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UNITED STATES PATENT GOFFICE

Kenneth €. Monrce, Hudson, M=as., assignor to
The Lapointc Machine Tool Company, Budon,
Mags., & corporation of Msine

Appiicaiion June 21, 1940, Serial No. 341,770
12 Claims. (Ci. 90—33)

This invention relates to broaching machines

of the herizontal type which are provided with ‘

hydraulic operating mechanism.,

Xt is the gencral object of my present invention

t6 provide & horizontal hydraulic broaching ma-
chine in which the different parts of the machine
&re 80 controlleC or interlocked that unintended,
hermful or dangerous operation of the machine
s substantially impossible.

To the attainment of this object, one feature
of the invention relates to a system of electrical
controls so designed that the machine will stop
1f the various control circuits are not closed and
opened in predetermined order, and will also stop
on any failure of current in the control circuits.
I have also provided control devices which may
be set to stop the machine after each broaching

10

stroke and each return stroke, or only after each

return stroke, as desired. . :
Another feature of my invention relates to the
provision of mechenism for automatically holding

20

the machine in operation after a working or re- .

" “turn stroke has been started and until the strcke

has been completed, or, alternately, for stopping
the machine at any point in a stroke whenever
the cut or return switch 1s opened.

I also provide improved hydraulic devices for
handling excess ofl 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-
after described and more particularly pointed out
in the appended claims. : .

- A preferred form of the Invention is shown in
the drawings, in which :

Fig. 1is a dlagrammatic plan view of the nper-
ating parts of my improved broaching machine,
together with the hydraulic connections and elec-
trical control devices, all shown in idle or neu-
tral position; o

Fig. 2 i a view similar to Fig. 1 but showing
verlous 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 essumed during the re-
turn stroke. :

Referring to the drawings, I have shown the
essential parts of a horfzontal hydraulic broach-
ing mschine comprising a main cylinder 18 n
_ Which a piston 1 is reciprocated. The piston i1
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 12 has a rela-
tively small axial bore or recess 15, and the cyl-

25
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“inder 10 has a fixed tubular rod §§ mounted there-

in and slidable in the passage iE.

The left-hand end of the cylinder {9, as viewed
in Fig. 1, is connécted by 2 p'pe 18 to one of the
discharge openings of a variasble discharge re-
versible main pump P. The other discharge open-
ing of the pump P is similarly connected by &
pipe 18 and passage 20 to a recess or chamber 21
in the right-hand end of the cylinder 8. 'This
recess or chamber 2{ is connected by 2 port 22
to the inside of the fixed tubular rod 18, and by
& port 23 to the right-hand end of the cylinder
t0.
Passages 25 and 28 connect the recess 2f and
the left-hand end of the cylinder {8 respectively
to the cylinder 8¢ of a differential valve V, which
is mounted above the main cylinder {8 and with-
in a storage tank or reservoir T to which surplus
oll may be delivered or from which oil may be
withdrawn by the pumps.

A check valve 32 in the recess or chamber 21
prevents flow of oil upward from the passage 28
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 pinfon 35 and rack 86, by which the
pump P may be sei 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 48 and nor-
mally spring-centered therein by centering de-

vices of any usual construction.

The ends of the cylinder 40 are connected by
pipes 4{ and 42 to a solenoid-operated control
valve V? which is normally spring-centered in
neutral position but which may be displaced to
the position shown in Fig. 2 if the solenoid &4 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 s
supply of oil through a pipe 46 from the tank T
and which delivers oil under pressure through
a pipe 48, relief valve 49, needle valve 58 and pipe
51 to the solencid operated valve V2. The valve
V2 also has a discharge pipe 52 which discharges
oll at atmospheric pressure to the tank T, and to
which pipe is connected the discharge pipe 83
of the relief valve 48. o

The pump P is preferably provided with a by-
pass circult 55 having a normslly open valve VS
controlled by a solenold 56. When the machine
is operating, either on a cut or return stroke, the
solenold B8 ig energized snd the valve V2 iz cloged




g, 2 and 3, but when the mechine

s idls, valve V3 opens gnd the pipe 53 then
DOV 5 pass or shunt circulb for any small
smount of oil which mey be discharged by the

pump P if the pump conirol cylinder should not
seb the pump in exactly neutral position. This
by-pass shus prevents any creeping of the piston
1 and brosching head 14 in either direction

fed]

while {he mechine is idle.
The diffevential velve V includes a piston 78 10

slideble in the cylinder 39 and having spaced
piston elements 70 and 72, with an Interposed
anruiar speee 78, The-plston valve 70 Is pro-
vided with piston rod extensions 75 and 18 at
fis two ends, which extensions are slidable in
axinl openings or passages 77 and 78 in the heads
of the valve V.

A pory 09 opens into the cylinder 36 and is
vided with an Inwardly opsning vent or check
The pessages 25 end 20 previcusly de-
2n into snnular ports 32 and 38 in the
2 cpli the pori 68 cornecis

L
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the solenold-
ased valve V2 are connecied by branch pipes
00 snd 91 to the outer ends of the passages 77
4 78 respeciively in the differential valve V.
slectrical control devices comprise imit
186 and 191, en sutomatic return switch
G menually operated switches (83, (86,
195 designated “Rum,” “Cui,” “Reiurn”
“Ston” respectively.
ne slecirical contro! devices also include Te-
lav switches ® ond R, operated by solenolds S
4 5 and each controlling four elrcuiis which
are simulieneously opened or closed. X also pro-
ide o double pole gwitch (08 adapted to be closed
by & solenold & and controlling the solsmold

degeribed. 'The operating ©

an
oD

36

automatic raturn
be noted that the siop switch 108 is normallv
closed. while the cut and return switches (94
and (85 are normelly open, as are also the relay

60
switches B and B’ and the pump by-pess control
m\""“';

Featd

The cut switch 184 s then closed
Thle comnects the line wire
o switch {88, the cui switeh
lower contacts of the Hmil
i jower swiich element g

7 the
d 5 and

il

relay sw

wives §

> golenold 8 is thus energized and the reiay
iy

a7

R is thus raised snd closes the four ©
123
+wo upper switch elements {20 and
ziay switch R connect the solencld ¢
pump controel vaive V4 i¢ the line ¥

, thus energizing the solenocid 40 an
e valve V2 to she position shown it
e suxilisry pump P’ then supplies ol i
pressure shrough the pipes 51 and 3§
¢he piston 80 to the right, setling
10 deliver ol through the pipe 18 to i

in cylinder 10 a b

A
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the piston i o the right for a broaching or
cutb stroke.

Ag soon as the solenoid 8 has operated the
relay switch R, the cut switch 104 may be re-

" jeased, s a parallel holding circuit is then closed

¢hrough the run switch {93, wires 23 and 124, &
avitch element £26 of the relay switch R, and &
orire 128. The holding circuit thus closed forms
o shunt eround the cut switch §84 and will hold
the solenoid S snergized after the cut switch is
opaned. . .

The remaining switch element 127 of the relay
switch B closes & circuit from the line wire L
through a wire 128, the switch 127 and a wire
129 to the solenoid S and line wire L’. The
double pole switch 88 is thus closed, energizing
the golenoid 38 and moving the valve V3 o close
the hy-pass §8.

The brosching machine will now continue fo
operste on itz broaching or cut stroke until the -
brogching hezd !4 engages the double limi4
amiteh 181, onaning the lower contacts which con-
neet the wires 148 and 114, and closing the unper
eoniocts which are positioned in an automsptic
raturn circuit to be described.

Assuming that the automatic return switch
{82 °is open as shown in the drawings, the open-
ing of the lower contacts of the limit switeh 181
will break the circuit through the solenoid 8, ai-
lowing the relay switch R {o move downward snd
open the four operating circuits controlled by
1he switch elements 120, 124, 125 and 127. Opei-
ing of the swilch elements 120 and 120 desner-
gives the zolenoid 44, whereupon the pump eonbrel
valve V2 returns to neutral position and the
niston 39 returns to mid position, getting the
pump P at neutral or no-discharge.

" Y7hen the switch 127 is opened, the solenoid
£? ig deemergized, opening the switch 188 which
deemargizes the solenold 56 and sllows the by~
nnes velve V3 o open the by-poss 85. The nart
then in their origingl position, excepi theb
ihn Hmlt swiich 108 ie now closed and the lower
eontacis of the lirnit switch 101 are now open.

Tn order o stard the return sitroke, ihe opzi~
otur presses the rebura switch 188, which iniviates
e serles of similar operations to effect a retuim
gtroke. Closing of the switch 105 completes a
eircuit from the line wire L through the stop
switch 108, a wire 130, limit switch 180, a wire
131, the lower switch element 132 of the relay
gwlich B. o wire §33, the solenold 8’ and wires
194 ond 135 to the line wire I/,

Tha zolenold 8 is thus energlzed, closing ihe
four upper circuits controlled thereby.

The uppsr switch elements 140 and 147 con-
necs the line wires I and L’ through wires 142
and 168 to energize the svlenoid 45 and seb ihe
volve V2 in the return position shown in Fig. 3.
il under pressure is then supplied from the
suxiliary pump P’ through the pipes 8 and 43
10 the right-hand end of -the pump control ¢7i-
inder 40, causing the piston 38 to move io the
ieft and thereby sebiting the pumn P to discharge
$hrough the pipe 13 to the chamber 2{ connected
+o the right-hand end of the main cylinder 6.

il under pressure is thus delivered direct from
the pump P through the tubular rod 16 to the pls-
ton rod possaze 15, Because of the small capacity
of these parts, the pistorn 11 and broaching head
16 are returned at high speed to their idle or leit-
hend positions. .

48 soont 88 the solenoid S’ has been energized,

the return switch 195 may be opened, but 2 hold~
imy civonit will remain closed through the run
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swicch 108 .wires 123 and 136, the switch ele-
ment 137 ot the relay switch R", and & wire 138,
which coilectively constitute a shunt circuit
around the return switch 135 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 100, thus breaking the circuit
through the solenoid 8’ and allowing the relay
_ gwitch R’ to open. This in turn breaks the cir-
cuit .through the solenoid 45 of the valve V2,
"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 58 and
. allows the valve V3 to open the by-pass 88, thus
restoring all parts to the position shown in Fig. 1.

If it is desired to provide an automatic return
stroke immediateély following the working stroke,
rather than stopping the machine with the
broaching head I4 in right-hand position, the

10

3

charge of the pump P may be independently ad-
justed for the cut and return strokes.

The operation of the diﬁerential valve V in the
tank T is as follows:
* The valve piston 10 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 18 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 81 will open, permitting any air trapped in

16

20

automatic return switch (02 (Fig. 2) will be .

closed.

As the broaching head 14 then approaches its

right-hand limit of travel, it will open the lower
contacts of the switch 18{ as previously de-
scribed, releasing the solenoid 8, but at the same
time by closing the upper contacts of the switch

101 it will complete a parallel or shunt circuit.
through a wire 150, the switch 182, a wire 154, the -

switch 101 and a wire 153 around the return
switch 105. This will have the same effect as ¢los-

" ing the return switch 105, and will automatically

initiate a return stroke, instead of stopping the
machine with the head 14 in right-hand position.

This method of operation is sometimes desir-
able where the work is of such a nature that it

25

“direct upward flow to the atmosphere.

either end of the main cylinder 10 to escape by

an impcrtant 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

‘41 leading to the left-hand end of the pump con-

trol cylinder 49, and is thus under pressure when
the machine is set for a broaching or cut stroke.
At the same time, the pipe 81 is open to exhaust
through the pipe 42, valve V? and return or ex-
haust pipe §2. o

The valve piston 18 then moves to the right~ -
hand position shown in Fig. 2, closing the con-
nection 26 to the left-hand end of the cylinder
10 which is under pressure, and connecting the
passage 28 through the pipe 85 and back pres-
sure valve 88 to the tank T which is at aimos-

" pheric pressure. As soon as pressure is developed

in the differential valve cylinder 38, the vent valve
81 will automatically close.
I thus provide for escape of surplus oil from

" the right-hand end of the cylinder (0 and also

5 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

40

‘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
& new Dpiece of work.

" If it is desired to have the machine entlrely
under manual control as to starting and stopping
in either direction, the run switch 103 may be

opened, in which event. the holding circuits are

disabled and the machine will run only so long

as etther the cut switch 104 or the return switch

{05 is. held closed. This arrangement is con-

venient for “jogging” the broaching head in one

_ direction or the other when setbing ‘up the ma-
chine.

The stop switch 106 is not used in the ordi-
nary operation above describell 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 1038 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 108
and 101 are adjustable lengthwise of the -ma-

chine, so that the machine may be operated with

- any desired length and locus of stroke.

. Buitable stops may be provided to determine
‘the operative position and discharge rate of the
pump P for both eut and return strokes. Such
devices are indicated diagrammatically in Fig. 1
as adjustable stop screws 160 and 161, engaged by

‘s lug 162 associated with the rack bar 38. 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 81 are reversed
as indicated in Fig. 3, and the valve piston 19
is shifted to the left. The passage 26 is then’
connected through the annular space 13 to the
passage 26. As only a relatively small amount of
oil passes through the pump to the tubular rod
‘18, the surplus oil in the left-hand end of the
cylinder flows through the passages 26 and 2§
to the right-hand end of the cylinder 18. On ac-
count of the small size of the fixed rod #6, as
compared to the piston rod i2, 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

85

0.

inder and such additional oil as is needed will flow
from the tank T through the vent valve 81 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 (1 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 reinain closed only so long

a8 their respective solenoids S8 and 8’ are ener-
gized.. Accordingly, any failure of current in
the line wires I. and L’ will immediately cause
these relay switches to open and the machine
to stop in whatevet pogition it may cha'nce- to oc-

cupy.

Also, any failure of current in the circutts con-

adjusting the screws 160 and (81, the rate of dis- 75 tromng the solenoid vaive V? will cause the valve

This is




4

to return to neutral or inoperative position,
whereupon the pump P will be immediately placed
in neutral or no-discharge condition. Simiiarly,
failure of current in the circuit controlling the
golenoid 88 will allow the va]ve V3 to open the by-
pass §8.

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 limited
"to the details herein disclosed, otherwise than as
eet forth in the claims, but what I claim is:

10

1. In' & horizontal hydraulic broaching ma- .

chine having & 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

15

20

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 & normally-
neutral, reversible discharge pump for said cylin-
.der, that improvement which comprises & 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 sald pump
for cut and return strokes respectively, and hold-
ing means to maintain the selected circuit closed

until the resuliant stroke is completed, saild-

solenoid being energized to close said by-pass
valve by the closing of either of said control
circuits.

3. In a horizontal hydraulic broaching ma-
chine having & 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 com-.

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 sald spring means and to
shift said pump in a selected direction for a.cut
© or return stroke, and electro-magnetic means
to hold sald electrical control circuit closed untfl
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
sald 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.

25

30

2,308,791

head actuated thereby, s normaliy-neuiral, re- '

" veraible-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 & 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 relaase said valve
at the end of the stroke.

6. In a horizontal hydraulic broachinc woa-
chine, a main cylinder and piston, a broaching
head actuated thereby, a normally-neutral, re-
versible-discharge pump connected to sald 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 returmn -
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 im-

‘mediately for & return stroke at the end of the

cut stroke.

7. In a horizontal hydraulic broaching msa-
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 ssid 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 sald latter means, and optionally operative
automatic means to close said shunt circuit and
effect an immediate return stroke at the end of

" & cutting stroke.

bb
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8. In a horizontal hydraulic broachlng 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 sald differential valve,
said connections being effective to reverse the
position of sald 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 ofl
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 cyiinder,
and a normally-open vent valve between said

- valve cylinder and said tank, which vent valve
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5. In a horizontal hydraulic broaching ma-

'chlne, & main cylinder and piston, a broach!ng

(]

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 sald 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, :

11. 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 2

main cylinder, said piston being slidable in the
differential valve cylinder and having piston rod
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extensions at its opposite ends, said valve having
passages in which said rod extensions are slid-
able. and means 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 therehy 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 control 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 paralle! 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.
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