 2081 7
° 2071 #ESI /A\N\»//K\\- W \ | :
% IIII!,. - ﬁ
S~ SASANAANA m\w\\@ W DAY mm
6£c/ ) A g S
. . el 2 umw\ﬁmww J ;
< &l 1> |
& 022/ N | #e!
o £4 srer
—{
-
)
49




Patented Feb. 12, 1946

2,394,602

UNITED STATES PATENT OFFICE

2,394,602
COMPUTING AND BILLING DEVICE
Howard G. Fishack, Summit, N, J., Loren B.

Miller. Kansas City, Mo., and John J.

New York, N. Y.

Shively,

Application January 21, 1942, Serial No. 427,576
(CL 235—60)

16 Claims.

This invention relates to improvements in com-
puting and billing devices, -

In U. S. Patent No. 2,293,127, issued August 18,
1942, of which the present application is a con-
tinuation in part, is described and claimed a de-
vice of the above nature having a detachable
structural unit interchangeable with any one
of a number of other structural units whereby
the machine may be made to perform different
orders and types of business functions such as
adding, subtracting, tax billing, billing insurance
premiums, calculating interest, public utility bill-
ing and the like.

An object of the present invention is to pro-
vide a device of the above general nature having
features by which it is particularly adapted to
certain classes of the noted functions, especially
tax billing, interest calculations, insurance pre-
mnium billing, exchange calculation, and the like,

Another object is to provide a device of the
above type having electrical means to set up and
to print quantities entered on keys, together with
amounts or results computed from the entered
quantities,

A turther object is to provide a machine of the
above type including means to automatically add
or drop fractional decimal amounts in the com-
puted result as, for example, in correcting a bill
by adding or dropping a fractional cent in the
amount to be printed.

Another object is to provide a device of the
above character adapted to automatically com-
pute a full amount to be billed and a plurality
of fractional divisions thereof, to correct the full
amount by addition or dropping of the fractional
cent, to similarly correct the fractional amounts
so that their sum may exactly equal the correcteq
full amount under all conditions, and to print
the correeted full and fractional amounts,

Other objects and advantages of the invention
will appear in the course of the following descrip-
tion in connection with the accompanying draw-
ings.

Inasmuch as the structures of the various em-
bodiments set forth herein largely follow and
are based on those of the universal or general
purpose machine first disclosed in the above
mentioned patent, a clear exposition of these em-
bodiments may best be made by a description
of the structure of the general purpose machine
and the manner in which it performs certain of
the functions germane to this application, fol-
lowed by further description of the modifications
and additions which produce the special purpose
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machine comprising one of the objects of the
invention.

Figure 1 is a plan view of a typical keyboard
arranged for straight addition, subtraction, or
certain computations such as billing:

Figure 2 is a cross sectional view of a machine
embodying the keyboard shown in Figure 1;

Figure 3 is an exterior perspective view of the
same;

Figure 4 is an enlarged sectional view of the
keyboard, key switches, locking device and per-
mutation panel in the section shown in Figure 2;

Figure 5 is a similarly enlarged view of the
electrical set-up and selecting structures;

Figure 6 is a detail view of a selector detent
and related parts;

Figure 7 is a similar view showing a digit nine
detent;

Figure 8 is an enlarged sectional view show-
ing the cam-shaft, type controls and adjacent
parts;

Figure 8a is an enlarged fragmental view of
the platen control means; :

Figure 9 is a rear view of the enabling means
for printing ciphers:

Figure 10 is a bottom detail view of the lifter
tabs, Figure 9;

Figure 11 is a detail view of the mechanism
for actuating the bail;

Figure 12 is an enlarged longitudinal view of
the counting and commutating device partly in
section;

Figure 13 is a cross-sectional view of the same
on the lines 13—13, Figure 12;

Figure 14 is a similar view on the lines {4§—1i 4,
Figure 12;

Figure 15 is a similar view on the lines 15—15,
Figure 12;

PFigure 16 is a similar view on the lines i6—I186,
Pigure 12;

Figure 17 is a sectional view on the lines 1T—I1,
Figure 12, showing the carry-over means about
to effect a carry-over;

Figure 18 is a similar view showing the carry-
over half completed; :

Figure 19 is a similar view showing the carry-
over operation completed;

Pigure 20 is a detail view of the error, fraction,
total, add and subtract keys, switches and lock-
ing mechanism;

Figure 21 is a longitudinal view of the cam
shaft;

Figure 22 is a side view of the clutch and
breaker mechanism;
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Figure 23 is a cross-section of the same on the
lines 23—23, Figure 22;

Pigure 24 is a section on the lines 24—24, Pig-
ure 22.

Figure 25 is-a similar section on the lines
25—25, Pigure 22;

Figure 26 is a view illustrating the angular re-
lation of the bail, type-release, print, add and
subtract cams;

Figure 27 is a detail view of the holding switch
mechanism for clearing the counters after print-
ing a negative total such as a credit balance;

Figure 27a is a longitudinal detail section of
the actuating means for the breaker, Figure 27;

Figure 28 is a detail view showing the actuating
means and relay connections for operating the
negative total throw-over switch;

Figure 29 is a fragmental top view illustrating
the throw-over switches;

Figure 30 is a cross-sectional view on the lines
30—30, Figure 29;

Pigure 31 is a top view of a typical permutation
panel;

PFigure 32 is a bottom view of the same;

Pigure 33 is a side elevation of the same;

Figure 34 is a fragmental view of the same
opened to illustrate the internal electrical con-
nections;

Figures 35 and 36, taken together, form a cir-
cuit diagram of the device using a panel wired
for straight addition, subtraction and total
taking;

Figure 37 is a similar partial diagram which,
when taken with Figure 35, illustrates the cir-
cuits when using a panel wired for computation
of amounts according to predetermined tables cr
formulas by single key operation;

PFigure 38 is an enlarged view of a portion of
the wiring diagram, Figure 36; )

Figure 39 is a timing diagram illustrating a
complete item entering operation of the embodi-
ment set forth diagrammatically in Figures 35
and 36; v

Pigure 40 is a front elevation of a form of the
invention especially adapted to tax billing and
the like;

Figure 41 illustrates a typical tax bill;

Figure 42 is a mechanical diagram showing the
arrangement of selector magnets, accumulators
and type bars of the machine, Figure 40;

Figures 43 and 43a, taken together, show a
typical electrical diagram of the billing machine,
Figures 40 and 42;

Figure 44 shows an alternative form of key
switch;

Figure 45 is a plan view of the contact pins,
Figure 44;

_Figure 46 shows a modified arrangement of
accumulator mounting applicable to the special
billing machine, Figures 40 and 42, illustrating
the parts in engaged or operating position;

Figure 47 is an enlarged partial electrical dia~
gram illustrating the operation of the fractional
correction means;

Figure 48 is a longitudinal sectional view of the
fractional correction control mechanism;

Figure 49 is a cross sectional view of the same
on the lines 43—49, Figure 48; and

Pigure 50 shows an alternative type of set-up
or selector magnet.

Referring to Figure 1, a keyboard 100 is pro-
vided with five rows, 101, 102, 103, 104 and 105
of keys 108, each row comprising ten keys. It
will be understoed that the machine may be con-
structed to embody any desired number of rows
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of keys according to the capacity for which it is
designed, the present embodiment being limited
to five rows as fully illustrating the construction
and operation without unnecessarily complicat-
ing the drawings and description.

When the machine is to be used for single digit
entries, as in Figure 1, the lower key in each
row is a blank, the remaining keys being num-
bered consecutively from “1” to “9.”

At the right side of the keyboard there is pro-
vided an error bar 107, a fraction bar 108, a total
bar 109, an add bar {10 and a subtract bar {11.

Referring to the general cross-sectional view
of the machine shown in Figure 2, a frame or
base 116 is provided having upward side exten-
sions 1171 at the front end thereof. The keyboard
100 has a top plate 118 and a lower or guide plate
119 secured to side plates 120 which are hinged
to extensions 117 by means of a rod 121,

Referring to the enlarged detail drawing, Fig-
ure 4, it will be seen that the yokes {18 of keys
106 are secured to flat shanks (22 which are slid-
ably guided in slots 123 and (24 in the plates (18
and {18,

A plate 125 of insulating materia] is secured to
the bottom of the guide plate 119 and a thin
conducting plate 126 is in turn secured to the
bottom of insulating plate {25. A plurality of
switch cylinders 127 are secured to the plate 126
in line with key shanks 122. Hollow conducting
pistons 128 are slidably contained in cylinders
127 and are normally urged upward against plate
126 by sorings 129. Insulating tips 130 on the
lower ends of key shanks 122 bear against the in-
side of heads 131 of pistons 128. The plates 125
and 126 have openings 32 clearing the shanks
122, so that the latter are insulated from the pis-
tons, cylinders and plate 1286.

Each shank 122 has a lower vertical slot 133
and an upper slot {34 separated by a bridge 135.
Each row of keys has a common locking bar 136
slidable through the lower slots 133 and normally
held to the right by one or more tension springs
131. Upwardly extending longitudinal wedges
{38 on the bar 136 are slidable through lower
slots 133 of undepressed keys, but are adapted to
enter upper slots 134 and engage bridges 135 of
depressed keys, as will hereinafter be explained.
A vertical slot 138 in the end of bar (36 normally
engages a pin 140 in one arm of a bell crank &1
pivoted to base extensions |17 by means of a rod
142, the other arm of said bell crank 141 being
connected to the plunger 143 of a stationary sole-
noid 144,

When a key is depressed, as shown in Figure 4,
and the solenoid {44 energized in a manner here-
inafter explained in connection with the wir-
ing diagram, the bar {36 is drawn to the left,
the lower inclined edge of the wedge (38 engag-
ing the bridge 135. If the key is fully depressed,
the wedge holds it depressed as long as the sole-
noid 144 is energized. If the key.is only par-
tially depressed, as a circuit is established through
the solenoid, the movement of the wedge forces
the key downward to its fully depressed position
where it is held as previously noted. When the
par 136 moves, as described, to lock one key in
lower position by action of one wedge, the other
wedges enter the lower slots 133 of the other
key shanks, thus underlying the bridges {35 and
preventing the other keys from being depressed.

By the above means it will be noted that de-
pressing one key in a row locks the remaining
keys from being depressed.
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A row of stop levers 145, one opposite the right
or front end of each locking bar 136, is piv-
otally attached to side plates 120 by means of a
rod 146. Each lever 145 is urged clock-wise by a
tension spring (4T and has a toe 148 adapted to
extend upward through a slot {49 in the guide
plate 119 between the right end of bar 136, and
a transverse stop plate (50. A flat transverse
member 15f, also hinged at its ends on the rod
146, is adapted to engage upward extensions 152
of levers {45 to rock the latter counter-clockwise
and withdraw the toes 148 through the slots 149
for a purpose hereinafter explained, :

Referring again to Figure 4, a permutation
panel 153, shown in further detail in Figures 31,
32, 33 and 34, is supported in brackets 154 and
155 formed on or otherwise secured to the base
116, The permutation panel 153 consists of an
upper portion 156 and a lower portion 157 pref-
erably hinged together at 158. The upper portion
156 comprises an insulating block 159 covered by
an insulating plate 160 which underlies the bot-
tom of the switch pistons 128,

Directly under each piston 128 is a group of
pins such as (61, 162, 163, 164, 165, 166, shown in
Figures 4 and 31, slidably retained in holes (67
in the block 159 and urged upward by springs
168 backed by sleeves or jacks 189 secured in the
bottom of holes (67.

The jacks 169 are individually connected by
means of pins 170 and leads 171 with threaded
posts 172 disposed in an insulating plate {13
forming the bottom of the lower portion 157 of
the permutation panel 153. The connections be-
tween the various jacks 169 and posts 172 deter-
mine the type of computation which the machine
is set up to perform, and the arrangement and
manner of making these connections will be here-
inafter explained in greater detail,

Referring to Figures 2, 4 and 5, the heads 112¢
of posts {12 bear against pins 174 slidable in
sleeves 1715 and urged upwards by springs {76.
The sleeves 115 are secured in an insulating plate
177 fastened to the bottom of brackets {54 and
155.

A chassis 1718, comprising an upper plate 179,
a second plate 180, a solenoid plate 181 and a
ston plate 182, is upwardly secured to the base
116 below the insulating plate (17, Selector sole-
noids are secured to plate 181 in spaced relation,
there being nine solenoids per row, corresponding
to digits “1” to “9” reading from the right in
Figures 2 and 5 and indicated respectively by
numbers 183 to {91 inclusive.

Above each solenoid is a selector detent, the
nine detents in each row being indicated by
numerals 192 to 200 inclusive, in respective cor-
respondence to the solenoids 183 to 191 noted
above. The detents are slidable in slots in the
plates {79 and 180, and are adapted to be pushed
upward by plungers 201, 20fa, 201D, 20{c, 20id,
20le, 201f, 201y, and - 201h, in their respective
solenoids.

Taking detent 197 as typical of all detents cor-
responding to digits “1” to “8,” it will be seen in
Figure 6 that the detent has therein two aligned
vertical slots 202 and 203 separated by a bridge
208. A selector bar 205, slidable between the
plates 179 and 180, has an upper rail 206 extend-
ing through the slots 202 in detents 192 to {99
and a lower rail 207 running through slots 203.

The number “9” detent 200, as shown in Fig-
ure 7, has a single slot 208 through which the bar
205 extends. The rear or left end of bar 2085, as

10

15

20

25

30

35

40

43

50

55

60

a3

- overlie the top of digit “9” detent 200.

70

78

3

shown in Figure 2, has a vertical slot 209 embrac-
ing a pin 210 in a segmental plate 211 rotatably
mounted on a stationary rod 212 secured to the
base 116. A downward extension 213 of the plate
211 is urged to the left by a tension spring 214
secured by means of an angle 215 to the base {16.
The spring 214 thus tends to revolve the plate
211 clockwise and thereby forces the selector bar
205 to the right.

The upper rail 208 of the bar 205, Figure 5, has
extending downward therefrom a series of hooks
216, 216a, 216D, 216¢c, 216d, 2i6e, 2167, and 216g
normally slidable through the upper slots 202 of
the selector detents, but adapted to engage and
embrace the bridges 204 when the detents are
raised. The spacing of the hooks is such that
when any detent is raised by its solenoid and the
bar 205 moved to the right, a hook engages the
bridges 204 of the detent to stop the bar after
permitting the latter to travel a distance sub-
stantially proportional to the value of the digit
corresponding to the raised detent. In other
words, if detent 192, corresponding to the digit
“1,” is raised, the hook 216 will engage detent
192 after allowing the bar to travel a certain
distance, while if digit “4,” detent 195, is raised
the hook 216¢ encounters the detent 195, as shown
in Figure 5, to stop the bar 205 after it has moved
to the right a distance substantially four times
that permitted by the digit “1” detent.

The bar 205 is provided with an upper notch
217 in which the upper edge of slot 208 of detent
200 normally rests. Thus, when detent 200 is in
its lower position, that is, engaging the notch
211, the bar 205 is restrained from moving to the
right. If detent 200 is raised by solenocid (914
alone, the bar 205 is allowed to move to the right
until stopped by the end 218 of chassis {18, the
distance travelled being sufficient to set up the
digit “9” in the machine.

It is evident from the foregoing that when any
detent corresponding to a digit less than “9” is
raised, it is also necessary that detent 200 be
raised in order to release the notch 211 and allow
the bar 205 to be moved. For this purpose, a
rocker 219 is provided, hinged at both ends to
chassis 118 and overlying all detents except
detent 200, as shown in Figure 8. The rocker
219 engages a notch 220 in detent 200, as shown
in Figure 7.

When any detent below the digit “9” is raised
it rocks rocker 219 upward and the latter raises
detent 200, to disengage it from the notch 217.
If detent 200 is raised by solenoid 181, in order
to set up the digit “9,” rocker 219 is also raised
but does not affect the other detents. In other
words, when detent 200 is actuated by solenoid
191 it acts alone to allow the digit “9” to be set
up, while if any other detent is raised by its
solenoid the detent 200 is also actuated as a bar
release.

Two cooperative contact members 22{ and 222
are secured in insulating blocks 223 and 224 at-
tached to the chassis {18 in such position as to
The con-
tacts normally stand apart, but when the detent
200 rises it engages an insulating pad 225 on the
lower contact member 222 to raise the latter into
contact with member 221 as shown in Figures 5
and 7. Mounted at the front end of each row of
solenoids is a normally closed relay 226 adapted
to break quickly when its coil is energized.

The segmental plate 2(1 has a rearwardly ex-
tending segment 221, Figure 2, normally meshing
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with a vertical rack 228. The rack 228 is slidable
vertically in & guide 229 rockably mounted on a
stationary horizontal rod 230. A tension spring
231 urges the guide 229 clockwise, thus tending
to draw the rack 228 cut of mesh with segment
221. The guide 229 has an upwardly extending
arm 232 terminating in a fork 233, shown in en-
larged detail in Figure 8, which engages & stop
234 on a release rocker 235, pivoted to the sup-
porting frame of the machine at 236. The rocker
235 is urged into engaged position with fork 233
by a spring 231, while a solenoid 238 has a plunger
2398 coupled to the right end of rocker 285 and
adapted to rock the stop 234 upward out of en-
gagement with the bottom of fork 233 when the
solenoid is energized.

A cam-shaft 240, shown in detail in Figures 21
and 26, carries a cam 241 adapted to engage a
roller 242 on the end of a lever 243 pivotally
mounted at 244. A spring 245 urges roller 242
against the cam.

‘When the device is in rest, or starting position,
the cam 24{ holds the lever 243 to the left as
shown in dot and dash lines, Figure 8, causing a
pin 246 in lever 243 to engage arm 232 and hold
fork 233 slightly free of stop 234 to the left. If
solenoid 238 be energized to raise the stop 234
clear of the bottom of fork 233, as the shaft 240
revolves and the lever 243 rocks to the right, Fig-
ures 2 and 8, spring 231 causes the arm 232 also
to follow to the right. The spring 23{ is thus en-
abled to swing the guide 229 to the left to draw
the type rack 228 out of mesh with the segment
221, as shown in dot and dash lines, Figure 2.
It is evident from the above that release rocker
235 normally holds the rack in mesh, but if the
solenoid 238 be energized, the rack 228 will drop
out of mesh as the shaft 240 starts to revolve.

A type bar 247 is pivoted at 248 in the top of
rack 228 and carries a column of type 249 adapted
to print digits “0” to “9,” inclusive, the “0” digit
being at the top of the column. A light tension
spring 250, disposed between small angular hooks
251 and 252 on rack 228 and bar 247 respectively,
normally urges the bar 247 to the right against
a forked hammer 253. The hammer 253 is piv-
oted on a stationary rod 254 and has an arm 258
extending toward the back of the machine. A
relatively strong tension spring 266, disposed be-
tween arm 255 and rod 230, normally holds the
hammer 253 firmly against a stationary stop bar
257 secured to the machine frame 1186.

The hammer 253 has therein a slot 258, Figure
8, in which is disposed an upwardly directed hook
259 on the end of a draw link 260. The link 260
is pivoted to the upper end of a lever 26{ swung
on a stationary rod 262 and having a step 263
urged into engagement with a print cam 264 by
means of a spring 265. It will be understood that
each type bar is provided with s hammer 283,
link 260, and lever 261, all the levers 261 however
being pivoted on the single rod 262 and being
operable by the single wide-faced cam 264. The
relationship of the individual print bars, with
their respective. links and hammers is further
illustrated in Figure 9 as hereinafter set forth.

A lift bar 266, slidable in upper and lower guide
combs 267 and 268, is disposed vertically in frong
of the type bar 241 and with its upper end under
the link 260. The bar 266 is urged upward by
a spring 269 and has a lower foot 270 underlying
the hook 252 on the rack 228. When the rack
228 is drawn down to its lower position, the hook
252 depresses the foot 270, thus lowering the bar
266 and allowing the link 260 to drop so that the
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hook 258 may idle in the bottom of slot 258 in
the hammer 253 when reciprocated by the print
cam 264. A light spring 271, connecting the link
280 ana the lever 261, assists gravity in dropping
the hook 259 quickly to the bottom of the slot.

When the type rack 228 is raised by the segment
227 to set up the type 249 as shown in Figure 8,
the hook 282 on the rack releases the foot 270.
The lift bar 288 is moved upward by the spring
269, raising the link 260 so that as the link 280
is retracted to the right, the hook 259 engages
the hammer 253 above the upper edge of the
slot 288. - The hammer 253 is thereby drawn or
cocked to the right against the tension of the
spring 256, the type bar 247 also being rocked to
the right by its spring 256. When the cam 264
over-runs the step 263 on the lever 261, thereby
releasing the latter and the link 260, the spring
256 snaps the hammer 253 and the type bar 241
sharply to the left. The hammer 253 is stopped
by the bar 257 but the type bar, due to its mo-
mentum, continues its movement to the left until
stopped by its type encountering an inked ribbon
212 in front of a paper strip, or bill blank 273
backed by a platen 274. i

By the action-described, the type digit set-up
in line with the ribbon prints its figure on the
paper, after which the spring 250, together with
the rebound of the type, retracts the type bar
to vertical position, as shown in Figures 2 and 8.

From the foregoing description it i1s evident
that the lift bar 266 can normally lift the hook
259 to engage the hammer 253 and cause the type
bar to print only when the latter has been moved
upward from its lowest or ““0” position.

In order to prevent the rack 228 from being
drawn upward by the spring 268 and lift bar 266,
Figure 11, when the rack is disenzaged from the
segment 221, a notch 228a is provided in the back
of the rack near its lower end, as shown in Fig-
ure 2. When the rack 228 is swung clear of seg-
ment 227, as shown in dot-and-dash lines, Fig-
ure 2, the notch 228a engages an extension 218a
of the angle member 215 which restrains the rack
from upward movement until it has been re-
turned into mesh with the segment 227.

Since it is normally desired to print all zero
figures to the right of any greater printed fig-
ure, the followinz provision is made to enable
the print bars to print in “0” positions.

Figure 9 is a rear detail view of the upper parts
of the various print bars and related parts in
which the numeral 24Ta denotes the extreme left
type bar carrying multiple type rows adapted to
print, for instance, “Add,” “Sub” (denoting sub-
tract), “Tot” (signifying total), and “Cre” (sig-
nifying negative total or credit balance). The
second type bar 247b carries digits of thousands
denomination, 247¢ the hundreds denomination,
247 carries digits in the tens denom!nation and
247d the units denomination. Bar 247e carries
the decimal point and tenths digits, while 247/

. carries the hundredths digits. The hammers,

65

70

(£

hooks, lift Lars, etc., relating to the variocus type
bars are denoted by the numerals assigned these
parts in the description relating to the type bar
247 with the addition of the respective alphabe-
tical symbols assigned to various type bars noted
above. .

The links 260a, 2605, 260c, 260, 280d and 2680e
have formed thereon tabs 218a, 215b, 275¢c, 215,
2754 and 215¢ extending horizontally to underlie
in each case the next link to the right, adjacent
tabs being staggered as shown in Figure 10. The
hundredths link 2607 carries a similar tab 215/
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extending to the left to underlie the tenths link
263¢.

When any type bar, for instance bar 241, is
raised above its “0” position, as shown in Pigures
2, 8 and 9, the link 260 is raised by the lift bar 266
as already described. The tab 275 raises the link
260d to enable the hammer 253d. Similarly, the
tab 2754 raises the link 260e and tab 215¢ raises
the link 268f. Thus, when on any type bar any
digit is set up and no digit is set up in a type bar
to the right thereof, all type bars to the right
thereof are enabled to print zeros.

When a digit is set up only in the hundredths
column, that is on bar 2474, it is desirable that the
decimal point and tenths zero also be printed. In
this case, when the link 2607 is raised, its tab 275f
raises the link 260e to allow the hook 259 to.cock
the hammer 253¢ in the manner previously de-
scribed. | :

A bail 276 on arms 277, Figures 2 and 11, se-
cured to a longitudinal bail shaft 278, is disposed
behind and spanning the downward extensions
213 on the segmental plates 211. The bail shaft
218 is rockably journalled in the base (16 and
carries a lever 219 to which is pivoted at 280 a
bush rod 281. The upper end of push rod 281,
shown in Figures 11 and 21, terminates in a fork
282 having slotted side plates 288 ang 284 respec-
tively guided on the hubs 285 and 286 of a bail
cam 287 secured on the cam shaft 240. A roller
288 is rotatably mounted on a pin 289 in the bot-
tom of the fork 282.

A strong tension spring 290, Figures 2 and 11,
attached at one end to a pin 281 on one of the
arms 271 and at the other end to the base 118,
urges the bail assembly clockwise and holds the
roller 288 in engagement with the periphery of
the bail cam 287. In normal or initial position, as
illustrated in Figure 14, the bail 276 holds the
segmental plates 211 in their extreme counter-
clockwise position. When the shaft 240 is re-
volved, the lobe of the cam 281 acting through
the roller 288, forces the push rod 28! downward
to swing the bail counterclockwise against the
tension of the spring 290, 1If any sclector bar
205 has meanwhilé been released by the raising
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of the detent 200 in the manner previously de- .

scribed and shown in Figure 6, the spring 214
causes the extension 213 to follow the bail to the
left, allowing the plate 2! to swing clockwise,
normally raising the type bar 247. 'This move-
ment continues until one of the hooks, such as
216c, Figure 5, engages its detent 195 which stops

the bar 208 to hold the connected parts in posi-’

tion wherein the type digit corresponding to de-
tent 195 is set up in line with the platen 274. Th's
position is maintained until the descent of roller
288 from the lobe of cam 287 allows the strong
spring 280 to return the bail 276 to the right. As
the bail moves to the right it re-engages the ex-
tension 213 to return the selector bar and type
bar to initial cr “0” position.

From the above, it will be understood that the
movement of the bail allows all released selector
bars to move into positions determined by their
respective detents, allows the parts to remain in
this pesition while the outer circumferential sur-
face 292 of the lobe of cam 287 traverses the roller
288, then picks up and returns all the selectors
and attached parts to initial position, the strong
spring 280 overcoming all the weaker springs 214.

A statlonary bracket 293, Figures 2 and 8, has
secured thereto the casing 294 of an accumulator
assembly generally denoted by the numeral 294q
and further shown in enlarged detail in Figures
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12, 13, 14, 15, 16, 17, 18, 19 and 28. A movable
frame 295 is positioned inside the casing 294 and
supports g longitudinal shaft 296 on wiich are ro-
tatably mounted accumulator gear wheels 297, 298,
299, 300, 30f, 302 and 303, disposed above and
adapted to mesh with gear segments 304 on the
plates 211, Figures 2 and 8. The wheels each have
10 teeth and the wheel 297 is of double width for
a purpose hereinafter described. The remaining
wheels 298, 299, etc., have formed thereon cams
298a, 299a, 300q, 301a, 302a and 303q respectively,
Figure 15, the cams preferably being in the form
of widened single teeth of the wheels. The wheels
have extended hubs as shown at 298b, Figures 12,
13 and 14, and at 303b Figures 12, 15 and 16. The
hubs of the various wheels extend respectively into
hollow shells 534, 305, 305, 307, 308, 309 and 310,
made of ngn-conducting material such as Bake-
lite and having laterally extending arms 3f1 and
3lia, the arms 31! being rockable on a rod 3{2
secured to the bracket 293, Figures 2 and 8. Bolts
313 and 314 through the arms 31 {, 3lig and
through cross strips 315 and 315¢ welded or
formed on the frame 285, secure these parts to-
gether in a unit, the assembly being rockable on
the red 312 to move the gear wheels into or out
of mesh with the gear seements 304.

A vertical fork 316, pivotally mounted on the
bolt 314 spans the shaft 244 and is slidably guided
thereby. A tension spring 3117 attached to the bolt
314 and shaft 244, urges the counter assembly and
fork 315 upward.

A pair of tappet levers 318 and 318, Figure 8,
are pivoted to the lower end of rocker arms 320
and 321 fulcrummed on a staticnary rod 322. The
upper ends of arms 320 and 321 are attached to
toe plungers 323 and 324 of horizontal solenoids
328 and 328, hereinafter referred to as Add and
Subtract cam solenoids respectively.

A pair of cams 327 and 328 on the shaft 240,
hereinafter referred to as the Add and Subtract
cams respectively, engage the tappet-lsvers 318

and 318 respectively, the lobes of the cams beinig "~ mm_

set at 180 degrees from each other so that during
& complete révolution of the shaft 240 the cams
rock the tappets downward alternately.

With the shaft 240 starting counter-clockwise
from normal rest position, shown in Figure 26, the
add cam 327 first rocks the tappet 318 downward
against the tension of a small spring 329, holds
the tappet down throughout the greater part of
180 degrees of revolutions, then allows it to return
to upper position at the half-way mark. During
the second half of the revolution the subtract cam
328 actuates the tapret 319 in the same manner.

If the solenoid 325 is energized previously to
the starting of the shaft 240, the retraction of
plunger 323 thrusts the tappet 318 forward so thag
its end overlies the upper part of the fork 316.
When the shaft 240 then revelves to reck the tap-
pel 318, the latter engages the fork 316 to rock the
accumulator assembly downward against the ten-
sion of the spring 317, thus placing the accumu-
lator gear wheels in mesh with the segments 304
during the first half revolution of the shaft. As
the bail 276 makes its counter-clockwise motion
during the first half of the above revolution, as
previcusly explained, it will be seen that any
clockwise motion of the plates in setting up num-
bars causes a counter-clockwise  rotation of the
counter gears, by which means the numbers are
“stored” in the accumulators, the pitch radiug of
the segments 304 being such that the angular
movement thereof in setting up each digit moves
the corresponding accumulator wheel the number

ey
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of tenths of a revolution corresponding to the
digit’s denomination.

If solenoid 326 is energized, the accumulator
wheels are similarly placed in mesh with segments
364 during the second half-revolution, that is,
while the plates 211 are returned to their initial
position, the accumulator gears being thereby re-
volved clockwise. The latter operation takes place
during subtraction or in clearing the accumulators
as hereinafter described.

In either addition or subtraction it is necessary
that & carry-over be provided between adjacent
accumulator units. To perform this function, the
following provision is made:

A rod 338 in the casing 284, Figures 12 and 17,
carries & series of segmental rockers 331, 332, 333,
334, 338, and 336 overlying the accumulator gear
wheels 297, 298, 299, 300, 381 and 302 respectively
and adapted to mesh with them when the ac-
cumulator assembly is moved upward In the casing
294 by the spring 317 as previously described. A
segmental member 337 overlies the gear 303 and
is secured by a screw 338 to the casing 284, since
this gear is the lowest in the series of counters
and therefore is never shifted by a carry-over.

Trip plates 339, 340, 341, 342, 343 and 344, slid-
able in slots 345 and 345a in the sides of frame
298, overlie the cam 298a, 299a, 300a, 30iqa, 302a
aend 303a respectively. As the operation of all
the carry-over devices is identical, it will be de-
scribed herein by example, the carry-over or
transfer taking place from the gear 308 to the
gear 289, In Figure 17, the cam 300a of gear 300
is shown in section with the gear 299 behind it
according to section lines 11—{1, Figure 12, It
will be understood that the intervening shell 396
and various other parts are omitted from Figures
17, 18 and 19 in order to clarify the showing of
the carry-over mechanism,

Referring to Figures 17, 18 and 19, the trip

__plate-24{ has two tapering recesses 346 and 347.

Tension springs 348 and 34%@ urge the piate 341
downward so that the apices of the recesses nor-
mally rest on the bottom of the slots 348 and
345a respectively. Notches 348 and 348a are dis-
posed adjacent the inward extremities of the re-
cesses 346 and 347. A tooth 350 on the plate 341
normally grojects downward into the rotary path
of the cam 3080a as shown in Figure 17. The seg-
mental rocker 333 has sloping wings 351 and 362
adapted to be engaged by & finger 383, Figures 12
and 17, formed on the plate 341.

Assuming the cam 308a to be initially in the
digit “9” position, as shown in full lines in Fig-
ure 17, a rotation of cam 300a by its gear 300 in
addition direction, that is clockwise in the above
figure, carries the cam into the zero position, In
the movement described, the cam encounters the
tooth 380, moving the plate 341 to the right and
upwardly, As the cam 300a overrides the tooth
358 the notch 348 engages the bottom of the slot
345, The plate 341 is thereby held in the posi-
tion shown in dotted-and-dashed lines, Figure
17, the finger 383 underlying the wing 351 of the
rocker 333 but spaced a short distance below it.

As the spring 311, Pigure 8, raises the accumu-
lator assembly, as previously noted, the gear
wheel 289 iz drawn out of mesh with the seg-
ment 384 and starts into mesh with the segmental
rocker 333. Figure 18 shows the position of the
parts when the frame 288 has moved upward
approximately half its total distance, in which po-
sition the teeth of the wheel 299 are nearly out
of mesh with 304 and are entering mesh with the
teeth of rocker 333, and in which the finger 383
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engages the sloping wing 38! of 333. As the up-
ward movement of the frame 288 and attached
parts continues, the wheel 299 moves entirely out
of mesh with segment 384 and into mesh with
rocker 333, while at the same time the finger 353
swings the rocker 333 to the right, This move-
ment of 333 carries with it the wheel 299 until
the parts come to rest at the top of the upward
movement in the position shown in Figure 19, the
wheel 299 having been revolved the angular dis-
tance of one tooth “T” from Figure 18 to Fig-
ure 19,

From the foregoing it will be seen that the
passage of the cam 388a from “8” to “0” posi-
tion cocks the plate 341 to the right, and that
the following upward movement of the accumu-
lator assembly causes the plate to advance the
next higher accumulator wheel in the series by
one digit. In case of a double carry-over, that
is, in case the passage of the cam 300a is caused
by a carry-over to it from the lower unit 301,
Figure 12, the action is as follows:

In this case the accumulator gear wheel 299
is already partly in mesh with rocker 333 before
the cam 308a starts its clockwise motion, since
this motion 18 now caused by carry-over from a
lower unit, The plate 341 is in mid-position in
the frame 286 as in Figure 17, but ag the frame
2088 itself has already been moved upward, the
finger 353 is closely adjacent the sloping wings
351 and midway between them. As the cam 308a
moves from “9” to “0” position it cocks the plate
341 to the right as already described, the finger
353 engaging the wing 351 to swing the parts into
the same position shown in Figure 19 and thus
revolving the wheel 289 one digit in the manner
previously noted. By the means described, the
device is adapted to carry-over throughout the
entire series when necessary.

In order to return the trip plate 341 to normal
position, upwardly rockable spring latches 354
and 384g are provided on the casing 284 opposite
the ends of the trip plate 341. Tapered extensions
388 and 358 on the plate 341 are adapted to snap
past the latches as the plate moves upward in
cocked position as shown in Figure 18. As the
accumulator assembly is again moved downward
to mesh the gear wheel 299 with the segment
304, the tapered extension 355 encounters the
latch 354 which restrains its downward motion,
lifting the notch 349 clear of the bottom of slot
345 and allowing the springs 348 and 348a to snap
the plate 34§ into central position as shown in
Fgure 17.

The rocker 351 has on its top a pair of out-
wardly extending ears 357 and 358, As the frame
298 nears its lower position its upper part en-
gages the ear 3871, swinging the rocker 35i into
central position as also shown in Figure 17.

The foregoing series of operations has been de-
scribed in connection with an addition carry-
over, but as the two sides of the apparatus are
identical in structure, it is obvious that the de-
vice operates in the same manner when the cam
300a moves counter-clockwise from “0” position
to “9” position to effect a carry-over in substrac-
tion. Due to the fact that all the transfer parts
are returned to neutral position as the gears
mesh with the segments 304, the device is always
conditioned to effect a carry-over in either direc-
tion Iirrespective of whether an addition or sub-
traction has been made in the previous cycle.

Referring to Figures 12, 13 and 14, the hub 298b
of the accumulator gear 298 has secured thereon
an insulating sleeve 389, preferably of Bakelite,
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. which carries a resilient brush 360 having two
_contact shoes 36! and 362.  The shoe 36! slid-
ably engages a conducting slip ring 363 secured
in the shell 305 and provided with an exterior
terminal 364. The second shoe 362 of brush
360 is adapted, when rotated, to successively en-
gage a set of commutator segments 365, 365a,
365b, 365c, 365d, 365¢, 3657, 3650 and 365A, cor-

responding to counter positions of digits “1” to .

“9” and having exterior terminals 366, 366a, 3665,
366c, 366d, 366e, 3667, 3669 and 366h, Figure 14.
The zero position, as shown in Figure 14, also has
a segment 365i provided with a terminal 3664, Tt
will be seen that the brush 360 is adapted to
establish an: electrical connection between the
slip ring 363 and any commutator segment with
which the shoe 362 is in contact. ‘ '

All the shells 534, 305, 306, 307, 308, 309 and
310 are provided with slip rings and commuta-
tors as described, except that the zero segment
may be omitted from shell 310, put shell 310 also
contains a second slip ring 367 provided with a
terminal 368 and adapted to be connected by a
forked brush 369 with a single commutator seg-
ment 370 ‘extending around the interior of the
shell 310 from the digit “5” to the digit “9” posi-~
tion inclusive, as shown in Figure 16. Segment
310 has a terminal 371. ' ' '

To avoid confusion and complication on the
wiring diagram, the various complete commutat-
ing units are represented in Figure 35 with their
slip rings and segments arranged concentrically
instead of side by side, and the complete units are
denoted in Figures 15, 38 and 42 by the numerals
3172, 313, 3174, 315, 316, 31T and 318, the unit 318
being hereinafter referred to as the fractional
cent commutator,

Referring to Figure 20, the error key 107, frac-
tion key. 108, total key 109, add key {10 and sub-
tract key ‘111 are equipped with piston switches
379, 380, 381, 382 and 384 respectively, all se-
cured on a conducting plate 383 separate from
the plate 126 shown in Figure 4 and adapted to
engage groups 319a, 385, 386, 387 and 388 of pins

in the top of the permutation panel 153, Figure

31l. The plate 383 is adapted to be connected
electrically to one side of a source of current
through a snap connector 389 on an insulating
block 380 secured to the stationary frame of the
machine. - :

The connector 389 and a similar connector 391,
which latter supplies current to the numerical
piston switches through the plate 126, Figure 4,
also serve the purpose of latches to hold the
frame (20 and key switch assembly firmly in
place above the permutation panel 153. i

The keys 107, 108, 109 and {11, Pigure 20, are
provided with a locking bar 392 operable by a
solenoid 393 in the manner previously described
in connection with Figure 4. A hook 394 on the
right end of the bar 392 is adapted to rock the
transverse member 151 counter-clockwise when
the bar is moveq to the left for a purpose herein-
after explained. . .

The various mechanical functions of the ma-
chine, as previously set forth, are brought about
by rotation of the cam shaft 240. A motor 395,
Figure 3, is adapted to drive a vertical shaft 396
through a worm 395a and worm gear 398. The
vertical shaft 396 in turn is adapted to drive the
cam shaft 240 through a clutch enclosed in g
housing 397a, Figure 3, the clutch 397 being
shown in detail in Figures 22 and 23.

A sleeve 388, Figure 22, is rotatably mounted
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on the shaft 240 adjacent a ball bearing 408 sup-
ported in the casing (8. Secured on the sleeve
399 is a worm gear 401 meshing in the usual
manner with a worm (not shown) on the upper
end of the vertical shaft $98. The left, or outer,
end of the sleeve 398 has formed thereon a flange
402, hereinafter referred to as the driving mem-

- ber and provided with a series of circumferential

notches 402a, 402b, and 402¢, Figure 23. A cylin-
drical member 403, hereinafter referred to as the
driven member, encircles the sleeve 399 and driv-
ing member 402 which are normally rotatable
therein. A flange 404 is secured.to the driven
member 403 and has a hub secured on the cam-
shaft 240 by means of a key 406 and set screw
401, Two cam rings 408 and 409 are secured on
the outside of the hub 405 as shown in Figures
22,24 and 25. =

The driven member 403 has therein a recess
410 in which is rockably mounted a lever 4}l
which extends outwardly and terminates in an
angular lip 412. A dog 413 extending laterally
from the lever 411 so as to normally overhang
the circumference of the driving member 402 is
adapted to engage any one of the notches 402q,
402 or 402c when the lever 411 is rocked. coun-
ter-clockwise by a compression spring 414, Fig-
ure 23, A bracket 415 secured to a support 416
on the frame 116 has a pair of upwardly project-
ing lugs 411 and 417a carrying a horizontal pin
418. A trip latch 419, rotatably mounted on the
pin 418, is urged upward by a spring 420 so as
to normally engage the lip 412 of the clutch lever
411, A solenoid 421 is provided with a plunger
422 connected to the latch 419 and adapted to
pull the latch 418 out of engagement with the
lever 411 when the solenoid is energized.

Adjustable stop screws 423 and 424 are pro-
vided to limit the motion of the latch 419. An.
upwardly extending finger 41%9a on the latch 419
is adapted to be engaged by a cam 425 on the
periphery of the driven member 403 to ensure
positive relatching of the clutch. ,

The cam 408, as shown in Figure 24, engages
an insulated shoe 426 on the inner arm 4271 of a
breaker 428 insulatedly secured to the bracket
415. When the cam 408 revolves it presses a con-
tact point 429 on the arm 4271 against a similar
point 430 on the outer arm 431, thus establish~
ing a connection between leads 432 and 433 at-
tached to the arms. When the cam 408 com-
pletes its revolution to normal position, the shoe
426 overrides the sharp edge of the cam lobe,
allowing the breaker to snap open, as shown in
Figure 24. '

A second breaker 854, of construction similar
to breaker 428, is mounted on an arm 854a, se-
cured to the bracket 415, Figures 24 and 22.
Breaker 854 is arranged to be normally held
closed by cam 408, and is allowed to snap open
as approximately seven-eighths of the latter’s
revolution is passed, being then reclosed as the
revolution is completed. ' .

The cam 409, as shown in Figure 25, is adapted
to operate a third breaker 434. The operation
is the same as described except that in normal
position the cam 409 holds the third breaker 434
closed, the break occurring at substantially
the half-way point in the cam’s revolution.
Breaker 434 is provided with leads 435 and 436.
A fourth similar breaker 437, superimposed on
the second breaker 434, has on its inner arm 438
an insulating shoe 439 bearing against the rear
of the inner arm 440 of breaker 434, The fourth
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breaker 431 is thus operable by the cam 489 simul-
taneously with the third breaker 434. Breaker
437 has leads 442 and 441, the latter of which is
connected to the solenoid 421, as shown in Fig-
ure 22, the second lead of the solencid being de-
noted by the numeral 443,

The operation of the clutch is as follows

Assuming the motor 395 to have been started
by means hereinafter set forth, the sleeve 399
is driven thereby through the vertical shaft 396
and worm gearing previously described, the driv-
ing member 402 idling inside the driven member
483 which latter is held stationary by the latch
419 engaging the lever 411, as shown in Figure
23. When the solenoid 421 is energized, the
plunger 422 is drawn downward, releasing the
lip 412 of lever 4il. The spring 414 forces the
lever 4!| counter-clockwise, causing the dog 413
to snap into the first of notches 402a, 402b or
402c, which registers with it, thereby clutching
the driven member 463 to the driving member
402. The member 403 is thereby rotated, carry-
ing with it the attached flange 404, hub 405, and
cam shaft 240. As the cam 409 on hub 405 re-
volves past the half-revolution, the breakers 434
and 437 open, as previously described. The
breaker 437 being in series with the solenoid 42f
thirough the lead 441, the opening of 431 breaks
the circuit through the solenoid, allowing the
latch 419 to be snapped upward by the spring
420,

As the driven member 403 cam shaft 240, and
attached parts approach the end of one revolu-
tion, the latch 419 intercepts the lever 411, swing-

ing th 3 latter clockwise in the driven member to -

withdraw the dog 413 from the notch in the
driving member and bring the driven member
403 again to a stop in the position shown in Fig-
ure 23. A spring-pressed wedging pawl 444 is
adapted to snap into place behind a ratchet cam
445 on the driven member, thus preventing re-
bound of the latter and holding the cam shaft
accurately in stop position.

The purpose of the finger 419q is to ensure re-
turn of the latch to stopping position irrespective
of the strength of spring 420. In case the latch
419 has not been returned to upper position by the
spring before the cam 425 encounters the finger
4i3a, the cam swings the finger outward, thus
positiveiy returning the latch 419 to latching
position, as shown in Figure 23.

This provision allows the spring 420 to be rela-
{ively light, reducing the necessary size and cur-
rent consumption of the solenoid 421 while at
the same time making impossible any accidental
failure of the clutch to disengage at the end of
one revolution. In this manner accidental “re-
peating” or double operation of the machme by
the camshaft is prevented.

Referring to the wiring diagram, Figure 36,
the permutation panel {53 comprises all the con-
nections enclosed in the dotted and dashed
rectangle., While in order to avoid undue multi-
plication of lines in the diagram certain leads
are shown joined within the interior of the panel
rectangle, it will be understood that in practice
all connections are made between internal termi-
nals in the panel itself as illustrated in Figure 34.
¥or instance, from typical jacks 189a and 169b,
constituting the incoming terminals, Figure 34,
connections are made by individual leads I1Tia
and 17ib to the posts 172b and 1712¢ which con-
stitute the outgoing terminals. Obviously only
one lead may be plugged into each jack, but a
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number of leads may be required connecting dif-
ferent jacks to one post, especially in panels wired
for billing computations as illustrated in Figure
37. For this reason the posts 172 are made rela-
tively long, as shown in Figure 4, in order to
accommodate as many lead eyes or clips as may
be required.

In order to conveniently wire a permutation
panel 153, a spring latch 446, Figures 31, 32 and
33, is released and the panel laid open, the hinge
158 allowing the upper and lower portions to be
spread apart after the manner of an open book,
to expose all the internal connecting means.

All connections are then made between jacks
and posts,; as illustrated in Figure 34, all the leads
overlying the hinge 158, A binding strip 441,
rreferably a channel of insulating material, is
then secured over the bunched leads, as shown
in Figure 4. The panel is then closed, the latch
446 snapping into engagement to hold the parts
firmly together.

A closure casing or cover 448, Flgures 2,3and 4,
having been removed from the machine, the key-
board with its attached switches 121, is swung
upward by means of a finger grip 449, the entire
key and piston-switch assembly swinging on the
rod 121. The panel 153 is then dropped into
place on the brackets 154 and 155, Figure 4, and
the keyboard assembly closed above it, the snap
or latch connectors 389 and 391 holding the key-
board assembly firmly in position while down-
ward projections 450 and 451 thereon press
against the top plate 160 of the permutation
panel. All parts are thereby located in operative
relation as shown in Pigures 2 and 4, after which
the closure casing 448 is replaced on the main
casing or base {18 and the machine is ready for
operation as hereinafter described.

In connection with the following déscription,

40 it will be noted that the wiring in Figures 36 and
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37 is identical except those connections which

are within the permutation panels. - This illus-
trates the fact that in order to change the ma-
chine from one type of function to another it is
only necessary o replace the panel wired for
the first type of function with a panel wired for
the second type. No wiring connections are made
between the panel and the remainder of the ma-
chine. Panels may therefore be wired for any
desired function by experts at the factory or
service station, from which they may be shipped
to users of the machines., The user has only
to place the panel in the machine as previously
described, in order to condition it to perform the
desired function, the necessity on his part of any
wiring skiil or ability to set up plugboard con-
nections being entirely eliminated.

Referring again to the circuit diagram, Figure
36, main lines 452 and 453 are normally con-
nected to a source of current. From the line 453
a branch lead 454 is connected to the motor 395.
The second lead 45% of the motor is connected to
a normally open breaker 456 controllable by a
relay magnet 451, from which breaker a wire
458 is connected to the main line 452, the wire
458 also being connected to one terminal of the
magnet 457,

The line 453 is normally connected through the
breaker 434, leads 436 and 460 and the latch con-
nector 39/ to the conducting plate 126, which
carries and supplies current to the key sw1tches
121, shown in Figure 4, and which is diagram-
matically represented as lead line and its
branches leading to the various key switches in
order to clarify the diagram, the same diagram-
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matic procedure being followed throughout the
figures wherever the attempt to represent con-
ducting parts pictorially would greatly increase
the complication and necessary size of the dia-
gram,

From each key switch, for example, the switch
127 of the digit seven key 102a¢ in the tens col-
umn, the contact pins 161, 162, 163, 164, 165 and
166 lead into the permutation panel 153 as illus-
trated by the lines 461 and 462 representing con-
tinuation of the pins 161 and 166 respectively.
From the pin 166 the internal lead 1Tl in the
panel completes a connection through a wire 483
- and a branch lead 464 to the number “7” set up

solenoid 189 in the tens row, Figure 35. From

the solenoid 189 as well as all the other solenoids
in the tens row, a common line 465 leads to the
magnet 466 of the quick-acting breaker 226, pre-
viously shown in Figure 5. The other terminal
of the magnet 466 is connected through a lead

467 to the main supply line 452, Figure 36.

The pin 161 and its continuation 461 are con-
nected through an internal lead (T{¢ of the panel
153 and a lead 468 to the locking bar solenoid 144,
Figures 2 and 4. From the solenoid 144 and the
similar locking solenoids 144a, 144b, 188c and
144d of the various numerical key rows a com-
mon lead line 469 leads through a magnetic
breaker 470 tc the main supply line 452, the
breaker 470 being controllable by an electro-
magnet 471

From the supply line 452 a lead 4712 runs to the
controlling magnet 413 of a normally open relay
474, Pigure 35, hereinafter referred to as the
cut~in relay. From the magnet 4713 a conductor
415 leads to the panel 153 through which a con-
nection is made in the manner previously de-
seribed, via lead 492 to a contact pin 476 of the
total key 109, a pin 477 of the add key 110, and a
pin 478 of the subtract key 1{{, Figure 36.

Referring to Figure 35, it will be seen that one
contact point 4719 of the breaker 226 and the con-
tact member 222, shown in detail in Figure 5, are
connected to a common conductor 480. Similarly,
the other point 481 of breaker 226 and the con-
tact member 221 are connected to a second com-
mon lead 482. The breaker 226, as previously
noted, is normally closed, while the contact mem-
bers 221 and 222 are normally out of engagement.
If a current is directed through any set up sole-
noid such as 189 in the tens row, the breaker
magnet 466 being in series with all solenoids in
that row is also energized to quickly break the

. connection bhetween conductors 480 and 482,

As soon as the set up solenoid 189 acts to set up .

its detent, the rocker 219 is moved as described
in connection with Figure 5 to bring the contact
members 221 and 222 into engagement, thus re-
-establishing the contact between leads 480 and
482. The two sets of contacts just described
together with their actuating means thus con-
stitute a break-and-make combination which
breaks the connection between leads 480 and 482
as any set up solenoid in the tens row is energized
to start a set up and restores the connection as
the set up is completed.
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By reference to the diagram, Figure 35, it may °

be seen that a break-and-make combination as
just described is provided for each row of set up
solenoids, and that all the contact combinations
are connected in series from conductor 460 at the
left of the diagram by means of leads 483, 484,
480, 482, 485, 486, 487, and 488 t{o one contact
of the normally open relay 474, the other contact
of relay 474 heing connected .to a conductor 489

70
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leading to the motor relay magnet 457, Figure 36.

From the conductor 489 the lead 443 is con-
nected to the clutch trip solenoid 421, shown in
Figures 22 and 23, and from solenoid 421 a con-
nection is made through the lead #41, breaker
431 and lead 442 to the main line 452, The
breaker 428, previously shown in Figure 24, is
connected between the conductor 489 and main
line 453 by means of leads 433 and 432,

The lead 432 is normally connected through
breaker 854 with a conductor 490 which leads
through the snap connector 389 to the conduct-
ing plate 383 which supplies current to the error,
fraction, total, add and subtract key switches
379, 380, 381, 382 and 384.

Two contact pins of the error key switch 379
are respectively connected through the panel 153
by means of internal leads 1Tid and 49(1 with the
locking solenoid 398 and the magnet 471 which
latter magnet is also connected to the main line
452, :

The fraction key switch 380 has no connections
in the panel {88, as this switch has no function
in ordinary addition, subtraction and total taking
for which the machine is arranged by the panel
illustrated in Figure 36.

" The total key switch 381 has five connections
through the panel 153 as follows:

1. To the cut-in relay magnet 413, Figure 35,
via panel lead 492 and the lead 415 as previously
noted; :

2. To the locking bar solenoid 383 through lead
t11e, shown as joining 1Tid to avoid multiplicity
of lines;

3. To the subtract cam solenoid 326 through
panel lead 493 and external lead 494, the solenoid
326 being connected on the other side to main
line 452;

4. Through & panel lead 435, an external lead
496, a throwover switch 487 hereinafter described,
and a conductor 498 to the total symbol set up
solenoid 489, Figure 35; and

5. Through a panel lead 500, Figure 36, a wire
501, the breaker 524, Figure 8, to conductor 524c.
From conductor 524c, normally open switches
502a, 503a, 504a, 505q, §06a, 507a and 508a are
adapted when closed to form connections through
leads 502, 503, 504, 505, 506, 507 and 508 to the
slip rings of accumulator commutators 372, 3173,
314, 318, 376, 377 and 318 respectively.

It will be understood that the above indicated
switches §02a, 503a, 504a, 505a, 506a, 50Ta and
508a constitute the parallel contactors of a multi-
contact relay operable by a single solenoid or
electro-magnet 524d secured on the side of the
accumulator casing 294, Figure 8. One side of
magnet 3524d is connected to conductor 524c,
while its other side is connected through a lead
524¢ to a conductor 571 which in turn is con-
nected to the main line 452. The magnet 524d
acts to close its varlous switches noted above
whenever the conductor 524c is energized, but
normally allows the switches to stand open. The
purpose of this arrangement is to prevent pos-
sible flow-back of current to the conductor 524c
through any commutator during the set up of
selector solenoids by depression of the digit keys.

The add key switch 382 has four connections
through the panel 1583 as follows:

1. Via panel lead 8§09 to the conductor 415
leading to the cut-in relay magnet 413, Figure
35;

2. To the locking bar solenoid 393;

'3, Via a panel lead 510 and external lead 51
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to the add symbol set up solenoid 5§12, Pigure 35;
and .

4, Via a panel lead 513 and external lead 514
to the add cam solenoid 328, the other side of
solenoid 325 being connected to the main line 452.

The subtract key switch 384 has the following
connections through the panel {53:

1. To the conductor 415 leading to the cut-in
relay magnet 473 in the same manner as-de-
scribed for the total and add key switches;

2. To the locking bar solenoid 3983;

3. Through & panel lead 515 and external lead
§16 to the subtract symbol set up solenoid §17,
Figure 35; and

4, Via a panel lead shown for purposes of
simplification as the lead 493 and a branch there-
of to the external lead 494, thence to the sub-
tract cam solenoid 326.

The operation of the device, as arranged for
addition, subtraction and total taking, is as fol-
lows, the operation of key {02a being taken as
typical of that of all numerical keys:

As the operator depresses key to enter digit
seven in the tens column, the piston 128 (Figure
4) of the key-switch 127 encounters the elongated
pin 161, The switch 127 being connected through
the plate 126 and other conductors previously
described with one main supply line 4853, cur-
rent flows from the switch through the pin {61,
lead 461, panel lead {Tic, locking bar solenoid
{44, conductor 469 and breaker 410 to the other
main supply line 452. The solenoid (44 is thereby
energized, throwing the switch into firm contact
with its remaining pins and locking the other
key switches in the tens row as previously de-
seribed. Current flows from the pin 166 through
lead 462, the panel lead {7! and leads 463 and
454 to the digit seven solenoid 189, Figure 38,
thence through conductor 465, breaker magnet
466 and return line 467 to the main supply line
452 Solenoid 189 and magnet 466 are thereby
energized, the magnet acting as previously de-
scribed to break the connection between leads
480 and 482 while the solenoid raises or sets
up its selector detent and restores the above
connection by moving the bar 219 as the set up
is completed.

As keys in other rows are depressed to com-
plete the digit entry, the same sequence of events
takes place in the manner described, the de-
pressed keys being held down by their locking
solenoids to maintain the circuits through the
set up solenoids which thereby maintain their
respective detents in set up position, as illus-
trated in Figure 5.

If it is desired to add the digit entry, the add
key 110 is depressed, causing its locking solenoid
383 to act as previpusly described, closing cir-
cuits through the add cam solenoid 325, the add
symbol set up solenoid 512, Figure 35, and the
cut in magnet 473. The symbol solenoid oper-
ates In the same manner as described for the
digital set up solenoids, to set up its selector
detent and re-establish a connection between
conductors 483 and 460, Meanwhile the cut-in
relay 474 is closed, completing a circuit from
the main line 453 through the breaker 434, the
line 436, the line 460, the various break-and-
make combinations in series, as previously de-
scribed, the relay 474 and line 488 to the motor
relay magnet 457 thence via lead 458 to the main
line 452,

The motor relay 456 is thereby closed, direct-
ing current from line 453 through the motor
385, lead 455, relay 456 and lead 458 to the line
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482 and starting the motor. Current from the
conductor 48% also passes through the clutch
trip solenoid 421 and breaker 437 via 442 to the
line 452, causing the clutch to engage and re-
volve the camshaft 240 through one revolution,
as previously described, to set up the type bars
and print the digit entry.

The add cam solenoid 325 being energized, as
previously noted, causes its cam and cooperative
parts to throw the accumulator wheels into mesh
with the segments 304 during the first half rev-
olution as illustrated in Figure 8, revolving the
wheels and with them their commutator brushes,
previously described and illustrated in PFigures
12, 13 and 14, an angular fraction of a revolu-
tion corresponding to the value of the respective
digits set up and printed. For example, start-
ing from zero position, Figure 35, the brush 418
of commutator 314 is revolved through seven-
tenths of a revolution, coming to rest in contact
with the number “7” segment of the commutator
as the machine sets up and prints the digit “7”
in the tens column. Similarly, the other com-
mutator brushes form connections between their
slip rings and the commutator segments corre-
sponding to the numbers set up by their selector
mechanisms. As the cam shaft approaches the
half-revolution point, the add cam allows the
accumulators to be raised out of mesh, leaving
the entered amount stored therein.

As the camshaft reaches the half-revolution
point, the cam 409 allows the breakers 434 and
431 to spring open. The opening of 4371 deen-
ergizes the clutch trip solenoid 42f to allow the
latch 419, Figure 23, to return to stop position
and disengage the clutch at the completion of
the revolution. The opening of breaker #34
breaks the circuit from the line 463 to the plate
126, deenergizing the locking bar solenoids and
the selector solenoids. The numerical keys there-
by are allowed to return to normal position.

Previous to the opening of the breaker 434, the
cam 408 closes the breaker 428, thus providing a
direct connection from the line 453 to the con-
ductor 489 to keep the motor in operation.

At approximately the seven-eighths point in the
revolution the cam 408 allows the breaker 854 to
open, cutting off the current supply to the add
key switch through plate 383; the locking sole-
noid 393 being thereby deenergized, the add key
is released and rises to normal position, break-
ing all pin connections from its switch.

The motor continues to run until the revolu-
tion of the camshaft is completed, when the cam
408 allows the breaker 428 to open. The con-
ductor 489 is thereby deenergized, releasing the
motor breaker 456. The motor stops, returning
all the parts to normal condition except that the
digit entry has been stored in the commutating
accumulators as previously described.

As additional entries are made in the machine
and printed thereby, the above sequence of op-
erations is repeated, except that in each case the
accumulator wheels start from their position de-
termined by the previous operation so that the
final positions of the brushes with respect to the
commutator segments correspond to the total ac-
cumulated. '

When it is desired to subtract an entry, the
procedure and operation are the same as above,
except that the depression of the subtract key
{1t throws the subtract symbol selector sole-
noid 5171 and the subtract cam solenoid 326 into
action, printing the subtract symbol and bring-
ing the accumulator wheels into mesh during the
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second half revolution of the camshaft 240, As
the segment 304, Figure 8, returns to normal po-
sition, the gear wheels are revolved in the re-
verse direction, resulting in a direct subtraction
of the entry from the quantity previously stored
in the accumulators. :

It will be noted in Figure 35, and the enlarged
detail wiring diagram, Figure 38, that the. digit
“T” solenoid 188 is connected through the lead
484, o conductor 519 forming a continuation of
lead 463, a short lead 620, a double-throw or
throw-over switch B2(, and a lead 5§22 to the
number “7” segment 523 of the commutator 374.
Similarly all the other solenoids in the tens row
are connected to corresponding segments of the
commutator 874 while the solenoids of the other
denominational rows are connected in the same
manner to corresponding segments of their re-
spective commutators, with the exception that
in the case of the thousandths or fractional cent
commutator 378 no throwover switches are in-
terposed, as shown in Pigure 35. The function
of the throw-over switches, namely for negative
total taking, is fully set forth in the previously
mentioned Patent No, 2,203,127. Therefore, as
negative total taking is not a part of the present
invention, no description of the  throw-over
switch operation is included herein, these
switches remaining throughout in their normal
position as shown in Figures 38 and 35 to form
in effect solid connectors.

Assuming a positive total to have been accu-
mulated in the commutators, as previously de-
scribed, the total may be printed as follows:

The total key 109 is depressed, energizing the
locking bar solenoid 393, as noted above, to posi-
tively close the connection of the total key
switch 38! with all its contact pins. Current
flows through the panel lead 500, the wire 50/
and breaker 524 to the conductor 524c, through
the relay magnet 524d, thence via conductors
524e and 571 to the line 452, Pigure 36. The re-
lay magnet 524d is energized closing switches
502a, 503a, 504c, 505z, 506a, 507a and 508a, al-
lowing current to flow from conductor 524c to
the various commutator slip rings, thence through
. the brushes and segments in contact therewith
and the leads and throw-over switches, described
above, to the various set up solenoids correspond-
ing to the stored total.

For example, if the brush 5§18 in total position
provides a connection between slip ring 525 and
segment 523 of the commutator 374, as shown
in Figure 38, current flows from the switch 504a
and lead 504 through slip ring 525, brush 518,
segment 523, lead 522, switch 521, short lead 520,
and conductors §19 and 464 to the solenoid 189,
which is energized in the same manner as though
its key 102g has been depressed. In other words,
all set up solenoids corresponding to the accumu-
lated total are set up as though their respective
keys had been depressed simultaneously. )

Meanwhile, current also flows from the total
key-switch 381 via connections previously de-
scribed, to the total symbol set up solenoid 499,
Figure 38, to the cut-in relay magnet 413, Figure
35, and the subtract cam solenoid 326, Figure 36.
The motor is started upon completion of a cir-
cuit to conductor 489, as previously described,
and the machine goes through a cycle, the set up
total being printed. During the second half of
the cycle the action of subtract cam 328, Pigure 8,
depresses the accumulator gears into mesh, as
previously described, causing the total just print-
ed to be subtracted in the accumulators.

By
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turned to zero position. The downward motion

f the accumulator assembly in moving into mesh
Eepa_rates the contacts 524a and 524b of the
/y reaker 524, thus cutting off the current through
'the commutators before they are revolved in
clearing. The solenoids 183—1(9{ are thereby de-
energized, but the locking hooks 21 6, 216a, etc.,
prevent the set stops 192, 193, etc., from drop-
ping out of engagement until the bars 205 are
retracted by the action of the bail 276 through
the member 211, as previously described, From
the above description it will be noted that the
positive total is printed and the accumulators
gl‘eared in a single revolution of the cam-~-shaft

0.

The cooperative action of the relay 226 and
contacts 221 and 222 in breaking a connection in
the line to the motor relay 457 at the instant
any selector solenoid in the tens row is ener-
gized and restoring it ‘as the solenoid completes
the set up of its detent, has been previously
described in connection with addition, it also
having been pointed out that each row of selector
solenoids is provided with a similar break-and-
make combination. The principal purpose of
these combinations is carried out in the total
taking operation just described, in which a num-
ber of selector solenoids are energized at the same
time, :

By the provision of the above combination, the
motor relay connection is broken at each row
of selector solenoids containing a solenoid ener-
gized through the commutators, the break oc-
curring substantially at the instant the current
is applied, and the connection at each row is not
restored until the set up in that row is completed.
As the various make-and-break combinations
are disposed in series in the motor relay line, it
is obvious that N0 current can pass through
that line until the slowest selector solenoid has
acted. It is therefor impossible for the motor to
start until all detents of any multiple set up have
been raised to selecting position, thus assuring
proper operation at all times."

Tazx billing and the like

Figure 37, as previously stated, represents, in-
combination with Figure 35, a set ‘of typical cir-
cuits of the machine including the permutation
panel 183 wired for a service such as tax bill-
ing, wherein the printed amounts represent the
product of the entered quantities and a prede~
termined multiplier such as a given tax rate. .

The tax rate chosen for illustration is $3.45
tax per $100.00 of assessed value, and an assessed
valuation of $24,630.00 has been chosen for the
present example.

As tax assessments are not made in amounts
that are fractional dollars the entire keyboard
may be utilized for dollars, the right hand row
of keys 108 representing units, row 104 tens, 103
hundreds, 102 thousands and (0! ten thousands,
this arrangement being made possible by the
fact that no direct connection exists between any
key and any particular type row or digit, their
relation being determined at any time entirely
by the wiring of the particular permutation
panel in place in the machine.

In the present case the switch 682 of digit “2”
key 101b of the ten thousands row has the fol-
lowing connections;

1. Through the pin 666 and panel lead 667 to
the locking solenoid 144a;
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2. Through pin 668, panel lead 669 and ex-
terior lead 514 to the add cam solenoid 325;

3. Through pin 6710, panel lead 611, and ex-
terior lead 618 to the type bar cutout solenoid
238, also from 619 through 617, 618 and 475 to
cut-in relay magnet 413, Figure 35;

4. Through pin 6712, panel lead 613, and ex-
terior wires 614 and 675, Figure 35, to the digit
«g” selector solenoid 676 in the hundreds row;
and

5. Through pin 671, panel lead 618, and ex-
terior leads 679 and 680, Figure 35, with the digit
«g” selector solenoid 681 in the tens row.

When the switch 682 is closed by depression of
the key 101b the locking solenoid 144a, the add
cam solenoid 325, the type bar cutout solenoid
238 and the selector solenoids 676 and 681 are
energized through their connections described
above. The cut-in relay 414 being closed due to
current feeding to its magnet through conductors
618 and 611 frum the energized conductor 618
leading to the type cutout solenoid 238, the com-
pletion of the selector set up closes the circuits
through the conductor 489 and the motor relay
magnet 457 and clutch trip solencid 42f. The
machine performs a cycle, storing the amount
690.00 in the accumulators, but due to the action
of cutout solenoid 238 the print bars are allowed
to drop out of mesh.

The amount stored, 690.00, is a partial product,
being the result of multiplying the 20,000.00 by
the tax rate of 3.45 per hundred (100.00) or
$.0345 per unit,

The switch 684 of digit “4” key 102b has the
following pin connections:

1. Through panel lead 685 to the locking sole-
noid 144;

9. Through panel lead 686 and exterior lead
514 to the add cam solenoid 325; )

3. Through the panel lead 68T and exterior
lead 6§19 to the type cutout solenoid, and through
617, 618 and 475 to the cut-in relay magnet 413,
Figure 35;

4. Through panel lead 688 and exterior leads
689 and 690, Figure 35, to the digit “1” selector
solenoid 691 in the hundreds row;

5. Through a panel lead 692 and exterior leads
693 and 694, Figure 36, to the digit “3” selector,
solenoid 695 in tens row; and

6. Through panel lead 636 and exterior leads
§97 and 698, Figure 35, to the digit eight selector
solenoid 6§99 in the units row.

When the key (02b is depressed the quantity
138.00 is stored in the accumulators in the man-
ner previously described. This partial product,
representing the result of multiplying 4,000 by
.0345, the tax rate per unit, is added to the partial
product 690.00 already stored by depression of
‘the key 101D,

The switch 100 of digit “6” key §03a has a pin
connection as follows:

1. Through panel lead 104 to the locking sole-
noid 144b;

2. Through panel lead 102 and exterior lead
514 to the add cam solenoid 325;

3. Through panel lead 703 and exterior lead
§19 to the type cutout solenoid 238, also through
617, 618 and 475, to the cut-in relay magnet 413,
Figure 35;

4. Through panel lead 104 and exterior leads
105 and 7106, Figure 35, to the digit “2” selector
solenoid 707 in the tens row; and )

5. Through panel lead 708 and exterior leads
709 and Ti0, Figure 35, with the digit “7" selector
solenoid Ti0a in the tens row.

10

15

20

25

30

35

40

45

50

56

60

2,304,602

When key 103a is depressed, the ensuing cycle
of the machine adds the partial product 20.70 to
the partial products already stored in the accu-
mulators, this partial product being the result of
multiplying the quantity 600.00 by the rate fac-
tor .0345. :

The switch T} of the digit three key 104a has
the following pin connections:

1. Through panel lead Ttla to the locking sole-
noid lddc;

2. Through panel lead 1i2 and exterlor con-
ductor 514 to the add cam solenoid 32§;

3. Through panel lead 113 and exterlor lead
619 to the type cutout solenoid 238, and through
811, 618 and 475 to the cut-in relay magnet 413,
Figure 35;

4. Through panel lead 718 and exterlor leads
655 and 856, Figure 35, to the digit “1” selector
solenoid 657 in the units row;

“5. Through the panel lead 71§ and exterior
leads 116 and TI1, Figure 35, to the digit “3”
selector solenoid 118 in the hundreds row; and

6. Through panel lead 119 and exterjor leads
720 and 7121, Figure 35, to the digit “5” selector
solenoid 722 in the thousands row.

Depression of key {04a operates through the
connections described to initiate a cycle which
stores the amount 1.035 in the accumulators in
addition to the partial products already stored
therein.

The foregoing operations may be summarized
by the following table:

Partial quantities Partial
entered Rate products

20,000 X 0.0345 = 6090.00

4,000 X L0345 = 13800

600 X .0345 = 20.70
0 X L0345 = 1.035

Total Total

quantity._. 24,630 product. 849.735
24,630 X L0345 = 849.735

From the above table it is evident that the total
accumulated equals the product of the total en-
tered quantity multiplied by the rate factor, the
total product including the third fractional deci-
mal. In billing it is not practical to include frac-
tional cents, the custom being to add one cent
if the fractional cent is equal to or greater than
one-half cent and to drop the fraction if it is
less than one-half cent. In terms of dollars ths
third decimal in the above example is .005 or
one-half cent. Accordingly one cent should be
added to the total accumulated product making
the amount to be billed 849.74. In order to per-
form this function, the following provision is
made:

The switch 380 of fraction key 108 has the fol-
lowing pin connections from its pin group 385:

1. Through panel lead 123 to the locking sole-
noid 393;

2. Through panel lead 124, the panel lead 112
representing a continuation of 724, and the ex-
ternal lead 5i4 to the add cam solenoid 325;

3. Through panel lead 125, an extension 12§
thereof and exterior lead 619 to the cutout sole-
noid 238, and through 611, 618 and 476 to the
cut-in relay magnet 473;

4. Through panel lead 7127 and an external
lead 728, Figures 37 and 35, to the second slip

70 ring 367 of the fractional cent commutator 318,

previously described in connection with Figure
19. The segment 310, which, as previously de-
scribed, extends from the digit “5” to the digit
«g» positions inclusive, in the commutator 318,

78 is connected through conductors 129, 130, 13i
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and 132 with the digit “1” selector solenoid 133
in the hundredths row. .

When the fraction key 108 is depressed, cur-
rent flows through the connections described to
the add cam solenold 325, the type cutout sole-
noid 238, the cut-in relay magnet 473, and the
locking solenoid 383. Current also flows through
panel lead 727 and external lead 728 to the sec-
ond slip ring 361. As the digit “5” has previously
been entered in the fractional cent commutator,
the brush 368 connects slip ring 367 with the seg-
ment 310 allowing current to flow through the
conductors described above to the digit “1” se-
lector solenoid 138 which is thereby energized,
initiating a cycle of the machine which adds the
quantity .01 to the sum already stored in the
accumulators. The total stored in the present
example Is therefore 849.745. As the thousandths
or third fractional decimal place set up mecha-
nism is not provided with a type bar, it is ob-
vious that if the above total be taken the third
decimal digit will be dropped in printing, leav-
"ing the printed amount 849.74.

The switch 381 of the total key 109 has the
following connections from its pin group 386:

1, Through panel lead 1234 to the locking so-
lenoid 393;

2. Through panel lead 135, a continuation 736
of 135, and exterior lead 494 to the subtract cam
solenoid 326; )

3. Through panel lead 737, the exterior lead
801, breaker 524, lead 524c and its branch
switches to the accumulator commutators; and

4. Through panel lead 138 and exterior lead
415 to the cut-in relay magnet 413, Figure 38.

When the total key 108 is depressed, the en-
suing cycle of the machine prints the accumu-
lated total in the manner previously described
except that the fractional cent remaining in the
third decimal accumulator 378 is omitted from
the printed total. The total printed in the pres-
ent instance is 849.74, the proper tax billing for
the assessed valuation of $24,630 figured at the
tax rate of $3.45 per $100.00.

During the second half of the cycle the amount
standing in all the accumulators is subtracted in
the manner previously described, thus clearing
the accumulators.

The foregoing description has shown by a spe-
cific example how the use in the machine of a
permutation panel wired to extend entered
quantities directly to their products by a prede-
termined factor may be used in tax billing, it
being understood that the panel is pre-wired
throughout to connect each digit key throughous
the banks with the selector solenoids represent.
ing the product corresponding to the quantity
entered by depression of that key. For pur-
poses of simplicity, the key switches have been
shown as comprising six contact pin connections
each, but it will be understood that these switches
may be provided with any desired number of pins
within practical limits, the minimum of six
shown throughout the foregoing description being
entirely illustrative. When it is desired to con-
struct the machine and panels with a compara-
tively large number of pins per switch one gl-
ternative structure may be used as shown in
Figures 44 and 45 and hereinafter explained in
connection with the description of a machine
especially designed throughout for tax billing and
the like.,

In case the first accumulated total of partial
products includes a third decimal fraction less
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than .005, that is, less than one-half cent, the
brush 388 of the fractional cent commutator 318,
Figure 35, does not make contact with the seg-
ment 370. Consequently, when the fraction key
108 is pressed no selector solenoids are energized,
the machine performing an idle cycle.

When the total is then taken by depresston of
the key 109 the amount printed is the original
accumulated amount with the fractional cent
omitted,

If it is ascertained that a wrong digit has been
entered at any time previous to printing the total
or billed amount, the entered quantity may be
removed for correction as follow:

The switch 318 of error key 107 has the fol-~
10w1;173 connections from its pin group 319qa, Fig-
ure 37:

1. Through panel lead 739 to the locking sole-
noid 393;

2. Through panel lead 140, exterior lead 501,
breaker 524, Figure 35, conductor 524c and its
branch switches to the accumulator commutators;

3. Through a panel lead 141, the extension 7136
representing a continuation thereof, and the ex-
terior lead 494 to the subtract cam solenoid 326;
and

4. Through panel lead 142, the extension 726
representing a continuation thereof, and the ex-
terior lead 819 to the type cutout solenoid 238,
also from 818 through &i1, 618 and 475 to the
cut-in relay magnet 413, Figure 35.

When the error key is depressed, the above con-
nections cause the machine to go through a nor-
mal total-taking cycle, except that, due to the

“action of cutout solenoid 238, no printing occurs

and the effect is simply to subtract in the ac-
cumulators any amount stored therein at the be-
ginning of the cycle. The accumulators are thus
cleared, allowing the desired quantity to be en-
tered correctly, '

In the entering of multi-digit quantities for
tax billing and the like, it has been seen that the
machine performs a storing cycle at each de~
pression of a digit key, in consequence of which
the locking magnet releases the key during the
process of the cycle. In entering such quantities,
however, it is desired that the keys operated re-
main slightly depressed until the entire entry is
completed, in order to prevent confusion and dou-
ble digit entries on the part of the operator. For
this purpose the following provision is made, re-
ferring to Figure 4:

When a locking bar 136 is drawn to the left by
solenoid 144 following the depression of a key in
its row, the small lever 145 ig swung clockwise by
its spring 147, interposing the toe {48 between
the stop plate 150 and the end of bar 136. When
the bar 36 is returned to the right by spring
131 after deenergization of the solenoid f 44, the
bar encounters the toe 148 which Prevents its com-
Dlete return to normal position. The wedge 138
thereby is prevented from entirely releasing the
bridge 135 of the key shank 22, so that the key
is held depressed sufficiently to indicate its pre-
vious operation but not sufficiently to hold the
switch piston 128 in contact with any of its con-
tact pins. The key remains in this partly de-
pressed position until the operation of the total
key 109 or any other key served by the locking
bar 382, Figure 20. When any of the latter keys
is depressed, causing the locking bar 382 to be
drawn to the left, the hook 394 on bar 392 rocks
the hinged transverse member {51 to the left,
engaging the upward extension 152, of lever 146,
Levers 145 are thereby rocked counter-clockwise,
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withdrawing the interposed toes (48 and allow-
ing the locking bars, such as 136, to complete
their return to the right to release the partly
depressed keys.

In the use of the machine for straight addition
or subtraction, the levers (45 function in the
same manner to retain digit keys partially de-
pressed until the entry is completed by depres-
sion of the add or subtract key.

In the printing of added or subtracted amounts,
it is customary to employ a continuous roll of
paper, while bills may normally be printed on in-
dividual forms. Referring to Figure 2, it will be
seen that shaft 143 of the platen 274 is rotatably
mounted on angular end levers 144 rockable on
hollow pivots 7145 secured in brackets 746
formed on the rear of the base or frame ({8,

A rod 141, through the pivots 748 is adapted to
carry a roll T48 of paper 213. A pressure roller
150 in compressive contact with the platen 274,
has an axial shaft 151 also rotatably mounted in
the end levers 144, Elongated U-shaped members
152, secured to the frame ({6, are disposed in
front of the platen 274 to act as supports in which
a bill form may rest and also to serve as guides
for the paper 213 which is fed from the roll 148
between the platen and the pressure roller 158.

A connecting rod 153, pivoted to the end levers
744 at the angle thereof, engages an eccentric 184
on the cam-shaft 240, as shown in detail in Fig-
ures 8a and 21.

In Figures 8a and 2, the eccentric is shown at
approximately right hand dead center, corre-
sponding to the forward position of the platen
274, in Figures 2 and 8, in which position printing
is about to occur. After printing is completed and
the cam-shaft 240 revolves, the eccentric 154 to
the left, the connecting rod 7863 rocks the levers
144 upward and to the left on the pivots T48, as
shown in dot and dash lines, Figure 2, By this
motion the platen 214 is withdrawn from printing
position and raised at the same time, bringing the
printed portion of the bill or paper above the
level of the ribbon 272 and the type bars 247, s0

that the figures just printed are visible to the 4

operator. The platen remains normally in its
elevated and withdrawn position while the ma-
chine is stopped, thus allowing bills to be readily
withdrawn from or placed in the supporting mem-
bers 152, and during the first half of a cycle the
eccentric 154 draws the platen, together with the
paper or bill, into operative position in line with
the type bars and ribbon 272, as shown in Figures
2 and 8.

Figure 8a also shows a means of advancing
the paper 213, the parts thereof having been
omitted from Figures 2 and 8 to avoid confusion
by avoiding the showing of an undue multiplicity
of superimposed structures. The platen shaft T43
has secured thereto a ratchet wheel 785 adapted
to engage the tooth 156 of a pawl lever 187 pivoted
to the frame (16 at 158.

An upwardly inclined arm 7159 of the lever 1587
has on the end thereof a hook or tab 180 over-
lying the forward portion of the type bar release
rocker 235. A tension spring 181 attached to the
lever 15T and the platen supporting lever T44
normally holds the tooth 758 in engagement with
the ratchet wheel 7155. A spring pressed pawl
162, mounted on the supporting lever T44, is
provided to limit the rotation of the ratchet 15§
to the counter-clockwise direction.

When the supporting levers T44 are rocked
upward and to the left by the operation of the
eccentric 154, as previously described, the shaft

20
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743 swings in an arc indicated by the curved
arrow, Figure 8a. The engagement of the tooth
186 with the ratchet restrains the latter’s move-
ment at the point of contact, causing the ratchet
to revolve counter clockwise through an arc
sufficient to cause the platen 214, Figure 2, to
advance the paper 213 upward a distance equal
to the normal vertical line spacing between print
TOWS.

The above operation takes place during the
second half of each print cycle of the machine.
During cycles in which no printing occurs, for
instance when partial products are being accu-
mulated as previously described, the advance of
the paper is prevented as follows:

As type bar release or cutout rocker 235 rocks
upward, as indicated in dot-and-dash lines in
Figure 8a, to release the lever 238, it engages
the tab 760 and moves the latter upward. The
pawl lever 187 is thereby rocked counter-
clockwise, disengaging the tooth 158 from the
ratchet 758 and holding it clear thereof during
the upward and leftward movement of the platen.
By this means the advance of the paper is pre-
vented except after printing has occurred.

The usual hand wheel 7163, Figure 3, is pro-
vided on the end of shaft 143 to permit advance
of the paper 213 by hand. If desired in billing,
the paper 213 may be carbon jacketed and the
bill forms inserted in the supports 152 in front
of it. By this means, a strip record may be kept
of the amounts billed on the forms. The ribbon
212, provided with the usual magazine 764 and
188, Figure 3, may be moved by suitable means,
and as such means are well known in the art
their description herein is unnecessary.

The foregoing description has set forth the
manner in which one form of the invention may
be made to perform two different types of func-

40 tions; namely

1. Direct addition,
positive total taking;

2. Tax computation and billing.

The change from one type of functional oper-
ation to another is accomplished by inserting in

direct subtraction, and

. the machine permutation panels identical in main
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structure and differing only in their pre-wiring.
All of the structure hitherto described appears
in applicants’ previously mentioned Patent No.
2,293,127, The following description sets forth
the manner in which substantially the same
structures are incorporated in a typical special
purpose machine together with further structures
to form the combination embodied in the present
invention.

Tax billing machine

Figure 41 shows a typical tax bill 817 having
a main portion 918 carrying spaces 919 and 928
for printing the assessed valuation and the full
or yearly tax respectively. Four stubs, 921, 921a,
921b and 92ic are provided upon which the
quarterly tax may be printed.

Figure 40 shows a form of the machine
especially adapted to tax billing and the like, the
machine having a base or frame 922 equipped
with a removable cover 823. The cover 923 is
apertured to expose an inclined keyboard 924
having a key bank 925 comprising eight-rows of
digit keys, an error key 1068, a fraction key 926,
a print key 927, and a total key 928. It will
be understood that the machine may be con-
structed with any desired number of rows of
digit keys, the number eight being chosen as
typical. Each row of keys carries digit figures
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from “1” to “9” inclusive in the manner shown
in Figure 1,

The machine is provided. with six type groups
929, 930, 931, 932, 933 and 984. Each type group
is provided with substantially the same opera-
tional and control devices shown in Figure 2 and
the various other figures associated therewith, all
operative from a common cam-shaft 1200, shown
" diagrammatically in 42. The individual oper-

ation of these parts has already been described
in great detail, and in order to avoid undue
repetition further detail description thereof will
be given only in regard to their arrangement and
functions in connection with the mechanical and
electrical diagrammatic illustrations, Figures 42,
43, 43a, and 47. ‘

Referring to Figure 42, it will be seen that the
machine contains seven groups of selector sole-
noids, comprising an assessed valuation group
935 having ten rows of nine solenoids each, a
full tax group 936 of eight rows, four quarterly
tax groups, 931, 938, 939, and 940, of eight rows
each, and a group %41 of two rows for use in
controlling fractional correction in the quarterly
bills as hereinafter explained.

The solenoid group 935 directly controls the
type bars of type group 929 and also controls an
“accumulator assembly 842. Solenoid group 936
directly controls the bars of group 930, also an ac-
cumulator assembly 943 including a third frac-
tional decimal order or fractional cent accumu-
lator unit 944 not provided with a type bar. Sole-
noid group 936 also controls a total yearly tax
accumulator assembly 1085. For this purpose
the structure illustrated in Pigure 46 may be used,
in which the accumulator assembly 1085, similar
in construction to those already described, is in-
verted below the segmental plates (086 which
control the units of the yearly tax accumulator
assembly 943, the plates 1086 being provided with
downwardly projecting toothed segments 1087
adapted to actuate the accumulators of assembly
1085. The forked member 1088, functionally
similar to forked member 316, Fig. 8, is elongated
and is pivoted to one end of a centrally pivoted
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lever {089, the other end of which has a pin 1090 .

engaging a slot in the movable frame 1091 of
assembly (1085. When the forked member 1088 is
thrust downward by an add or subtract cam
tappet lever, for example, the lever 1092, similar
to the lever 318, Fig. 8, and controllable by sub-
‘tract cam solenoid 983, Fig. 43, in the manner
previously described in connection with Figures 2
and 8, the reversing action of the lever 1089 causes
the assembly (085 to be raised into mesh with
segments {087 against the tension of a retracting
spring 1093, as shown in Figure 46. When the
forked member 1088 is released by the tappet le-
ver (092, the spring 1093 retracts the assembly
1085 downward to de-meshed or normal position.
Figure 46 shows the parts in engaged position, it
being understood that in nermal position the
spring {093 holds the assembly (083 below and
out of engagement with the segments 1081. The
operation of assembly 1085 is thus the same as
that of the previously described assemblies except
that it operates from below the segmental plates
1086, thereby allowing its incorporation without
further increase in width of the machine. Ob-
viously similar totalizing means may be provided
for any or all of the other printing stations, if
desired, their structures and operation being
identical with that just described, which latter
therefore serves as an illustration for as many
such totalizers as may be required.
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‘The solenoid group 931, with the exception of
the lowest two denominational rows 949 and 950,
directly controls the type bars of group 831, also
units 951, 951a, 951b, 951c, 95id, and 85le of an
accumulator assembly 852.

The third and fourth fractional decimal sole-
noid rows 949 and 950 directly control accumu-
lator units 8517 and 9519 of assembly 952, these
two units not being provided with type bars as il-
lustrated in Figure 42,

The solenolds of groups 938, 939 and 940 re-
spectively, control the type bar groups 932, 933
and 844, also respectively control corresponding
accumulator groups 866, 358 and 860, no type bars
being provided for the lowest two decimal units
in each of these sub-combinations as also.shown
in Figure 42.

The solenoid rows 1201 and 1202 of group 941
respectively control gears or entry-receiving
wheels 1203 and 1204 of a fractional control head
1206 shown in detail in Figures 48 and 49. The
head 1205 has a main frame (206 secured to the
movableframe 1207 of the accumulator group 960,
sothat whenthe group 960 is rocked downward for
addition or subtraction in the manner previously
explained, the frame (206 rocks downward as &
unit therewith. This downward motion causes
the gears or wheels 1203 and 1204 to mesh with
segmental plates 1208 and (209, the latter being
operable by selector bars 1218 and (2(i under
control of the solenoid rows 1204 and 1202 in the
manner fully shown and set forth in connection

- with Figure 2.

The wheels 1203 and 1204 are the same in
structure as those shown in Figures 17 and 12,
except that no provision is made for carry-over
between wheel 1204 and 1203, and these latter
wheels are not equipped with individual com-
mutators. As no carry-over is required, the
wheels in upper position mesh with stationary
holding Iobes 1212 and 1213 on & bracket 1214
secured to the stationary .frame (215 of accu-
mulator group 960. ’

The wheel 1203 is secured to the left end of a
shaft 1216 journalled in the frame 1206 and car-
rying near its right end a spur gear 1211. The
gear 1217 meshes with a pinion 1218 rotatably
mounted on a pin 1219, which is secured in the
frame 1206. Formed integrally with the pinion
218 is a gear 1220, which in turn meshes with a
smaller gear 1221, rotatably mounted on the shaft
1216. A comparatively large internal gear 1222
isz :fcured to or formed integrally with the gear
1221,

The second entry receiving wheel 1204 is se-
cured to the left end of a sleeve 1223 which is ro-~
tatably mounted on the shaft 1216 and termi-
nates in a small pinion 224.

A drum 1225 of insulating material is rotatable
on the sleeve {223. Pins 1226 and 1221, secured
in the drum 1225, carry planet gears 1228 and’
1229, both meshing with the sleeve pinion 1224
and the internal gear 1222. The drum (225 thus
comprises a planetary carrier rotatable by pinion
1224, internal gear 1222, or both of them. In the
latter case, it will be evident to those skilled in
the art that the drum 1225 is driven differentially
by the pinion (224 and internal gear 1222, and
if both these driving gear members are rotated
in the same direction the rotation of the drum
1225 is the additive resultant of motions due to
both drivers, each acting as a reaction member
for the other’s driving force. Furthermove, since
the pinion 1224 is directly connected via the
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sleeve 1228 with the wheel 1284, and the wheel
1203 is back-geared to the internal gear 1222 via
the shaft 1216 and gears 1217, 1218, 1220 and
1221, it will also be evident that rotation of the
two entry-receiving wheels causes a resultant
composite rotation of the drum 228, the total
resultant angular rotation of the drum being de-
pendent on the proportion of the described difter-
ential and back-gearing. :
In the present case the gearing i so propor-
tioned that rotation of wheel 1203 drives the
drum 1225 at one-to-one ratio; while rotation of
wheel 1204 drives the drum at ten-to-one ratio.
As 8 consequence the composite rotation of the
drum 1225, taken in hundredths of a complete
revolution thereof, represents the equivalent of
the combined entries in wheels 1203 and 1204 in
proper decimal arrangement, since.each entry-
receiving wheel has the usual ten digital posi-
tions. For example, an entry of 5 in wheel 1208,
and an entry of 3 in wheel 1204 cause the drum
1225 to be revolved through fifty-three one-hun-

‘dredths of & revolution, its final rotative posi-

tion representing 53, the combined digital entry
standing in the two wheels. Similarly, any com-
bination of entries, either single or successive,
causes the drum 1225 to take a final position cor-
responding in hundredths of a revolution to the
final two-digit number finally represented by the
entry-receiving wheel positions. The two wheels
1203 and 1204 in combination with the differen-
tial apparatus thus comprise an accumulator
operable under the control of the auxiliary sole-
noid group 941. The differential arrangement
described obviously eliminates the necessity for
any direct carry-over mechanism in the control-
head entry-receiving wheels 1203 and (204.

The insulating drum (228 has in its circum-
ferential surface a conducting ring 1230. The
ring 1230 is of stepped construction as shown in
diagrammatic development in Figure 47, compris-
ing a completely circumferential portion 1231, a
segmental portion 1232 extending throughout
three-quarters of the circumference, a segmental
portion 1233 extending throughout one-half the
circumference, and a segmental portion 1234 ex-
tending throughout one-quarter of the circum-
ference. Four narrow parallel brushes, 1235, 1236,
{237, and 1238, mounted in an insulating mem-
ber 12389, secured to the frame (206, bear on the
periphery of the drum 1225 in circumferential
alignment respectively with conducting ring por-
tions 1231, 1232, 1233 and (234.

In zero position of the drum 1228, that is, when
both entry-receiving wheels 1203 and 1204 stand
in cleared or zero position, the brush 1235 of
course is in engagement with its conductor por-
tion 1231, but the other brushes are not engaged

" by their respective conductor portions. When en-

tries in the wheels revolve the drum 1228 through
95 revolution, the segment 1232 engages the brush
1236. At .50 revolution the segment 1233 engages
the brush 1237, while at .75 revolution the seg-
ment 1234 engages the brush 1238. As the drum
finally turns from .99 revolution to full revolution
or zero position, segments 1232, 1233 and (234
simultaneously  disengage their respective
brushes.

The purpose and functioning of the described
control head will be fully explained hereafter in
connection with fractional cent correction.

The digit keys of bank 925 are each provided
with a modified form of switch of the construc-
tion shown in Figures 44 and 45. Referring to
Figure 44, it will be seen that a typical key 965
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is attached to a shank 94§ slidable through the
keyboard top plate 824 and the second plate 987,
the shank being slotted as previously described,
to cooperate with a locking har 988a.

An insulating plate 888 is attached to the sec-
ond plate 8671 and carries on its lower face a con-
ducting plate 989 through which current may be
supplied to the various key switches. A conduct-
ing guide socket 810, attached to conducting plate
969, has slidable therein a switch member 911
having upturned lugs 9712. Tension springs 313
connect the lugs 812 with similar downwardly
turned lugs 974 on the socket 870 and urge the
movable member 871 upward. A contact plate
918, preferably square shape, is secured to the
member 871 and is adapted to make contact with
a group of contact pins 916 when pressed down-
ward by an insulating shoe 817 on the lower end
of shank 888. The pins 818 are disposed in a rec-
tangular group in the top of the permutation
panel 918 as shown in Figure 45 and are backed
by springs and jacks in the manner shown in Fig-
ure 7. The rectangular grouping of the pins per-
mits a large number of contacts to be disposed in
a relatively small area.

Figures 43 and 43a illustrate the electrical con-
nections of the device by which a typical billing
operation may be carried out, the permutation
panel 818 being wired throughout in accordance
with a tax rate of 3.42 per hundred dollars of
assessed valution, or $.0342 per dollar.

In the case of the keys and selector solenoids,
sufficient of such units are shown to permit the
tracing of a typical series of circuits throughout
a complete operation of the machine, the re-
maining units being omitted in order to avoid
undue complication and duplication.

It has been previously explained in connec-
tion with Figure 35, that each row of selector sole-
noids is provided with a break-and-make com-
bination typified by the quick acting magnetic
breaker 226 and the contacts 221 and 222 with
their connections, whereby the motor relay line
is broken as a selector set up is begun, and re-
closed as the set up is completed. Each row of
solenoids in the form of the invention shown di-
agrammadtically in Figures 43 and 43a is provided
with a similar break-and-make combination, and
as these combinations are identical in structure
and function with those shown in Figure 35, they
are not shown in detail in Figure 43 but are gen-
erally represented by small dotted rectangles
marked with the letter X, a typical combination
being indicated by the numeral 852. It will be
understood that in Figure 43 the vertical lines
from the set-up solenoids and from the line 452
to the dotted rectangles are the leads to and from
the magnets 466 (Fig. 5, and the horizontal lines
are the leads for the break-and-make clrcuit it-
self, that is, the leads for the circuit including
switch 226 and switch members 221 and 222,
Such parts as the motor relay 456, the various
cam-operated breakers, and their connecting
leads are identical in Figure 43a with those pre-
viously set forth and shown in Figure 35, and are
therefore indicated by the same numerals.

Referring to Figure 43a, it will be seen that
the motor clutch control and cam-controlled
switches are included in the same interrelation as
previously explained and shown in connection
with the genera] purpose machine circuit, Figures
35 and 37. Since for the purpose of tax billing
and the like no negative totals are normally in-
volved, the provisions previously described for
this purpose may be omitted from the present
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embodiment. Thus the holding switch mecha.
nism, Figures 27 and 27a, for clearing accumulat-
ors after taking negative totals as set forth in
Patent No. 2,293,127, and the throw-over switch
521, together with their connections, are not in-
cluded in the present embodiment, the normal
connections between commutator segments and
their corresponding solenoids being made by sim-
ple direct conductors, as shown in Figures 43 and
47. For example, the digit “1,” segment (044 of

accumulator unit 95ie, Figure 47, is connected
directly via wire 1045 with the corresponding digit

“1” solenoid 1010, no throw-over switch being in-
terposed. The conductor 460 (Figure 43a) is nor-

mally connected to the line 453 through the

breaker 434, and is adapted to furhish current to
the conducting plate 969 through the shap latch
connector 391 and to one side of the cut-in relay

414. Similarly, the conductor 490 is normally
connected to line 453 through the breaker 854
and is adapted to supply current through a snap
latch connector 490a to a plate in turn supplying
current to the switches of error key 1068, fraction
key 828, print key 927, and total key 928, the plate
being represented in Figure 43a by a conductor
918 and its branches 979¢, 980 and 981. .

. Referring to Figure 43, the accumulator as-
“sembly- 1085 is providéed with add and subtract
‘cam solenoids 882 and 983 of the type illustrated
in.Figure 8. Similarly, add and subtract cam
solenoids 882z and 983« are provided for accumu-
lator assembly 942; 982b and 983b for assembly
943; 982c and 983c for assembly 952; 982d and
9834 for assembly 956; 982¢ and 983e for assem.-
bly 858; and 9827 and 9837 for assembly 960. Type
disconnector solenoids 984, 984a, 984b, 984c, 9844
and 984¢ are provided for the type groups 929,
930, 931, 932, 933 and 934 respectively.

It will be seen on Figures 43 and 43a that while
‘the solenoids of groups 935, 936 and 937 are con-
‘nected with the various key switches through the
panel 978 by suitable individual leads, no such
connections directly to the key switches are pro-
vided for solenoid groups 838, 939, 940 ang 941,
To supply proper energizing current to the latter
groups, the following provision is made: )

All the corresponding solenoids or magnets of
the two lowest decimal order rows in groups 9317,
938, 939, 940 and 941, are connected respectively
in parallel. For example, referring to Figure 43,
a common conductor 1240 from the digit “5” sole..
noid 1022 in the fourth fractional decimal or ten-
thousandths order of group 837, has connections
to the corresponding solenoids 1022a, 10220, (022¢
and 10224 of groups 938, 939, 940 and 94(. There-~
fore when set-up current is su, plied to solenoid
1022, the above noted corresponding solenoids in
groups 938, 939, 940 and 941, are also energized,
all set-up solenoids having connections to main
line 452 via branch lines 452b and 452q.

Similarly a common supply connection via a
conductor (24f is provided from the digit “8,”
solenoid 1021, of the third fractional decimal or
thousandths row 949 of group 937 to the corre-
sponding “8” solenoids 102{a, 1021b, 102ic and
10214 of groups 938, 939, 940 ang 941. It will be
understood that the other solenoids of the two
lowest order rows are correspondingly connected
in the same manner illustrated by the examples
given, further showing thereof being omitted from
the drawings to avoid undue multiplicity of lines
‘and nuimerals,

The corresponding solenoids of the remaining
higher orders in the banks 937, 938, 939 and 940
are also adapted to be connected respectively in
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parallel, but a normally open multiple contact
relay 1242 is interposed in all the connections be-
tween banks 937 and 938, a second similar relay
1243 between banks 938 and 939, and a third simi-
lar relay 1244 between banks 939 and 940, Figure
43. The three relays 1242, 1243 and 1244 are all
connected on one side to the branch line 452b
leading via a second branch 452a to the line con-
ductor 452, Figure 43¢. On the other side the
relays are connected to a common conductor 1245
leading to the permutation pane] 918, Figure 43a,
and within the panel via leads such as 1248, 1241
and 1248 with contact points of all key switches,
as exemplified by contact points 1249, (250 and
1281 of key switches 965, 985 and 988 respectively.
Whenever any key switch is closed, therefore, the
three relays 1242, 1243 and (244 are energized to
close all their contacts, ‘
To show a typical connection effected through
the three transfer relays, assume that the digit
“9” solenoid 1020 of the hundredths order in bank
937 receives a set-up current via lead 1252 and
panel wire (253 from the key switch 986. As the.
closure of the key switch has caused closure of
the transfer relays 1242, 1243 and 1244, as ex-
plained above, a current connection also exists
from lead 1252 via a lead 1264, closed contactor
1255 of relay 1242, and a second lead 1258 to cor-
responding solenoid 1023 of bank 938: also thence

‘via a lead 1257, closed contactor 1258 of relay

1243 and a lead (259 with corresponding solenoid
1024 of bank 939; and finally via, lead 1260, closed
contactor 1261 of relay (244, and Jead | 262, to
the corresponding solencid 1025 of bank 940.
From all seléctor solenoids, as previously noted,
current connections are completed to main line
452 through the branches 452b and 452a.

Similarly, all the other respective correspond-
ing solenoids of the four banks 937, 938, 938 and
940 are provided with parallel connections
through the three described transfer relays 1242,
1243 and 1244, in all orders except the third and
fourth fractional decimal orders, the solenoids of
these latter orders being permanently connected
without the interposition of the transfer relays,
as previously explained. As the means of con-
necting all the corresponding solenoids are identi.
cal with the above examples, Figure 43 shows only
such further samples of these means as are essen-
tial to examples of the device’s operation herein-
after described.

The effect of the arrangements described above
may be briefly summarized as follows:

Any key controlled set-up in the solenoid group
or bank 937 is duplicated throughout in banks
938, 939-and 840. Also, the third and fourth
decimal fractional portion of the set-up is dupli-
cated in auxiliary bank 941. However, in any
set-up not effected by the key switches the relays
1242, 1243 and 1244 are open, so that except in
the directly connected lowest two orders the sole-
noids of banks 937, 938, 938 and 940 are con-
trollable independently through their respective
accumulator commutators,

The reason for the described difference in set-
up connections between the higher and lowest
two orders is that while all key-controlled entries
are duplicated in all the banks 837 to 940 at all
times, in later operations, the orders above the
third decimal fraction may require different set-
ups in these four banks for fractional cent cor-
rections and printing, as hereinafter set forth.

Assuming, for purposes of illustration, an as-
sessed valuation of $30,270, to be taxed at the
assumed rate of $3.42 per hundred, the entering




18

of the above amount in the machine calls for
depression of digit “3” key 985 in the ten thou-
sands row of bank 928, the digit “2” key 385 of
the hundreds row, and digit “7” key 986 of the
tens row.

Referring to Figure 43a, the depression of key
965 is adapted to close the following connections
from plate 969: :

1. Through panel lead 987 and exterior lead
981q to locking solenoid 888, thence to main line
452;

2. Through panel lead 989 and exterior lead
989a to the type disconnector solenoid 984a of
type group 930, Figure 43, thence through a
branch 452q to line 452, Figure 47a;

3. Through panel lead 998 and exterior lead
990q to the type disconnector solenoids 884, 984b,
98dc, 984d and 984e, thence through branch 452a
to the line 4582;

4. Through panel lead 994 and exterior leads
99ia and 911 to the magnet 413 of cut-in relay
414, thence through lead 912 to line 452;

5. Via point 1249, panel leads 1247 and (246,
and exterior lead 1245 to transfer relays 1242,
1243 and 1244, thence via branches 452b and
452a to line 452;

6. Through panel lead 992 and exterior lead
992a to the digit “1” selector solenoid 993 in the
thousands row of bank 936, thence through the
break-and-make magnet 994 and branches 452b
and #52q to the line 452; and

7. Through & panel lead 995 and exterior lead
995z to the digit “2” selector solenoid 996 of the
tens row, bank 936, thence to line 452 through
connections obviously similar to those traced for
solenoid 993 and therefore not further described
in order to avoid undue multiplicity of numbers.

As all connections shown from the keys through
the permutation panel 818 to the various selector
solenoids are made in the manner already thor-
oughly described, further detail description of
these connections is hereinafter omitted in order
to simplify and shorten the description. Con-
tinuing the listing of connections, depression of
key 965 also closes connections as follows:

8. To digit “6” solenoid 9971 of the units row,
bank 936;

9. To digit “2” solenoid 998 in the hundreds
row, bank 931, and via contacts of relays 1242,
{243 and 1244, to corresponding digit “2” solenoids
in banks 938, 939 and 940;

10. To digit “5” solenoid 999 of the tens row,
bank 931, and via contacts of relays 1242, 1243
and {244, to corresponding digit “5” solenoids in
banks 938, 839 and 940;

11, To digit “6” solenoid 1800 of the units row,
bank 931, and via contacts of relays 1242, 1243
and (244, to corresponding digit “6” solenoids in
banks 938, 939 and 940;

12, To digit “5” solenoid {001 of the tenths row,
bank 937, and via contacts of relays 1242, 1243
and {244 to corresponding digit “5” solenoids in
banks 938, 939 and 840;

13. To the digit “3” solenoid 1002 of the ten-
thousands row of bank 935; and

14. Through & panel lead 1003 and exterior con-
Juctors 1004 and 1004a to the add cam solenoids
wuza, 982b, 982c, 982d, 982¢ angd 982/, thence via
pranch 452a to line 452.

Depression of key 985 is adapted to close the
following connections:

1. To locking solenoid 1005;

2. To type disconnector solenoid 984a;

3. To type disconnector solenoids 984, 984D,
98dc, 984d, and 98de;
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4, To cut-in relay magnet 413;

5. To the digit “6” selector solenoid 991, Figure
43, in the units row of bank 836;

6. To the digit “8” solenoid 1006 in the tenths
row, bank 836;

7. To the digit “4” solenoid 1007 in the hun-
dredths row, bank 936;

8. To digit “1” solenoid 1008 in the units row,
bank 8317, and corresponding digit “1” solenoids
in banks 838, 839 and 940;

9. To digit “7” solenoid 1009 in the tenths row,
bank 931, and corresponding digit “1” solenoids
in banks 938, 939 and 940;

10. To digit “1” solenoid {010 in the hundredths
row, bank 931, and corresponding digit “1” sole-
n:)'l’ds 1011, 1012 and (013 in banks 938, 939 and
940;

11. To digit “2” solenoid 1014 of the hundreds
row, bank 935; and

12. Through conductor (004 to add cam sole-
noids 982a, 982D, 982c, 982d, 982¢, and 982/.

Depression of key 986 closes the following con-
nections:

1. To locking solenoid 1015;

2. To type disconnector solenoid 984a;

3. To type disconnector solenoids 984, 984b,
984c, 984d, and 984e;

4. To cut-in relay magnet 413;

5. To digit “2” selector solenoid 1016 in the units
row, bank 836;

6. To the digit “3” solenoid 1017 in the tenths
row, bank 936;

7. To the digit “9” solenoid (018 in the hun-
dredths row, bank 836;

8. To digit “4” solenoid {019 in the thousandths
row, bank 936;

9. To digit “5” solenoid 1001 in the tenihs row,
bank 937, and to corresponding digit ‘5’ solenoids
in banks 938, 939 and %40;

10. To digit “9” solenoid 1020 in the hundredths
row, bank 937, and via relay contactors 1255, 1258
and 1261, and branches 1254, 1256, 1257, 1259, 1260

and 1262, to corresponding digit “9” solenoids
1023, 1024 and (025 in banks 938, 939 and 940;

11. To digit “8” solenoid 1021 in the thousandths
row, bank 937, and via coanductor (241 to corre-
sponding digit “8” solenoids 1021a, (021D, {02ic
and 102id of banks 938, 339, 940 and 9%41;

12, To digit “5” solenoid 1022 in the ten-thou-
sandths (fourth fractional decimal) row, bank
837, and via conductor 1240 to corresponding digit
“5” solenoids 1022q, 1022b, 1022¢ and 1022d of
banks 938, 839, 940 and 941 ;

13. To digit “7” solenoid 1026 in the tens row,
bank 835; and

14, To the add cam solenoids 982a, 982b, 982c,
982d, 982¢ and 982/.

In operation, depression of key 965 acts through
the described connections to send the machine
through a cycle in which the following actions oc-
cur:

1. The partial quantity 30,000 is entered in ac-
cumulator assembly 942;

2. The partial amount 1026.00 is entered in ac-
cumulator assembly 943; and

3. The partial amount 256.50 is entered in each
of accumulator assemblies 852, 956, 958 and 960.

Due to the action of the type disconnector sole-
noids 984, 984a, 984b, 984c, 984d and 984e¢, no
printing occurs.

When key 985 is depressed, the machine per-
forms a cycle in which:

1. The partial quantity 200. is entered in ac-
cumulator assembly 942;
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2. The partial amount 6.84 is entered in as-
sembly 943;

3. The partial amount 1.71 is entered In assem-
blies 952, 956, 958 and 960,

Depression of key 986 results in the entry of the
following: i

1. The partia]
sembly 942:

2. The partial amount 2.394 in assembly 943;

3. The partial amount .5985 in assemblies 952,
956, 958 and 960;

4. The partial amount. .0085 in the control head
accumulator wheels 1203 and 1204, Pigures 43
and 48.

By depression of the above three digit keys, the
partial quantities and partial amounts entered in
the accumulators and the quantities and amounts
accumulated thereby stand as represented in the
following table: .

quantity 70. in accumulator as-

Table 2

042 943 952 956 958 960 | 1205

256. 50
171
. 5985

258. 8085

256, 50
L71
. 5985

258. 8085

256. 50
171
. 5985

258. 8085

256. 50
L71
. 5985

258. 8085

10000
0000
. 0085

. 0085

30, 000
200

70

30, 270

1,026.00
6.84
2.394

1, 035. 234

If the above accumulated amounts were printed
through the second decimal fraction, the full en-
tered quantity printeq by the type group 928

would be $30,270., the correct assessed valuation. -

The full tax printed by group 930 would be
$1,035.23, also the correct amount, since the
dropped fraction is less than one half cent.

Groups 931, 932, 933 and 934 would each print the’

quarterly amount $258.80. The sum of the four
printed quarterly amounts would be four times
$258.80 or $1035.20, or three cents less than the
full tax, due to dropping the fractions in the
quarterly amounts. In order to correct the quar-
terly amounts so ‘that, as printed, their sum is
always equal to the printed full tax, the following
provision is made:

Fractional correction

Figure 47 illustrates in enlarged diagrammaitic
form the commutator structures of the following
accumulator units:

1. The hundredths unit
(first fractional cent) unit
943; .

2. The hundredths unit 95(e of assembly 952;

3. The hundredths unit 955 of assembly 956;

4. The hundredths unit 957 of assembly 958;

5. The hundredths unit 959 of assembly 960;
and s
6. The stepped circumferential conductor ring
1230 of the control heag 1205, Figures 48 and 49,

Unit 1027 comprises a commutator of the con-
struction‘previously shown in Figures 13 and 14,
its segments being connected to corresponding
selector solenoids in the hundredths row of bank
936. For instance, digit “3” segment 1028, Figure
47, is connected by means of lead 1029, Figure 43,
to its digit “3” solenoid (030, The digit “1” seg-
ment 1031 of unit (027 js normally connected to
its digit “1” solenoid 1032, via a wire 1031a, the
latter solenoid also being connected to one pole
1034 of a normally open five-pole switch con-
trolled by a relay 1036.

Unit 944 is of the construction shown in Pigures
15 and 16, having g second slip ring 1038 and g
single commutating segment 1039 extending
through digit “5” to “9» positions of the rotative

1027 and thousandths
944 of full tax group
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brush 1040. A lead (041 connects the segment
1039 with the normally disengaged contact 1042
of the relay controlled switch’ pole 1034, It will
be seen that if the relay (036 is closed the seg-
ment 1039 is thereby connected to the digit “1”
(.01) solenoid 1032. The second pole or movable
contact member 1043 of the relay 1036 is con-
nected via a jumper (043¢ to the pole 1034. The
normally disengaged contact (271 of pole 1043
has connections via conductors 1045 and {045¢
respectively to the digit “1” segment 1044 of ac-
cumulator unit 95le and to the latter’s digit “1”
(.01) solenoid 1010 of bank 937. When the relay
[036 is closed, and segment 1038 is energized, as
hereinafter set forth, it is evident from the above
connections that current may flow from segment
1038 to both selector solenoids 1032 and 1010,
However, when relay 1036 is open as shown, sole-
noids 1032 and {610 may bhe energized independ-
ently through their own commutator segments
1031 and 1044 respectively. '

Digit “1” (.01) solenoid 1011 of bank 938 (Fig-
ure 42) is connected via lead 1046 with its digit
“1” commutator segment 1041 of accumulator
unit 958. From leaq 1046 a branch 1048 is con-
nected to the normally disengaged contact {049
of switch pole 1050. From pole 1050 a wire 105
is connected to the brush 1236 adapted to engage
the segmental portion 1232 of stepped conducting
ring 1230.

Similarly, the digit “1” (.01) solenoid 1012 of
bank 939 is connected via lead 1052 with its digit
“1” commutator segment 1053 of accumulator
unit 857. A branch {054 connects lead 1052 with
normally disengaged contact point 1055 of switch

- pole 1086, from which latter pole a lead 1057 con-
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nects to brush 1237 adapted to engage segmental
portion 1233 of conducting ring 1230, Digit “1”
(.01) solenoid 1013 is similarly connected via lead
1058 to its commutator segment 1058a of accu-
mulator unit 959, also via branch 1058b to nor-
mally disengaged contact 1058¢c of -switch pole
1059, the latter pole being connected via a wire
1059 to the brush 1238 adapted to engage seg-
ment 1234 of the ring 1230.

The main slip rings 1058, 1058, 1060, (061, 1062,
and 1063 of units 1027, 944, 951e, 955, 957 and 959
respectively are all adapted to receive current
from a line 1064 through multiple contact relays
such as 1065, Figure 47, operable by current from
line 1064 when the latter is energized from con-
ductor 979, Figure 43q, by depression of the error
key 1066 or the print key 921. The purpose of
the above relays, which are provided for all multi-
segment commutators in the varicus assemblies,
as shown in Figure 43, is to normally keep the
various commutators disconnected from each
other and from the conductor 1064 in order to
prevent possible flow-back of current through
any unit in case its brush is in contact with a
segment connected to an energized solenoid dur-
ing operation of an entry key.

The control head conducting ring 1030 is con-
nected at all times via brush 1035 and a branch
1271 to a common conductor 1067 adapted to be
energized from plate 819, Figure 43a, by depres-
sion of the fraction key 926. Auxiliary slip ring
1038 of commutator 944 is also connected to con-
ductor 1067 via a branch 944a. The relay magnet
1036, Figure 47, is also connected to conductor
1067 on one side and on the other through g lead
1068 and branch 452a to line 452, Figures 43 and
43a. The return connections from relays 1065,
etc., are also made via short leads 1069 to branch
452qa. :




20

The fraction key 926, in addition to the con-
nection through conductor 1067 to the fractional
correction commutator slip ring 1038, stepped
ring 1230, and relay 1036, as noted above, is
adapted, upon ‘depression, to close the following
connections from normally charged plate 879:

1. To cut-in relay magnet 413 through lead
9{{, Figure 43a;

2. Through lead 1070 to the locking solenoid
1071;

3. Through lead {004 to the add cam solenoids
982a, 982b, 982c, 982d, 982¢ and 882f, Figure 43;

4. Through lead 980a to the type disconnector
solenoids 984, 984b, 984c, 984d and 98de, Figure
43; and

5. Through lead 98%a to type disconnector sole-
noid 984a, Figure 43.

In operation, after the entry of a succession of
partial quarterly amounts in accumulator assem-
blies 952, 956, 958 and 960, the accumulated quar-
terly amounts standing in these four assemblies
are identical, since the entries were made iden-
tically under control of the key switches as pre-
viously explained. Furthermore, the auxiliary
accumulator entry-receiving wheels 1203 and 1204
stand in & position representing the third and
fourth fractional decimal accumulation of the
quarterly amounts, since they have received par-
tial entries in these orders identical with those
of the sbove four accumulator assemblies also
through the parallel solemoid connections pre-
viously described. As & consequence, the drum
1225 and ring 1230 have been rotated forward
an angular amount corresponding in hundredths
of a revolution to the third and fourth decimal
accumulation. If this angular amount is less
than .25 revolution, none of the three brushes
1236, 1237 or 1238 is in contact with its respec-
tive segment of ring 1236, If the amount is from
25 to .49 revolution inclusive, segment 1232 is in
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contact with brush §236. If the amount is from -

50 to .74 revolution inclusive, segment 1233 is
slso in contact with its brush {237. If the
amount is from .75 to .99 revolution inclusive, the
third segment {234 is also in contact with brush
1238.

When conductor 1067 is energized by depres-
sion of the fraction key 926, the relay 1036 is
energized, closing all movable pole members 1034,
1043, 1059, 1056 and 1050, on their respective
contact points. At the same time ring 1230 is
charged via brush 1235 and lead 1271, Figure 47,
If none of the brushes 1236, 1237 or 1238 engages
its respective segment of charged ring 1230, no
current connection exists therefrom to switch
poles 1050, 1056 and 1089. If brush 1236 engages
segment 1232, current flows therefrom via wire
1051, switch pole 1050, point (049, branch 1048
and lead 1046 to digit “1” solenoid (011, thence
through branches 452b and 452a (Figure 43) to
the line 452, causing an additional digit “1” to
be entered in accumulator unit 955, that is, an
additional “.01” entry in accumulator group 956
as the operative cycle is completed. If brush
1231 also engages its segment 1233, solenoid 1012
is similarly energized via switch pole 1056 and its
described connection, causing an additional entry
of digit “1” in unit 957, that is, an additional
“01” in accumulator group 958.

Similarly, if brush {238 engages segment (234,
solencid 1013 is energized via switch pole 1059
and its described connections, causing an addi-
tional entry of digit “1” in unit 959, that is, an
addition of .01 in accumulator assembly 880.
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Summary of fractional correction

Summarizing the above description as applied
to tax billing, if the fractional cent accumula-
tion in the quarterly tax entry accumulation is
less. than one-quarter cent or .0025 in the accu-
mulator groups, no additional cents are added in
accumulator assemblies 956, 958 or 960. If the
fractional cent accumulation is from .0025 to
0049 inclusive, one cent is added in a¢cumulator
assembly 956. If the accumulation is from .0050
to .0074 inclusive, one cent is added in each
assembly 956 and 958, If the accumulation is
from .0075 to .0099 inclusive, one cent is added
in each assembly 856, 958 and 960.

Under any of the four above described condi-
tions, if the accumulated amount in the third
decimal fractional unit 944 of the full tax accu-
mulator assembly 943 is greater than or equal to
5, that is, if the fractional cent in the full-tax
accumulation is one-half or more, the brush {048
is In contact with segment 1039, and since relay
poles 1034 and 1043 are closed as noted above,
current is directed to solenoids 1032 and 10810,
causing an additional digit “1” to be entered in
units 1021 and 95le. If, on the other hand, the
fractional cent is less than one-half in the full
tax accumulation, brush 1040 is out of contact
with segment 1039 and no circuit is established
to solenoids 1032 and (010 so that no additional
cents are entered in units (027 and 95le.

The above fractional correction may be sum-
marized briefly in the following table in which:

A represents the full tax initially entered in
accumulator assembly 943;

A: is the third fractional decimal digit of A;

B is the quarterly tax initially entered in accu-
mulator assemblies 952, 956, 958 and 960;

B; is the third and fourth fractional decimal
entry of B;

C, D, and E are the quarterly accumulations
entered in assemblies 956, 958 and 960, their
third decimal fractional digits being the same
as Bi1.

The figures below, A1 and B: represent the
various conditions of these quantities, while the
figures below, A, B, C, D, and E, show additions
thereto under the various corresponding condi-
tions.

Table 3
Ay A B \ B: ‘ C D E
>4 40.01 | +0.01 | 75to 99
>4 +.01] +.01| 50to74
>4 4.01 | 4.0l 25t049
>4 +.01] +.01 Oto24
P P P 75t099 | +.01 +.01 4-.01
- <5 +4-. 01 S 2 1) S .
<5 ot} S AR IS
< T DO SORNROI S | 10 i PEREEEE PR R e e

From the above table it is evident that any
one of eight different sets of conditions may ex-
ist at the completion of the entry of the assessed
valuation in the machine and prior to the frac-
tional correction. By the provision of the means
described, the machine is adapted to drop or add
the fractional cent in the full tax and to cor-
rect the quarterly accumulations so that the full
tax to be printed is always exactly equalled by
the sum of the four quarterly amounts to be
printed. The automatic correction under the
eight different sets of conditions may be illus-
trated as follows:
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Table 4
Full tax Quarterly tax
entries entries Printed
99. 96 24.99 27.73 40.01 27.74
9,998 2499 27,73 . 01 27.74
. 998 « 2409 73 . 01 2.74
>4————- 2173 4.01 21.74
110. 955 27,7389
+.01 89 Sum  110.96
110.96  Printed.... ... ... ... 110. 96
09.99 24,0975 27,74 +0.01 27.78
9. 999 2.4907 27.74 +.01 27.75
. 989 L2499 27,74 +.01 27.75
27.74 2774
110.988 8>4 27.7471
+.01 1 Sum 110,99
110.99 Printed..... ... . _._ 110.99
14.32 3.58 3.97 40.01 3.98
1.432 . 358 3.97 +.01 3.88
.143 .0358. 3,97 3.97
3.97 3.97
15. 805 5>4 3.9738 :
+.01 Sum 15. 90
15.90 Printed_ ... __ ... __.____.__.___ 15. 90
99.90 24.975 27.72 40.01 27.73
9. 990 2.4975  27.72 27.72
. 999 2497 27,72 27.72
27.72 .72
110. 889 >4 27.7222 —
+.01 Sum  110.89
110.89  Printed._...__._...____...__._.___ 110. 89
1026. 00 258. 50 258.80 258.80
8.84 1.71 258,80 +0.01 258,81
2.394 .5885 258,80 .01 258.81
258.80 +.01 268.81
1035. 234 4<5 258, 8085 -
.00 85 Sum 1035.23
1035.28 Printed...._..__..._...._ ... _._.___ 1035. 23
99. 48 24.87 27. 60 27. 60
9. 948 2.487 27. 60 0. 01 27.61
. 994 L2487 27.60 +.01 27. 61
27.60 __... 2.
110. 422 2<8 27, 6057
.00 57 Sum 110, 42
110.42 Printed... ...._....______________ 110. 42
13.31 3.3275 3.60 3.60
1.331 .3327 3.69 0,01 3.70
.133 . 0332 3.60 3.60
3.69 3.69
14.774 4<5 3. 6934
.00 34 Sum 1477
1477 Printed. ... ... ... .. 14.77
09. 46 2. 865 27, 60 27. 60
9. 946 2.4865 27.60 27. 60
.904 <2486 27.60 27. 60
—— 27.60 27. 60
110. 400 0<6 27,6001 ———
.00 01 Sum  110.40
110.40 Printed..._.___ ... _________ .. 110. 40

The foregoing examples illustrate the fact that
the automatic correction is exact under any set
of conditions which may arise. The lowest two
order accumulator units of assemblieg 856, 958
and 960, Figures 42 and 43, need not be equipped
with commutators, being used only for accumu-
lation and carry-over of fourth decimal fractions
by means of mechanical structures shown in Fig-
ures 17, 18 and 19. No commutators are neces-
sary, since the solenoids of these orders are di-

rectly controllable in parallel with those of group

952 via the permanent wiring conditions such as
1240 and 1241, Figure 43. For the same reason
no individual commutators are required on the
control-head entry-receiving wheels 1203 and
1204, Figure 48, as previously noted.

It will be noted that the example illustrating
the fifth set of conditions in Table 4, involves
the entered full tax and quarterly tax amounts
given in Table 2 and figured on the assessed val-
uation of $30,270. at the assumed yearly rate
of $3.42 per hundred dollars. In other words, the
quantity 30,270 having been entered by depres-
sion of the digit keys as described, the fraction
key is depressed, causing the machine to perform
a cycle in which the quarterly amounts in the
accumulators are corrected in the second decimal

o 21
fraction, one cent being added to three of the
quarterly amounts,

The print key 927 when depressed closes the
following connections from the normally charged
plate 978;

1. Through a lead 1075 to subtract cam sole-
noids 983a, 9aab,.ss:c, 983d, 983¢ and 9837, Fig-

- ure 43;
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‘bank 835 and

2. Through conductor
magnet 413;

3. Through lead 1084, Figures 43¢ and 43, and
the switches controlled by relays such as relay
1088, Figure 47, to the read-out or commutating
devices of accumulator assemblies 942, 943, 952,
956, 988 and 960;

m:.' Through a lead 1076 to the locking solenoid

5. Through a conductor {077 to the add cam
solenoid 982 of total accumulator assembly 949,
Figure 43.

Depression of print key 827, therefore causes
the machine to perform a cycle in which:

1. The assessed valuation of $30,270 previously
stored in accumulator assembly 942 is set up
under control of the read-out devices thereof by
means of selector solenoids 1002, 1014, and 1026,
printed by the type bars of group
929 in the.space 819 of the bill 817, Figure 41;

2. The amount accumulated in full tax accu-
mulator assembly 943 is set up under the control
of the accumulator read-out devices by meang of
solenoids 893, 1078, 1078, 1080 and 1030, bank
836, and the full tax amount $1035.23 is printed
by the type bars of group 930 in space 820 of the
bill 8171; ) : :

3. The quarterly tax accumulation in assembly

811 to the cut-in relay

.852 is set up under control of the accumulator

read-out devices, by means of solenoids 998, 999,
1081, 1082, 102i and 1022, bank 937, set-ups cor-
responding to the third and fourth decimal frac-
tional order quarterly tax set-ups- also being
caused in solenoid banks 938, 938, 940 and 94( ,
by parallel connections controlled from accumu-
lator units 85if and 95ig. At the same time,
the set-ups above the two lowest orders having
been completed in solenoid banks 938, 939 and
940 under control of accumulator groups 956,
958 and 960, the corrected quarterly tax amounts
of $258.80, $258.81, $258.81 and $258.81, are
printed on stubs 821, 92(a, 921b and 92ic re-
spectively of bill 817; and

4. The corrected full tax of $1035.23 s stored
in the total accumulator assembly 1085 due to
the action of the latter’s add cam solenoid 982;
during the second half of the cycle the accumu-

- lator assemblies 942, 943, 952, 956, 858, 960, and

the control head 1205, are cleared due to the
action of their subtract cam solenoids as previ-
ously described. ) .

Depression of the total key 928 completes the
following connections:

1. To the cut-in relay magnet 413 :

2. Through lead 1094 to the total accumulator
assembly 1085;

3. Through lead 9904 to the type disconnector

- solenoids 984, 984b, 984c, 984d and 98de;

70

78 forms a cycle in which the

4. Through lead 1083 to subtract cam solenoid
988 of the total accumulator assembly 948; and

5. Through a lead 928a to the locking solenoid
1071, Figure 43a. .

Accumulator assembly 1085 being adapted to
control solenoid bank 936 through leads such as
1084, Figure 43, the total accumulated in assembly
1085 is set up in bank 936, The machine per-
total of the full tax
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bill is printed by the type group 830 either on &
bill such as 917 or on any desired type of blank
such as the paper strip 273 shown in Figure 3.
During the second half of the cycle, the accumu-
lators of assembly (083 are cleared by direct
subtraction, as previously set forth.

If at any time previous to the printing of a
bill, an error in entry is discovered, the error
key 1066 may be depressed. This action closes
connections to the cut-in relay magnet 413, to all
accumulators and. their subtract cam solenoids
except those of the total accumulator assembly,
to the locking solenoid 1071, and to the type dis-
connector solenoids. The machine performs &
cycle in which all accumulators except the total
accumulators are cleared by direct subtraction.
The erroneous entries are thus cleared and the
machine returned to normal without disturbing
previously accumulated totals, after which the
assessed valuation may be re-entered correctly.

It is obvious that the use of the fractional cor-
rection control head may be extended to divisions
of a full amount other than quarters by provid-
ing the ring 1230 with the proper number of seg-
mental steps and corresponding brushes for con-
trolling the desired number of set-up magnet
banks, and that the ability of the invention to
automatically correct divisional amounts to bring
the sum of their printed divisional amounts into
exact agreement with the corrected full amount
renders the present invention particularly appli-
cable to computations in banking and the like
wherein no discrepancy is permissible, In the
case of machines adapted to computations from
loan principal amount entries and the like, in-
cluding fractional dollars, the full yearly tax or
interest accumulator bank 943 may be provided
with g fourth decimal fractional order unit and
solenoid row.

Throughout the description the set-up selector
magnets have been described as solenoids, but it
will be understood that magnets of the core and
armature type may be used in the same manner,
particularly in machines of the nature just de-
scribed in which the multiplicity of simultaneous
set-up operations may make the use of the latter
type magnets desirable in order to minimize cur-
rent consumption, FPigure 50 illustrates a suit-
able magnetic selector of the core and armature
type, in which energization of the coil 1275 causes
the core pole 1276 to attract the armature 1277,
raising g rod 1278 which in turn elevates the de-
tent 199a.

From the foregoing description, illustrating
the application of the invention to certain typi-
cal computational functions, it will readily be
evident to those skilled in the art that it is ap-
plicable to a wide variety of computational uses
such as calculating and billing insurance charges,
calculating and recording interest, dividends,
commissions, installment payments, discounts
and payments based on piece work rates; trans-
lating and recording foreign exchange rates and
the like. v

While the invention has been described in pre-
ferred form, it is not limited to the exact struc-
tures illustrated, as various modifications may
be made without departing from the scope of
the appended claims,

What is claimed is:

1. In a computing device, in combination, a
full amount accumulater including units of three
fractional decimal orders, a plurality of divi-
sional amount accumulators each including units
of four fractional decimal orders, & control ac-
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cumulator including two ordinal entry-receiving
units, means to enter a primary full amount in
sald first accumulator and primary divisional
amounts in said divisional amount accumulators
and said control accumulator, the entries in said
divisional amount accumulators being each equal
to said full amount entry divided by the number
of sald divisional amount accumulators within
the decimal limits of said accumulators and the
entry in said control accumulator comprising the
third and fourth decimal fractional order por-
tions of said entered divisional amounts, means
controllable by said third fractional decimal or-
der unit of said full amount accumulator to con-
dition sald entering means to cause entry of an
additional digit “1” in the second fractional deci-
mal order unit of said full amount accumulator
and an additional digit “1” in the second deci-
mal fractional order unit of one of said divi-
sional amount accumulators to produce final en-
tries in sald two accumulators when said primary
third order decimal fractional entry in said full
amount accumulator is greater than “4,” and
means selectively controllable by said control ac-
cumulator in accordance with the magnitude of
said primary entry therein to condition sald
entering means to cause increase of the entry in
one or more of said other divisional amount ac-
cumulators whereby the sum of the final entries
in all sald divisional amount accumulators
through the second decimal fractional orders
therein may equal said final full amount entry
through the second decimal fractional order
thereof.

2. In a computing device, in combination, a
full amount accumulator including units of at
least three fractional decimal orders, four divi-
sional amount accumulators each including units
of at least four fractional decimal orders, an aux-
iliary accumulator having two decimal ordinal
entry-receiving units, means to enter a primary
full amount in said first accumulator and to enter
primary divisional amounts in said four divisional
amount accumulators and an auxiliary entry in
sald auxiliary accumulator, the primary entries
in said four divisional amount accumulators each
being one-fourth of said primary full amount to
the fractional limits of sald accumulators and
said auxiliary entry being identical with the third
and fourth fractional decimal entries in said di-
visional amount accumulators, means controlla-
ble by the third fractional decimal order unit of
said full amount accumulators when the primary
entry in said unit is digit “5” or greater to con-
dition sald entering means to Increase by “1”
the digital entries in the second fractional deci-
mal order units of said full amount accumulator
and one of said divisional amount accumulators
to produce final amount settings therein, and
means controllable by sald auxiliary accumulator
in accordance with the magnitude of said aux-
{liary entry therein to selectively cause said en-
tering means to increase by digit “1” the second
decimal fractional primary entry in one of said
other three divisional amount accumulators when
sald auxiliary entry is from “25” to “49” inclu-
slve, in two of said other three divisional amount
accumulators when said auxiliary entry is from
“50” to “74” inclusive, and in all said other three
divisional amount accumulators when said aux-
iliary entry is from “75” to “99” inclusive.

3. In a billing machine, in combination, a full
amount accumulator including at least one frac-
tional cent ordinal accumulator unit, a plurality
of divisional amount accumulators each includ-
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ing at least two fractional cent ordinal accumu-
lator units, an auxiliary accumulator includ-
ing two ordinal entry-receiving units, manu-
ally controllable means to enter a primary full
amount in sald full amount accumulator and
to simultaneously enter divisional amounts in said
divisional amount accumulators and to effect an
auxiliary entry in said auxiliary accumulator,
said divisinnal amount entries being each equal
to said primary quantity divided by the number
of said divisional quantity accumulators and said
auxiliary entry being identical with the first and
second fractional cent portions of said divisional
amount entries, means selectively conditioned by
sald full amount accumulator to control said en-
tering means to effect an additional cent entry
in said full amount accumulator and in one of
said divisional amount accumulators when the
primary fractional cent entry in said full amount
accumulator is one-half cent or greater, and
means adapted to be selectively conditioned by
said auxiliary accumulator to control said enter-
ing means to effect an additional cent entry in
one or more of said other divisional amount ac-
cumulators whereby the sum of all the final di-
visional entries through the full cents order may
equal the final full amount entry through the
full cents order.

4. In a device of the character described, in
combination, two accumulators each including

a plurality of digital units in successive denomi-

national orders, control means including auxil-
iary entry-receiving units in successive decimal
orders, means including actuator bars to effect
origiral entries in said accumulators and in said
auxiliary units, a plurality of digital selector de-
tents operable to stop said bars from determining
the values of said entries, individual electrical
means to operate said detents. said bars, detents
and individual electrical means being associated
in groups, one group for each of said accumulators
and said control mears. means including a power
-clreuit to cause said entry effecting means to ef-
fect said entries, commutating control means op-
eratively connected to said auxiliary entry-re-
celving units and settable conjointly therethrough
by said original entries therein, and means selec-
tively controllable through said commutating
means to energize one or more of said individual
electrical means to condition the same to deter-
mine an additional entry by said entry-effecting
means in one or both of said accumulators.

5. In a business machine, including main ac-
cumulators and means to effect entries therein,
said means including a plurality of electrically
operable selector means for determining the values
of said entries, and means to selectively establish
. primary operating circuits from a source of cur-
rent through said selector means, in combina-
- tion, an auxiliary accumulator including ordinal
units In two successive decimal orders, said units
being adapted to receive primary entries by said
entering means under control of some of said se-
lector means, said selector means being associated
in groups, one group for each of said accumulators
including said auxiliary accumulator, said auxil-
iary accumulator including control means oper-
atively connected to both said auxiliary ordinal
units and adapted to be positioned conjointly
therethrough by said primary entries in said units,
said control means including commutating means
adapted to selectively direct current to one or
more of sald other selector means in one or more
of said groups associated with said main accumu-
- lators in accordance with the combined magni-
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tude of sald primary entries in said auxiliary
units and the consequent positioning of said con-
trol means, and means to establish an operative
circuit or circuits from said source of current
through said commutating means and said one
or more of said other selector means.

6. The combination clamed in claim 5, wherein
said control means includes a carrier differentially
geared to both said auxiliary ordinal units, the
gear ratio between said carrier and one of said
units being ten times the gear ratio between said
carrier and said other unit. '

7. The combination elaimed in claim 5, wherein
said control means includes a' carrier differen-
tially geared to both sald auxiliary ordinal units
and wherein said commutating means includes
a stepped conducting member carried by said car-
rier and a plurality of stationary brushes adapted
to be successively engaged by sald stepped con-
ducting member when said carrier is driven in a
forward direction through said gearing.

8. In a business machine, in combination, a
plurality of similarly arranged groups of selector
magnets, circuit means to connect corresponding
magnets of said groups in parallel, said circuit
means being normally open, switching means to
close said circuit means, a source of current, ma-
nipulative means to actuate said switching means
and to concurrently and selectively direct cur-
rent through said parallel connections to said
corresponding magnets in said groups, control
means adapted to selectively establish Individual
connections to predetermined magnets in said
groups independently of said switching means
and said actuating means, and variably settable
means to direct current from said source through
sald individual connections to said magnets inde- -
pendently of said first current-directing means.

9. The invention according to claim 8 wherein
certain corresponding magnets in said groups are
permanently connected in parallel, whereby cur-
rent may be directed thereto in parallel either
by said manipulative current-directing means or
by said variably settable current-directing means
through said control means.

10. The invention according to claim 8 wherein
said switch-closing means includes magnets
adapted to receive current from said source
through said manipulative current - directing
means.

11. In a billing machine, in combination, a

‘plurality of groups of entry-receiving devices,

manually controllable means to simultaneously
effect an entry in the first of said groups to at
least three fractional decimal orders, and to effect
a divisional entry in each of said other groups, .
each of sald divisional entries being equal to said
first entry divided by the number of said divisional
entries to at least four fractional decimal orders;
and auxiliary control means adapted to be selec-
tively pre-conditioned, in accordance with the
third and fourth fractional digit entries made in
the divisional groups by said entry-effecting
means, during said entries, to control said en-
tering means for causing alteration of one or
more of said original divisional amount entries.
and manipulative means to cause operation of
said auxiliary control means, whereby the final
sum of said divisional entries through the second
fractional decimal order will equal said first en-
try through the second fractional decima] order.
12, The combination claimed in claim 11 where-

" in said first group of entry-receiving devices in-

75

cludes control means adapted to control said en-
tering means to cause increase of said first entry
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and of one of sald divisional entries by “1” in
the second fractional decimal order when the
third fractional decimal order of said first entry
is digit “5” or greater, said last control means
being rendered effective upon operation of said
manipulative means.

13. In a device of the character described, in
combination, an accumulator assembly compris-
ing a plurality of digital units in successive deci-
mal orders, means to enter an initial full amount
in said assembly, a plurality of divisional amount
accumulator assemblies each comprising a plu-
rality of digital units in successive decimal orders,
auxiliary entry-receiving means, means control-
lable concurrently with said first entering means
to enter initial divisional amounts in said division-
al amount assemblies, and to effect an auxiliary
entry in said auxiliary entry-receiving means,
each of said initial divisional amounts being equal
to said full amount divided by the number of said
divisional amount assemblieg within the fractional
limits of said accumulators, means controllable by
one of said digital units at said first accumulator
assembly to condition said first entering means to
alter the initial amounts entered in said first as-
sembly and in one of said divisional amount as-
semblies whereby a final full amount may be ac-
cumulated in said first assembly and a final divi-
sional amount may be accumulated in said one
of said divisional amount assemblies, means con-
trollable by said auxiliary entry receiving means
to condition said second entering means to selec-
tively alter the initial amounts entered in said
other divisional amount accumulator assemblies
to accumulate flnal divisional amounts therein,
whereby the sum of said final divisional amounts
in and above a pre-determined decimal order
may exactly equal said final full amount in and
above said pre-determined decimal order, and
means to actuate said conditioned first and second
entering means.

14. In a device of the character described, in-
cluding a plurality of electrically operable selec-
tors, in combination, a controller having two en-
try-receiving units in successive decimal orders,
means to effect entries in said units under control
of some of said selectors, a carrier differentially
geared to sald two units, the gear ratio from said
higher decimal order entry-receiving unit to said

10

15

30

35

40

2,304,809

carrier being ten times higher than the gear ratio
from sald lower decimal order entry-receiving
unit to said carrier, commutating means oper-
able by sald carrier and adapted to direct cur-
rent to one or more of said other electrically
operable selectors selectively and in accordance
with the magnitude of said entries, devices asso-
ciated with said other selectors and controllable
thereby, and meang to establish an operative cir-
cuit or circuits throuigh sald commutating means
and one or more of said other electrically oper-
able selectors to condition the same to control
said devices selectively and in accordance with
the magnitude of said entries.

15. The combination claimed in clalm 14,
wherein said carrier is rotary, and wherein said
gear ratio from said higher decimal order unit
to sald carrier is ten to one and said gear ratio
from said lower decimal order unit to said carrier
is one to one, whereby the rotative movement of
said carrier due to entries in said units may equal
in hundredths of a complete revolution the total
two digit entry in said controller.

16. In a tax billing machine, in combination,
plural entry-receiving means, means to effect en-
tries of a primary full tax amount through at
least three fractiona] decimal orders in one of
sald entry recelving means and of primary divi-
sional tax amounts comprising fractions of said
full tax amount in the others, means settable
by said entry-effecting means in effecting said
primary full tax amount entry to control elements
of said entry-effecting means to effect a one-cent
addition to said primary full tax amount receiving
means and to one of said primary divisional tax
amount receiving means when the lowest frac-
tional cent entry of said primary full tax amount
is one half-cent or greater, and means settable
by said entering means in effecting said primary
divisiona] tax amount entries to control elements
of said entering means to selectively effect addi-
tions to one or more of said divisional tax amount
entry receiving means whereby the sum of said
final divisional tax amount entries exclusive of

48 fractional cents may exactly equal said final full

tax amount entry exclusive of fractional cents.
HOWARD G. FISHACK.
LOREN B. MILLER,
JOHN J. SHIVELY.



