Nov. 14, 1950

B. WELTE 2,529,718
BROACHING MACHINE
Filed Aug. 21, 1944 2 Sheets-Sheet 1
o EE ssF45D Bz e
&2 &5 7 ; AN 776'5
i s W coe bt ez,
£7| st n%: ' g \ Nl P &6
GG I S22 PRSSH 4
&7 52 Z] s\
Py —+ 4/—44 =2 P 0.V 5
AE VAT T AE EEZ } orlp) ©8 s 69|
l 1. —— - - &7
q &7
S/

S s

00 "
Jol L— A ~
/. RO 2/
> 5z 72
Y M

98 g il Lﬂ AN =—r - —/)

-4

Jso 372 s
229 ABE ’ INVENTOR.
qI—J BereeZ MHelZe.

/_/\— = BY

ATTORNEYS.




Nov. 14, 1950 B. WELTE 2,529,718
BROACHING MACHINE

Filed Aug. 21, 1944 2 Sheets-Sheet 2
/]
o] et g o5 oo mer |
™ sz L7'¢5' o Lao" s 7251

1 S AL

e N e - LS
Starf o, 143 M4l s
yd
e Ziae
%( = -

A7 L/ B85
i Tolle oud ‘igl—
—_— 1 Ty77

[
s57
o rx; %/34

l

|

{

7By |

=% 1 I

B8

| 7

BETT Lz 114 Homdlewg Evl b5 ﬁ ;
; __ 205

% |

rea L~
//6’.5' <
Fressore ConfroZ -
V—W—Q i 78 Ve /é’é’ /.3

L
~2/7

T lZe/rr .
/E7 32 Iz-,?/%

| Mandtimg €2 2w

HManalery gfy "
R

%
(T2

2.
)68 e f /E5< 7
Mz rrlerig C¥e. Fowsr

/4«4/ T INVENTOR.
‘ BeweszcZ Hele.

74@2@%9{%.

FTTORNE YS.




Patented Nov. 14, 1950

2,520,718

UNITED STATES PATENT OFFICE

2,529,718
BROACHING MACHINE

Benedict Welte, Lake Orion Township, Oakland
County, Mich., assignor to Colonial Broach

Company,
Delaware

Detroit, Rfich., a corporation of

Application August 21, 1944, Serial No. 550,330
(ClL. 90—33)

10 Claims.

1

The present invention relates to an automatic~
control mechanism for operating a plurality of
positive displacement hydraulic motors in a
hydraulically-operated machine through a com-
plete cycle of operations.

One object of the present invention is to pro-
vide an improved and simplified type automatic-
control mechanism for operating a plurality of
hydraulic piston and cylinder units through a
desired cycle of operations, -which mechanism
is readily adaptable to various types of machines.

Another object of the present invention is to
provide an automatic-control mechanism of the
type mentioned, in which safety interlocks are
provided to prevent normal operation of any
motor where another of the motors is in an
improper position and which will automatically
restore the improperly positioned motor or
motors to their proper positions and then cause
a resumption of the normal cycle of operations.

Another object of the present invention is to
provide an automatic-control mechanism of the
type mentioned having a simple, manually-oper-
ated means for selectively shifting each motor in
either direction to facilitate machine set-up oper-
ations.

Another object of the present invention is to
provide an automatic-control mechanism of the
type mentioned which is peculiarly adapted for
use with an independent source of operating
liquid for each motor, such as is provided when
use is made of the multiple flow-control valve
mechanism of applicant’s copending application,
Serial No. 548,294, filed August 5, 1944.

A further object of the invention is to provide
a control mechanism of the type described which
incorporates means for independently adjusting
the speed of operation of each of the motors.

Another object of the invention is to provide
an automatic-control mechanism of the type
mentioned, in whieh an improved and simplified
electrical circuit is employed to control the opera-
tion of the main valves of the hydraulic system
with resulting simplification of the interlocking
mechanism.

Another object of the invention is to provide
an automatic-control mechanism having the
above mentioned advantages for cycling the
cylinder and piston units of a shuttle-type pull

- broaching machine having a work moving cylin-
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der which is simple in construction and positive
and fool-proof in operation.

Other objects and advantages will become ap-
parent from the following specification, the ac-
companying drawings, and the appended claims,

Referring to the drawing in which like nu-
merals are applied to like parts in the several
views, Figure 1 is a diagrammatic illustration of
the mechanical and hydraulic portions of a
shuttle-type pull broaching machine having a
moving table and incorporating a portion of the
control means of the present invention.

Figure 2 is a fragmentary side elevation of a
portion of one of the mechanically operated elec~
tric switches illustrated in Figure 1.

Figure 3 is a diagrammatic illustration of the
electrical circuit employed to control the opera-
tion of the mechanism illustrated in Figure 1.

While the invention is applicable to various
types of hydraulically operated machines the
particular embodiment illustrated is specially
designed and arranged to control the operation of
the shuttle-type pull-down broaching machine
having a work moving table or fixture which
moves the workpiece into and out of broaching
position. Such machines incorporate at least
three positive displacement piston and cylinder
units or motors. One of these units operates what
is generally referred to as the broach-handling
chuck; the second operates the broach-pulling
chuck, and the third operates the table or fixture
which moves the workpiece into and out of
broaching position. These piston and cylinder
units may either be of the type embodying a
stationary cylinder and a movable piston or of
the type embodying a stationary piston and a
movable cylinder. The particular mechanism
illustrated in Figure 1 is of the latter type, in
which the pistons are stationary and mechanical
features of the machine in general may be of the
type illustrated in greater detail in’ applicant’s
copending application, Serial No. 495,856, filed
July 23, 1943, and now Patent No. 2,395,702,
granted Feb. 26, 1946. In this connection it may
be noted that the broach-handling and pulling
chucks are preferably of the counventional type
which contain means to positively lock the broach
in the chuck and which have a release sleeve
which engages a fixed abutment at the end of the
inward stroke of the chuck and is thereby shifted
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axially to release the broach. A chuck of this
type is shown in Fig. 3A of Hart Patent 2,162,814.

Referring to Figure 1 there is illustrated a
movable broach-pulling cylinder | to which is
secured in any desired manner, not illustrated,
the broach-pulling chuck, a movable broach-
handling cylinder 2, to which is secured in any
desired manner the broach handling chuck and
a movable worktable operating cylinder 3. Cyl-
inder [ contains a piston 4 which is secured by
means of a hollow piston rod 5 to a stationary
manifold 6. The interior of the hollow piston rod
5 communicates through the manifoid in the
manner indicated by the dotted line 7 with a pipe
8. The hollow piston rod 5 and the manifold
provide means for conducting liquid under pres-
sure to the lower end of the cylinder {. Like-
wise, fixed to the manifold § is a second pipe 9
which projects into the cylinder i and provides
means for conducting liquid under pressure to
the upper end of the cylinder {. Pipe 9 communi-
cates through the manifold, as indicated by the
dotted line 18, with a pipe 1l, which contains a
conventional foot valve 12. The foot valve 2
serves to offer sufficient resistance to fiow of
liquid from the upper end of the cylinder |
through the pipe (i to prevent cylinder { from
moving down under the influence of gravity. The
foot valve offers no appreciable resistance to fiow
in the opposite direction. The valve may ke of
any desired construction, such as that indicated
generally by the numeral 324 in Figure 9 of ap-
plicant’s aforementioned copending application,
Serial No. 495,856, now Patent No. 2,395,702,

‘While, for purposes of illustration, the pipe 9
and piston rod 5 are shown as separate pipes
leading to opposite ends of the movable cylinder
{, it is preferred, in the actual consiruction, that
these two pipes be concentrically arranged in the
manner shown in Hart Patent No. 2,10,667.

The handling cylinder 2 is similarly provided

with a stationary piston {2 having a hollow pis-
ton rod {4 connected to a stationary manifold 5.
The hollow piston rod 14 provides a path for
fluid communication to the upper end of the
handling cylinder 2. A second pipe (6, also con-
nected to the manifold (5, supplies fluid to the
lower end of cylinder 2, the arrangement of the
pipes {4 and {6 being similar to that referred to
above in connection with pipes § and 9 in cylin-
der i. Pipe {4 communicates through the mani-
fold with a pipe {T which contains a foot valve
18 similar to the foot valve (2, previously men-
tioned. Pipe I8 communicates through the
manifold with a pipe 19.
The work handling cylinder 3 is likewise provid-
ed with a stationary piston 28 having a hollow
piston rod 2{ which is fixed to a stationary mani-
fold 22 and supplies fluid to the lefthand end of
the cylinder 8. The cylinder also has a station-
ary pipe 23 fixed to the manifold 22 which sup-
plies fluid to the righthand end of the cylinder.
Piston rod 21 communicates with pipe 24, and
pipe 23 communicates through the manifold with
the pipe 25.

It will be apparent from the above that the
six pipes 8, 11, 17, 19, 24, and 25 serve to conduct
the operating fluid to and from the three motors,
each pipe being effective when it conducts pres-
sure fluid to effect a movement of one of the
cylinders in one direction. The present inven-
tion requires that each of these pipes be provided
with a valve which is effective in one position to
conduct liquid under pressure to the pipe, and
in the other position to connect the pipe t0 a
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low-pressure reservoir. In order to realize the
full advantage of the improved control and mech-
anism, which constitutes one feature of the
present invention, it is essential that these valves
be provided with valve-shifting means incorpo-
rating a solenoid which, when energized, eifects
a shift of the valve in cne direction in combina-
tion with suitable means to return the valve when
the solenoid is not energized. The six lines illus-
trated may, if desired, be provided with indi-
vidual valves of this type, but in the embodiment
of the invention illustrated each pair of pipes is
connected to a four-way valve having a single
source of liquid under pressure, and a single
pipe line leading to the low-pressure reservoir.
Such four-way valves are in effect two individual
three-way valves combined in a single valve.

The particular four-way valves employed in the
preferred embodiment of the invention illustrated
are conventional four-way valves of the type hav-
ing an axially shiftable spool, a pair of solenoids
each effective when energized to shift the spool
in one of its two directions of movement, respec-
tively, and a spring-centering device which is
effective when neither solenoid is energized to
shift the spool to a cenfral position in which it
blocks all flow through the valve. The solenoids
may either act directly on the valve spool or
control a pilot valve which supplies hydraulic
pressure to shift the valve spool. Since such
valves are old and well known, they are merely
Andicated diagrammatically in the drawings. As
hereinafter pointed out, the spring centering
device may be omitted from valve 38, if desired,
in which event the valve is preferably provided
with any conventional form of spring-pressed
detent which will hold the valve spool against
displacement from either of its two positions of
adjustment when neither solenoid is energized.

Pipe lines 8 and 1 for the main cylinder | are
connected to a spring-centered blocking center
four-way valve 26 having a pair of solenoids 27
and 28. The construction is such that when the
solenoid 28 is energized the spool of the valve
shifts to its lefthand position, in which it con-
nects pipe {i to the pressure supply line 29 and
simultaneously connects pipe 8 to a pipe 31, which
is in communication with the low-pressure reser-
voir 32. When solenoid 27 is energized the spool
of the valve shifts to its right-hand position, in
which pipe tf is connected to the low-pressure
pipe 31 and pipe 8 is connected to the pressure-
supply line 30. When neither solenoid is ener-
gized all flow through the valve is blocked.

The pair of pipes 17 and (9 for the broach-
handling cylinder 2 is provided with a similar
four-way valve 233 having a pair of operating
solenoids 34 and 35, a pressure supply line 36 and
a pipe 37, which is in fluid communication, not
shown, with the low-pressure reservoir. Likewise
the pair of pipes 24 and 25 are provided with a
similar four-way valve 38 having a pair of op-
erating solenoids 39 and 48, a pressure-supply line
41, and a low-pressure reservoir return line 42.

While in a broad sense the pressure-supply
lines 38, 35, and 41 may receive a suitable sup-
ply of pressure fluid from any desired source,
in accordance with one aspect of the invention
these lines receive fluid from g multiple flow-con-
trol valve mechanism which may be any one of
the various forms of such mechanism disclosed
in applicant’s copending application, Serial No.
548,294, filed August 5, 1944,

The particular form of multiple flow-control
mechanism illustrated includes a valve housing
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43 provided with an internal ecylindrical chamber
44 in which is slidable a piston 45 carrying a valve
plunger 46 which controls a discharge port 47 in
the housing. The chamber 44 is provided with
an inlet port 48 connected by pipe 49 to a positive
constant-displacement pump 59, the intake line
51 of which is connected to the low-pressure res-
ervoir 32. A spring 52 acts on the piston 45 to
force it in a direction to cause the plunger 46 to
close the outlet port 47, which outlet is connected
to the low pressure reservoir 32 by a pipe 53. The
tapered end of the plunger 46 is preferably ta-
pered at a slightly steeper angle than the tapered
seat at port 47 in accordance with common prac-
tice so that the effective seating area is equal to
the full cross-sectional area of plunger 46. The
piston 45 has an upwardly projecting cylindrical
plunger 54 which fits a reduced cylindrical cham-
ber portion 55. The entire valve element in-
cluding the piston 45 and the plungers 46 and 54,
is provided with an axial opening indicated in
dotted lines at 56, which opening extends entirely
through the element.

The valve housing is provided with an outlet
port 5T which is in communication with the inlet
port 48 at all times, regardless of the position of
the plunger 46. The outlet 5T is connected to
a pipe 58, in which is positioned an adjustable
throttle valve §9. The valve 59 constitutes a re-
striction in the line 58, which restriction can be
adjusted by manipulation of the handle 60. 'The
degree of restriction provided by the valve 59 is
preferably that required to cause a relatively
small pressure drop in line 58 when the auantity
of liquid passing through the valve is that re-
quired to operate the main cylinder { at its de-
sired speed. For example, in a system having a
maximum operating pressure of 1000 pounds per
square inch, the valve 59, when fully opened, may
cause a pressure drop of approximately twenty
pounds per square inch during passage of the
full discharge of pump 58. By adjusting the valve
59 to increase its restricted effect, the amount of
flow for the given pressure drop may be reduced.

The spring 52 is of such stiffness that it will
just balance a pressure differential on opposite
sides of the piston 45 equal to the pressure drop
through valve 59, when the desired amount of
liquid is flowing through the latter valve. Thus,
in the example given, the spring 52 would bal-
ance a pressure differential on opposite sides of
the piston 45, of twenty pounds per square inch.
The design and construction of the spring should
be such that no material increase in pressure is
exerted by it when the valve plunger 46 moves
from fully closed to fully open position.

Pipe 58 is connected directly to the pipe 30
which supplies the pressure fiuid to the main
four-way valve 26, and it is also directly con-
nected to a pipe 61 which in turn is connected
to previously described pipes 36 and 41 through
adjustable throtitle valves 62 and 63 located, re-
spectively, in the pipes 36 and 41. The adjust-
able throttle valves $2 and 83 are identical in
construction to the valve 59 except that in the
particular embodiment of the invention they are
of smaller size, being so designed as to produce
the same pressure drop as the valve 59 but for
the smaller quantity of liquid required to operate
the smaller cylinders 2 and 3 at the desired
speeds.

The space within the chamber 44 above the
piston 45 is connected by means of a port 64 and
a line 65 to a low-pass valve 66, having an inter-
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nal chamber 67 provided with a pair of axially
spaced internal annular grooves 68 and 69 which
are connected by means of a passageway 10 to
each other and to the line 65. The chamber 67
contains a movable plunger or spool 71 having a
pair of annular channels 12 and 73, The annular
channel 712 is connected by cross passageway 14
and an axial passageway 15 fo the lefthand end
of the spool, while the channel 73 is connected by
a cross passageway 15 and an axial passageway
11 to the righthand end of the spool. The spool
is so constructed that when it is in the lefthand
position illustrated, channels 72 and 68 are in
communication with each other and the spool
blocks channel 69, When the spool is in the
righthand position, channels 13 and 69 are in
communication with each other and the spool
blocks channel 68. The ends of the valve housing
66 are connected by means of a pair of pipes 18
and 79, respectively, to the pipes 36 and &1 at
points in the latter located beyond the adjustable
throttle valves 62 and 63, respectively. As a re-
sult of this arrangement, the upper end of cham-
ber 44 and pipe 65 are in fluid communication
with and subject to the pressure in that one of
the two pipes 78 and 19 which is at the lowest
pressure. Thus, when the pressure in line 78 is
less than the pressure in line 79, the spool Ti
will be forced to the left into the position shown
in which it connects pipes 65 and 78. When pipe
18 is subject to a lower pressure than pipe 78, the
spool will shift to the right and connect lines 65
and 79. As shown in the drawing, the end clo-
sure plates 66a¢ and 66b of the housing 66 are
recessed and each recess is provided with an in-
wardly projecting Iug 66c and 66d, respectively,
for limiting endwise movement of the spool Ti.

- The lugs are of limited radial and circumferen-

tial extent in order that substantially the entire
end areas of the spool will be subject to the pres-
sure from lines 78 and 78. If desired, a spring
80 may be provided for normally holding the
spool Tl in its lefthand position illustrated when
the pressures in the lines 78 and 79 are equal.
The spring 80 preferably exerts sufficient force
on the spool Tl to overcome a pressure differ-
ential between the lines 78 and 79 equal to ap-
proximately half of the pressure differential

‘which would be balanced by the spring 52 of

valve 43.

Valve chamber 43 contains a countersunk pas-
sageway 81 in communication with the port 64.
The passageway 81 contains a spring-pressed ball
check valve 82 which normally closes communi-
cation between the passageway 8{ and a line 83
which is connected to the low-pressure reservoir
32 in any desired manner, not illustrated. The
spring 84 of the ball check valve is of such stiff-
ness as to permit opening of the check valve 81
only when the pressure in line §5 exceeds the safe
operating pressure for the system. The check
valve thus limits the pressure which can act on
the upper side of piston 45 to a safe maximum
with the result that the valve plunger 46 will
move upwardly and discharge oil from the pump
50 to the reservoir through line 53 when the
pressure below the piston 45 exceeds that maxi-
mum plus the small additional pressure necessary
to overcome spring 52. The existence of a pres-
sure drop necessary to overcome spring 52 is in-
sured by the bleed restriction 85 provided in the
line 65. This mechanism, therefore, provides a
safety over-pressure relief for the system.

The space within the chamber 44 above piston
45 is also connected by means of a port 88 and
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‘o, line 87 to a blocking valve 83 which is operated
by means of a solenoid 83. The blocking valve
88 may be of any desired or conventional con-
struction, it being sufficient only that it block flow
through line 87 except when the solenoid 89 is
energized. The valve 88, when opened, permits
unrestricted flow through the line 87 to a line 90
which is connected to the low pressure reservoir.
Consequently, the valve 88 serves as means for
venting the space above the piston 45 and there-
by entirely relieving the pressure on the system
when desired. .
The mechanism so far described operates in th
following manner. If it be assumed that the
pump 59 is running and that none of the sole-
noids 27, 28, 24, 35, 39, or 40 is energized, the lines
30, 26, and 41 will be blocked by the blocking
tour-way valves £5, 33, and 38, and there will be
no outlet for the fluid delivered to the valve hous-
ing 43 except through the outlet port 41. The
pressure in line 4% will be transmitted without
change through the valve 43 and through lines
58, 61, 36, 18, the low-pass valve §6, line 65, and
port 64 to the upper end of the valve chamber 44.
There being no outlet for the fluid delivered, the
pressure will immediately build up to open the
ball check valve 82, thus venting the fluid in the
valve chamber above piston 45 and causing the
valve plunger 46 to open fully and discharge all
of the fluid delivered by the pump to the reservoir
through the line 53 at the maximum safe oper-
ating pressure of the system. TUnder these cir-
cumstances the pressure drop through the hleed
restriction 85 will be sufficient to overcome the
action of spring 52 and, consequently: the pump
discharge pressure will exceed the pressure in the
ball check valve line 8f by the relatively small
pressure drop required to overcome spring 52.
If it is desived to relieve the pressure upon
the pump this may be done by energizing sole-
noid 88 and thus opening valve 88. This im-
mediately connects the upper end of chamber 44
directly to the low-pressure reservoir and, conse-
quently, the pressure above the piston 45 will be
substantially zero. TUnder these circumstances
the valve plunger 47 will open fully and discharge
all the fluid delivered by the pump to the reser-
voir through line 53 at the relatively low pressure
required to overcome spring §2. Under these cir-
cumstances the bleed restriction 85 prevents the
flow of liquid to the upper end of the valve cham-
ber as rapidly as it can be withdrawn through
the line 817, and consequently prevents transimis-
sion of the pressure existing in the lower end of

the chamber 44 to the upper end of the chamber ,

24, WMeans hereinafier described for automati-
cally controlling the cycle of operation of the ma-
chine, incorporates means to energize the sole-
noid 8% when the machine is stopped and means
for de-energizing the solenoid 88 when any meotor
of the machine is in operation. Thus there is no
igle period during which the pump is required
to act against a high pressure.

Tt will be apparent that to cause any desired
cylinder of the three cylinders 1, 2, and 3 to move
in either of its two directions of movement it is
only necessary to energize one of the solenocids 27,
28, 34, 35, 39, and 40. Consequently, any desired
sequence of operations of the three cylinders may
be accomplished by simply energizing the sole-
noids in the proper sequence.

If it is desired to have the table cylinder 3
move the workpiece into broaching position,
which is accomplished by moving the cylinder
to the left, as viewed in the drawing, solenoid
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35 is energized, thus connecting the line 41 to
line 24 and at the same time connszcting line
25 to the low-pressure discharge line 42. Under
these conditions a portion of the fluid from the
pump will pass through valve 43, pipe 58 con-
taining valve 59 and pipe 6! to the line 41, dur-
ing which flow it will pass through the adjust-
able throttle valve 83 in line 41. The throttle
valve 68 will cause a pressure drop which will
result in a lower pressure in line 79 than that ex-
isting in line 18, due to the fact that no flow
is occurring in pipe 36 and, consequently, there
is no pressure drop through valve 62. The high
pressure in line T8 will shift the spool of the
low-pass valve to the right, thereby connecting
line 79 to line 63 and subjecting the upper end
of the valve chamber 44 to the pressure existing
in the pipe 41 below the valve 63. As a result
of these connections piston 45 with the plunger
48 will automatically adjust itself to by-pass
to the low-pressure reservoir through line 83
all of the fluid delivered by the pump except
that amount which will produce the predeter-
mined pressure drop through valve 63 required
to overcome the spring 52. Since the mechanism
maintains a uniform pressure drop through a
fixed opening the rate of flow of liquid through
the line 41 will remain constant, independent of
variations in the resistance to movement of cyl-
inder 8. The total pressure against which the
pump discharges under these circumstances will
be the pressure required to move the cylinder
3 at its desired speed plus the relatively small
pressure drop through valve 63. If it is desired
to adjust the speed of movement of the cylinder
3 it is only necessary to adjust the degree of
opening of the throttle valve 63. . If the open-
ing is reduced a smaller quantity of the liquid
will pass for the given pressure drop maintained
by spring 52 and, consequently, the speed of the
cylinder will be reduced and vice versa. It is
apparent that the mechanism will operate in a
similar manner to cause reverse or return move-
ment of the cylinder 3 when solenoid 48 is ener-
gized in place of solenoid 39.

When it is desired to effect movement of the
broach-handling cylinder 2 in downward direc-
tion, solenoid 35 is energized, thus connecting
lines 36 and 19 and at the same time connecting
lines 27 and {7. The valve mechanism previously
described will, under these circumstances, main-
tain the speed of cylinder 2 at a uniform rate in
exactly the manner described in connection with
the cylinder 3, except that in this case the pres-
sure in line 18 will be lower than that in line 78§,
and the low-pass valve will assume the position
illustrated in the drawings in which it connects
the upper end of valve chamber 44 with the pipe
%% at a point below the adjustable restriction 62.
As in the previous case, the rate of flow through
the line 36 may be adjusted by adjusting the de-
gree of opening of the throttie valve 2.

Return or forward movement of the cylinder
2 is effective in the same manner by energizing
the solenoid 24 instead of the solenoid 35.

When it is desired to cause the downward move-
ment of the main cylinder {, solenoid 27 is ener-
gized, thus connecting pipe 38 to pipe 8 and at
the same time connecting pipe {1 to pipe 2f.
Under these circumstances, the liquid from the
pump will pass through valve 42 and the adjust-
able throttle valve 59 to line 20, and thus caus-
ing a downward movement of the cylinder {;
and the mechanism in valve housing 43 will
serve to maintain the flow in pipes £8 and 30
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at the uniform rate required to maintain the

pressure drop across valve 59 equal to the dif-
ferential pressure required to overcome spring
52. Since under these circumstances no liquid
will be flowing in lines 36 or 41, the low pass
valve 86 will, under the influence of spring 88§,
assume the position illustrated in the drawings
in which it connects line 718 to line 65. Thus,
the upper end of valve chamber 44 will be sub-
ject to the pressure in pipe 58 beyond the ad-
justable throttle valve 539. As in previous in-
stances, the quantity of liquid supplied through
the main cylinder { may be adjusted by adjust-
ing the degree of opening of the throttle valve
B9 since for the fixed pressure drop maintained
by the mechanism in valve 43 the quantity of
liguid which will pass valve 59 is a function of
the size of the opening provided therein.

Reverse or upward movement of the cylinder
| is effective in the same manner by energizing
solenoid 28 in place of the solenoid 27.

It will be noted that successful operation of the
flow control mechanism depends upon the fact
that flow occurs in only one of the lines 30, 38,
and 4i at a time. This requires the presence of
some means to block flow in the lines to the cylin-
ders which are not operating at any given time,
or at least so reduce flow that no appreciable
pressure drop will occur through the throttle
valves of the inoperative cylinders. In certain
machines, such as broaching machines, it is pos-
sible to prevent such flow by moving each operat-
ing cylinder unit against a mechanical aputment
in each direction to stop the movement and con-
sequently the flow of liquid to the unit upon com-
pletion of its stroke even though the position of
the four-way valve leading to the cylinder does
not change. In that case, it is unnecessary to
employ a blocking valve in the fluid line to the
cylinder. In broaching machines of the type
herein disclosed, it is a common practice to limit
the stroke of the table cylinder in both directions
by positive abutments and consequently the
spring centering device may be omitted from
valve 38 if such an arrangement is employed
without affecting the mode of operation of the
machine. While the same practice may bhe em-
ployed with the cylinders 1 and 2, it is preferred
to employ a blocking valve in lines 30 and 36 to
facilitate adjustments in the stroke of the cylin-
ders. As previously indicated, the four-way
valves 26 and $4 perform the necessary blocking
function when neither solenoid is energized by
reason of the action of the spring centering
device. :

It will be observed that the adjustable throttle
valve 59 is connected in series with the adjust-
able throttie valves 62 or 63, the latter being
connected in parallel with respect to each other.
Consequently, when liquid is supplied to either
the broach-handling cylinder 2 or the table-
moving cylinder 3, it will also flow through the
adjustable throttle valve 89. In the particular
embodiment of the invention illustrated and de-
scribed, it is assumed that the quantity of liquid
required to operate the cylinders 2 and 3 at their
desired speeds is so much smaller than that re-
quired to operate the larger broach pulling cylin-
der { that the flow required to operate the cylin-
ders 2 and 3 will cause no appreciable pressure
drop on passage through valve §9. Consequently,
adjustment of valve 59 made for the purpose of
adjusting the speed of operation of the cylinder
{ will not appreciably affect the speed of opera-
tion of the cylinders 2 and 3.© The valves 62 and
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portion of the machine,.

i0 o
63 are connected in parallel because of the fact
that the amount of fluid required to operate the
cylinders 2 and 3 is more nearly in the same order
and, consequently, a parallel connection is desir-
able to enable adjustments of the speed of one
of these two cylinders to be made without affect-
ing the speed of the other. It is apparent that,
if desired, all three of the restriction valves may
be connected in parallel in a manner more fully
disclosed in applicant’s copending application,
Serial No. 548,294, filed August 5, 1944. Refer-
ence may be had to that application for more
detailed description of the multiple flow control
mechanism and the preferred form of adjustable
throttle valve employed therein.
The cycle of operation of the three cylinders
is controlled by means of an electrical circuit,
hereinafter described in combination with a plu-~

-rality of limit switches operated by the three

cylinders. As best shown in Figure 1, the limit
switches include a switch 96 having a pair of
operating arms 97 and 98 fixed to a rotatably
mounted switch contact operating shaft 99. The
contacts and internal mechanism of the switeh,
being conventional, are not illustrated or de-
scribed, it being sufficient to note only that the
switeh incorporates a pair of contacts which, in
one rotative position of the shaft 99, are elec-
trically connected together and in another rota-
tive position are disconnected. As best shown in
the fragmentary side elevation of Figure 2, the
arms 87 and 98 are axially offset with respect to
each other and are provided, respectively, with
flanges 100 and 101 adapted to engage, respec-
tively, lugs (62 and 103 which are fixed to the
broaching cylinder I. The housing of the switch
9% is fixed in any suitable manner to a stationary
portion of the machine in such position that the
flanges 180 and 181 will be engaged by the lugs
162 and 103. Lug 1062 is displaced downwardly
from the plane of Figure 1 with respect to lug
103, with the result that lug 1903 will not engage
flange (80 of the arm 97, while lug 102 will not
engage flange !8{ of arm 98, the latter flange
being engaged by the lug {03. The construction
and arrangement of the lugs and the limit switch
98 are such that when the ram [ approaches its
upper position illustrated, lug 102 will engage the
flange {30 of arm 97 and rotate the shaft 98 with
its attached arms 97 and 98 into the position
illustrated in Figure 1 in which position the con-
tacts of the switch are broken. When the ram
approaches its lower position, the lug 183 will
engage the flange 121 of arm %8 and rotate the

- shaft 99 counterclockwise approximately 90° to

close the electrical circuit between the two con-
tacts of the switch. The switch 96 and the op-
erating means therefor are indicated diagram-
matically in Figure 3 in which the double arms
97 and 98 are represented as a single arm en-
gaged alternately by the lugs 102 and 183 for the
sake of simplicity., The switch is of the snap-
acting type so that it will be held in each of its
two positions of adjustment. This is represented

‘diagrammatically in Figure 3, by the spring

pressed detent §84.

The broaching ram { is also provided with a
limit switch 07, which is fixed to a stationary
Switch 97 contains a
reciprocating plunger {08 which is depressed by .
a camming lug 189 carried by the broaching ram
when the ram reaches the top of its stroke. The
limit switeh (87 contains, as illustrated diagram-
matically in Figure 3, two pairs of contacts 10
and ({i. When the plunger (08 is depressed,"
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contacts 110 are electrically connected, and con-
tacts Bi1 are disconnected. When, on down-
ward movement of the ram, the cam lug 09 is
withdrawn from contact with the plunger (08,
a spring {12 forces the plunger outwardly discon-
necting contacts 1i8 and making an electrical
connection between the contacts 11,

The handling eylinder 2 is provided with a
limit switch {!{3 which is identical in construc-
tion and operation to the limit switch 96 pre-
viously described and which is operated by a
pair of lugs {18 and !5 carried by the handling
cylinder 2. As best shown diagrammatically in
Figure 3, when the handling cylinder is up, lug
{14 operates the switch to break electrical com-
munication between the two contacts of the
switch. When the handling cylinder reaches the
bottom of its downward stroke, the lug {15 oper-
ates the switch in the opposite direction to make
an electrical connection between the contacts.
The switch {13 is also snap acting as indicated
diagrammadtically by a spring-pressed detent 116
in Fig. 3.

The handling cylinder 2 is also provided with
a, limit switch (18 having a plunger 1i9 adapted
to be depressed by a cam lug {29 on the handling
cylinder when the eylinder reaches the upper end
of its stroke. The switch {18 is similar in eon-
struction and mode of operation to the switch
107 previously described and contains two pairs
of contacts {21 and 122, as indicated diagram-
matically in Figure 3.

‘For reasons which will appear more fully here-
inafter, the handling cylinder £ is also provided
with a solenoid operated latch mechanism indi-
cated generally at 124 which serves, when the
machine is idle, to prevent the handling cylinder,
if it should sink by gravity, from completing the
last few inches of its downward stroke. The
lateh mechanism includes a housing containing
a solenoid 125 and a latch plunger (28 adapted to
engage a lug #27 on the handling cylinder to
limit downward movement of the cylinder when
the plunger is in its outermost position illus-
trated in Figure 1. The plunger is normally held
in its outermost position by means of a spring
128 and is retracted on energization of the sole-
noid 125. The arrangement of the lug 127 is such
that when the cylinder 2 is in its lowermost posi-
tion the lug prevents latch plunger 126 from pro-
jecting outwardly under the influence of spring
128.

The table cylinder 3 is provided with a pair of
limit switches 138 and {31 which are identical
in construction and mode of operation to limit
switeh 187, except that they incorporate only
one pair of contacts, as best shown diagram-
matically in Figure 3. The limit switch 130 is
mounted in such g position that when the table
cylinder reaches the end of its stroke in the
direction in which it moves the table into broach-
ing position and engages (or the table engages) a
fixed abutment (32, the plunger 133 of the switch
130 will be depressed by any suitable means. fixed
to the cylinder or table, such as the projection
{34. Such depression closes the circuit. between
the pair of contacts of the switch (30, as indi-
cated diagrammatically in Figure 3. The switch
130 is of the type which will close upon a very
minute inward movement of the plunger 133
and in which the closing position can be set with
great accuracy to coincide with the point at
which the cylinder or table engages the fixed
abutment. The limit switch {3{ contains a simi-
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lar plunger 135 which is depressed by means of a
cam lug 136 on the cylinder 3 when the cylinder
reaches the opposite end of its stroke, as indi-
cated diagrammatically in Figure 3. Both are
opened by constantly acting springs.

Figure 3 is a diagrammatic illustration of the
circuit employed to control the operation of the
cylinders of the machine. As there shown, the
circuit comprises a pair of main line conductors
140 and 141 connected to any suitable source of
electrical power. The line (41 is divided into
two lines, {42 and 143, which are connected, re-
spectively, to one contact of the two pairs of con-
tacts in a double pole, double throw switch (44,
When the switch {44 is in the position illustrated,
line 142 is connected to line 145 and the circuit
is broken between line 143 and a line (46, The
electrical .connection of line {45 with a line (47
is controlled by means of the normally open
contact 148 of a relay 149, the coil of which is

" connected between the line {40 and 14{ by means
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of a line 150 and a line (2l. The line {50 con-
tains a normally closed emergency stop switch
152, and the line (51 contains a normally open
cycle reset switch 153. The coil of the relay 149
is provided with a holding circuit {54 connected
in parallel with the line 151 and containing a
normally open contact 155 of the relay 149. When
the relay {49 is energized, contacts {48 and 155
close. If switch 146 is in the position illustrated,
closing of contact 148 connects line (4 with the
line {47, and closing of contact (55 closes the
paraliel holding circuit 1594 which maintains the
energization of the relay 149 until such time as
the emergency stop button (52 is depressed.
The connection of line 147 with line 14{ places
the circuit in a condition to start the normal
cycle of opesration of the machine, since all of
the control switches and relays and the valve-
cperating solenoids are connected in parallel be-
tween the lines. (40 and 147. Thus, there are
provided the following lines connected in par-
allel between the lines 149 gnd (47; lines 160,
164, 162, £83, 164, (68 (the latter heing divided

5 into a pair of parallel lines {85« and [65b), 166,

£67, 168, 169 (the latter having a parailel branch
{6%a), {108 (the Iatter being divided into a pair
of parallel lines (I8¢ and {7CD), and line {71i.
Line 160 contains the coil of a relay 17§ having

. three normally open ccntacts (77, 118, and 118,

and alsc contains a normally open starting switch
button {82, and the normally closed contact 183
of a relay 184. The coil of relay (84 is con-
nected in line {63. The.contact {77 of relay (1§

- controls a relay holding circuit 185 connected

in parallel across the contacts of the starting
switch 182, as a result of which, on depression
of the starting button, the relay 176 will be en-
ergized, thus closing all of its. contacts, angd the

~contact 177 will maintain the relay {16 ener-

gized after the starting button is released. Con-
tact 178 of the relay 716 is located in the line
{68a, and contact 179 is located. in the line (6T.
Line (6! contains the limit switch 131 and also
the coil of a relay 185, having a normally open
contact 187 located.in line {70b. Line (62 con-
tains the limit switch 132 and alsp the coil of
a relay 168, having three normally open contacts
189, 198, and 191, and a normally closed: contact
192. Contact 189 is in line. 169; contact 190 is
in line {78a; contact 191 is in line (7i; and con-
tact 192 is in line i68. Line {63 contains the
limit switch (13 and also the coil of the afore-
mentioned relay 184. Relay {84 has two nor-

- mally closed contacts, namely, contact (83 in line
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160 and 193 in line {78a, and three normally
open contacts, namely, contact 194 in line {64,
{95 in line {65, and {36 in line 17{. Line 164
contains the limit switch 96 and also the coil of
a relay (8% having two normally open contacts,
namely, contact $88 in line 18§ and 189 in line
170b, and two normally closed contacts, namely,
contact 28¢ in line 168, and 202 in line 171,

Line £8% contains the solenoid 83 of the pres-
sure control valve 838 shown in Figure 1. As pre-
viously indicated, the line i65 is connected to
the line {47 through the two parallel lines {€5a
and (65b. Line (86 contains the solenoid 49 of
valve 38. Line {67 contains the solenoid 38 of
valve 28 and also contains the contacts {2{ of
switch {18 The line {88 contains the solenoid
24 of valve 33 and also the contacts 122 of switch

§18. Line 89 contains the solenoid 35 of valve

0

88 and also the contacts 118 of switch 187, and
the paralle]l branch {§8q contains the latch sole-
noid 125. Line #78 contains the solenoid 28 of
valve 28 and is connected to the line {47 by a
pair of branch lines {70¢ and 178b, the former
branch line containing the contacts 1ii of the
switeh [87.

The electrical circuit so far described consti~
tutes the complete circuit necessary to operate
the broaching machine through its normal cycle.
It also serves to interlock the position of the vari-
ous cylinders to prevent the operation of any
cylinder when the cooperating cylinders are in an
improper position, and it further operates to
automatically correct any improper positioning
of the cylinders, and thereafter permit automatic
resumption of the c¢ycle of operation.

The operation of the circuit is as follows:
In Figure 3, all of the relays are illustrated in
the position they assume when the cylinders of
the machine are in their starting positions and
no power is supplied to the lines 183 and (4f.
This will be the theoretical position assumed
when the power supply is cut off after the ma-
chine has stopped at the end of its cycle of oper-
ation. Actually, as hereinafter pointed out, if
the machine is left idle for any appreciable pericd
of time one or more of the vertically positioned
cylinders may sink down by gravity and assume
an improper position. While the foot valves {2
angd 18 serves to hold the cylinders in their upper
positicns, unaveidable leakage will often permit a
gradual sinking of the cylinders during long idle
periods. The result of such occurrences will be
dealt with hereinafter.

If the lines §48 and {41 are energized when the
parts are in the position illustrated, no power
will be supplied to the line {48 because the jog-
ging switch {44 is in the position it assumes when
the machine is set for normal operation. Like-
wise, no power will be supplied to the line 47
because of the open contact (48 of relay 148.
Consequently, no power is supplied to any of the
parallel lines connecting lines {48 and (47, and
none of the valve solenoids will be energizad.

The machine is placed in condition to be start-
ed by connecting lines 148 and {4! to a suitable
source of electrical power and by depressing the
reset button 153, which establishes a circuit
through the coil of relay {48, thus causing con-
tacts 155 and 143 of that relay to close. Contact
{55 establishes a holding circuit through line
{54 for maintenance of the energization of the
relay {48 and contact 148 closes communication
from line {4{ through branch line {42, switch {44,
and line 145 to the line {41, As the result of this
opeération, the opposite ends of all the parallel
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lines 189 and {71, inclusive, are subject to &
voltage differential which will cause g current
flow through any parallel line which forms a
closed path for the flow of the electric current.
After the reset buiton is depressed to energize
line {47, the only one of the parallel lines which
is closed to the passage of electric current is the
line {6! which contains the coil of relay 186.
Consequently, as soon as the reset button is de-
pressed relay {86 is energized and closes its con-
tact 187. The contact {87 is in line {70b which
contains the open contact 99, and thus the
closure of contact {87 does not affect line {16b
when the parts are in the position illustrated in
the drawing. Since none of the remaining paral-
lel lines 166 and 162 to {71, inclusive, provide a
closed circuit, it is necessary to depress the start-
ing button {82 to start the machine.

As soon as the starting button is depressed, a
eircuit is established through the coil of relay {76
causing that relay to close its contacts {77, {18,
and {79. The contact 17T establishes a holding
circuit for the relay 176 through the branch line
{85 and, consequently, the relay remains ener-
gized after the starting button is released. Con-
tact 178, on closing, establishes a current flow
through line {68a, line (65, the pressure control
solenoid 88, thus establishing pressure in the hy-
draulic system in the manmner previously described
in connection with the mechanism illustrated in-
Figure 1. At the same time, current flow is estab-
lished through line 187 by reason of the closure
of relay contact 179. This energizes the solenoid
3% of the table control valve 38, and shifts the
valve to the posiftion in which it effects inward
movement of the table. Such movement shifts
the workpiece into broaching position.

In this connection, it wiil be observed that in-
jury to the broach or to the work would result if,
on inward movement of the table, the handling
cylinder had sunk down during g previous idle
pericd to a point in which the lower end of the
broach was below the top of the workpiece, It is
for this reason that the switch (18 is provided.
It will be noted that, as long as the handling
cylinder is in its uppermost postion, the switch
{§8 will be in a position in which its upper con-
tact closes communication between the contacts
iZl in line 181. If, however, the handling cylin-
der is not at the top of its stroke, communication
between the contacts 121 will be broken and no
current will be supplied to the solenoid 89. When
this state of affairs exists, the switch 118 closes
communication between contacts 122 in line 168,
thus energizing solenocid 34 of the handling cylin-
der valve 83. This energization of solenoid 34
causes the valve to shift to a position in which the
handling cylinder 2 is returned to its uppermost
starting position. This energization of solenocid
24 is possible because relay 188 is de-energized
and, therefore, its contact {92 is closed. As soon
as the handling cylinder reaches the top of its
stroke, switch #{8 returns to the position illus-
trated in Figure 3, in which it closes the circuit
through line {87 to effect the aforementioned in-
ward movement of the worktable.

Asg soon as the table begins to move in, switch
131 is opened, breaking the circuit throughline 161

~and de-energizing relay 186, with the result that

70

75

the previously closed contact {87 is then opened.
‘When the table reaches its innermost position,
switch {38 is closed, establishing a eircuit through"
line 162 and energizing relay 188, thus closing re-
lay contacts 189, 190, and 191, and opening con-
tact 192, If at this time the broaching cylinder:
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is in its uppermost position, as it should be, switch
107 will be in the position illustrated in which it
opens the connection between contacts ¢{f in line
{10a, and, consequently, the closure of contact
190 will have no effect. Similarly, the closure of
contact (81 will have no effect because contact
186 in line 171 is open. However, the closure of
contact 188 closes the circuit through line 169
to energize solenoid 35 of valve 32, thus causing
the handling cylinder to move downwardly. At
the same time, the parallel branch line 163« is
energized, thus causing retraction of the latch 126.

In this connection, it will be noted that it is
undesirable to have the handling cylinder move
downwardly unless the broaching eylinder is in its
uppermost position, since otherwise the auto-
matic chuck on the broaching cylinder will not be
open to receive the broach when it is released by
the handiing chuck, and in the subsequent step
in the eycle the broaching cylinder will move
downwardiy without the broach. This in turn
would result in breaking the broach when the
table moved outwardly at the end of the down-
ward movement of the broaching cylinder. It is
for this reason that the switch 187 is provided. It
will be noted that if the broaching cylinder is
not at the top of its stroke, the switch will be in
its lowermost position, in which it breaks the cir-
cuit between contacts {10 in line (68 and thus
prevents energization of the solenoid 35. At the
same time, the switch {07 connects contacts 1
of line 110¢ (thus completing the circuit through
line 178a and the solenoid 28, which in turn shifts
the main valve 25 into a position in which it re-
turns the broaching cylinder to the top of its
stroke. As soon as the cylinder reaches the top
of its stroke, switch 187 returns to the position il-
lustrated in Figure 3, thus permitting energiza-
tion of solenoid 35 and downward movement of
the broach-handling cylinder.

Since the switch 138 is of the type which can be
very accurately adjusted to close only when the
worktable is in its extreme innermost position
against abutment 122, no downward movement of
the breach-handling cylinder can occur unless
the table is in its full inward position kecause as
soon as it leaves that position, switch 36 de-
energizes solenoid 188 and opens contact {89 in
line 169. This insures that the workpiece will be
in the proper position to receive the broaching
tool.

During the downward stroke of the broach-
handling cylinder, the switch {i8 shifts down-
wardly from the position shown in Figure 3,
breaking the circuit through line €7 and con-
necting contacts 122 of line {68. No current will
flow through line 168 at this time, due to the fact
that the table is in, and consequently relay 188
is energized, thus opnening contact 192.

When the handling cylinder reaches the end of
its downward stroke, switch {13 is closed by lug
{i5 on the cylinder, thus energizing relay {84.
Engerization of relay {28 closes contacts 184, 195,
and 198, and opens contacts 193 and 183. The
closing of contact {94 has no effect because line
164 is open at switch 896. The closing of contact
195 completes a circuit through the branch 1§5b
of the pressure control solenoid line {65. The
opening of contact 193 does not affect the circuib
through line {78a because that circuit is already
opened by the switch {37. The opening of con-
tact 182 breaks the circuit through the starting
button line 164, thus de-energizing relay 176 anl
opening its contacts 177, {78, and 179. The open=
ing of contact 178 dos not interrupt the current
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through the pressure control solenoid 89 because
of the simultaneous closing of contact 195, which
closes the circuit through the branch line 165b,
thus maintaining the pressure control solenoid
energized. The opening of contact (77 breaks
the holding circuit for relay 176. The opening of
contact {79 has no effect because line 167 is open
at contacts i121. However, the closing of contact
196 completes the circuit through line 111 and
energizes solenoid 27 of the main valve 26, thus
shifting the valve to a position in which it causes
downward movement of the broaching cylinder |
to effect the broaching stroke of the machine.
During this state in the cycle of operation, line
{66 is open at contact 198; line 167 is open at con-
tact 179 and contacts 121; line 168 is open at con-
tact 192; line (69 is open at contacts 110 as soon
as the broaching cylinder starts down; line 178a
is open at contact 193; and line i70b is open at
contacts 18T and 189. As a result of these condi-
tions, none of the other cylinders of the machine
can move during the broaching stroke.

‘When the broaching cylinder [ reaches the end
of its downward broaching stroke, lug {03 closes
switch 86, thus energizing relay 197 (contact 194
having previously closed). This opens contacts
201 and 2062 and closes contacts 198 and 199. At
this point, line {87 is open at contacts 179 and 121;
line 188 is open at contacts 192 and 2061 ; lines 169
and 163q are open at contact 118; line 170¢ is open
at contact 193; line 1700 is open at contact 187;
and line {71 is open at contact 202. Line (66, how-
ever, is then closed, thus energizing solenoid 40 of
valve 38 and shifting the valve to a position in
which it causes an outward movement of the
worktable. It will be observed that such outward
movement occurs after the broaching cylinder
has reached the end of its downward stroke. As
scon as the table leaves its innermost position,
switch 130 is opened, de-energizing relay 188,
thus opening contacts (88, 198, and 181, and clos-
ing contact 192. The opening of contacts 188,
198, and 1591 does not affect the lines in which
they are located because at this stage in the cycle

% those lines are opened at contacts 110, 193, and

202, respectively. Closing of contact 192 does not
affect line {68 because that line is open at con-
tact 201. When the table reaches the end of its
outward stroke, switch 131 is closed, thus ener-
gizing relay {86 and closing its contact {87. The
closing of contact (87 closes the circuit through
line {18b and line {18, thus energizing solenoid
28 of valve 26 and shifting that valve into the
position in which it causes upward or return
movement of the broaching cylinder. During the
return movement of the broaching cylinder,
switch 96 is held in its closed position by the de-
tent 184. This insures that the relay (97 will
remain energized and that, therefore, the table
cannot move in or the broach handling cylinder
up. When the broaching cylinder reaches the
upper end of its stroke, switch 107 is shiffed into
the position illustrated in the drawing, and switch

. 96 is opened by lug 102. This shift of the micro-

switch 187 opens the circuit between contacts 111
of line 170a, which line is already open at con-
tacts 19¢ and 193, and connects contacts 10 in
line {69 which is already open at contact 189.
The opening of switch 96 de-energizes relay 197,
thus breaking contacts 198 and 199 and closing
contacts 201 and 202. The opening of contact
198 de-energizes solenoid 40. The opening of
contact 199 completes the de-energization of the
solenoid 28 and thus relieves the broaching cylin-~
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der of operating pressure. The closing of con-
tact 202 has no effect on line {71 because that
line is open at contact 191. However, the closing
of contact 201 completes the circuit through line
168 and energizes solenoid 34 of valve 33, thus
shifting the valve to a position in which it effects
upward movement of the broach handling cylin-
der 2. As soon as the cylinder 2 leaves its lower
position, latch 126 is projected by spring 128 be-
cause line {69q is broken at contact 189,

During upward movement of the broach-han-
dling cylinder, switch §13 is held closed by the
detent 116, but when the handling cylinder
reaches the end of its upward stroke, switch 113
is opened by lug 114, thus de-energizing relay 184.
This opens contacts 184, 195, and 196, and closes
contacts 183 and 193. In addition, when the
handling cylinder reaches the upper end of its
stroke, the switch 18 shifts to the position illus-
trated in the drawings, in which it closes com-
munication between contacts 121 and breaks the
connection between contacts 122. These changes
complete the cycle of operation and bring the
machine to a stop, inasmuch as line {66 is open
at contact {98; line 167 is open at contact 179;
line 168 is open at contact 122; lines (69 and 169a
are open at contact 189; line {10a is open at con-
tacts 190 and (i1; line {70b is open at contact
199; and line {11 is open at contacts 191 and 196.

chiine is relieved by reason of the breaking of
both branches 165a and 185b of the pressure con-
trol line 165,

It will be observed that throughout the cycle
described above, the latch solenoid 125 was re-
tracted only when the handling cylinder was
caused to move down. At all other times, includ-
ing the stop position, the latch solenocid is de-
energized and the latch advances under the in-
fluence of spring 128 into retaining position. The
ohject of the latch 126 is to prevent the handling
cylinder from moving downwardly under the in-
fluence of gravity during idle periods to such a
point that the automatic broach handling chuck
secured to the broach handling cylinder will re-
lease the broach. In this connection, it will be
understood that the latch is so positioned as to
stop the cylinder just before the chuck release
mechanism contacts the release abutment.

The latch also prevents the handling cylinder
from falling by gravity during idle periods suffi-
ciently far to insert the broach, if carried by the
handling cylinder chuck, into the chuck carried
by the broaching cylinder { or to prevent the
broach, if carried by the broaching cylinder
chuck, from being projected into the broach-
handling chuck. It further prevents downward
movement of the cylinder during idle period from
closing switch {13 since such closure would result
in injury to the broach if the machine was start-
ed following an emergency stop after the work-
table moves in, if, during the idle period, the han-
dling cylinder sank all the way to the end of its
stroke and the broaching cylinder also sank all
or part way down.

It will be understood that in accordance with
the conventional practice the downward stroke of
the broach-handling cylinder; the inward stroke
of the work fixture cylinder, and the upward
stroke of the broach cylinder are limited by fixed
abutments in all cases, with the result that it is
immaterial whether the operating pressure is
maintained after the cylinders reach the positive
abutment. The length of the upward stroke of
the broach-handling cylinder may be readily ad~
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justed by adjustment of the lug { {4 on the cylin-
der and similarly the downward stroke of the
broaching cylinder | may be adjusted by adjust-
ing the position of lug 183 on the cylinder. Such

- adjustments are desirable in order to adjust the

stroke of the two cylinders to correspond to the
length of the broach employed.

If, after the machine is automatically stopped
in the above described manner at the end of the
broaching cycle, the broach handling cylinder
should sink down by gravity, the switch {18 will
shift to its lower position, thus clesing the circuit
through line 188 and energizing the solenoid 34
of valve 33 to shift that valve to a position in
which it returns the broach-handling cylinder
to its uppermost position as scon as the machine
is restarted. The worktable cannot move in yn-
til the handling cylinder returns to its upper-
most position and shifts the switech {8 to the
position illustrated in Fizure 3. As g result there
is no possibility, on restarting the machine, that
the work moving table will collide with the
broach.

It will be noted that if, during the idle period

- following an automatic stop at the end of a cycle,

" the broaching cylinder sinks downwardly by grav-
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ity, switch 107 will be shifted downwardly closing
the circuit between contacts 11! and opening the
circuit between contacts (i0. These changes do

It will be noted also that the pressure on the ma- 50 not have any immediate effect because line 169

is already open at contact 189, and line i70¢ is
already open at contact {86. However, when,
during the subsequent cycle, the table moves in-
wardly to broaching position, it will close switch
{36, thereby energizing relay 188 and closing con-
tacts 189, 190, and 19f. Consequently, line {T0a
will be energized and line 169 will be disconnect-
ed at contacts [0, with the result that the
broaching cylinder will return to its upper posi-
tion and the handling cylinder will not move
down. - As soon as the broaching cylinder reaches
its upper position, the switch 187 is returned to
the position illustrated, and the cycle is resumed
by downward movement of the handling cylinder.

To restart the machine following an automatic
stop, it is only necessary to depress the starting’
button {82, thus energizing relay 176 to initiate a
repetition of the previously described cycle of op-~
eration.

At anytime during a cycle of operation, the ma-
chine can be stopped by depressing the emer-
gency stop button 152. This de-energizes relay
149 and opens contacts 148 and 155, thereby dis-
connecting line 147 from the source of electrical
energy. To reinstate the machine in condition
to operate following an emergency stop, it is nec-
essary to depress the cycle reset button (53, which
re-energizes relay {49 and returns the contacts
148 and i58 to a position in which line 147 is con-~
nected to the electrical source. If the machine
were stopped during a portion of the cycle sub-
sequent to the end of the downward movement of
the broach handling cylinder, the cycle will re-
sume a depression of the reset button 153. If the
machine was stopped at an earlier portion of the
cycle, it is necessary to depress first the reset but-
ton 153 and then the starting button (82 to re-
start the machine. If, during the intervening
idle period, the positions of the remaining
switches and relays remained unchanged the ma-
chine, on restarting, will resume its cycle where
it left off. "

It will be appreciated that by reason of the
possibility of stopping the machine at any point
~during its ‘cycle by the emergency stop button
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and by reason of the possible sinking by gravity
of the cylinders { and 2 during idle periods, the
three moving cylinders may assume a wide varie-
ty of relative positions when the machine is re-
started. ‘The control circuit provided in accord-
ance with the present invention automatically
prevents any movement of any of the three cyl-
inders which will result in injury to the broach,
work fixture, or machine when the machine is
restarted, regardless of the relative positions of
the three cylinders at the time of starting. A few
possible relative positions of the cylinders and
the means by which they were cured during the
cycle have been described above. However, many
other relative positions are possible. For exam-
ple, if the machine is stopped while the work-
table is part way in during the beginning of the
cycle and thereafter the broach-handling cylin-
der, which is then carrying the broach, sinks down
by gravity before the machine is restarted, then,
on restarting, the handling cylinder will return
to its upper position and the movement of the
worktable will not be resumed until after the
work handling cylinder reaches its upper posi-
tion. This result is achieved by reason of the
fact that downward movement of the broach-
handling cylinder shifts the switch {18 down-
wardly, thus breaking the circuit through line
161 and closing the circuit through line 168. As
soon as the handling cylinder is fully returned,
switch {8 returns to the position illustrated and
inward movement of the table resumes.

Another possibility is that the machine may be
left idle following an automatic stop at the end
of the cycle and that during the idle period the
broaching cylinder will sink to the extreme lower
end of its stroke, thus closing switch 96. However,
closure of switch 96 cannot energize relay 197
because relay (84 is de-energized thereby break-
ing the circuit of relay 197 at contact 194. Relay
184 is energized only when the handling cylinder
is at the lower end of its stroke and the latch
prevents the handling cylinder from reaching
that position during idle periods. Therefore,
under the conditions stated, when the machine
is started, the handling cylinder will move up if
it is not at the top of its stroke and then the table
will move in. At the end of the inward table
stroke, the handling cylinder cannot move down
because contacts 1i0 are open; but the circuit
through line 1T0a is closed and, therefore, the
broaching cylinder is returned to its upper posi-
tion. From that point, the normal cycle resumes
with a downward movement of the handling cyl-
inder.

If the machine is stopped during the broaching
stroke, it will, on restartihg, resume the broach-
ing stroke where it left off, since there is no pos-
sibility of a change of position of the work han-
dling cylinder or table under those circumstances
during the idle period. The same thing is true if
the machine is stopped during the return move-
ment of the broaching ram; that is to say, on re-
starting under these circumstances, the upward
movement of the ram will resume.

A complete tabulation of all improper posi-
tions which may result, and the way they are
automatically corrected before the normal cycle
resumes, is given below. Each improper posi-
tion assumed prior to restarting is indicated in
the lefthand column, while in the right-hand col-
umn are listed the various cylinder movements
which occur automatically in the order given
when the machine is restarted and bhefore the
normal cycle is automatically resumed.
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Improper Positions

Corrective Movements

. Table Out

1. Machine stopped atend of cycle
2. Handling cylinder sinks
b. Broach eylinder sinks par-
tially or fully

¢. Handling cylinder sinks
and broaching cylinder
sinks partially or fully

2. Machinestopped duringbroach
return by broaching cylinder
@. Broaching cylinder sinks
partially or fully
3. Machinestopped during broach
return by handling cylinder
a. Handling cylinder sinks

1. Handling cylinder returns
1. Table moves in

2. Broaching cylinder re-

turns

1. Handling cylinder returns
2, Table moves in

3. Broaching cylinder

turns

re-

None
sumes

required—cycle re-

None required—-cycle re-

sumes
b. Broaching cylinder sinks | 1. Handling cylinder returns
partially 2. Machine stops
3. Onrestarting, table moves
in
4, Broaching cylinder re-
turns
¢. Broaching cylinder sinks | 1. Broaching cylinder re-
fully turns
. Table Intermediate Stroke
1. Machine stopped during in-
ward movement of table
a. Handling cylinder sinks 1. Handling eylinder returns
b. Broaching cylinder sinks | 1. Table moves in
fully or partially 2, Broachingcylinderreturns
¢. Handling cylinder sinksand | 1. Handling eylinder returns
broaching cylinder sinks [ 2. Table moves in
fully or partially 3. Broachingeylinderreturns
2. Machine stopped during out- | None required—cycle re-
ward movement of table sumes ’
C. Table In
1. Machine stopped before han-
dling cylinder moves down
¢. Handling cylinder sinks None required—cycle re-
sumes
b. Broaching ecylinder sinks | 1. Broaching cylinder re-
partially or fully turns
¢. Handling cylindersinksand | 1. Broaching eylinder re-
broaching cylinder sinks turns

partially or fully

2. Machine stopped during down- | Same as for corresponding

2. ward movement of handling positions under C-1
cylinder
3. Machine stoppedduringbroach- | None required—cycle re-
* ing stroke sumes

It will be observed from the above table that
the automatic corrective movements take place
in such an order that no damage can occur to the
broach, the workpiece, or the machine, and that
every possible position that can result during
operation or after an emergency stop at any point
in the cycle is taken care of. In each case, the cor-
rective movements listed leave the cylinders in a
relative position they should assume during some
point in the normal cycle. From that point on,
the cyecle resumes normally. It may be noted that
no mention is made of the possibility of the han-
dling cylinder sinking fully. This is due to the
fact that a full sinking movement is prevented
by the latch.

It should be noted that all of these functions
are achieved by a very simple arrangement of
parallel circuits, in which every single valve sole-
noid and relay operating coil is connected directly
across the full line voltage. This basic arrange-
ment insures that the full operating voltage is
available to actuate each solenoid or coil at all
times and greatly facilitates modification and
adaption of the circuit to different types of ma-
chines.

The remaining portions of the circuit so far
not mentioned, which are largely located in the
lower lefthand portion of Figure 3, have no utility
except for use in “jogging” the various cylinders
during tool and fixture set-up. It is highly de-
sirable in a machine of this type to provide manu-
ally controlled means for moving each cylinder in
any desired direction to any desired extent, as
such movements are required to facilitate at-
tachment and adjustment of the tools and work
holding fixtures during machine set-up opera-
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tions. Acecordingly, there is provided an auxiliary
set of manual controls for use in such cases.

The jogging control circuit employs as its source
of current the main conductor 140 and the branch
145 of the main conduetor 14i. When it is de-
sired to operate the manual jogging controls, the
previously mentioned switch (44 is shifted to
break the connection between the lines 142 and
i45 and to complete an electrical connection be-
tween the lines 143 and 146, thus energizing the
latter.

In order to control movement of the table in
either direction, a pair of manually operated
push-button switches 204 and 205 are provided.
Each of these switches has five contacts, those of
the switch. 284 being indicated by the letters a, b,
¢, d, and e, and those for the switch 285 being
indicated f, g, h, k, and m. The contactor of
switeh 204 is spring-biased to a position in which
it connects contacts ¢ and b. When depressed it
connects contacts ¢, d, and e. The contactor of
switch 205 similarly connects contacts f and g in
its normal position and connects contacts n, k,
and m, when depressed. Contacts ¢ and m are
connected to line {48; contacts d and f are con-
nected together; contacts b and i are connected
together; contacts e and & are connected by lines
218, 211,and 212 to line (65 at a point to the right
of the pressure control solenoid 89; contact a is
connected by a line 214 to line 167 between sole-
noid 39 and the contact 1719; and contact g is
connected by a line 215 to line 166 between sole-
noid A& and contact 198.

As the result of this arrangement, all of the
circuits connected to switches Z94 and 285 are
normally open. However, when only switch 204
is depressed solenoid 40 is energized through line
£46; contacts ¢, d, 7, and ¢, and line 2i5, and
the pressure control solenoid 8% is energized
through line (48, contacts ¢ and e and lines 218
and 212, Thus depression of switch 234 causes
the work table to move out, and such movement
continues only so long as the switch 204 is de-
pressed. Likewise, the pressure control solenoid
is energized only so long as the switch 204 is de-
pressed, with the result that no pressure exists
in the system except when the switch is depressed.
This enables the operator to leave the pump run-
ning during the set-up operations without heat-

ing the oil and yet enables him to shift the table :

outwardly to any desired extent by the touch of
the switch button. Switch 285, when depressed
alone, operates in the same manner to energize
solenoids 89 and 39 to build up pressure and effect
an inward movement of the worktable.

If both of the switch buttons 204 and 285 are
depressed simultaneously, no movement of the
worktable results, but the pressure control sole-
noid is energized to subject the system to operat-
ing pressure.

A pair of manually operated switches 218 and
218 are provided for similarly energizing the sole-
noids 28 and 27 respectively of the ram control
valve 26 to effect any desired upward or down-
ward movement of the ram. These switches,
being identical in construction and mode of op-
eration to switches 204 and 205, need no furthe
description. i

A third pair of manually operated switches 220
and 221 are provided for energizing the solenoids
34 and 35 respectively of the handling cylinder
control valve 33. These switches are likewise
similar in construction and operation to the
switches 204 and 205. It will be noted, however,
that on depression of switch 221 both the solenoid
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35 and the latch solenoid {25 are energized;
whereas on depression of the switches 2064, 205;
218, 219, and 220 the solenoids 40, 39, 28, 21, and
24 are energized, respectively, without energiz-
ing the solenoid 125 to release the latch. Thus
the latch normally operates to limit downward
movement of the handling cylinder during set-
up operations. The only exception is when switch
button 221 is depressed to cause downward move-
ment of the handling cylinder, .

It is apparent, therefore, that the hereinbefore
described control circuit not only achieves an
automatic positively interlocked and fool-proof
control of maximum simplicity, but lends itself
readily to an exceedingly simple and practical
jogging control for use in tool set-up operations.

Preferably the jogging control buttons will be
made inaccessible to the ordinary operator since
they need be employed only by skilled machine
set-up men. It is possible by manipulation of the
jogging buttons to cause damage, but, as pre-
viously pointed out, it is impossible by any ma-
nipulation of the normal controls, namely, the
starting button, the emergency stop button, and
the cycle reset button, to cause any injury to the
broach, work, or machine. .

What is claimed is:

1. In a hydraulic shuttle pull-broaching ma-
chine, a double-acting positive displacement mo-
tor for operating a movable worktable between
a retracted and a broaching position, a double-
acting positive displacement motor for operating
a broach-handling slide between a retracted and
an advanced position, a double-acting positive
displacement motor for operating a broaching
ram through a broaching and a broach-return
stroke, a separafe four-way reversing valve for
controlling admission of operating liquid to each
metor, separate means for shifting each four-
way valve, each said means including a pair of
solenoids, energization of one of which causes
a shift of the valve in one direction and energi-
zation of the other causes a shift in the op-
posite direction, and automatic means controlled
by the position of the motors for energizing said
solenoids one at a time in sequence to produce a
complete cycle of operations including an ad-
vance of the table to broaching position, an ad-
vance of the broach-handling slide, a broach-
ing stroke of the ram, a retraction of the table,
a broach-return stroke of the ram, and a re-
traction of the broach-handling slide, said last-
named means including automatic means op-
erable to return the broach-handling slide to its
fully-returned position before any advance of
the table, automatic means to return the ram
to fully-returned position before any advance of
the broach-handling slide, automatic means to
prevent advance movement of the broach-han-
dling cylinder if the table is not fully advanced
and automatic means to prevent a broaching
stroke of the ram if the table is not fully ad-
vanced.

2. In a hydraulic shuttle pull-broaching ma-
chine, a double-acting positive displacement mo-
tor for operating a movable work table between
a retracted and a broaching position, a double-
acting positive displacement motor for operating
a broach-handling slide between a retracted and
an advanced position, a double-acting positive
displacement motor for operating a broaching
ram through a broaching and a broach-return
stroke, a separate four-way reversing valve for
controlling admission of operating liquid to each
motor, separate means for shifting each. fours
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way valve, each said means including & pair of
solenoids, energization of one of which causes
a shift of the valve in one direction and energiza-
tion of the other causes a shift in the opposite
direction, and automatic means controlled by
the position of the motors for energizing said
solenoids one at a time in sequence to produce
a. complete cycle of operations including an ad-
vance of the table to broaching position, an ad-
vance of the broach-handling slide, a broaching
stroke of the ram, a retraction of the table, a
broach-return stroke of the ram and a reirac-
tion of the broach-handling slide, means for ren-
dering said automatic means inoperative, and
manually controlled means effective when said
automatic means. is rendered inoperative for se-
lectively energizing any one of said solenoids.

3. In a hydraulic shuttle puli-broaching ma-
chine, a double-acting positive displacemeni mo-

tor for operating a movable worktable between o

a retracted and a broaching position, a double-
acting positive displacement motor for operating
a broach-handling siide between a retracted and
an advanced position, a double-acting positive
displacement motor for operating a breaching
ram through a broaching and a broach-return
stroke, a constant displacement pump, branch
conduits for conducting liquid from the pump
ta both sides of each motor, a separate four-
way reversing valve for each motor associated
with said branch conduits, automatic means for
shifting said four-way valves one at a time in
either direction to produce a complete cycle of
operations including an advance of the table to
broaching position, an advance of the broach-
handling slide, a broaching strcke of the ram, a
retraction of the table, a broach-return stroke
of the ram and a retraction of the breach-han-
dling slide, a by-pass vaive for by-passing to
low pressure a portion of the liquid discharged
by the pump, and means for automatically con-
trolling the degree of opening of said by-pass
valve to maintain the rate of flow of liquid to
each motor as that motor operates at a constant
value which is different for each motor and
whicli is independent of the resistance en-
countered by each motor, said last means includ-
ing means in the conduits from the by-pass valve
to said motors for imposing 2 different resistance
to the fiow to each motor, and means resgensive
to the pressure drop in each conduit as flow
occurs therein for controlling the degree of open-
ing of said by-pass valve.

4. In a hydraulic shutile pull-broaching ma-
chine, a doukle-acting positive displacement mo-
tor for operating a movable worktable between
a retracted and a broaching position, a double-
acting positive displacement motor for operating
a, broach-handling slide between a retracted and
an advanced position, a double-acting positive
displacement motor for operaiing a broaching
ram through a broaching and a broach-return
stroke, a constant displacement pump, branch
conduits for conducting Iliguid from thes pump
to both sides of each motor, a separate four-way
reversing valve for each motor associated with
said branch conduits, avtomatic means for shift-
ing said four-way valves one at a time in either
direction to precduce a complete cycle of opera-
tions including an advance of the table to broach-
ing position, an advance of the broach-handling
slide, a broaching stroke of the ram, a retraction
of the table, & broach-return stroke of the ram
and a retraction of the broach-handling slide, a
by-pass valve for by-passing to low pressure a
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portion of the liquid discharged by the pump,
and means. for automatically controlling the de-
gree of opening of said by-pass valve to main-
tain the rate of flow of liguid to each motor as
that motor operates at a constant value which is
different for each motor and which is independ-
ent of the resistance encountered by each motor,
said last means including means in the conduits
from the by-pass valve to said motor for im-
posing a different resistance to the flow to each
motor and mesgns resgonsive to the pressure drop
in each conduit as flow occurs therein for con-
trolling the degree of opening of said by-pass
valve, and means for independently adjusting
ths resistance to flow to each motor.

5. In g hydraulic broaching machine, a double-
acting positive displacement motor for operating
a movable worktable between a retracted and a
broaching position, a double-acting positive dis-
placement motor for operating a broaching ram
through a broaching and a broach-return stroke,
a constant displacement pump, branch conduits
for conducting liguid from the pump to hoth sides
of each mwotor, a separate four-way reversing
valve for each motor associated with said branch
conduits, automatic means for shifting said four-
way valves one at a time in either direction to
procduce a complete cycle of opsrations includ-
ing an advance of the table top broaching rosi-
tion, a broaching stroke of the ram, a retraction
of the table, and a broach-return stroke of the
ram, a by-pass valve for by-passing to low pres-
sure a portion of the licuid discharged by the
pump, and means for automatically controlling
the degree of opening of said by-pass valve to
maintain the rate of flow of liquid to each motor
as that motor operates at a constant value which
is different for eacli motor and which is inde-
pendent of the resistance encountered by each
motor, said last means including means in the
conduite from the by-pass vaive to said motors
for impssing a different resistance to the flow
to each motor and means resgonsive tc the pres-
sure drop in each conduit as flow occurs there-
in for controlling the degree of opening of said
by-pass valve, and means for independently ad-
justing the resistance to flow to each motor.

6. In g vertical shuttle-type pull down broach-
ing machine having a hydraulic motor for mov-
ing a work fixture into and out of breaching posi-
tion, a hydraulic motor for moving a broach-
handling chuck toward and away from a broach-
pulling chuck, a hydraulic motor for moving a
broach-pulling chuck toward and away from the
broach-handling chuck, the combination of con-
trol means for automatically operating said units
through a normal shuttle broaching cycie, said
control means including, means operable auto-
matically at any time during the cycle before
the fixture is fuily advanced to return the broach-
handling motor to fully retracted position if it is
not fully retracted and to prevent inward move-
ment of the work fixture motor unit the broach-
handling motor is fully retracted, means operable

5 automatically at any time during the cycle be-

fore the broach-handling motor is fully advanced
to restore the broach-pulling motor to its fully
advanced positien if it is not fully advanced, and
means operable during operation of said last
mentioned means to prevent advance movement
of the broach-handling cylinder until the broach-
pulling cylinder is fully advanced.

7. In a vertical shuttle-type pull down broach-
ing machine having a hydraulic motor for mov-

75 ing a work fixture into and out of broaching posi-
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tion, a hydraulic motor for moving a broach-
handling chuck toward and away from a broach-
pulling chuck, a hydraulic motor for moving a
broach-pulling chuck toward and away from the
broach-handling chuck, the combination of eon-
trol means for autematically operating said units
through a normal shuttie broaching cycle, said
control means including; means operable auto-
matically at any time during the cycle before
the fixture is fully advanced to return the broach-
handling motor to fully retracted position if it
is not fully retracted and to prevent inward
movement of the work fixture motor until the
broach-handling motor is fully retracted, means
operable autematically at any time during the
cycle before the breach-handling motor is fully
advanced to restore the broach-pulling motor
to its fully advanced position if it is not fully
advanced and to prevent advance movement of
the broach-handling cylinder until the broach-
pulling cylinder is fully advanced; means to pre-
vent retraction of the work fixture motor after it
has fully advanced unless the broach-handling
motor is in its fully advanced position and the
broach-pulling motor has previously been fully re-
tracted during the eycle, means to prevent ad-
vance movement of the broach-pulling motor
after it has completed the broaching stroke until
after the work fixture motor is fully retracted, and
means to limit advance movement of the broach-
handling motor when the machine is idle.

8. In a vertical shuttle-type pull down broach-
ing machine having a hydraulic motor for mov-
ing a work fixture into and out of broaching
position, a hydraulic motor for moving a broach-
handling chuck downwardly toward and upward-
Iy away from a broach-pulling chuck, a hydraulic
motor for moving a broach-pulling chuck up-
wardly toward and downwardly away from the
broach-handling chuck, the combination of con-
trol means for automatically operating ssid units
through a normal shuttle broaching cycle, said
control means including: means operable auto-
matically at any time during the cyecle before
the fixture is fully advanced to return the broach-
handling motor upwardly to fully retracted posi-
tion if it is not fully retracted and to prevent
inward movement of the work fixture motor until
the -broach-handling motor is fully retracted,
means operable automatically at any time dur-
ing the cycle before the broach-handling motor
is fully advanced downwardly to restore the
broach-pulling motor to its fully advanced up-
ward position if it is not fully advanced, and
means operable during operation of said last
mentioned means to prevent advance downward
movement of the broach-handling cylinder until
the broach-pulling cylinder is fully advanced up-
wardly.

9. In a vertical shuttle-type pull down broach-
ing machine having a hydraulic motor for mov-
ing a work fixture into and out of broaching
position, a hydraulic motor for moving a broach-
handling chuck downwardly toward and upward-
ly away from a broach-pulling chuck, a hydraulic
motor for moving a broach-pulling chuck up-
wardly toward and downwardly away from the
broach-handling chuck, the combination of con-
trol means for automatically operating said units
through a normal shuttle broaching cycle, said
control means including means operable auto-
matically at any time during the cycle before
the fixture is fully advanced to return the broach-
handling motor upwardly to fully retracted posi-
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tion if it is not fully retracted and to prevent
inward movement of the work fixture motor until
the broach-handling motor is fully retracted,
means operable automatically at any time dur-
ing the cycle before the broach-handling motor
is fully advanced downwardly to restore the
broach-pulling motor to its fully advanced up-
ward position if it is not fully advanced and
to prevent advance downward movement of the
broach-handling cylinder until the broach-pull-
ing cylinder is fully advanced upwardly, means
to prevent retraction of the work fixture motor
after it has fully advanced unless the broach-
handling motor is in its fully advanced down-
ward position and the broach-pulling motor has
previously been fully retracted downwardly dur-
ing the cycle, means to prevent upward advance
movement of. the broach-pulling motor after it
hag completed the broaching stroke until after
the work fixture motor is fully refracted, and
means to limit downward advance movement of
the broach-handling motor when the machine is
idle.

10. In combination, a plurality of positive dis-
placement double-acting hydraulic motors each
having a movable element, a separate four-way
reversing valve for controlling admission of op-
erating liquid to each motor, separate means for
shifting each four-way valve, each said means in-
cluding a pair of solenoids, energization of one
of which effects a shift of the valve in one direc~
tion and energization of the other of which effects
shift of the valve in the other direction, auto-
matic means controlled by the position of the
movable elements of said motors for energizing
said solenoid one at a time in a predetermined
sequence to cause said motor elements to per-
form a cycle of operations, said last-named means
including a switch mechanism operated by
one of said motors when said motor is away from
the position it should occcupy when a second motor
which operates immediately prior thereto in
said sequence is so operating, said switch mecha-
nism having contacts in the cireuit of the sole-
noid which on energization effect return of said
one motor to said position and having contacts
in the circuit of the solencid which effect said
prior operation of the second motor, said first-
mentioned contacts being closed and the second-
mentioned contacts being opened when said
switch mechanism is so operated by said one
motor.
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