e .
e et

May 28, 1957

Filed April 15, 1954

E. M. BENEDICT
MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL
HOLES IN SPACED PARALLEL WALL PARTS

2,793,545

‘ 11 Sheeis—Sheet 1

INVENTOR.

Bg]mofe]‘[ Benedict

Sutny)
ATTORNEY.



~

May 28, 1957

Filed April 15, 1954

BENEDICT 2,793,545

. M. . Ky
MACHINE FPOR BORING OPPOSITELY TAPERING COAXIAL
HOLES IN SPACED PARALLEL WALL PARTS

11 Sheets~Sheet 2

Z
NRZS
63 185°84138 .~ 6% By
385879 T ID.25.
St 180132
{ Blo5 = 27 INVENTOR,
2%;
of'foy

& Te0d ! Elmore M Bepedics
/R '251”9‘_Z‘mg/vq |
B413 " ATTORNEY.



May 28, 1957 E. M. BENEDICT

2,793,545

MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL

HOLES IN SPACED PARALLEL WALL PARTS
Filed April 15, 1954 .

%

11 Sheets—Sheet 3

Fi(ﬁ) 9.
/‘
||"J

062

A A//V/ A//

INVENTOR.

1 51 50 Elmore M. Benedict:

" NG unns

ATT ORNEY



- May 28, 1957 - E. M, BENEDICT 2,793,545
’ MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL

HOLES IN SPACED PARALLEL WALL PARTS
Filed April 15, 1954

1l Sheets~Sheet 4

Fib 4.

9:5 éj .. INVENTOR,

ETmore M. Benedict
BY
MMM

ATTORNEY.



May 28, 1957 E. M. BENEDICT . 2,793,545
MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL |
HOLES IN SPACED PARALLEL WALL PARTS

Filed April 15, 1954 11 Sheets~Sheet 5

Fip5.
N 55— N /94‘
| 52 ‘
: N
h § \\?
| 5 SN
. - A

N AR in|
7 4} |5 75#.~ 23!8‘!7—
30- E@g 29
7 |
"
*{;32.
e 18
; N N
. - - ﬂ =re \ .
85 80 7l 8183 821 8;1
93| 94 : B
4 /5 | 1<|9 /A o
K B0 312 1 1w
\ H o p
‘ U 70 P ¢
24| 8 [Barer 1Y g
. 105007 [106]|| AUV BRI =
:i . = 1E ‘JZ_L ] e ‘
£ L ﬂ ,
INVENTOR.

a8 %mgm é” éf@cﬁ

ATTORNEY.



May 28, 1957

MACHINE -FOR BORING OPPOSITELY TAPERING COAXIAL
HOLES IN SPACED PARALLEL WALL PARTS

Filed April 15, 1954

E. M. BENEDICT

2,793,545

11 Sheets-Sheet 6

174177173 105171172 Fip.6. ot 15 173 7718
= //j B9 _por 1L
.@i . :§§§142 ///:Qiéiir\
180 =8
1% Il
1?2;“_' : §L4 .
‘ ' é 96 124
55 | b= ‘
N v
25E 12
156 | SO
=
| 0 011 15 17
|| &2 1o monLts 78, |
180179 ' 1948
O e? & mn gL
Ots-6 ‘ 62O
057 00 4067
% 91 I 101 13 by 100 _-
e % 7, F7 Q!f
ATy de o AT |
»& l l .leN : N rl H l ‘ INVENTOR,
RAL IO M8 L LT ] E]more/'f Benedch
6" —-F109 115/Y .‘703 | osEAA
+--94 | 93

- ATTORNEY.



May 28, 1957 E. M. BENEDICT 2,793,545
MACHINE FOR BORING OPPOSITELY TAPERING COAXTAL
HOLES IN SPACED PARALLEL WALL PARTS

Filed April 15, 1954 11 Sheets-Shest 7
) i ™
- : o ~ MU R
Y D
. . . -
O Q .Qt
e’ A S~
F= - ., t s
6»3;;
1 % T
P , 3 g
T AR A N
g fqd |9 M o
cv%g‘.‘ "
. ! JCRRRE
.9\ N )
= N
P>
!
o Np o
s O DeY
SRR %
~™ 'S q
o iz o 3 5
C\? Iz
X 2, v
O ‘a = o
Al AN
; ] ol
o b-—!l_%
< o
B . D IS
Q;J S | : - =
A8 D T ~ _
_;?Lg_\_{:_,__ ‘ ___Bf_gg j
| |
- ' INVENTOR.

ngOreM Bfnedjcf,

ATTORNEY



- May 28, 1957 ~ E. M. BENEDICT 2,793,545

MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL )
HOLES IN SPACED PARALLEL WALL PARTS

Filed April 15; 1954 ) 11 Sheets-Sheet 8
S .
20 I
20 3
A\ ‘*V
- ' p N34
d —h\gg
0
Fip. 15. | -
30, N L%  ped = QZ
| R A‘
g = 1 _ﬁ
31 /.r—*-ﬂZZ¢}/’
29— | 2% W
18 /
\ZZ
17 | =
~23
) ;1‘2 I;:’
7RREN ,
at oA
1 ‘ \0 .
L B 2} i
) _ < 1 ' mviwrr
7 R 2 FimoreM Benedict
) | BY
IS %rﬁa_dw ‘
| ATTORNEY.



May 28, 1957 E. M. BENEDICT 2,793,545
MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL
HOLES IN SPACED PARALLEL. WALL PARTS :
Filed April 15, 1954 : ] 11 Sheets—Sheet 9

J Tl

| L Fip.38,
2 2 46
80% 81
| 5 30/
[ ‘ =k | [4 ] se182
-
{ 4

U g 4= | e 56“238?*.

13 139*
=3
=<1
M5 160 15
*!41_
©

- 166

!67 64 Tz

,15'6 1‘5‘9 z&sf |
- IN VEN TOR.
E ] m oreM Bemdch

(/ : ATTORNF'Y



May 28, 1957 E. M. BENEDICT 2,793,545
MACHINE FOR BORING OPPOSITELY TAPERING COAXIAL
HOLES IN SPACED PARALLEL WALL PARTS : )
Filed April 15, 1954 11 Sheets-Sheet 10

Ay

| a4
0
A

Fipsd, | 9 |
| )
4
Fi
B1

\14 [ Qf)m
ENE] $ PESEN ANUAN
| bl
SR | g
&
N e CEING
i N R
= < D A~
S o &8
: = k| -
_y .
e
s J/ I
P
-Qt ‘HW Q‘ ':‘l
=
EENIE
~

. ‘
; 9. |
10
O

xSt e
SINEE
e T wl
o | S &k Jﬁwb .*: A
= ) F-L, ke Q) v
g INVENTOR,
AT EJmoreM Banadch
R

y

3 ATTORN EY,



Filed April 15, 1954.

May 28, 1957

E. M. BENEDICT

2,793,545

MACHINE FOR BORING OPPOSITELY TAPERING COAXTAL

SNOIL/ISOg ON/LSYO WA

HOLES IN SPACED PARALLEL WALL PARTS

11 Sheets—Sheet 11

- SNO/LISOd QY IH INIAOF Room
<l R
L N T
[N T T R & —" S E—
I gal |
| NN
(=}
. ~¢ _
ulE .
oM = sl DR
Sy xosilFE |8
o <0 ] e T
- — R
N A
< 1 |
I .
%‘3 E —r | S
S —r el Sl (34| B
BRI AN
(e}
<t | =
‘ Nhen
E NA
S 5] wesn[ [ 8
= =l =il
—r
FAIIONOD 32D _\:
€3§ ' :x.>f§3 ¥=f— §§~Fh<3
Q) g Bov n || |ny i ""4 " INVENTOR.
= SN R
= [ = il EJ' moreM. Benedict,
G YN

ATTORNEY



United States Patent O

2,793,545
Patented May 28, 1957

CcE

1

2,793,545
MACHINE FOR BORING OPPOSITELY TAPERING '
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This invention relates to a machine for boring oppositely
tapering coaxial holes in spaced parallel wall parts.

=,
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In prior practice oppositely tapering holes in parallel -

wall parts have been formed in separate and independent
operations.

The principal object of the invention, as a matter of
substantial economy of manufacturing operation, is to
provide a machine in which the boring operation and the
subsequent release of the work from the boring medium:

20
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general character and appropriately different specific de-
sign when, according to choice, the directions of the tapers
cut by the machine are to be reversed or when the opera-
tion of the machine is to be limited to the boring of the
taper only in the anterior wall. ‘

A further object is to provide a machine of the character
stated in which all operative phases, including the opera-
tions of the boring bars, positional adjustments of the
various parts, and the operation of the mechanism for con-
trolling the operation of the motors are effected by power.

. The- invention comprehends a machine having the
above essential characteristics and otherwise character-
ized by novel features of structure and combination where-
by the above objects are served,

In the example selected for illustration the structural
element in which tapers are to be bored is a water filled -
unit of a sectional boiler but it will be understood that
machines embodying the invention may be used for bor-

. ing oppositely tapering coaxial holes in spaced parallel

walls of elements of different design, that is to say ele-

. -ments designed as parts of various structural assemblies
. Tor different specific uses, for example, radiator units.

are accomplished serially in a sequence of steps involving

relative movements of the various parts in what is essen-
tially a single operation for tapering both of the  holes.

‘The machine, among other essential features, includes
& boring bar having a driving element and a boring head
having diametrically oppositely located cutters, the cut-
ters as oppositely located being for boring - the tapers
in the openings of the respective walls. In carrying out
the above stated principal object the invention fundamen-
tally provides for rectilinear positionally adjustable rela-
tive movements of the driving element and the work and
movements of the boring head relatively both to the
driving element and the work, certain of which movements
involve the feeding of the cutters into and through the
work and all of which movements are carried out in'a
cycle of operation involving a series of coordinated steps
and an appropriate selection of the relation of the cutters
for operation in a predetermined sequence. :

As other essential features the driving element is ar-
ranged along an inclined axis and is rotatable about: a
major - axis, preferably horizontal, and the boring head
itself has an axis which extends in the same direction as

the major axis and is carried by a part slidably and ad- -
With " these

justably movable along the inclined axis.
characteristics in mind further objects are to provide a
machine having the capacity for appropriate selection of
the directions and extents of the relative movements of

25

The drawings illustrate an embodiment of the invention
which, as now considered, is preferred. *In the drawings:
Figure 1 is a front élevation of a machine in accord-

* ance with the invention, with the work unit, i. e., the
. ‘structural -element, shown as positioned on its carrier.

30

Figure 2 is a side elevation of the machine.

Figure 3 is a vertical transverse sectional view on the
line 3—3 of Figure 2. o

Figure 4 is a vertical transverse sectional view on the
line 4—4 of Figure 2.

Figure 5 is a vertical sectional view on the line 55
of Figure 1.

Figure 6 is a horizontal sectional view on the line

*+6—6. of Figure 2.

Figure 7 is-a perspective view of one of two similar

" devices for clamping engagement with the upper por-

10

tion of the structural element upon which the machine
operates.
Figure 8 is a detail horizontal sectional view on the

. line 8—8 of Figure 3.

45

Figure 9 is a perspective view of one of two similar
devices for clamping engagement with the lower portion
of the structural element upon which the machine oper-
ates. '

Figure 10 is a detail horizontal sectional view on the

. line 10—10 of Figure 3.

50

the driving element, the boring head and the work, the

durations of their periods of rest and the relative arrange-

ment of -the cutters, whereby, according to choice, the .

tapers may be bored with their minimum diameters in
either mean or extreme relation and in either instance their
degree of angularity may be varied from the maximum
permissive degree.

55

A further object is to provide a machine of the character

stated in which several pairs of alining oppositely taper-
ing holes may be simultaneously bored.

As other essential elements the machine includes sep- .

arate motors for effecting the steps of relative movement
of the boring head and the work and a mechanism for
controlling the operation of the motors in respect to the
directions, extents and sequences .of such movements.
With these characteristics in mind a further object is to
provide a-mechanism for controlling the operation of the
motors which has a governing element specifically designed
for effecting the particular directions, extents and se-
quences of the steps of movement of the driving element,
the boring head and the work which element may be re-

Figure 11 is a horizontal sectional view of one of two
similarly constructed and acting valves for controlling
respectively the movements of the carriage for the struc-
tural element and the movements of the slidably mounted
spindles of the boring bars, the valve shown in this

" figure being the valve which controls the movements of

the carriage.
Figure 12 is an elevation of the governing element

_which is. shown in the form of a. rotatable electrical

- . contact-carrying disk.

60
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placed by a similarly functioning element of the same .

Figures 13 and 14 are complementary graphs -as indi-
cated by the bracket showing the sequence of the steps of
movemernt of the boring head and the work when the-
tapers to be cut have their minimum diameters in mean
relation and their maximum diameters in extreme rela-
tion, Figure 13 ‘being a graph of the operative movements
of the boring head and Figure 14 a graph of the operative
movements of the work.

Figure 15 is a central horizontal sectional view on the '

‘line 15—15 of Figure 2 of one of the boring bars and the

associated parts, the boring head and the work being dia-
grammatically shown in their relative positions prior to’

sthe. commencement of the boring operatjons.. It will be
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understood that the several borlng bars are of snmlar
construction. o
Figures 16 to 20 arc a series of diagrammatic views of
similar character in the same horizontal plane as Figure 15 |
which, like the dlagrammatlc showing “of Flgure 15, as- 5
sume the boring of tapers in the two wall§ in which the"
minimum diameters ‘are in mean relatlon and the maxi- "
mum diameters’ aré in extreme’ relation: These ﬁgures" )
show the relative positions of the ‘Goting head and the
work-in the different steps of operatron In’ these ﬁgures 10
the work 1§ shown in section taken i in the same plane in~
which it'is showrin Figure 15.° '
Figire 16 ‘shows “the ‘relative positions of the boring
head "and'the work when the ‘work has beer advanced o
a position-in“which the ofiter”or-anterior face of 5 an- 15
terior'wall is siibstantially rc01nc1dent ‘with"th f the
bormg ‘head- and-the opemng 'in ‘the anterior wallf'(the‘
opening being formed in the" moldmg operatlon) to be“
cut witha'taper-is présented to tHe cutters.” e
" Figure 17 “shows ‘the’ ‘Felative - posrtlons of the, borrynngo
head and-‘the: work' when ‘the work Hhas beén shifted fr rn",i )
the pos1tlon ‘shown'in Flgure 16to”a’ posmon N
the ‘inner or“anterior face’of the’ posterlor ‘wall’is’ sub- "
stantially “coincident ‘'with *the - ‘face  of ‘the - borlng head”
and: the' openmg ‘in‘the posterlor wall (the opemn .
formed: m "the moldmg oper 1on) is” presente to the,j““
cutters} : B ’
Flgure 18 shows the bonng head and the work when
the work  has been shifted from the posmon shown in *
Figure 16 to a posmon in which’ the: posterror or'outer 30
face of :the posterior wall is Tocated ‘at a‘suitable distance "
in advance of the leading’ or active edges of ‘the cufters
in preparation for ‘the movement of the" boring head ™
through an initial retractile step, thereby to pull all of ™
the cutters through the tapered - opemng whxch has ‘been “35
cut in the posterior wall. i
Flgure 19 shows:the work in the same position in which
it is shown in Figure 18 but with the boring head at the’
completion of its first stép of rétractile-movement, -
Frgure 20 shows the work as shifted from’ its position
shown 'in -Figure 19 back to -its ‘original position  which -
is shown in Figure'15." This movément of the work en-- -
ables the-boring head to be moved back toits orxgmal
position as shown in broken lines. e
Figtire -21-is'a’ diagram showing the concentric rota-
tion of the axial center of the sprndle which ‘cafries ‘the
bormg head about the ﬁxed axrs “of' rotatlon of the bor-
ing bar. :
Flgure 22 isa dlagram show1ng the relation of the cen-
tral axis of the spindle which carries the boring head, the “50
fixed central axis’ of totation-of ‘the boridg bar and the -
central axis of the boring head when the work and the -
boring head have ‘been brought rnto the relatlon shown in’’
Figureé 16. - K v
Figure 23 isa diagram showmg the manner in which the
central -axis of the:boring head-moves away from the -
fixed central axis-of rotation of the boring bar when the =
boring head-is-advanced in-the direction of the axis of’its ~
spindle in the course of the cutting operations. -
Figure-24 (Sheet 4) is a-horizontal section on the line
" 24—24 of -Figure-5, showing details -of the fluid" motor-’
for effecting the movements of the carrier for- the stric-
tural unit. ‘
Figure 25 is a horizontal sectional view showing details
of the manually operated valve for controlling the op- 65
eration -of the work clamping 1 means, the valve body bemg
shown in elevation. - o
Figure 26 is a vertical sectional view on the line 26—26
of Figure 25 showing the path of flow of the operatmg'
fluid to effect the clamping action. 70
Figure27 is'a vertical sectional view on the line 2727
of Figure 25 showing the valve body in the same posltlon o
and the path of return flow of the operating fluid. ’
Figure 28 is7a wiring diagram showing the solencids
for the operation ‘of ‘the valve bodies of the fiuid motors” 75
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4. .
illustrated in Figures 5 and 24 and the motor driven
coiitact ¢arriet which controls the énergization and de-
energization of the solenoids.

Figures 29 and 30 are complementary graphs as in-
dicated by the bracket showing the sequences of steps of
movement of the boring head and the work when the
tapers to be cut have their minimum diameters in extreme
relation and their maximum diameters in mean relation,. .
Figure 29 being a graph of the operative movements of,
the Boring head and Figure 30 a graph of the operative.
movements of the work.

Figures 31 to 37 are a series of diagrammatic views of
similar character showing the relative. movements. and
positions of the boring head and the work when the tapers
are to be cut with their minimum diameters in extreme
relation and their maximum diameters in mean relation.
The diagrams of these views are of the same general
character as the dlagrams of Figures 15 to 20, the.work.
being shown in section in the same plane in Wthh it is
shown in Figures 15 to 20.

Flgure 31 shows the bormg head and the.work in their.
relative positions prior to the commencement of the. bor-
ing operations and after their completion.,

Figure 32 shows the relatlve _positions, ;of the .boring.. .
head and the work when the work has been advanced to .
a pos1tron in which’ the .outer or anterior. face of the an-..
terior wall is substantlally corncrdent with the end face .
of the bormg head and the opening in the anterior. wall
is presented to the cutter,

Flgure 33 shows ‘the’ relatrve positions. of the boring
head and the Work at the completion: of the cutting.of the
taper in the opening in the anterior. wall.

Frgure 34 shows_ the relative posmons of the_ boring...
head and the work nnmedlately prior.to.the cutting of the.
taper h These positions may.be called ..

condltlomng posrtlons in that they.are.in. preparation ..

for the cutting. of the, taper in. the posterior.wall...
Figure 35 shows. the relative. positions. of the«boring .

head_and the, work when the..work. has been.shifted.to .

present the anterior face of the. posterlor wall to the. bor-
ing head

the bormg head when the taper | has been cut in the open-
ing in the posterior wall,

Figure 37 shows_the relative positions of the boring
head. and the work when the boring head has-been com--
pletely withdrawn from the.work and both the.boring
head, and the’ Wwork have been restored o their orlglnal

_ positions. .

Figure 38 is a schematic side elevation showing a ma-

. chine of modified constructlon in which the work unit is

immovable .and the’ boring bars ‘are mounted .on a mov-
ablecarrier.

Figiires 39 to. 43 are sectional views in the same hori-
zontal plane as Figures 15 and 16 through 20" and are
arranged ‘conjointly to’ constitute a graph (as indicated
by the bracket)’ showmg the rélative positions of the work

_ and the boring head in corréspondence’ to the’ posrtrons

shown individually in” Figures 16 to 20 respectively.
As an example of work selected for illustration ‘the

“drawings show a sectlon or unit U of a sectional boiler

of a well'known genelal type, the details here pertment'
being sufficiently shown in Figures 1,3, 5 and 15 through' )
20. Tii“the assembléd boiler units ‘of ‘the construction
shown in the” drawmgs atre mounted in supeiposed rela-,
tion andin each istance include & horizontal margmal
water chambér C (Frgure 5). The water chambers af "
adjoinifg units afe in open, communlcatlon with one
another at’ any désiréd number of pomts In the exam-
ple shown the commumcatlon s at three symmetucally
spaced points, )
commumcatlon each umt is formed wrth h0117ontal ex-

and aré rcularly curved

~best shown in Figures 15 through 20, one wall de51gnated

For 'the purpose of ‘establishing such
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A, being anterior and the other, designated P, being
posterior.  In the molding of the units openings O are
formed in the walls‘A and P and the machine of the in-
vention bores tapers in these openings. Tn. the assem-
‘bly of the units to form the boiler the tapering opénings
are in alinement to provide continuous vertical water
flow passages. ~The adjoining units are connected ‘and
their meeting faces sealed by thimbles of well ‘known
construction which is standard practice are fitted closely
in the tapering walls of adjoining extensions K and have
external ‘surfaces which conform in. taper to. the' tapers
of the openings of the adjoining extensions. Since these
thimbles are well known and form no part of the irven-
tion their illustration is deemed unnecessary.

In the example shown the openings O-of one series
are of substantially greater diameter than the openings of
the other two series. The openings of greater diameter
are provided in order that the water passage which they
delimit may serve also as a casing for a water heating
coil connected to. the hot water supply line.. As shown
in Figure 3 the unit is positioned for the drilling of ‘the
" tapers: with the extensions K in which the ‘openings of
greater diameter are formed centrally located at the top
and the extensions K in which the openings of less diam-
eter-are formed located at or near the lower side.

The ‘machine includes three boring- bars. (using the
term “bar” in the sense of an organization), one for
each pair of alining openings. The boring bars are of
structurally ‘similar character and include boring ‘heads

which have the same movements similarly and simul-

tancously performed. The illustration in detail of one
boring bar will therefore serve for all, the bar selected
for illustration in Figure 15 .being shown in. relation to
an extension K in which openings of less diameter are
formed.

Each boring bar ‘includes a driving. element for the
boring head. In the preferred embodiment (Figures 1
through 37) the driving element has a fixed mounting
and the work has a sequence of rectilinear movements
relatively to the driving element.- Within .its purview
the invention. comprehends relative. movements of the
work and the driving element by movements of the driv-
ing element relatively to the work as fixedly mounted
(Figure 38). In either case the boring head has move-
ments along an. inclined: path: relatively both to the driv-
ing clement and the work.

The frame of the machine (Figures 2, 4 and.5) includes
a horizontal base 1 which carries fixed front and rear
upright pedestals. 2 and 3 positioned in parallel trans:
verse planes.

The boring. bars are indicated generally at 4 and as
shown'in Figure 15 in. each instance have a driving ele-
ment 5 in the form’ of .a hollow shaft inclined along a
central axis W. The shaft 5 carries front and réar end
journals 6 and 7 respectively concentric. with a major
axis X which is-preferably horizontal and is-at all times
coincident with the common axis XO of the alining open-
ings O. The angle of the axes W and X determines the
maximum permissive degree of the taper.: The shaft 5
drives, and preferably encloses, a spindle 9 inclined along
the axis W and mounted for longitudinal sliding movement
relatively to -the shaft'§. The axes W and X mest or
intersect at a fixed point Z appropriately located behind
the rear end face of the spindle 9. At its rear end, i. e.;
its end beyond the point Z, the spindle carries in driving
relation a boring head 16 located beyond the rear journal
7 and in projecting relation to the shaft 5, the head 19,
having a central horizontal axis Y which, prior to the
boring operation, is coincident with the major axis € of
the journals 6 and 7.

The driving connection between the boring head 16
and the spindle 9 is of detachable nature, thereby to
enable the angular adjustment of the cutters carried by
the boring head relatively to the spindle 9 or the substi-

Jo

tution of a boring head of appropriate ‘diameter for the
particular openings, in which tapers are to be bored. The
inner end face of the boring head 10 is preferably in a
vertical plane, that is to say a plane normal to the axis
Y, and abuts the rear end face of the spindle 9. The
driving connection of the head 10 is in the well known
form of an extension i1 of annular cross section- and
reduced diameter, such extension being coaxial with the
head 10 and having the usual slight degree of taper. The
extension 11 fits comformably in a recess 12 open to the
rear end face of the spindle 9, the annular wall of the

. recess having a taper corresponding to the taper of the

‘15

20
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extension 11, The head 10 is maintained in driven re-
lation to the spindle 9 by a screw 13 fitted in a central
axially -extending opening in the head with its shank
projecting beyond the extension 11, the projecting portion
of the screw shank being engaged in a threaded recess 14
in ‘countersunk and coaxial ‘relation to. the-recess 12.
When the screw 13 is tightened the extension 11 is drawn
into_tight wedging contact’ with the wall of the recess
12. - When the screw 13 is backed off the boring head
mady be angularly adjusted relatively to the -spindle 9;
thereby 'to vary the extent of the radial movement of the
cutters relatively ‘to the axes X and XO consequent to
the movement .of the spindle 9 in the hole boring opera-
tion.. - It will be .noted that the axes W and Y lie in a
diametrical plane (which is assumed as the plane of the
section of Figure 15) and that the axis Y is shiftable in
this plane relatively to the axes X and XO as the spindle
9 is advanced in the hole boring operation. - If, prior
to the start of the operation, the cutters be positioned
with' their leading edges in this plane (as shown in the
drawings) the cutters will have the maximum extent of
radial movement relatively to the axes X and XO as
the spindle 9 is advanced. However if the cutters by
angular positional adjustment of the boring head 10 be
originally positioned with their leading edges in a dia-
metrical plane at an -angle to the plane which includes
the axes W and Y the extent of the radial movement of
the- cutters relatively to.the axes X and XO as the
spindle 9 is advanced will be decreased in proportion to
the increase of angularity of the intersecting planes with
the results (1) that a positional adjustment of the bor-
ing head 16 through an angle of 90° from the position
assumed  in the drawing will reduce the extent of the
radial movement of the cuiters relatively to the axes X
and XO' consequent to the advancing movement of the
spindle from the maximum extent assumed in the draw-
ings-to zero, and (2) an angular positional adjustment
of the boring head 16 beyond an-angle of 90° and up
to an angle of 180° will reverse the direction of the radial
movement of the cutters relatively to the axes X and XO
and -the extent of such reversed radial movement will
be progressively increased to a maximum at 180°.

The shaft 5 carries in fixed relation suitably spaced
internal sleeves 8 which serve with a minimum- of fric-
tional  contact for guiding the spindle 9 in its . slidable
movements.. The shafts 5 are mounted in the pedestals
2 and 3 by means of ball bearings 17, the inner bearing
rings being mounted fast on the journals 6 and 7. The
shafts 5 of the two lower boring bars are directly mounted
in bearing blocks 15 and 16 carried by the ‘respective
pedestals 2 and 3. Adjacent the pedestal 3 each shaft 5
is formed with an inwardly extending cylindrical face
18 concentric to the axis X. Each shaft 5 has an exten-
sion 19 beyond the journal 6 and conceniric to the axis. X
to which a driving pulley 29 is connected by screws 21,
the -puliey being "directly mounted upon an adapter
clamped between it and the end face of the extension 19.

The spindle 9 is driven from the shaft 5 by means of
a suitable key 23 mounted for longitudinal movement. in
either- direction relatively to the shaft 5, the key ac-
cording to its direction of longitudinal. movement effect-
ing the advancing or retractile. movements of the spindle,
The key 23 has a secure fit in a. diametrical opening 24
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formed in‘the spindle 9. To insure-this the key is made
in"two -parts 25 -and 26-having ‘cooperating wedge ‘faces.
These faces are formed ‘to -delimit an- opening for a
diametrically arranged screw 27, a part 28 of the opening
wholly ‘within ‘the 'key part 25 -being ‘threaded for co-
operation-with the screw. The function of the screw 27
is relatively to-expand the key parts into strong frictional
contact with the-wall of the-opening 24. - The end portions
of the key parts'25 and 26 project suitably beyond-the spin-
dle 9-and are located in longitudinal 'slots 29 -correspond-
ing in width to the diameter of the key and formed in
the shaft 5 between its -cylindrical faces, ‘thereby to
couple the ‘spindle’9 in-driven and'slidably mounted re-
lation to the shaft 5. The key 23 is accordingly movable
in -€ither’ direction, ‘lengthwise -of ‘the shaft, in the slots
29, its 'movement being ‘effected by “a‘collar 38 rotatable
with the’ shaft ‘5 and’ slidably mounted upon its face 18.
The ‘collar 30 is provided ‘with diametrically -opposite
operings 31 and 32, the opening 31-giving access to the
head of the screw 27 and the opening 32 accommodating
with a suitable ‘loose’ but driving fit that portion of the
key ‘part 25 which -projects ‘beyond the face 18.  The
movement -of ‘the collar 3¢ along the face 18 is trans-
mitted 'by ‘the key 23 ‘to the 'spindle 9.

The boring head 10 carries radially projecting cutters
arranged in ‘diametrically opposite relation and preferably
provided ‘in pairs, the cutters of & pair ‘being in longi-
tudinal alinement and being roughing and finishing cutters
respectively., The cutters of one pair form the taper in
the opening of ‘the-wall A and the cutters of the second
pair form the taper-in the -opening of the wall P. Ac-
cording to the angular positional adjustment of the boring
head ‘1§ relatively to the spindle 9 the opposite tapers
may be cut in €ither direction and in various degrees of
angilarity less than maximum,

Figures '15-‘through 20 assume that the tapers will be
cut with' their permissive ‘maximum angularity and with
their minimum diameters in mean relation. The cutters
are ‘arranged in “first” and “second” pairs, these terms
being used with reference to the sequence in which the
pairs of cutters operate. In Figures 15 through 20 the
first cutters 33 and 34 cut the taper of the hole in wall
A and ‘the 'second cutters 35 and 36 cut the taper of the
hole-in the wall P. The finishing cutter of each pair
follows -the Toughing <cutter and projects a few thou-
sandths of ‘an‘inch, e. g. .015, beyond it. In the example
assumed by Figures 15 through 20 the cutters 33 and
34 ‘have a'slightly greater projection from the periphery
of the head 18 than the cutters 35 and 36, i. e., of the
order'of .019 inch.  This greater degree of projection of
the cutters 33 and 34 is provided for the reason that
while they are cutting the taper of the hole in the wall
A the cutters ‘35 and 3¢ must move through the hole
without contact ‘with its wall.

In-the example shown in Figures 15 through 20, as the
boring head 18 is -advanced the cutters 33 and 34 ap-
proach-the major axis X and the cutters 35 and 36 move
away-fremit. Since the cutters 33 and 34 have a greater
degreé of projection from the bering head than the cutters
35-and 36 they are operative to cut the taper in the open-
ing ‘of the anterior wall. These figures assume that in
any position of -the boring head 14 consequent to the
movement of the spindle 9 along its axis W the pairs of
‘cutters are respectively at their permissible maximum and
minimum distances tadially ‘from ‘the axis X. By the
angular adjustment of the boring head in either direction
about its axis Y through an angie of 90° from the posi-
tion-assumed in Figures 15 through 20 the extent of the
radial ' movement of the cutters relatively to the axes X
and XO as the boring head is advanced may be progres-
sively ‘varied. In this'manner the angularity of the tapers
in‘the two walls may be predeterminately decreased from
the -permissive maximum -degree. ‘With reference to the
position of the ‘boring head shown in Figures 15-through
20 its-angular adjustment-through -an angle of 90° pro-
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gressively reduces:the extent .of radial movement -of the
cutters 33:and 34 relatively to the axes X and XO as.the
boring head:is-advanced, whereby the.angle:of the taper
of the opening in.the-wall A may be:progressively re-
duced from: maximum ‘to :zero at 90°. -When the.angular
adjustment :of the:boring head 10.about:its axis Y.is to
be continued. beyond 90° from the position-assumed .in
Figures 15 through 20 and up:to-180% the taper is cut in
the wall .A-by the cutters: 35 and 36 :and in the wall P
by the-cutters 33-and 34. In such instances the:cutters
35 and 36 are positioned to-project radially through an
appropriately greater:distance from the periphery of the
boring head than the cutters 33 and 34 and the directions
of the tapers are reversed from the directions:asspmed
in Figures 15 through 20. :

A separate electric. motor is -preferably provided for
each shaft 5. The motor 37 for the upper boring bar
(Figures. 1, 2 and 5 being. considered) -is mounted on a
bracket 38 secured by bolts.to the flat upper edge faces
of the pedestals 2 .and 3 and its shaft carries a pulley 39
connected by.a belt .or belts:40.to the pulley 20 of the
shaft 5 of the upper ‘boring bar. - The motors 41 for the
shafts- 5 of the two lower boring bars are mounted .on
laterally . projecting . brackets: 42,. each formed- with an
attachment plate-43:secured by .bolts. to the flat inclined
side edge faces .of the pedestal 2, the shafts of the motors
41 being similarly belt geared to. the respective -pulleys
29 of the shafts 5 of the two lower boring bars.

The work U is secured.in upright position beyond the
boring bars in a plane normal to the.axis X. The sup-
ports for the werk .unit.and the -boring bars.may .be re-
garded as companion elements having rectilinear relative
movements, one element being fixed and the other being
movablé. In the -preferred embodiment the unit U is
mounted upon a carrier 44 (Figures 1, 2, 3 and 5). which
consists of a base 45 and a frame 46 mounted upon it in
upright .relation in a transverse plane. The frame base
1 is provided along its sides with projecting flanges 47.
The carrier base 45 has depending side walls 48 to the
lower faces of which.securing strips 49 are attached,
these engaging under the flanges 47 and preventing any
upward or canting displacement of the carrier. The
frame base 1 is preferably formed in its upper face with
a longitudinal way 5@ having sides which flare upward
and the carrier base 45 is fashioned with projections 51
on its under face which are inclined conformably to and
bear against the sides of the way 5¢. The frame 46 con-
forms in -general outline ‘to the work and has an upward
extension 52 to accommodate work clamping means.
This preferably includes a vertically movable cylinder 53
hydraulically operated in relation to a fixed piston 54
provided at the lower end of a stem 55. The piston car-
rying stem 35 projects through the upper head of the
cylinder, is pendent from the bow or cross piece at the
upper end of the extension 52, and has passages for the
flow of the operating fluid into and from the spaces at
cach side of the piston.. The cylinder 53 is formed with
vertical diametrically opposed external flanges 56 which
bear against ‘the vertical side pieces of the extension 52
and carry ‘work engaging clements 57.- These are shown
in detail in Figure 7 and are secured by screws 58 to the
lower -ends of the flanges 56. The elements 57 have
their inner faces formed ‘with recesses 59 which accom-
modate -and center the work unit extension K. Other
work engaging elements 6@ are arranged on the carrier
base 45 and are secured by screws 61 to. the side bars
of the frame 46. The elements 6§ engage the two lower
extensions K of ‘the work unit U and have their-inner
faces formed with recesses 62 which similarly accom-
modate and center these extensions. It will be apparent
that when the cylinder 53 is moved to its lower position
and held in such position under the pressure of the oper-
ating fluid the elements 57 and 69 will engage the an-
nular walls of the extensions K and will cooperate in
securely holding the. work unit within the framie of the
carrier ‘in- a'position “inwhich -its “‘openings O are, and
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at afl times remain, concentric with extensions of the axes
X. The flow-of the operating fluid to and from the cyl-
inder 53 is controlled by a manually operated valve 63
(Figure 2). ‘

The carrier 44 is moved rectilinearly in either direction
and through steps of appropriate length by a fluid motor
64 (Figures 5 and 6) having a fixed piston 65 mounted
on a stem 66 and a movable cylinder 67,. The stem 66
is secured to.a lug 68 mounted on ‘the frame base 1 and
the cylinder 67 carries a centrally located axially pro-
jecting post 69 tapped into an opening in the inner edge
face of the carrier base 45. The piston carrying stem 66
is similar in construction to the stem of the work clamping
means 55. The cylinder 67 is preferably slidably
mounted in an opening in the pedestal 3, specifically in a
block 70 provided on the frame base and located within
an opening 71 formed in the pedestal 3 to reduce weight.
The slidable movements of the spindles 9 are effected by
a vertical spider 72 mounted in a transverse plane (Fig-
ures 4 and 5). - In the example shown the spider 72 is of
generally inverted Y shape and is formed with three arms
73, each serving for the operation of one of the spindles.
The spider 72 is prevented from turning about a hori-

10 ‘
Figure 17.  In this step, while the boring héad fémiins
stationary in position G, the wotk is advanced in the same
direction as before to position D in which the anterior
face of the posterior wall P is in .a plane substanially
coincident with the vertical plane of the leading or active
edge of the cutter 35 and the wall of the posterior open-
ing O is operatively presented to the cutters:35 and 36.

' With the work remaining in position D the boring head
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zontal axis by a guide rod 74 extending between the ped- .

estals 2 and 3 and passing through an opening in the upper
arm 73 of the spider. The spider 72 directly effects the
movements of the collars 30. For this purpose each col-
lar 30 is formed with a circumscribing annular flange 75
in a plane normal to the axis X and each arm 73 carries
at its outer end a pair of antifriction rollers 76 tracking
upon opposite side faces of the flange of the correspond-
ing collar. - The spider 72 is operated by a fluid motor
77 which has a fixed piston 78 and a movable cylinder 79.
The pedestal 2 carries a horizontally projecting bracket
80 and the stem 81 of the piston 78, which is similar in
construction to the stem 66, is fixed to, and projects hori-
zontally from the end wall of the bracket 88, The spider
72 has a central opening in which the cylinder 79 fits;
the spider being clamped in position between an annular
flange 82 on the cylinder and a collar 83 threaded upon
thé end of the cylinder. The pedestal 3 serves as a sup-
port and guide for the cylinder 79 and is formed with an
opening 84 within which the cylinder 79 has its sliding
movement. The bracket 80 is conveniently in cylindri-
cal form, is attached by a screw 85 to the pedestal 2, and
has an opening 86 which gives access to the nut 87 by
which the piston stem 81 is secured.

In the preferred embodiment shown the work U has
four vertical planar positions ‘indicated respectively in
Figures 15, 16, 17 and 18 and also respectively in Figures
43, 39, 40 and 41 as B, C, D and E and the boring head
has four positions indicated respectively in Figures 15, 17,
18 and 19 as F, G, H and I and also respectively in Fig-
ures 43, 40, 41 and 42. :

Figure 15 shows the work and the boring head in rela-
tively inactive positions. In this figure the work unit U
is in position B and is suitably spaced back of the boring
head 10 which is in position F.

The first step in the operation of the machine is shown
in Figures 16 and 39.- In this step, while the boring head
remains stationary in position F, the work is advanced
from position B (Figure 15) to position C in which the
anterior face of the anterior wall A is in a plane" substan-
tially coincident withthe vertical plane of the leading or
active edge of the cutter 33 and the wall of the anterior
opening O is operatively presented to the cutters 33 and 34.
With the work remaining in position C the boring head
is advanced in a direction opposite to that of the advanc<
ing movement of the work to position G (indicated .in
broken lines) whereby the cutters 33 and 34 are fed
through the anterior opening O and cut the required taper
of its wall. The tapering cut of the anterior opening O
is sufficiently shown in Figure 17 by resort to the expedient
of dot and dash extension lines,

The second step of movement of the work is shown in
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is'advanced in a direction opposite to that of the advanc-
ing movement of the work to position H (indicated in
broken lines) “whereby the cutters 35 and 36 are fed
through the posterior opening O and cut the required taper
of its wall. . The tapering cut of the posterior opening O
is shown in Figure 17 by resort to the expedient of dot
and dash extension lines.

After the tapers have been cut in the anterior and pos-
terior openings as above described, the work is moved to
positions which enable the return of the boring head 10
to its initial or inactive position shown in Figure 15.
These movements of the work and of the boring head are
shown in the order of their succession in Figures 18, 19
and 20 (in which the final position of the boring head
is shown in broken lines). ‘

With the boring head remaining in'its position H as
shown in Figures 18 and 41 the work is then advanced
in the same direction as before through its third step of
movement. (shown in broken lines in Figure 41) to posi-
tion E shown in-full lines in Figures 19 and 42. This
position of the work permits the boring head to be moved
in the direction opposite to that of its préevious move-
ments, i. e., retractile direction through a first step in its
withdrawal-from the work. -This step. is shown in: Fig-
ures.19 and 42 and involves. the movement of :the boring
head to position I while the work remains in position E.
The advance of the work to position E insures that the
cutters may be withdrawn from the posterior opening O
without contact with its wall. - In position I of the boring
head the cutters 36 and 34 have been completely with-
drawn from the posterior opening O while the cutters
35 and 33 remain in such opening but without contact
with its wall.

With the boring head remaining in position I the next
step in its withdrawal from the work is.the retractile
movement of the work (as shown in broken lines in Fig-
ure 42) from position E back to its initial ‘position B.
These relative positions of the work unit and the boring
head are shown in Figures 20 and 43. At this stage the
cutters 35 and 33 are located behind the anterior wall
A of the work and the cutters 36 and 34 are located within
the anterior opening O but without contact with its wall.

After the work has been returned to its initial position
B and while it remains in such position the boring head
is moved through the second and final step in'its with-
drawal. In this step the boring head is moved from posi-
tion I back to its initial or inactive position F (indicated
in broken lines in Figures 20 and 43), the cutters 35 and
33 being withdrawn from the anterior opening O without
contact with its wall. The work and the boring head at
such time are in the relative positions shown in Figure 15.
At this stage the work is removed from the carrier 44
and a new unit U having holes in which tapers are to
be cut is mounted in the carrier, such a new unit being
assumed in Figure 15, The cycle of operations is there-
upon repeated.

As will appear-from the foregoing description in the
operation of the machine the boring head and the work
unit each have a cycle of 'step-by-step movements, these
being coordinated and. constituting a series of operative
steps in each of which the boring head and the work
unit are in cooperative relation.

By way of recapitulation these steps are graphically
illustrated in Figures 13 and 14 which are to be read to-
gether, Figure 13 illustrating the cycle of movements of
the boring head and Figure 14 illustrating the cycle of
movements.of the work unit, .
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“Figures <13 and 14 .are to be considered in relation to
the:previous:description of the:several steps-as.basedupon
the disclosures -of Figures 15.through 20:and-Figures 39
through 43: “With the boring head in'position:F and the
work. unit :in which tapers .are to -be cut in.-position
B (Figure 15) the first step S1 ‘as shown by the graph
of Figure 14 is the: movement of: the -work -unit -from
position B to position C «(Figures :16:and 39). With the
work unit in position- € the second step S2 as-shown by
the graph-of Figure ‘13 is the cutter feeding :movement of
the boring head from position'F to:pesition G (Figures 16
and39 and-17 and 40) in'which the cutters 33 and 34 form
the:taper of the-wall of the anterior-opening O.. With the
boring head'in: position‘G-the third step S3 as shown by the
graph of Figure 14 is the movement of -the-work unit
form position: C to- position P -(Figures 17 and 40). With
the work unit ‘in position-D-the fourth step 5S4 as shown
by the-graph-of Figure 134s the cutter feeding movement
of the boring head from position G-to position H (broken
lines-Figure 17) in which the cutters 35 and 36 form -the
taper -of -the ‘wall of the-posterior opening O. ‘With the
boring-head in position “H the-fifth  step-S5 as shown by
the graph of Figure 14 is the movement of the work unit
from position D to position ‘E (Figures 18 and 41).
With 'the work. unit in position E the sixth step S6 as
shown by the ‘graph ‘of Figure 13 is the retractile move-
ment of the boring head from position H to position I
(Figures 19 and 42). ‘With the boring head in position I
the seventh step S7 as shown by the graph of Figure 14
is the movement of the work unit from position E to
position B (Figures 20 and 43). With the work unit in
position ‘B the eighth step S8 as shown by the graph of
Figure 13 is the movement of the boring head from posi-
tion I'to position F (Figure 15 and broken lines of Fig-
ures 20 and 43). At this- stage the work unit in which
tapers have been cut is removed and, a work unit in which
tapers are to be cut is positioned and secured upon the
carrier 44,

In respéct to the foregoing description of the operative
steps “of ‘movement of the parts-it will be seen that the
axis W of the shaft.5 and spindle 9 rotates about the
major axis X of the -journals6 and 7 (Figure 21) and as
the spmdle 9 is advanced in the operation of the machine
the - axis ‘W generates opposed cones which have their
apices ‘at the point Z. ~ With the boring head and the
work unit-in their-inactive positions as shown in Figure 15
the horizontal -axis 'Y~ of the ‘boring head is-alined or co-
incident with the axis X-of the journals-6 and ‘7 (Figure
22). When the boring head is moved through the steps
$2-and -84 (Figures ‘16 -and 18) its axis Y -moves away
from the -axis X but- is maintained -in parallel relation
to'it. ~This will be-apparent from-a- companson ‘of - Fig-
ures 22:and 23.
~«From the foregoing -description - it will -be - apparent

that ‘the taper in the anterior: wall-is-formed by the pair *

of cutters -which ‘have the greater -degree of projection
from ‘the -periphery-of the boring head; that when -the
taperis ‘to-be cut with its- maximum diameters in ex-
treme relation and -its minimum-‘diameters -in- mean rela-
tion, the-cutting -of the taper-is-produced -by the cutters
which: move -radially toward-the-axis X; and that when
the taper - is to ‘be -cut -with its minimum -diameters in
extreme: relatien .and - its- maximom ‘diameters - in--mean
relation the cutting of the taper is produced by the cutters
which move away from the-axis X.

iReferring  in-detail to the -cutting -of the -taper ~with
its-maximum- diameters in-extreme- relation and-its mini-
mum :diameiers:in-mean relation-as shown-in-Figures 15
thiough 20 and 39: threugh 43:

In the movement of the-boring head' through ths-step
§2-the taper-is cutiin the ‘wall-of the interior opening O
by the-cutters 33 and 34 with-its maximum and minimum
diameters respectively.at the -outer and- inner- faces-of the
anterior: wall “A. - Thisis for the-reason-that -while the
axis.Y of the borinng head is:being moved away from-the
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qaxis X the eutters 33..and 34 are being progressively
moved radially .nearer to the axis X, thereby -cutting
spirals of .progressively. diminishing -diameters and.pro-
ducing the tapering cut which is best illustrated by the
extension-lines of Figure 17. When the boring head is
moved through the step S4. (Figure 17) its axis Y. con-
tinues, in parallel relation, to move away from the .axis
. In the movement of the boring head through the
step 54 the taper is cut in the wall of the posterior open-
ing O by the cutters 35 and 36, this taper having its
mingimum and ‘maximum diameters. respectively at the
inner and outer faces of the posterior wall P. = This .is
for the reason that during the movement of the boring
head through the step S4 the cutters 35 and 36 at the
same time are being progressively moved radially further
from the axis X, thereby cutting spirals of progressively
increasing diameters and producing the tapering cut which
is best illustrated by the extension lines. of Figure 18.

The piston stems-55, 66: and 81 are of similar construc:
tion, 'the .details being shown dn Figure 24, a sectional
view of the motor:64. . The:piston stem consists .of an
inner tubular.part 88 and.an enclosing.outer- tubular -part
89, -these ;parts being: connected - to the piston:65.and to
the supporting Iug 68. - The part 88 has an.axial . passage
9§ which . extends between its. ends.and is .open-to the
cylinder space at the front of the piston, i. e. the. cylinder
space "at the right .of ‘the piston, Figure 24 being.con-
sidered. - The part 88 .has end portions 91 .of :greater
diameter than its -body -pertion, :these . being -fitted in
sealed relation in the part 89. The reduction in diameter
of the body portion of the part-88 provides.a channel 92
of . annular cross: section.

The liquid flow paths are the same for the.several piston
stems. The passages 90 of the piston .stems.66.and.81
are. connected in. each instance externally. of the cylinder
to a liquid-flow tube 23. The passage 90 of the .piston
stem 55 -is similarly. connected :to.a-corresponding . liquid
flow tube 93’. - The operating.liquid:flows in.either direc-
tion through the passages 90 and the.connected : liquid
flow:tubes, the flow of the liquid into. the cylinder space
at either side of the piston effecting the corresponding
movement of the cylinder and the: flow of the.liquid-from
that space enabling the movement of the cylinder.in the
opposite direction. " The. channels 92 of the piston-stems
69 and 81 .are connected. in. each .instance.externally .of
the cylinder to a liquid flow-tube 94. The:channel 92 of
the piston stem 55 is similarly-connected: to -a.correspond-
ing liquid-flow. tube 94’. : The .channel:92 communicates
with the cylinder space behind the :piston-through -an
opening 95 formed in the part 89 .adjacent the .piston.
The operating liquid: flows in either. direction : through
the channels 92 and the connected liquid: flow. tubes into
the cylinder space at either side -of.the piston effecting
a corresponding movement of the cylinder.and the flow
of the liquid -from that space enabling. the. mevemenf
of the cylinder in the opposue direction.

The flow of the liquid is effected by.a.pump-of any
suitable construction, illustration  of avhich .is- deemed
unnecessary. The. control .of -the dflow :of. the. liquid is
effected by valves, severally provided in operative relation
to the liquid flow tubes -connected to each-piston .stem.

‘The manual valve 63, as above pointed out,.controls the

flow: of the liquid in relation to the .piston.stem 55. :The
flow of ‘the:liquid .in relation to :the :piston-stems 66 and
81.is:controlled by -automatically. operated valves 96 and
964 respectively. - Figure 11 shows ‘the.valve 96, the valve
96a being -similar-in -construction and- operation.
- The:valve 96 includes a-valve casing:97 and an enclosed
valve ‘body 98.. The casing 97 and valve body 98 are
preferably -of cylindrical -form, the-valve body having a
close fit within-the chamber of the-casing 97: and- being
slidable between-its end walls.

The valve casing-is provided:adjacent its respective ends
with liquid inlet nipples 29 and 100:and.-between these

-with -a- liquid- return-nipple-101. . - The liquid-supply-line
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(not shown) from. the pump is ¢onnected to liguid flow
pipes - (Figure 5) '102-and 163 and the liquid return line
(not shown). to-the pump’is connected to-a.liguid return
pipe 104. - The nipples 9% of .the valves 96 and 964 com-
municate with a supply. branch 185 :(Figure 6) and the
nipples 168 similarly. communicate with a supply branch
186." The liquid flow pipes 162 and 103 are.connected
respectivély to the branches ‘185 ‘and: 106. ~ The nipples
101 of the'valves.96 and 96a are connected by-a branch
197 to which the return pipe 164 is ‘connected. - Each
valve casing 97 is also provided with ‘nipples 168 and
169 in angular relation to the nipples 99, 160, 101. The
liguid flow tubes 93 and 94 ‘are connected to-the nipples
188 and 109 respectively. : The valve body 98 is formed
with. ‘circumferential channels 130 and 111. s The valve
casing: 97 is formed with a longitudinal passage 112 at
all times in open cominunication ‘at &n intermediate point
with the return nipple-101, the passage 112 havmg ter-
minal branches 113 and 114 which are open to the inner
face of the valve casing chamber.. The valve casing 97
is also formed with longitudinal passages 115 and 116
which respectively areat-all” times  in -communication
with the nipples 168 and. 109.- The passage :1%5 has ter:
minal branches 117 and:118 and the passage 116.-has
similar terminal branches 119 and 120, the several ter-
minal-branches-being-open: to the inner face of the valve
casing.chamber.

The valve body. 98 has. operauve left and right. posi-

tions, Figure .11 being considered. - The corresponding
motor. 64 is shown in:Figure 24. In its position at the
right, as indicated by-broken lines in Figure 11, the chan-
riel 116 registers with the nipple- 169: and 'the branch
117, and"the channel 111 simultaneously: registers with
the ‘branches 114 :and 119, the valve body closing the
branches . 113,:118 and the nipple 199 and the ‘branch
126. - In this -position -of -the -valve body- the flow of
liquid is through -the-nipple- 189, the channel 110, the
branch 117, the nipple 198 and. the pipe 83 and the axial
passage 99 of the piston stem 66-to the cylinder space in
front: .of . the  piston: §5 -whereby. pressure is applied
to the right end head of:the cylinder ‘67 to move it to the
right, Figures 5-‘and 24 ‘being-considered. ' ~At the same
time, the movement- of the:cylinder.67 to the right there-
by being made possible, liquid- flows from .the cylinder
space behind the piston 65 through- the opening 95, the
channel 92; the tube 94, the nipple 199, the branch 119,
the channel 113, the branch 114, the passage 112, the
nipple 101 and the return tube 104 to the liquid return
line which leads to the low pressure side of the pump.
In the position of the valve body 98 at the left as shown
in full lines the channel 111 registers with the nipple 99
and the branch 120 and the channel 119 simultaneously
register with the branches 113 and 118, the valve body
closing the branches 114 and 119, the nipple 199 and
the branch 117, . In this position of the valve body. the
flow of liquid is through .the nipple 99, the channel 111,
the branch 128, the nipple 189, the tube 94, the channel
92 and the opening 95 to the cylinder space behind: the
piston €5 wheréby préssure is applied to the left end head
of ‘the cylinder 67 to move it to the left. At the same
time, the movement of the cylinder 67 to the left there-
by being made possible, liquid flows: from -the cylinder
space in front of the piston 65 through the passage 98,
the tube 93, the nipple 108, the branch 115, the chan-
nel 110, the branch 113, the passage 112, the nipple 101
and the return tube 184 to the liquid return-line which
leads to the low pressure side of the pump.

The liquid flow circuits of the valve 964 and the as-
sociated motor 77 are similar-to those of the vaive 96 and
the associated motor 64,

In the case of the motor 77 the movements of the cyl-
inder 79 to effect ‘the operations of the boring heads
are to the right,” Figure 5 being considered, and the op-
erating fluid for such movements is delivered through the
flow tube 93 ‘and the passage 8§ to the cylinder space in
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frontiof the piston 78. -1t is pieferable that provisicii
be made for regulating the rate of flow of the operating
fluid and. the flow tube 93 therefore is provided with a
shunt 121 (Figure 6).in which is fitted a manually ad-
justable regulating valve 122, The tube 93 carries a check
valve 123 between the points of connection of ‘the shunt
121 which: permits the free retrograde flow of the operat-
ing fluid: through the tube 93 but compels the flow of the
operating fluid through the shunt 121 in connection with
its delivery to the cylinder spacein front of the piston 78.
The valve bedy 98, in addition to the extreme or left
aid Tight operative positions which establish the liquid
flow circuits above described, has an intermediate or neu-
tral- position” sufficiently  indicated 'in- Figure- 11 by the
showing of the channels 110 and 111 in broken :lines
coincident with transverse ‘planes N. ' In this position
the-valve body cuts off the communication with the chan-
nels 116 and: 111 of the nipples 99, 100, 168 and 169 and
the branches 113, 114, 117, 118, 119 and 120 and thereby
functions as a barrier, rendering the liguid flow circuits
inoperative and causing the parts controlled by the particu-
lar fluid motor 96 or.96a as the case may. be, namely the
work unit U and the boring heads 19, to remain in the
positions -to which they were moved in consequence of
the immediately. preceding operative movement of the
valve body. -The duration of the valve body. in either of
its operative positions determines the extent of movement
of the controlied parts; i. e, the work unit and the boring
heads, and its duration in the neutral position. determines
the ‘periods of rest of -the controlled parts. Accordingly
each valve-body 98 is under the control of-a suitable gov-
erning mechanism to. be later.described: . Thereby. the
periods of movements and rest of the controlled parts are
coordinated, all as above described and sufficiently shown

“in-the complementary graphs of Figures 13 and 14.

‘The ‘manually operated valve 63 for.controlling the
flowof - the operating liguid with respect to the work
clamping means, that is to.say through the liquid fiow
tubes 93" and 94’, may be of any suitable construction, the
details of one such construction being shown in Figures‘
25, 26 and 27.. As shown in these ﬁgures the valve 63
is of the turning plug type and comprises a casing 124
and an enclosed Totatably mounted valve body 125, one
of the mounting trunnions of which carries an operating
handle 126. The casing 124 is formed with upper and
lower nipples 127 and 128 preferably located in the cen-
tral transverse plane and connected to the respective flow
tubes 93’ and 94’. ‘At its opposite side the casing 124 is
formed with nipples 129 and 13§ preferably located at
opposite sides of ‘the central transverse plane. ~ A liquid
supply tube 131 leading from the high pressure side of
the ‘pump is connected -to the nipple 129 and ‘a liquid
return . tube 132 leading ‘to'‘the low pressure side of the
pump'is connected to the nipple 139. The valve body 125
is formed with a passage 133 which is preferably located

~- in a central longitudinal plane and at-one end, according

60

to the position of the valve: body, directly communicates
with eitlier: of the ‘nipples 127 or 128, its opposite end
communicating at a central -point with a peripheral re-
cess 134 'which also constitutes a liquid flow passage and
is-at-all times in communication with the nipple 129 to
which the supply tube 131 is connected. Since the nip-
ples: 127 and 128 are in a central transverse plane of the
vaive casing 124 and the:nipple 129 is at one.side of such
plane the passage 133 is lateraliy. inclined as shown in
Figure 25. For return flow purposes the valve body 125

- is also formed with passages 138, 136 and 137, these be-

5

ing radially directed and in'mutual communication -at a
point- along the central axis of the valve body.  In one
operative position of the valve body as shown in Figure
27 the passage 135 (which extends to the periphery of the
valve body) communicates with the nipple 128 and the
passage 136 is in a neutral position as shown in broken
lines at' 136a in Figure 26. In the second operative posi-
tion of ‘the  valve ‘body the passage 136 (which also ‘ex-
tends to the-periphery of the valve body) communicates
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with-the nipple 127 and the passage 135 is in a neutral
position as shown:in broken lines at 1354. The passage
137 communicates at a céntral point with a peripheral
recess 138 which also constitutes a liquid flow passage
and-is at all times in communication with the nipple 130
to which the return tube 132 is connected. Since the
nipple 138 is at one side of the transverse plane in which
the nipples 127 and 128 are located the passages 135, 136
and 137 are in a common plane laterally inclined as
shown in Figure 25 in a direction opposite to the inclina-
tion of the passage 133.

In Figure 3 it is assumed that the valve body is posi-
tioned for the delivery of the operating fluid to the cylin-
der space below the piston 54, this position being shown
in Figures 26 and 27. With the valve body so positioned
the operating liquid flows from the pipe 131 through
the recess 134, the passage 133, nipple 127, tube 93" and
passage 90 into the cylindér space below the piston 54,
thereby to move the cylinder downward and effect the
clamping action. This downward movement of the cyl-
inder is permitted by the escape of the operating liquid
from the cylinder space above the piston 54, the return
flow of the liquid being through the opening 95, the
channel 92, the tube 94, the nipple 128, the passages
135 and 137, the recess 138, the nipple 139 and the re-
turn tube 132 to the low pressure side of the pump.

Any suitable means may be provided for limiting the
movement of the handle 126 into either of the positions
required by the vlave body 125. The positions of the
valve handle 126 shown respectively in full lines and in
broken lines 1264, Figures 2, 26 and 27 may be called
“clockwise” and “counterclockwise.”

When the cylinder 53 is to be moved to diseangage the
clamping elements and permit the removal of the work
piece from its carrier the handle 126 is moved to its
counterclockwise position. - Thereupon the passage 133
is brought into' communication with the nipple 128, the
passage 136 is brought into.communication with the nipple
127 and the passage 135 is brought into its neutral posi-
tion 1354.

With the valve body so positioned the operating liquid
flows from the pipe 131 through the recess 134, the pas-
sage 133, nipple 128, tube 94’, channel 92 and opening
95 into the cylinder space above the piston 54, thereby
to move the cylinder upward with the resultant release
of the work unit. This upward movement of the cylinder
is permitted by the escape of the operating liquid from
the cylinder space below the piston, the return flow of
the liquid being through the passage $6, tube 93’, nipple
127, passages 136 and 137, passage 138, nipple 136 and
return tube 132 to the low pressure side of the pump.
When the elements 57 have been sufficiently disengaged
consequent to the movement of the handle 126 to its

counterclockwise position- the work unit U is removed

from its carrier 44,

The movements- of the valve bodles 98 of the valves
96-and 96a are preferably effected by double acting sole-
noids ‘139 and 139a respectively (Figures 6 and 28).
Since such solenoids are of well known construction illus-
tration of their details is: not: required. It will be suffi-
cient to point out that eacli-includes opposed windings
142 and 143 and any usual means for normally holding
their armatures 140 in a- central position which is also
a neutral’ position. The armature stems 141 extend
through openings in the adjacent heads of the corre-
sponding valve casings 97 and are connected to the valve
bodies. ) )

When the boring heads and the work unit are in the
relative positions shown in Figure 15 the armatures of
both solenoids -are in neutral position, these positions
being assumed in Figures 6 and 28. In these positions
the armatures hold the valve bodies 98 in their neutral
positions. The windings 142 and 143 are used to- effect
the. movement -of the: valve bodies 98 from their neutral
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positions to their extreme positions at the left and right
respectively (Figure 11 being considered).
The energlzatlon of the windings 142 and 143 of the
two solenoids is controlled by a cyclically movable gov-

. erning element which is preferably in the form of a rotat-

able .contact carrying disc 144 (Figures 6, 12 and 28)
mounted detachably but in driven relation on the shaft
of an electric motor 145, one complete revolution of the
element 144 corresponding to a complete cycle of opera-
tion of the machine as indicated by the complementary
graphs of Figures 13 and 14.

The contact carrying disc 144 is composed of suitable
insulating material and is shown in sufficient detajl in
Figure 12. On one of its flat faces it is provided with
contacts for carrying out the steps S1 to S8 illustrated
in the graphs of Figures 13 and 14. The contacts are
of arcuate form.and are indicated. in their relation to
the several steps by the index letter g, hence being desig-
nated as-Sia, S2a, S3a, S4a, S5a, S6a, S7a, and S8a. The
movable contacts Sia through S84 are severally in coop-
eration wrth stationary contacts 146, 147, 148 and 149
located at different distances radially from the center
of the disc 144 and preferably arranged in a radial line.
The contacts Sia, S3a and S5a engage the stationary con-

' tact 146. The contact S7a engages the stationary con-

tact 147. The contacts S2¢ and S4« engage the stationary
contact 148, and the contacts S6a and S8a engage the
stationary contact 149: - Hence the cortacts Sla through
S8a are variously arranged along concentric circles which
correspend severally-in radial location to- the radial lo-
cauon of the cooperating stationary contacts.

The graph of Figure 14 shows the movements of the
work unit, these movements being the steps S1, 'S3, S5
and S7. The advancing movements of the work unit are
effected by the engagement of the movable contacts Sla,
S3a, S5a with the stationary contact 146 and the retrac-
tile movement of the work unit is effected by the engage-
ment of the movable contact S7a with the stationary con-
tact' 147. The annular extent of each of the contacts Sla,
S3a, S5¢ and S7a determines the period of their engage-
ment with the companion stationary contact and hence dic-
tates the duration of the valve body in the corresponding
position and thereby determines the extent of movement
of the work unit., When each of the several contacts Slq,
S3a, 88a and S7a has passed beyond, i. e. disengaged,
the stationary- contact with which it cooperates the sole-
noid armature is returned by the solenoid mechanism
to'its neutral position and the work unit remains in the
position to which it has been moved for a period dictated
by the spacing between the adjacent contacts of the an-
nular series Sla, S3a, $35g and S7a. In detail: The
contact-Sia effects the movement of the work unit from
the position ‘of Figure 15 to the position of Figures 16
and’ 39 (step 81),-the vaive body 98 of the valve 96

“being moved. to its operative position at the left, Figure

11 being'considered, and when the contact Sla passes
beyond' the corresponding stationary contact 146 the
armature of the solenoid 139 is shifted back to its neutral
position, thereby moving the. valve body 98 of the valve
26 back to its neutral position. The work unit remains
in-its .position shown in Figures 16 and 39 for a period
corresponding. to the spacing of the contacts S1a and S3a
and during this period the boring heads- 19 are moved
through the step S2 (Figure 13).. Upon the completion
of step S2 of the boring heads the movable contact S3a
engages the stationary contact 146 with the result of the
work unit being similarly moved through step 83 (Fig-
ure 14) to the position shown in Figure 17. When the
contact S3a passes beyond the contact 146 the armature
of the solenoid 139 is again shifted back to its neutral
position, thereby moving the valve body 28 of the valve
26 -to’ its neutral position with the result that the work
unit remains in its position shown in Figures 17 and 40
for a period corresponding to the spacing of the contacts
S3a and S5a and during this period the boring heads 10
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are moved through step S4. Upon the completion of the
step 54 of the boring heads the movable contact S5a en-
gages the stationary contact 146 with the result of the
work unit being similarly moved through the step' S5 to
the position shown in Figures 18 and 41, When the
contact S5z passes beyond the contact 146 the armature
of the solenoid 139 is again shifted back to its neutral
position, thereby moving the valve body 98 of the valve
96 to its neutral position with the result that the work
unit remains in its position shown in Figures 18 and 41
for a period corresponding to the spacing of the con-
tacts S5 and S7a¢ and during this period the .boring
heads 18 are moved through the step S6, their initial
retractile .step which is from their positions shown . in
Figures 18 and 41 to their positions shown in Figures
19 and 42. Upon the completion of the step S6 of the
boring heads the movable contact S7a engages the sta-
tionary contact 147, the valve body 98 of the valve 9§
being then moved to its operative position at the right
with the result that the work is moved through its re-
tractile step to the position shown in Figure 20. There-
upon the boring heads are moved through the step S8,
their final. retractile step, to their positions shown in
broken lines in Figure 20. The contact 146 is con-
nected by a wire 150 (Figure 28) to the winding 142
of the solenoid 139 and the contact 147 is connected by
a wire 151 to the winding 143 of the solenoid 139. The
energization of the winding 142 of the solenoid 139 effects
the advancing movements of the work unit, that is to say
movements to- the left through the steps S1,-§3 and S5,
Figure 5 being considered, and the energization of the
winding 143 of the solenoid 139 effects the retractile
movement of the work unit, a movement to the right
through- the step 7, all as above described. The: ad-

vancing movements of the boring heads are to the right, ¢

Figure 3 being considered, and are effected by- the en-
gagement of the movable contacts S22 and S4a with the
stationary contact 148 and- the retractile movements of
the boring head are to the left and are effected by the
engagement- of the movable contacts S6¢ and S84 with
the stationary contact 149. The. energization .of the
winding 143 of the solenoid 1394 effects the movement
cf the valve body 98 of the valve 96z to the left (Fig-
ure 11 being considered) with resultant advancing move-
ments of the boring heads, that is to say movemeénts to
the right and the energization of the winding 142 of
the solenoid 1394 effects the movements of the valve
"body 98 of the valve 96a to the left with resultant retrac-
tile movements of the boring heads. The contact 148
is connected to the winding 143 of the solenoid 139a
by « wire 152 and the contact 149 is connected to the
winding 142 of the solencid 13%2 by a wire 153.  When
the several contacts S2a, $4a, S6s and S8a pass beyond
their corresponding stationary contacts .the mechanism
of the solencid 139a returns the armature to the neutral
position with resultant movement of the valve body 98
of the valve 964 to its neutral position, the boring heads
thereupon remaining in. the positions to which they were
previously moved. ‘

The .contact carrying disc 144 is provided with a pe-
ripheral contact 184. A current supply line 155 is con-
nected at a neutral point to all of the windings of both
solenoids. A current return line 156 has a constant brush
contact with the peripheral contact 154 of the carrier 144.
The movable contacts Sla through S8a are also con-
nected-to the peripheral contact 154 of the carrier.144.
The circuits for the .energization of .the .solenoids may
be traced as follows with reference to .Figure 28: When
any of the movable contacts S1a, S3a and S5a are in en-
gagement with the companion stationary contact 146 the
flow of current is from the supply line. 155 through the
winding 142 of the solenoid 139, the wire 150, the con-
tact 146, the movable contact engaged with the contact
146; the peripheral contact 154 and the return line 156.
When the movable contact S7a is engaged with the com-
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panion stationary contact 147 the flow of current is from
the supply line 155 through the winding 143 of the sole-
noid 139, the wire 151, the contact 147, the peripheral
contact 154 and the return line 156. When either of the
niovable contacts S24 and Sda is in engagerdent with the
companion stationary contact 148 the flow of current is
irom the supply fine 155 through the winding 143 of the
solenoid 1394, the wire 152, the contact 148, the mov-
able contact engaged with the contact 148, the peripheral
contact 154 and the return line 156. When either of the
movable contacts S6z and S84 is engaged with the com-
panion stationary contact 149 the flow of current is from
the supply line 155 through the winding 142 of the sole-
noid 139a, the wire 153, the contact 149, the movable
contact engaged with the. contact 149, and the return
line 156.

When the step S8a is completed the supply of current
to the motor 145 is automatically cut off, At this time
the boring head is in the position relatively to the
processed work unit which is shown in broken lines in
Figure 20. It is at this stage that the processed work
unit is removed and an unprocessed work unit substituted.
Thereupon a manual switch- is operated to close a cir-
cuit for initiating the operation of the motor, the contact
disc 144 thereafter establishing the motor operating cir-
cuit, the cycle being completed as previously described.

The operating circuit for' the motor 145 includes a
contact 157 of circular outline mounted on the disc 144
at the side opposite the movable contacts Sla through
S8a4. The contact 157 does not extend through a com-
plete circle but is formed to provide a gap 158 (Figure
12).. The contact 157 cooperates with spaced stationary
contacts 159 and 160. During the operation of the ma-
chine the contact 157 engages both of the stationary con-
tacts as shown schematically in Figure 28. The motor
operating circuit includes a feed wire 161 branching
from the line wire 155 and connected to one pole. The
other pole of the motor is connected by a wire 162 to
the stationary contact 159. The stationary contact 160 is
connected by a wire 163 to the return line 156. With
the machine in operation the. motor circuit may be traced
as follows: Through the wire 161, the motor, the wire
162, the stationary contact 159, the movable contact 157,
the stationary contact 160 and the wire 163 to the re-
turn line.

In Figure 12 the direction of rotation of the contact
carrier disc 144 is assumed to be counterclockwise as
indicated by the arrow and the position of -the disc is
assumed to be that in which the motor operating circuit
has been broken. The contact 159 is so located that
when the step S8 has been completed (the contact S8a
at such time moving beyond the contact 149) the con-
tact 157 will immediately thereupon move beyond the
stationary contact 159 which will then be in the gap 158
as shown in Figure 12. Thereby the operating circuit for
the motor 155 is broken to enable the removal of the
processed work unit. and the substitution of an un-
processed unit. “When this has been done the motor
starting circuit is closed manually. This circuit includes
a wire 164 connected to the same pole of the motor as
the wire 162 and extending to a stationary contact 165
shown schematically in Figure 28 and which may be of
any suitable construction and .a manually operated switch
166 held normally open,-the other stationary switch con-
tact 167 being connected by a wire 168 to the return line
156. After the unprocessed work unit has been secured
in position in the manner previously described the switch
166 is operated manually to close the motor stariing
circuit through the contacts 165 and 167. .. This circuit is
traced through the wire 161, the motor, the wire 164, the
stationary switch contact 165, the movwable contact of
the switch, the stationary switch contact 167, and the re-
turn wire 156.  The closing of the manual switch 166.re-
sults in a movement of the contact carrier 144 in which
the gap 158 passes beyond the stationary contact 159 at
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which time the movable contact 157 again engages both
of the stationary contacts 159 and 169. Thereupon the
switch 166 is released and the cycle of operations of the
machine is repeated through the motor operating circuit
above described.

The motors 37 and 41 for driving the boring bars are
connected in the usual manner to the line wires 155 and
156, illustration of the wiring being unnecessary. In con-
nection with the removal of the processed unit and the
substitution of an unprocessed unit it is desirable that
the motors 37 and 41 and the boring bars be at rest. For
this purpose a master switch 169 of any suitable con-
struction is arranged in one of the line wires, this switch
being manually moved to open position as soon as the
operating circuit of the motor 145 is automatically broken.
When the unprocessed unit has been secured in position
the switch 169 is moved to its closed position and there-
upon the switch 166 is operated to close the starting
circuit for the motor 145.

Sectional boilers of the general type which utilize
superposed units such as the unit U may be made, accord-
ing to choice, of maximum and smaller diametrical di-
mensions, the unit U herein shown being assumed to be
for a boiler of maximum diametrical dimension. The
machine of the invention is available for the different di-
ametrical ‘sizes of boiler sections. In order that it may
be used in connection with boiler sections of smaller
diameters the bearing blocks 15 and 16 are slidably
mounted in openings 170 in the pedestals 2 and 3. The
adaptability of the machine to boiler sections of smaller
diameters is simply a matter of adjustment of the posi-
tions of the bearing blocks 15 and 16. The openings
170 are therefore of greater length than the bearing blocks.
The bearing blocks are confined in the openings 178 and
guided in their adjustable movements by clips 171 (Fig-
ures 4 and 6) attached to the bearing blocks at their op-
posite sides and projecting laterally to overlie the adja-
cent bars of the pedestals 2 and 3. Any suitable mecha-
nism may be provided for the adjustable positioning of the
bearing blocks 15 and 16. As shown in Figures 4 and 6
this mechanism comprises suitably manually operated
gearing which includes a transverse operating shaft 172
mounted adjacent the pedestal 2 in bearing brackets 173
and carrying a hand wheel 174. The gearing also in-
cludes shafts 175 arranged at each side of the machine and
journalled in bearings 176 carried by and projecting lat-
erally from the pedestals 2 and 3. The shafts 175 are
driven from the shaft 172 by bevel gears 177. The
shafts 175 are each provided at each end thereof with
worms 178. These mesh with worm wheels 179 fitted
upon threaded posts 189, the worm wheels having internal
threads to mesh with the threads of the posts. The posts
180 at their inner ends are suitably connected to the
bearing blocks 15 and 16. It will be apparent that
when the shaft 172 is turned the worm wheels 179 will
be rotated to effect axial movements of the posts 180 and
thereby to effect movements of the bearing blocks with-
in the openings 170. For the boiler sections of maximum
diameter the bearing blocks are shown in their lowermost
positions. When the machine is to operate on sections of
less than maximum diameter the bearing blocks are ad-
justed upwardly in the openings 179 to positions in which
the boring heads 10 will be alined with the two lower
openings of the work unit and the lower work engaging
elements 60 are appropriately relocated. It will be under-
stood, with reference to the particular form of unit shown,
that the upper boring bar 4 does not require an adjust-
able mounting. It will also be understood that when a
change is to be made, from a work unit of smaller diam-
eter to one of larger diameter, the shaft 172 is turned
in the direction required to move the bearing blocks down-
wardly to the appropriate position. .

In the cases of the uppermost and lowermost boiler sec-
tions the extensions K will, of course, require but one
opening in which case the operation of the boring heads
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10 is stopped when the boring heads are in the positions
shown in broken lines in Figure 16.. It will of course be
understood that in an operation of this character an ap-
propriate contact carrier disc 144 is to be substituted for
the disc showi. . .

The graphs of Figures 29 and 30 and the diagrams of
Figures 31 through 37 illustrate the cutting of tapers in
openings of parallel walls in cases where it is desirable that
the minimum diameters of the tapers be in extreme rela-
tion and the maximum diameters be in mean relation
and assume any structural element Ul having parallel
walls with alining openings. In this operation the ma-
chine is unchanged, that is to say the combination of
cooperating means or mechanisms is as described. How-
ever the cutters 35 and 36 which move away from the axis
X as the boring head is advanced have the greater pro-
jection from the periphery of the boring head and are
the “first” cutters and the cutters 33 and 34 which move
toward the axis X as the boring head is advanced are the
“second” cutters.. Hence the steps and sequences of rela-
tive movement of the boring bar and the work differ
from those described. It will therefore be understood
that an appropriate governing element is substituted for
the clement 144, the substituted element being similar
structurally to the element 144 but of suitably different
design (deemed unnecessary to illustrate) in respect to
the contacts which it carries for completing and break-
ing the circuits of the solencids 139 and 139a.

In this operation the work U1l has four vertical planar
positions indicated respectively in Figures 31, 32, 34 and
35 as B1, C1, D1, and E1 and the boring head has four
positions indicated respectively in Figures 31, 33, 34 and
36 as F1, G1, H1 and 11.

Figure 31 shows the work and the boring head in
relatively inactive positions. In this figure the unit Ul
is in position B1 and is suitably spaced back of the boring
head 10 which is in position F1.

The first step in this operation of the machine is shown
in Figure 32. In this step, while the boring head re-
mains stationary in position F1, the work is advanced
to position C1 in which the opening O of the wall A is
operatively presented to the cutters 35 and 36. With the
work remaining in position C1 the boring head is ad-
vanced in a direction opposite to the advancing move-
ment of the work to its position G1 as shown in broken
lines in Figure 32 and in solid Jines in Figure 33, whereby
the cutters 35 and 36 are fed through the anterior open-
ing O and cut the required taper of its wall, this taper
being sufficiently shown in Figures 32 and 33 by resort
to the expedient of dot and dash extension lines. When
the taper of the anterior opening O has been cut as shown
in Figure 33 the boring bar and the work are simul-
taneously moved, the work being moved to position D1
and the boring bar to position H1. With the boring bar
remaining in position H1 the work is moved to position
E1, thereby to present the posterior opening O to the
cutters 33 and 34. With the work remaining in position
F1 the boring head is again advanced in a direction
opposite to the advancing movement of the work to its
position I1 as shown in broken lines in Figure 35 and
in solid lines in Figure 36, whereby the cutters 33 and
34 are fed through the posterior opening O and cut the
required taper of its wall, this taper being sufficiently
shown in Figures 35 and 36 by resort to the expedient of
dot and dash extension lines.

It is to be noted that in the position 11 of the boring
head as shown in Figure 36 the leading edge of the cutter
34 is moved sufficiently beyond the posterior face of the
posterior wall to provide clearance for the movement of
the work in its retractile step. In such movement, ef-
fected while the boring head remains in its position I1,.
the work is shifted back from its position El to its origi-
nal position B1 as shown in Figure 37. In this step the
cutters are freed from the opening in the wall P. There-
upon the boring head is shifted from its position I1 back
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fo- ifs original inactive position as shown in Figure 37
in which ‘position the cutters are withdrawn from the
opening in the anterior wall. The processed unit U1 is
thereupon removed from the carrier and a unit requiring
processing is mounted, the cycles of ‘operation then being
repeated.

By way of recapitulation the steps of movement of
the work and the boring head when the tapers are to be
cut with their minimum diameters in extreme relation
are graphically illustrated in Figures 29 and 30 which
are to be read together and, respectively, illustrate the
cycles of movements of the boring head and the work.

Figures 29 and 30 are to be considered in relation to
the previous description of the several steps as based upon
the disclosures of Figures 31 through 37. With the bor-
ing head in position F1 and the unprocessed work unit in
position B1 (Figure 31) the first step Sla (Figure 30) is
movement of the work from position B1 to position C1
(Figure 32). With the work in position C1 the second
step S2a (Figure 29) is the cutter feeding movement of
the boring head from position F1 to position G1 (Fig-
ures 32 and 33) in which the cutters form the taper of the
wall of the anterior opening O. The third and fourth
steps S3a (Figure 30). and Sda (Figure 29) are effected
simultaneously and involve the movement of the work to
position D1 and the movement of the boring head to posi-
tion H1 (Figure 34). The fifth step S5a (Figure 30) is
the movement of the work from position D1 to position
E1 (Figure 35). With the work in position E1 the sixth
step S6a (Figure 29) is the cutter feeding movement of
the boring head from position H1 to position I1 (Figures
35 and 36) in which the cuiters form the taper of the wall
of the posterior opening O. The seventh step S7a (Fig-
ure 30) is the retractile movement of the work from posi-
tion El to its original position B1 (Figure 37). The
eighth and final step S8a (Figure 29) is the retractile
movement of the boring head from its position I1 to its
original position F1 (Figure 3.

Referring to Figure 38:

In the modified construction shown schematically. in
Figure 38 the mounting of the spindle 9 in the driving
element and its operative connection to it are as previously
described. - According to the modification the work: unit
is. mounted in a fixed position and the driving element is

supported by a movable carrier, the relative reciilinear 4

movements-of the driving element and the work unit being
provided by absolute reciilinear movements of the driving
element,

The work unit is secured in a frame 46z of the same

general construction as the frame 46, the work unit clamp- ;

ing means being of the character described. The frame
46a is-in a transverse plane and is bolted to a fixed sup-
porting base 181 in the form of a plate which is mounted
upon and spaced above the frame base 1. The driving ele-
ment 5a is similar in all respects to the driving element 5,
from which it differs only in that it is supported by a
movable carrier 44a. This includes a base 454 mounted
upon the frame base in the same way as the base 45 of
the carrier 44. The base 45z carries upright front and
rear pedestals 2a and 3q arranged in transverse planes and
similar in all respects to the pedestals 2 and 3. The driv-
ing elements 5a are mounted in the pedestals 2a and 3a
in the same manner that the driving elements 3. are
mounted in the:pedestals 2 and 3.

In the modified construction. the movemeénts of the
spindles 9 are effected by collars 3¢a operated by a spider
724, the collars 30a and spider 724 being similar in all
respects to the collars 30 and spider 72. The spider 724
is operated by a fluid motor 774, the stem 81 of which
is connected to a bracket 80a secured to the pedestal 3aq,
the motor 774, its piston stém 81a and-the bracket 804 be-
ing similar in all respects to the motor 77, its piston stem
81 and the bracket 80. The boring heads 104 are similar
in all respects to the boring heads 10 and are similarly se-
curéd Tor rotatable adjustment to the spindles 9. ‘When
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the spindles are moved in either direction along their fn-
clined paths the boring heads 194 are moved relatively to
the ‘driving element 5a and to the work in the same way
that the boring heads 10 are moved relatively to the.driv-
ing head 5-and the work. The movements of the carrier
4dq are effected by a fluid motor 64a similar in all respects
to the motor 64. The motor 644 is accommodated in the
space 182 below the base 181, the movable cylinder of
the ‘motor being connected to the carrier base 45¢ and
the: piston stem 664 being secured to. a lug 68a mounted
on the frame base 1 in the same manner that the piston
stem 66 is secured to the lug 68.

The ‘modified- construction includes the solenoids 139
and 1394, the valves 96 and 964, the governing element
144 and the motor 145 for driving the governing element.
The illustration of these parts in Figure 38 is deemed
unnecessary since they are the same as in the preferred
embodiment, the liquid flow paths for the fluid motors
and the circuits for the solenoids and the motor 145 being
as previously described. It will be sufficient to point out
that these parts may be mounted upon the base 454 of the
carrier 44a and that flexible tubing, as may be required
by details of arrangement, may be used to provide the
liquid flow tubes.

It will be obvious that the modified construction is
available for the same steps and sequences of relative
movements of the boring bar drive element, the work and
the boring heads that have been previously described and
are shown in respect to tapers having their ‘maximum
diameters in extreme relation in the graphs of Figures 13
and 14 and the diagrams of Figures 15 through 20 and
in réspect to tapers having their minimum diameters in
extreme relation in the graphs of Figures 29 and 30 and
the diagrams of Figures 31 through 37.

I claim:

1. In a machine for boring oppositely tapering coaxial
holes in spaced wall parts, in combination: a boring bar
including a driving element in the form of a straight hol-
low shaft, journals carried by the driving element at its
opposite ends, the journals being  concentric to a major
axis and the driving element extending along an axis in-
clined relatively to the major axis and in intersecting
relation thereto, a spindle mounted within and supported
by the driving element and extending along the inclined
axis of the driving element, the spindle being slidable
relatively to the driving element in the direction of the in-
clined axis, the driving element being rotatable about the
major axis, means carried by the spindle and participating
in its sliding movement for connecting the spindle to the
driving element for rotation with it -about the major axis,
a boring head secured to the spindle beyond and adjacent
the point of intersection of the axis of the driving element
and the major axis and in projecting relation to the driving
element, the boring head having a central axis which ex-
tends in the same direction as the major axis, and cutters
carried by the boring head, projecting radially from it
and positioned in diametrically opposite relation with
greater and less degrees of projection, respectively, from
the boring head; supporting means for the boring bar in-
cluding spaced pedestals between which the driving ele-
ment extends; bearings for the journals associated with
the pedestals and being concentric with the major axis;
means located beyond the boring head for supporting
work unit in a plane normal to the major axis, the work
unit having an opening in the annular wall of ‘which a
taper is to-be cut, the work unit being held by its support-
ing means in a position wherein the central axis of the
opening is coincident with the major axis; the supporting
means for the boring bar and the work unit being com-
panion elements, one of which is mounted for rectilinear
movement relatively to the other; the spindle being slid-
ably movable in one direction to feed the cutters through
the openings in the walls of which the tapers are to be
cut and being slidably movable in retraction in the op-
posite direction; movable means operatively connected. to
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the spindle for effecting its slidable movements in either
direction; motor means drivingly connected to the spindle
moving means for effecting the movement thereof in
either direction; motor means drivingly connected to the
movably mounted companion element for effecting the
rectilinear movement thereof in either direction; a cycli-
cally movable clement for governing the operation of both
motor means and having parts severally operable in re-
spect to predetermined extents, sequences, and directions
of the steps of movement of the spindle and the movably
mounted companion element and the periods of rest of
the spindle and the movably mounted companion element
between their respective sequential steps of movement;
means of operative connection severally between the parts
of the governing element and the respective motor means;
a motor drivingly connected to the governing element for
effecting its cyclical movement; and motor means driving-
ly connected to the boring bar for effecting the rotation
of its hollow shaft about the major axis.

2. A machine as set forth in claim 1 wherein the boring
head is positionally rotatably adjustable about its central
axis. . :
3. A machine as set forth in claim 1 wherein the means
connecting the driving element and the spindle consists
of a diametrically arranged key, the driving element has
a face of cylindrical outline concentric with the major
axis and having a longitudinal slot, the key projects
through the slot and beyond the face of cylindrical out-
line, and the means for effecting the slidable movements
of the spindle includes a collar slidably mounted upon the
cylindrical face of the driving element and having an
opening to accommodate with a driving fit the part of the
key which projects beyond the driving element.

4. A machine as set forth in claim 1 having a plurality
of similar boring bars and wherein the spindles of the
boring bars are moved slidably simultaneously in the same
directions and to the same extent, wherein the means for
effecting the slidable movement of the spindles includes
a rectilinearly movable element operatively connected to
each of the spindles and wherein the motor means for
effecting the movement of the spindle moving means is
drivingly connected to said element.

5. A machine as set forth in claim 3 having a plurality
of similar boring bars and collars slidably mounted upon

the cylindrical faces of the driving elements and wherein +

each collar is formed with a circumscribing flange in a
plane normal to the major axis, wherein the means for
effecting the axial slidable movement of the spindles in-
cludes a rectilinearly movable element having projecting

arms severally for engagement with the flanges of the !

collars whereby to move the collars in either direction,
and wherein the motor means for effecting the movement
of the spindle moving means is drivingly connected to
said element.

6. A machine as set forth in claim 1 wherein each
motor means consists of a fluid motor having as rela-
tively movable companion elements a cylinder and a pis-
ton and wherein the means of operative connection sev-
erally between the parts of the governing element and
the respective motor means includes a valve for con-
trolling the fluid flow paths of each motor means, each
valve having a movable valve body, the position of which
determines the particular flow path or the occlusion of
the flow paths, a double acting solenoid is provided for
each valve and has its armature normally in a neutral
position and. operatively connected to the body of the
valve, the solenoids each having opposed windings and
each winding being in a circuit having fixed contacts, and
the cyclically movable element is provided with contacts
severally for engagement with the fixed contacts, the
latter contacts being of extent and arrangement to con-
trol selectively the energization of a particular winding
of either solenoid and to determine the duration of its
energization.

7. A machine as set forth in claim 1 wherein the pedes-
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tals are fixedly mounted and the supporting means for
the work unit is the companion element which is mounted
for rectilinear movement. .

8. A machine as set forth in claim 1 wherein the sup-
porting means for the work unit is fixedly mounted and
the supporting means for the driving element is the com-
panion element which is mounted for rectilinear move-
ment.,

9. In a machine for boring oppositely tapering coaxial
holes in spaced wall parts, in combination: a boring bar
including a driving element in the form of a straight
shaft, journals carried by the driving element at its oppo-
site ends, the journals being concentric to a major axis
and the driving clement extending along an axis inclined
relatively to the major axis and in intersecting relation
thereto, a spindle supported by the driving element and
extending along the inclined axis of the driving element,
the spindle being axially slidable relatively to the driving
element, means connecting the driving element and the
spindle for rotation about the major axis in any position
of the spindle relatively to the driving element within the
limits of its slidable movement, a boring head secured
to the spindle beyond and adjacent the peint.of intersec-
tion of the axis of the driving element and the major axis
and in projecting relation to the driving element, the
boring head having a central axis which extends in the
same direction as the major axis, and cutters carried by
the boring head, projecting radially from it and positioned
in diametrically opposite relation with greater and less
degrees of projection, respectively, from the boring head;
supporting means for the driving element including spaced
pedestals between which the driving element extends; and
bearings for the driving element associated with the
pedestals and being concentric to the major axis.

10. A machine as set forth in claim 9 wherein the
boring head is positionally rotatably adjustable about its
central axis.

11. In a machine for boring oppositely tapering co-
axial holes in spaced wall parts, in combination: a bor-
ing bar including a driving element in the form of .a
straight hollow shaft, journals carried by the driving
element at its opposite ends, the journals being concen-
tric to a major axis and the driving element extending
along an axis inclined relatively to the major axis and
in intersecting relation théreto, a spindle mounted with-
in and supported by the driving element and extending
along the inclined axis of the driving element, the spin-
dle being slidable relatively to the driving element, in
the direction of the inclined axis, the driving element be-
ing rotatable about the major axis, means carried by the
spindle and participating in its sliding movement for
connecting the spindle to the driving element for rota-
tion with it about the major axis, a boring head secured
to the spindle beyond and adjacent the point of inter-
section of the axis of the driving element and the ma-
jor axis and in projecting relation to the driving ele-
ment, the boring head having a central axis which ex-
tends in the same direction as the major axis, and cut-
ters carried by the boring head, projecting radially from
it and positioned in diametrically opposite relation with
greater and less degrees of projection, respectively, from
the boring head; supporting means for boring bar in-
cluding spaced pedestals between which the driving ele-
ment extends; bearings for the journals associated with
the pedestals and being concentric with the major axis;
means located beyond the boring head for supporting
a work unit in a plane normal to the major axis, the
work unit having an copening in the annular wall of
which a taper is to be cut, the work unit being held
by its supporting means_in a position whercin the cen-
tral axis of the opening is coincident with the major
axis; the supporting means for the boring bar and the
work unit being companion elements, one of which is
mounted for rectilinear movement relatively to the other;
the spindle being slidably movable in one direction to
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feed the cutters through the openings in the walls of
which the tapers are to be cut and being slidably mov-
able in retraction in the opposite direction; movable
means operatively connected to the spindle for effecting
its slidable movements in either direction; motor means
drivingly connected to the spindle .moving means. for
cffecting the movement thereof in either direction; motor
means drivingly connected to the movably mounted com-
panion element for effecting the rectilinear movement
thereof in either direction; and motor means drivingly
connected to the boring bar for effecting the rotation of
its hollow shaft about the major axis.

12. A machine as set forth in claim 11 wherein the
boring head is positionally rotatably adjustable about its
central axis. :

13. A machine as set forth in claim 11 wherein the
means connecting the driving element and the spindle
consists of a diametrically arranged key, the driving
element has a face of cylindrical outline concentric with
the major axis and having a longitudinal slot, the key
projects through the slot and beyond the face of cylin-
drical outline, and the means for effecting the slidable
movements of the spindle includes a collar slidably
mounted upon the cylindrical face of the driving element
and having an opening to accommodate with a driving
fit the part of the key which projects beyond the driving
element.

14. A machine as set forth in claim 11 having a
plurality of similar boring bars and wherein the spindles
of the boring bars are moved slidably simultaneously in
the same directions and to the same extent, wherein the
means for effecting the slidable movement of the spindles
includes a rectilinearly movable element operatively con-
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nected to each of the spindles and wherein the motor
means for effecting the movement of the spindle moving
means is drivingly connected to said element.

15. A machine as set forth in claim 13 having a
plurality of similar boring bars and collars slidably
mounted upon the cylindrical faces of the driving elements
and wherein each collar is formed with a circumscribing
flange in a plane normal to the major axis, wherein the
means for effecting the axial slidable movement of the
spindles includes a rectilinearly movable element having
projecting arms severally for engagement with the flanges
of the collars whereby to move the collars in either direc-
ticn, and wherein the motor means for effecting the
movement of the spindle moving means is drivingly con-
nected to said element.

16. A machine as set forth in claim 11 wherein the
pedestals are fixedly mounted and the supporting means
for the work unit is- the companion element which is
mounted for rectilinear movement.

17. A machine as set forth in claim 11 wherein the
supporting means for the work unit is fixedly mounted
and the supporting means for the driving element is the
companion element which is mounted for rectilinear
movement.
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