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UNITED STATES PATENT OFFICE 
2S02.79. 

EORIZONTA, HYDRAUC BROACENG 
ACE NE 

Kenneth C. Monroe, Hudson, Mass, assignor to 
The LapointG Machine Tool Coangaa, kidso, 
ass, a corporation of Maine 

Applicationa June 2, 1940, Seria, No. 34, 
12 Claims. (C. 90-33) 

his invention relates to broaching machines 
of the horizontal type which are provided with 
hydraulic operating mechanism. 

It is the general object of my present invention 
to provide a horizontal hydraulic broaching ma 
chire in which the different parts of the machine 
See 80 controlled or interlocked that unintended, 
her inful or dangerous operation of the machine 
is substantially impossible. 

of the invention relates to a system of electrical 
controls so designed that the machine will stop 
if the various control circuits are not closed and 
opened in predetermined order, and will also stop 
or any failure of current in the control circuits. 
have also provided control devices which may 

be set to stop the machine after each broaching 
stroke and each return stroke, or only after each 
return stroke, as desired. 
Another feature of my invention relates to the 

provision of mechanism for automatically holding 

s 

inder to has a fixed tubular rod Snouxted there 
in and slidable in the passage E. 
The left-hand end of the cylinder 6, as viewed 

in Fig. , is connected by a pipe 3 to one of the 
discharge openings of a variable discharge re 
versible main pump P. The other discharge open 
ing of the pump P is similarly connected by a 
pipe f9 and passage 20 to a recess or chamber 2 
in the right-hand end of the cylinder (). This 

To the attainment of this object, one feature O recess or chamber 2 is connected by a port 22 
to the inside of the fixed tubular rod S6, and by 
a port 23 to the right-hand end of the cylinder 

. 
Passages 25 and 28 connect the recess 2 and 

the left-hand end of the cylinder respectively 
to the cylinder 3 of a differential valve W, which 
is mounted above the main cylinder and with 
in a storage tank or reservoir T to which surplus 
oil may be delivered or from which oil may be 

20 withdrawn by the pumps. 

the achine in operation after a working or re 
82 stroke has seen started 8nd until the stroke 
has been completed, or, alternately, for stopping 
the nachine at any point in a stroke whenever 
the cut or return Switch is opened. 

also provide inproved hydraulic devices for 
handling excess of l delivered from the main cyl 
inder during the high speed return stroke. 
My invention further relates to arrangements 

and combinations of parts which will be herein 
8fter described and more particularly pointed out 
in the appended claims. 
A preferred form of the invention is shown in 

the drawings, in which 
fig. i is a diagrammatic plan view of the rper 

atting parts of my improved broaching machine, 
together with the hydraulic connections and elec 
trical control devices, all shown in idle or neu 
tral position; 

Fig. 2 is a view similar to Fig. 1 but showing 
various parts in the positions assumed during the 
cutting stroke; and 

Fig. 3 is a view similar to Fig. 1 but showing 
the parts in the position assumed during the re 
turn stroke. 

Referring to the drawings, I have shown the 
essential parts of a horizontal hydraulic broach 
ing machine comprising a main cylinder 0 in 
which a piston is reciprocated. The piston 
is connected by a piston rod 2 to a broaching 
or puller head 4, in which a broach B may be 
detachably secured. The piston rod 2 has a rela 

25 

46 

50 

A check valve 32 in the recess or chamber 2 
prevents flow of oil upward from the passage 26 
to the port 23 or to the passage 25, but permits 
free flow in the opposite direction. 
The pump P is provided with suitable devices 

such as a pinion 35 and rack 38, by which the 
pump P may be set to discharge at any desired 
rate and in either direction. The rack 36 is 
shown as connected by a piston rod 37 to a piston 
38 slidable in a pump control cylinder 40 and nor 
mally spring-centered therein by centering de 
vices of any usual construction. 
The ends of the cylinder is are connected by 

pipes (38 and 92 to a solenoid-operated control 
valve W which is normally spring-centered in 
neutral position but which may be displaced to 
the position shown in Fig. 2 if the Solenoid & is 
energized, or to the position shown in Fig. 3 if 
the solenoid 45 is energized. 

Oil under pressure for actuating the pump con 
trol cylinder 46 is supplied from a continuously 
operating auxiliary pump P', which receives a 
supply of oil through a pipe 46 from the tank I 
and which delivers oil under pressure through 
a pipe 48, relief valve 39, needle valve 5 and pipe 
5 to the solenoid operated valve W2. The valve 
W also has a discharge pipe 52 which discharges 
oil at atmospheric pressure to the tank T, and to 
which pipe is connected the discharge pipe 33 
of the relief valve 49. 
The pump P is preferably provided with a by 

pass circuit 55 having a normally open valve W3 
controlled by a solenold 56. When the machine 
is operating, either ori a cut or return stroke, the 

tively Small axial bore or recess 5, and the cyl- 55 solenoid 56 is energized and the valve Y3 is closes 
  



fig3. 2 and 3, but when the nachins 
7&ive 73 opens ind the pipe 35 than 
syria SS or shunt, circuit, or any Sinall 
oil which may be discharged by the 

puring F if the pung control cylinder should not 
set, the purgap in exactly neutral position. This 
by-pass :hus prevents any creeping of the piston 
G8 sync ioaching head is in either direction 
While in 3 Yischile is ide, 
The diesential valye V includes a piston 

sidSile in the cylinder 38 and having spaced 
pisto elements and 2, with an interposed 
assia: space 3. line-piston Waive C is prote 
Wided with piston rod extensions is and 6 at 
i&S Wo ends, 7hich extensions are slidable in 
3:cis, espesaix.g3 or passages E. and 8 in the heads 
of the Wave f. 
A 202, 88 opens into the cylinder 36 and is 

girlfidei Tiit i? awardly opening vent or checis 
Yalye 2, 3 gassages 25 eid 23 previously de 
g33isc ose: into anaauia, E' ports 32 2nd 33 in the 
iii. 3; &le efig2des 30, 23rd 38 cort, 32 coinects 

153higi in sough g clist gig 
gy3 i. 

gigas 3d 2nd (32 controlled by the Solexa.oid 
Opsisted valve w? are connected by branch pipes 
93 and 38 to the oute ends of the passages : 
and 8 espectively in the differential valve W. 

Th2 electrical control devices congrise limit 
3ies 23 and 3S, an automatic return st/itch 

... &ngi i2nually operated Svitches 33, G (28. 
2: 35 designated “Rua,” “Cut,” “Return 
'Step’ respectively. 

She electical control devices also include re 
isy 87itches R, and R', ogerated Roy Scienoids S 35 
32, 3" and each controlling solar circuits 7hich 
are simultaneously opened or closed. I also pro 
"Side a double cole STitch. 603 adepted to be closed 
S7 S, goieroid S. &n controlling the Soaegoid 3 

legitat. A?iae operating Sai: 
is35, 393 air devices is 323spie as 

5 

5 

3. 5 

a f 

cris' tri 
& A3, 7: 3, 

3R is: 2,372 position 23 g 
E33 ii. 3'3:33. Stig Q3 232, 3 
autonatic rei, a viii Yao, Eise piece. 3. 
be noted that the stop switch 0s is normallw 
closed, while the cut, and return switches 34. 
aid 5 are normally open, as are also the relay 

R’ &nd the pump by-pass control 
50 

C site: the inacinite on he citin 
3.2 C3raic: izsi, cioses 2he 7. 

nicia Switch 7ii remain ciosed agai Yan 
O323d. She cut switch 33 is the glosed 

CSI:22.80. This corrects a ligae wire 
top switch 386, he ci, switch 

G 3, he lower contacts of the ignit, 
8, 2. Wire , a, lower swith element, 30 
the reia,37 stTitch R', a wire 3, the sole. 

iS Ed Wires ; (; 2nd S 3 go tie line wire ...,’. 
9 Soieroid S is thus energized and the reisay 

5, is tint2S raised end closes the for 3oga; 

- ? 
"...i 

se i7 39per switch elements 32 sad 
Seay SWitch R correct, the Soieaoid 
2333 gointro waive W to the ligae if 

, iius energizing the solenoid 33 an 

he staziliary pump P' the Supplies (i. 
gieSSuf3 through the pipes SS and 3 
tile gisto. 33 to the right, setting it 
&G delive oil through the pipe SE to 

ty n . ei?i : i.e. Saiga cylinder 3 agai o s 

2,302,733. 
the piston to the right, 
cit stroke. 
As soon as the Solenoid S has operated the 

relay switch R, the cut switch 0.4 may be re 
leased, as a parallel holding circuit is then closed 
through the run switch 93, wires 23 and 25, a 
37itch element 25 of the relay switch R, and a 
fire 2S. The holding circuit thus closed forIns 
, saint around the cut switch. 94 and will hold 
the solenoid S energized after the cut switch is 
opened. 
The remaining switch element 2 of the relay 

SSYitch R, closes a circuit fron the like wire 
"Cugh a wire 28, the switch 27 and S wire 

39 to the Solenoid S3 and line wire L', e. 
double pole switch fe8 is thus closed, energizing 
he solenoid 5 and moving the valve W to close 
Eine kiyo-gass 35. 
The broaching inachine will now contine g 

operate or its broaching or cut stroke until the 
Sachiang Saed engages the double lini, 
37tch dog2ning the lower contacts which cog 
Rec; the '7ires a and , and closing the upper 
303 is30ts '7iaicia are positioned in an attornatic 
aturn circuit to be described. 
ASSunni gag that the attornatic return Siyitci. 
02 is open as shown in the drawings, the open 

ing of the lower contacts of the limit switch 8 
will break the circuit through the solenoid 8, al 
lotying the relay switch R to move downward 2Ed: 
open the four operating circuits coan:Sied 7 
the switch elements 29, 2, 25 and 2. (Cp2ia. 
ing of the strich elements 2 and 3G sigge:29:- 
gizes the solenoid 44, whereupon the practic. 
Waive if returns to neutra position and the 
3isto. 38 returns to mid posito, setting the 
placing at neutral or no-discharge. 
When the switch f2 is opened, the solenoid 

S9 is deemergized, opening the switch 8 which 
designergizes the solenoid 58 and alloys the 37. 

S 73ive 7 to open the 37-38s 55. The 
$ theia in their original positioia, 22(c3gt; thi, , 

iii.3 rai, 37, 22 S 33 is aof iosi S, the g73: 
CO2:36ts of the linic, Switch () are ov7 Oge. 
2. order to start, the return stroke, the ope:- 

a84); presses the ret: Witch 5, which Rikia, 
& Series of similar operations to effect a regur: 
stroke. Closing of the switch 05 completes a 
circuit from the line wire L through the stop 
switch 06, a wire 30, limit switch f GO, a wire 
38, the lower switch element 32 of the relay 
Switch R. & Tire 33, the solenoid S' and wires 
i4 (3.3d 35 to the line wire L'. 
The Solenoid S is thus energized, closing line 
La Ripper circuits controlled thereby. 
E23 agger switch elements do and 4 cog 

52.8% ha lie Wires and L' through wires 
i (3 to energize the solenoid 45 and set the 
live f is the return position shown in Fig. 3. 

sil 3 inder pressure is then supplied from the 
3,323iliary pump P' through the pipes 5 and 32 
3.C. has right-hand end of the pump control cyi 
inder 30, causing the piston 38 to move to the 
eit aid thereby setting the pump P to discharge 
airough the pipe 3 to the chamber 2 conneces 

i3 the right-hand end of the main cylinder 33. 
soil liadei pressure is thus delivered direct, fro;i 

the pump P through the tubular rod 6 to the cis 
to rod passage 5. Because of the Small capacity 
of finese parts, the pistor. and broaching head 
36 are returned at high speed to their idle or left 
12.Éd positions. 
AS Soon as the solenoid S has been energized, 

the return switch 0.5 may be opened, but a hod 
tigh, C3'33i, Yill 'ernain closed through the Si: 

for a broaching oi 

: 3. ''. 

  

  

  

  

  

  

  

    

  

  

  

    

  

  



2,302,791 
switch f wires 23 and 36, the switch ele 
ment 37 of the relay switch R', and a wire. 38, 
which collectively constitute a shunt circuit 
around the return switch 35 and maintain the 
solenoid S' energized. 
As the broaching head 4 approaches its left 

hand limit of travel, it will engage and open the 
limit switch 00, thus breaking the circuit 
through the solenoid S' and allowing the relay 
switch R', to Open. This in turn breaks the cir 
cuit through the solenoid 45 of the valve W2, 
which then returns to neutral as shown in Fig. 1, 
whereupon the pump P is also returned to neutral 
or no-discharge position. Opening of the switch 
R" also breaks the circuit of the solenoid 56 and 

: allows the valve V to open the by-pass 55, thus 
restoring all parts to the position shown in Fig. 1. 

If it is desired to provide an automatic return 
stroke immediately following the working stroke, 
rather than stopping the machine with the 
broaching head in right-hand position, the 

0. 

5 

20 

automatic return switch fo2 (Fig. 2) will be 
closed. 
As the broaching head f4 then approaches its 

right-hand limit of travel, it will open the lower 
contacts of the switch 9 as previously de 
scribed, releasing the Solenoid S, but at the same 
time by closing the upper contacts of the switch 
of it will complete a parallel or shunt circuit, 

through a wire f30, the switch 2, a wire f3, the 
switch of and a wire 53 around the return 
switch 05. This will have the same effect as close 
ling the return switch 05, and will automatically 
initiate a return stroke, instead of stopping the 
machine with the head 4 in right-hand position. 
This method of operation is sometimes desir 

able where the work is of such a nature that it 

3 
charge of the pump P may be independently ad 
justed for the cut and return strokes. 
The operation of the differential valve W in the 

tank T is as follows: 
The valve piston 70 is freely slidable in the valve 

cylinder 30, as each cylinder head is vented to 
prevent trapping of air or oil therein. The pis 
ton 70 will remain in any position in which it is 
set, until positively moved therefrom. When the 
machine is at rest, as shown in Fig. 1, the vent 
valve 8 will open, permitting any air trapped in 
either end of the main cylinder O to escape by 
direct upward flow to the atmosphere. This is . 
an important advantage, as it clears the cylinder 
of air after each operation thereof. 
The pipe 90 connected to the left-hand end of 

the differential valve is also connected to the pipe 
4 leading to the left-hand end of the pump con 
trol cylinder 40, and is thus under pressure when 
the machine is set for a broaching or cut stroke. 
At the same time, the pipe 9 is open to exhaust 
through the pipe 42, valve V and return or ex 
haust pipe 2. 
The valve piston then moves to the right 

hand position shown in Fig. 2, closing the con 
nection 26 to the left-hand end of the cylinder 
0 which is under pressure, and connecting the 
passage 25 through the pipe 85 and back pres 
sure valve 6 to the tank T. which is at atmos 
pheric pressure. As soon as pressure is developed 
in the differential valve cylinder 30, the vent valve 

will automatically close. 
I thus provide for escape of surplus oil from 

the right-hand end of the cylinder O and also 
arrange that this oil will escape only at a pre 
determined but reduced pressure, thus maintain 

can be allowed to drop out of the broaching fix 
ture as soon as the broach is drawn therethrough 
and before the return stroke commences. No such 
automatic reversal is provided at the end of the 
return stroke; as it is always necessary for a 
broaching machine to stop at this point, so that 
the broach may be detached for insertion through 
a new piece of work. " . 

If it is desired to have the machine entirely 
under manual control as to starting and stopping 
in either direction, the run switch 03 may be 
opened, in which event, the holding circuits are 
disabled and the machine will run only so long 
as either the cut switch 04 or the return switch 
f05 is held closed. This arrangement is con 
venient for "jogging" the broaching head in one 
direction or the other when setting up the ma 
chine. 
The stop switch 06 is not used in the ordi 

nary operation above described but is in the na 
ture of an emergency switch, which may be man 
ually opened at any time and which will stop 
the machine at any point, regardless of whether 
the run switch 3 is open or closed and regard 
less of the direction of movement of the broach 
ing head. 

It will be understood that the limit switches the 
and of are adjustable lengthwise of the ma 
chine, so that the machine may be operated with 
any desired length and locus of stroke. 

. Suitable stops may be provided to determine 
the operative position and discharge rate of the 
pump P. for both Cut and return strokes. Such 
devices are indicated diagrammatically in Fig. 1 
as adjustable stop screws 60 and f6, engaged by 
a lug 62 associated with the rack bar 36. By 

ing the desired back pressure in the right-hand 
portion of the main cylinder 0. 
When the pump P is set for the return stroke, 

the pressures in the pipes 90 and 9 are reversed 
as indicated in Fig. 3, and the valve piston 7 
is shifted to the left. The passage 26 is then 
connected through the annular space T3 to the 
passage 25. As only a relatively small amount of 
oil passes through the pump to the tubular rod 
f, the surplus oil in the left-hand end of the 
cylinder flows through the passages 26 and 25 
to the right-hand end of the cylinder f0. On ac 
count of the small size of the fixed rod 6, as 
compared to the piston rod f2, the oil thus by 
passed from the left-hand end of the cylinder is 
not sufficient to fill the right-hand end of the cyl 

60 

65 

70. 

inder and such additional oil as is needed will flow 
from the tank T through the vent valves which 
is now open. 
The differential valve thus performs three 

important functions. In the first place, it vents 
the main cylinder and prevents the trapping of 
air therein. In the second place, it provides a 
desired back pressure against the piston during 
the working stroke, and in the third place it. 
provides the surplus oil required to fill the right 
hand end of the cylinder 0 during the return 
stroke. 

Particular attention is called to the fact that 
the relay switches R and R' are both normally 
open and that they remain closed only so long 
as their respective solenoids S and S are ener 
gized. Accordingly, any failure of current in 
the line wires L. and L will immediately cause 
these relay switches to open and the machine 
to stop in whatever position it may chance to oc 
Cupy. 

Also, any failure of current in the circuits con 
adjusting the screws 60 and is , the rate of dis- 75 trolling the solenoid valvew will cause the valve 

  



4. 
to return to neutral or noperative position, 
whereupon the pump P will be immediately placed 
in neutral or no-discharge condition. Similarly, 
failure of current in the circuit controlling the 
solenoid 5S will allow the valve V to open the by 
pass 5. . . 

All parts of the apparatus are thus so designed 
that they immediately set the machine in in 
operative position as soon as any failure occurs. 

Having thus described my invention and the 
advantages thereof, I do not wish to be inited 
to the details herein disclosed, otherwise than as 
set forth in the claims, but what claim is: 

1. In a horizontal hydraulic broaching ma 
chine having a main cylinder and piston, a 
broaching head actuated thereby and a nor 
mally-neutral, reversible-discharge pump for said 
cylinder, that improvement which comprises a 
hydraulic by-pass in parallel with said cylinder, 
a normally-open valve in said by-pass, a solenoid 
to close said valve, and two electrical control 
circuits selectively closable to effect setting of 
said pump for cut and return strokes respective 
ly, said solenoid being energized to close said 
by-pass valve by the closing of either of said 
control circuits. 

2. In a horizontal hydraulic broaching 'ma 
chine having a main cylinder and piston, a 
broaching head actuated thereby and a normally 
neutral, reversible discharge pump for said cylin 
der, that inprovement which comprises a hy 
draulic by-pass in parallel with said cylinder, a 
normally-open valve in said by-pass, a solenoid to 
close said valve, two electrical control circuits 
selectively closable to effect setting of said pump 
for cut and return strokes respectively, and hold 
ing means to maintain the selected circuit closed 
until the resultant stroke is completed, said. 
solenoid being energized to close said by-pass 
valve by the closing of either of said control 
circuits. 

3. In a horizontal hydraulic broaching an 
chine having a main cylinder and piston, a 
broaching head actuated thereby and a continu 
ously operating reversible-discharge pump for 
said cylinder having a normal neutral no-dis 
charge position, that improvement which corn 
prises hydraulic means to shift said pump from 
neutral to discharge in either of two selective 
Positions, spring means to return said pump to 
neutral, two electrical control circuits each closa 
ble manually to render said hydraulic means op 
erative to overcome said spring means and to 
shift said pump in a selected direction for a cut 
or return stroke, and electro-magnetic means 
to hold said electrical control circuit closed until 
the resultant stroke is completed, whereupon 
said spring means returns said pump to neutral. 

4. In a horizontal hydraulic broaching ma 
chine having a main cylinder and piston and a 
broaching head, in combination, a normally 
neutral, reversible-discharge pump connected to 
said cylinder, electrically controlled hydraulic 
means to set and hold said pump for cut or re 
turn strokes of said broaching head, means to 
release said electrically controlled hydraulic 
means at the end of each cut or return stroke, 
and a manually closable auxiliary circuit which, 
when inclosed condition, effects automatic re 
versal of pump discharge at the end of the cut 
stroke, whereby the piston and broaching head 
are immediately and automatically started on a 
return stroke. 

5. In a horizontal hydraulic broaching ma 
chine, a main cylinder and piston, a broaching 

O 

5 
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head actuated thereby, a normally-neutral, re 
versible-discharge pump connected to said cylin 
der, self-centering hydraulic pump-shifting 
mechanism, a self-centering valve for said hy 
draulic mechanism controlling the direction 
of discharge of said pump to said cylinder, 
manually controlled electrical means to shift 
said valve in a selected direction for cut 
Or return strokes, electrical devices to maintain 
said valve in shifted position until the end of the 
stroke, and automatic means to release said valve 
at the end of the stroke. 

6. In a horizontal hydraulic broaching non 
chine, a main cylinder and piston, a broaching 
head actuated thereby, a normally-neutral, re 
versible-discharge pump connected to said cylin 
der, a self-centering valve controlling the direc 
tion of discharge of said pump to said cylinder, 
manually controlled electrical means to shift said 
valve in a selected direction for cut or return 
strokes, devices to maintain said valve in shift 
ed position until the end of the stroke, automatic 
means to release said valve at the end of the 
stroke, and additional optionally operative auto 
matic means to cause said valve to be shifted in 
mediately for a return stroke at the end of the 
Cut stroke. 

7. In a horizontal hydraulic broaching na 
chine having a main cylinder and piston, a 
broaching head actuated thereby and a normally 
neutral, reversible-discharge pump for said cylin 
der, that improvement which comprises hydraulic 

40 

means to set seid pump to actuate said piston 
and broaching head for cut and return strokes, 
two electrical control circuits for said hydraulic 
means, manual means to close one circuit for a 
cut stroke, manual means to close the other 
circuit for a return stroke, a shunt circuit paral 
lel to said latter means, and optionally operative 
automatic means to close said shunt circuit and 
effect an immediate return stroke at the end of 
a cutting stroke. 

55 

60 

8. In a horizontal hydraulic broaching ma-. 
chine, a main cylinder and piston, a broaching 
head actuated thereby, a tank for surplus oil 
mounted above said cylinder, a differential piston 
valve and cylinder in said tank, connections from 
each end of said main cylinder to the valve cyl 
inder, hydraulic means controlling the supply of 
oil to said main cylinder, and connections from 
said hydraulic means to said differential valve, 
said connections, being effective to reverse the 
position of said valve each time the oil supply 
is shifted from one end to the other of said main 
cylinder. . 

9. In a horizontal hydraulic broaching ma 
chine, a main cylinder and piston, a broaching 
head actuated thereby, a tank for surplus oil 
mounted above said cylinder, a differential pis 
ton valve and cylinder in said tank, connections 
from each end of said main cylinder to the valve 
cylinder, hydraulic means controlling the supply 
of oil to said main cylinder, connections from 
said hydraulic means to said differential valve, 
said connections being effective to reverse the 
position of said valve as the oil supply is shifted 
from one end to the other of said main cylinder, 
and a normally-open vent valve between said 
valve cylinder and said tank, which vent valve 

70 

s 

is automatically closed by pressure above atmos 
pheric in said valve cylinder. 

10. In a horizontal hydraulic broaching ma 
chine, a main cylinder and piston, a broaching 
head actuated thereby, a tank for surplus oil 
mounted above said cylinder, valve means in said 
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tank effective to transfer oil direct from the 
working end to the return end of Said main cyl 
inder during a return Stroke, an automatic de 
vice to vent, Said valve means to atmosphere 
when neither end of the main cylinder is under 
pressure, and a back pressure device connected 
to said valve means and through which device 
Surplus oil from the return side of the cylinder 
is discharged through said valve means to at 
mosphere at a predetermined reduced pressure 
during a Working stroke of said broaching ma 
chine. - 

ll. In a horizontal hydraulic broaching ma 
chine, a main cylinder and piston, a broaching 
head actuated thereby, a tank for surplus oil 
mounted above said cylinder, a differential valve 
Submerged in oil in said tank and comprising a 
Cylinder and piston, connections from each end 
of said main cylinder to the differential valve 
cylinder, a reversible discharge pump for said 
main cylinder, said piston being slidable in the 
differential valve cylinder and having piston rod 

() 

st 

extensions at it.S Opposite ends, said valve having 
passages in which Said rod extensions are Slid 
able. and neans to apply pressure in one or the 
Other of said passages to shift said piston in 
accordance With the direction of discharge of 
the pump to the main cylinder. 

12. In a horizontal hydraulic broaching ma 
chine having a main cylinder and piston, a 
broaching head actuated thereby and a nor 
mally-neutral, reversible-discharge pump for said 
cylinder, that improvement which comprises hy 
draulic means to Set Said pump to actuate said. 
piston and broaching head for cut and return 
strokes, two electrical controi circuits for said 
hydraulic means, manual means to close one cir 
cuit for a cut stroke, manual means to close the 
other circuit for a return Stroke, and a separate 
electrical holding connection parallel to each 
manual closing means and effective to hold its 
associated electrical circuit closed to the end of 
the stroke after the manual means is opened. 

KENNEH. C. ION ROE. 


