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~ UNITED STATES

Re. 18,834

PATENT OFFICE

PATRICK C. WARD, OF HOMEVILLE, EENNS?LVANM.

CONTROL SYSTEM

Original No. 1,819,489, dated Augusi: 18, ‘1'931, Serial ‘No. 324,543, filed December 7, 1928. Application for

reissue filed February 23,

This invention relates generally to control
systems, and more particularly to control sys-
tems for machine tools such as shapers,
planers and the like. :

Tt has been common practice to utilize a
motor for actuating the cutting tools -of
shapers and planers, etc., to perform feeding
operations and the mechanism interposed be-
tween the motor and the cutting tool has
always been made adjustable to permit an
operator to make the adjustments required to
obtain any desired feeding operation. In
order to provide an adjustable drive between
 the feeding motor and the cutting tool, the
mechanism necessarily includes a number of
members movable relative to one another.

In the operation of such tool mechanisms,
many of the members such as the pawl-and-
ratchet members are subjected to great
strains and under unexpected working con-
ditions break down. Therefore, the feeding
mechanisms heretofore provided for planers
and shapers and the like have been found
to be unsatisfactory because their structures
3 are complicated and subject to break down
upon the development of excessive strains.

Tn the present invention the movements of
the cutting tool are controlled by controlling
the feed motor, and this permits a simple and
9 durable direct drive between the feed motor
and the tool. Therefore with a durable di-
rect drive between the motor and tool when
an unexpected load is developed the only
thing that happens is that the motor is
5 stalled. .

The object of my invention, generally
stated, is to provide a control system for ma-
chine tools which shall be simple, and efficient
in operation, and which may be economically
9 manufactured and installed. ’

A further somewhat more specific object
of my invention, is to provide for. control-
ling the tool-feeding operations of a machine
tool by controlling the operation of the feed
motor for the tool.

A further object of my invention is to pro-
vide for controlling the operation of a tool-
feeding motor for a machine tool so that the
_ tool may be stopped at definite predetermined
*9 positions without resorting to the use of a

“number of revolutions of the fee

1933. Serial No. 658,045.

manually-adjustable mechanical-feed-mech-
anism. . , K ;

Another ‘object of my invention is to pro-
vide for controlling the tool feed operation
of a shaper, planer and the like, to effect
definite movements of the cutting tool, by.
regulating to a high degree of accuracy the
: motor for
each operation. :

Another object of my invention is to pro-
vide for definitely controlling the number of
revolutions of a tool feeding motor, by means
automatically responsive to different load
conditions. P :

Another object of my invention is to pro-

‘vide for controlling the movements of a grav-

ity-influenced relay, plunger, by changing the

_area of the inlet opening to control the admis-

sion of the fluid.
~ Other objects of my invention will be evi-

dent from the following description taken in

conjunction with the drawings in which:
Figure 1'is a diagrammatic view of a con-

trol system for machine tools embodying the

features of my invention shown in combina-

tion with a shaper; . : .
Fig. 2 is a diagrammatic view showing the

mechanical features of the main drive, and

feed mechanism, of a shaper to which my in-
vention may be readily applied;

Fig. 8 is a vertical sectional view of my
improved time-element relay which is shown
diagrammatically in Fig. 15 .- -

Fig. 4 is an enlarged sectional view taken
along the lines I—1 of Fig. 3, showing In
detail, the outlines of the intake, and-exhaust
orifices in the dash pot, and the manner in
which the movement of the. adjustable cap
member varies the effective area of the intake
orifice; and ,

Fig. 5 is a vertical sectional view showing
a modification of the dash pot shown in
Fig. 8. S .

Referring now to the drawings, the ref-
erence character 1 designates generally a
portion of a shaper to which my invention
may be readily applied. It will be observed
that the shaper shown is of the usual con-
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struction, comprising a cutting ram 2 car-

ried by a saddle member 3. The vertical
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by an upright frame member 4 which sup-
ports a stationary feed screw 5. The saddle
member 3 may be connected to the feed screw
5 in any suitable manner, and in this em-
bodiment of the invention, a feed nut 6 is
rotatably mounted in the saddle member
and disposed to make threaded engagement
with the feed screw 5. '

The structure of the shaper shown in the
drawings departs from the usual design in
that the feeding mechanism which connects
the feed nut 6 with the feed motor is greatly
simplified for the purpose of clarity of the

-disclosure.

As illustrated the feeding movements of
the ram 2 may be controlled by driving the
feed nut 6 direct from a suitable feed motor
8, through a simple shaft and gear arrange-

.ment, shown generally at 7. Therefore a

feed plate and ratchet device constituting a

mechanical feed controlling device need not

be utilized for definitely controlling the de-

- gree of feed, as will be explained in detail

hereinafter. .
In this embodiment of the invention, the
feed motor 8 utilized for actuating the feed

‘nut 6, as shown is a direct-current motor,

provided with a shunt field winding 9, and
a series field winding 10. Manually oper-
able lines switches, 11 and 12, and reversing

‘switches 13, 14, 15 and 16, are provided for

controlling the operation of the feed motor.

~ In accordance with.the usual practice, a
main motor 17 is provided for actuating the
cutting ram 2, to perform cutting operations.

In this instance, a direct-current motor, pro-
vided with a shunt field winding 18, and a
series field winding consisting of two sep-
arate sections, 19 and 20, respectively, is uti-
lized. Manually-operable line switches 21
and 22, and directional switches 23, 24, 25
and 26, are provided for controlling the op-
eration of the main motor 17.

 Referring to Fig. 2 it will be observed that

the main-motor 17 is connected to drive the
ram 2 through a worm 27, secured to the mo-
tor shaft. As shown the worm meshes with

a worm wheel 28 secured to the pinion shaft

50

56

- for effecting horizontal feeding movements.

"8 connected to the feed nut 6 which effects the

}.29. The drive pinion 80 which is carried on
the pinion shaft 29 is disposed to mesh with.
a rack 381, provided on the main body por-

tion of the ram 2. : .
In Fig. 2, the features of the feed mech-
anism are shown in greater detail than in

Fig..1. . As will be. observed the feed motor

8 is connected to a worm shaft 32 by means
of a gear train 33. - A worm 34 on the shaft
32 meshes with a worm -wheel 85 which may
be utilized to drive the feed-nut 6 for ef-

fecting - vertical feeding movements of the

cutting tool, or to drive the feed screw 87

In this instance, the worm wheel 85 may be

18,834

raising or lowering of the ram 2, by means
of a simple gear clutch 36. In a similar man-
ner the shaft 37 which actuates the travers-
ing mechanism may be connected to the
worm wheel 35 by means of a gear clutch 38.
Therefore, it is evident that the feed motor-
8 may be readily connected for performing
vertical or horizontal feeding operations, by
a simple adjustment of the gear clutch mem-
bers 36 and 38. :

Since the mechanical features of the feed
mechanism form no part of this invention, a
further detailed description is deemeéd un-
necessary. In. considering and describing
the control system, particularly as it relates
to the feeding operations, it 1s only. neces-
sary to bear in mind that the adjustment of
the cutting ram 2, to vary the degree of
feed, is directly responsive to the operation:
of the feed motor, that is, for each revolution
of the feed motor, there is a definite move-
ment of the saddle member 3 in either an
upward, downward, or sidewise ‘direction.
In performing a quick traversing operation,

the feed motor is operated continuously in

one direction until the operation has been

_completed and, therefore, definite control

other than starting and stopping of the feed
motor is unnecessary.

_To control the operation of the main mo- !

tor 17 in accordance with. the movements of
the cutting ram 2, a master switch, desig-
nated generally, at 41, is provided. The op-
eration of the master switch 41 is'effected in

the usual manner by utilizing a rotating disk

42, which may be actuated by the maln mo-
tor 17 through a suitable drive mechanism,
designated generally, at 43. The disk 42 is
provided with a plurality of adjustable dogs

44 and 45 which are disposed to be actuated -
into’ engagement with the switch actuating
lever 46 upon rotation of the disk 42 in a

manzer to effect the opening or closing of

- the master switch 41. ]

In order to control the’operation of the -

feed motor 8, a time element relay, shown
generally at 47 in Fig. 1 is provided.

As shown, in Fig. 3 the relay comprises an
electromagnet 48, having a movable core or
plunger 49, which may be utilized -to effect
the opening of a ‘circuit controlling switch
50. In this instance only a single-contact

- switch has been shown, but it will be readily
understood that as many contact members
~may be provided on the switch 50 as may be

required for performing the necessary con-

“trol operations. - The electromagnmet 48, in

addition to the movable plunger 49, com-
prises an operating coil 51, which may be

energized to actuate the plunger 49 to the

raised position as shown.. The operating-
coil 51 may be of the usual form-wound type,
supported in the position shown, by means
of metal brackets 52 and 52’, which are bolt-
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ed to the base member 53, in any suitable
manner. ‘

To control the time required for the relay
plunger 49 to fall from a raised position as
chown in the drawings, to a point -at which

tlie switch 50 is actuated in response to the
deenergization of the operating coil 51, a

dash pot 54 is utilized. Tt will be readily
understood, that, since the plunger 49 when
released by the coil 51 is influenced by the
force of gravity alone, the time element will
depend upon the weight of the plunger and
the distance it must fall to the full open po-
sition. Without any dash pot or retarding
means exerting a restrainingforce in oppo-
sition to the force of gravity a minimum
time element is obtained which, in most in-
stances, is of too’short a duration to be of
any practical value. .

fn this embodiment of the invention, the
time ele-
ment of the relay may be readily adjusted
between relatively wide limits. As shown,
the dash pot 54 comprises a cylinder mem-
ber 55 which may be secured - to the base
member 53 in any suitable manner. The
bore of the cylinder 55 is provided with a
liner 56 which is adapted to receive a piston
member 57. The piston 57 is preferably
formed of the same material as the liner 56,
and may be fitted to the bore with consider-
able cleardince for a purpose which will be
described in detail hereinafter. :

A$ shown, the piston 57 is connected to the
plunger 49 by means of a suitable connect-
ing member 58.

To limit the downward travel of the plung-
er and piston, 1
provided with a shoulder portion 59, which

in its lower position engages the upper

bracket member 52. As will be readily un-
derstood the upward movement of the plung-

er and piston is limited by a shoulder por-

tion formed by the upper end of the plunger
49 which is disposed to engage the upper
bracket member 52, as shown.

To control the operation. of the dash pot
54 to vary the length of the time element
from minimum to maximum values, the dash
pot is provided with a rotatable-cap mem-
ber 60, as shown. The cap member 60 rests
firmly upon the top of the dash-pot cylinder
55, and is held in position by means of a set
serew 61 which engages a groove 62 extend-
ing cireumferentially around the outside pe-
riphery of the cylinder 55.

Tn order that a control fluid such as air,
may be drawn into the eylinder in response
to the downward movement of the piston 57,
the eylinder top is provided with an elongat-

- ed intake orifice 83. As shown the intalke

orifice 63 communicates between the interior
of the cylinder 55, and the outside air through

a passage comprising a recessed portion 64

- tral opening 65.

" straining force

the connecting member 58 1s

3
in the face of the cap member 60 and a cen-
Referring to

that the recessed portion of the cap member
80 is of circular shape, and positioned eccen-

trically with respect to the center of the cap.

Tt will be readily understood that the effec-
tive area of the intake orifice 63 may be va-
ried by rotating the cap member 60 to-the
various positions designated as a to g, inclu-
sive, as shown. Due to the eccentricity of the
recessed portion 64, very small changes in
the effective area of the intake orifice may
be obtained by rotating the cap member 60,
which provides for a fine and accurately con-

trolled adjustment of the time element of the

relay.
Tn describing the operation of the relay it

. may be assumed that the operating coil 51 is

energized. In this instance the plunger 49

_is held in the “up” position, as shown. When

the plunger is released by the coil 51, the
force of gravity immediately effects its move-
ment in a downward direction. Consequent-
Ly the dash-pot piston 57 is pulled downward-
1y and creates a
inder 55. In accordamnce with a well known
principle; the control fluid which is pref:
erably of gaseous nature such as air is caused
to flow into the cylinder through the central

opening 65, passage 64, and intake orifice 63.

Tt will be readily understood, that the re-
exerted upon the plunger 49,
by the piston 57, will depend upon the rate
with which air enters the dash-pot cylinder
55. Since the size of the intake orifice 63
may be readily adjusted, it is evident that

the rate with which air enters the cylinder,

and consequently the restraining force exert-
ed by the piston against the force of gravity,
may be varied to provide the desired time ele-
ment by adjusting the cap member 60 to the
proper position as described in detail herein-
before. o : :

As stated hereinbefore, a definite amount
of clearance may be provided between the
piston 57, and the cylinder liner 56, in order
that a certain amount of air may escape from
the cylinder through the cylindrical passage
thus formed. It will be readily understood
that the air in this passage, provides an air
cushion between the piston, and the cylinder
walls, and functions in many respects as:.a
lubricant.

Tt will be evident that the air cushion thus
formed performs a function which would not
be possible to obtain from the use of an ordi-
nary lubricant, since the viscosity of any lu-

bricant necessarily varies in accordance with’

temperature conditions, causing an apprecia-
ble variation of the friction force. Further-
more, the absence of lubricant in the dash-
pot cylinder prevents the collection of dust
particles, which, if allowed to remain and
collect upon the cylinder walls, would seri-

partial vacuum in the cyl-

Fig. 4, it will be observed
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ously interfere with the accurate adjustment
and operation of the relay. _

In some instances, as when even the small-
est movement of the cap member 60 effects
too great a change in the time element, auxil-
iary means for controlling the time element
of the relay may be required. To provide
for an auxiliary adjusting means, provision
is made for varying the total distance which
the plunger must fall when released by the
coil b1, thus interposing a distance time ele-
ment upon the time element produced by the
dash pot 54. - In this instance the distance
time element may be controlled by utilizing
an adjusting nut 66, which is disposed to en-
gage a threaded portion of the plunger 49
as shown. It will be readily understood that

-when- the adjusting nut 66 is used the ad-

justing nut 66 rather than the shoulder on the

upper portion of the plunger 49, by engaging
the lower bracket member.52” limits the up-

ward movement of the plunger.

To prevent the plunger 49 from binding
and sticking against the metallic coil liner
67, provision is made for controlling the dis-
tribution of the flux in the magnetic circuit

of the relay.. If the flux distribution in -

plunger 49 is not uniform for any horizon-
tal section, or at least so distributed that the.
flux of greatest density is substantially co-
axial with the plunger, the plunger, being of
paramagnetic material, will be attracted
against the liner 67 and thus caused to stick.
As shown, this control over the flux distri-
bution is obtained by utilizing a plate 69 of
paramagnetic metal, which may be adjust-
ably secured to the bottom side of the lower

- bracket 52 in any suitable manner to vary the

40

45

50

flux distribution as desired. .

In some instances, the intake orifice 63
may be nearly closed to provide a relatively
long time element. Accordingly the upward
movement of the piston member 57, in re-
sponse to the coil 51, compresses the air con-
tained in the dash pot cylinder 55 and es-
tablishes a back pressure which may inter-
fere with the resetting operation of the re-
lay. To reduce the pressure.set up by the
piston 57, the cylinder head is provided with

an exhaust port 71, which is controlled by a.

suitable check valve 72. As will be readily

“understood, the pressure of the air inside the

dash pot cylinder 55 raises the check valve

58

72, permitting the air to escape to the out-

side, through the passage formed by the re-

" cess 64 and central opening 65.

In order to prevent dust particles and

E other foreign matter from being carried into

60

" vided with a screen 73, as shown.

65

" the dash pot chamber by the dir which en-

ters the cylinder upon the down stroke of
the piston 57, the cap membér 60 is pro-

Tt will be observed that a passage 74 is pro-
vided in the dash pot cylinder 55 in a posi-
tion directly above the top of the piston 57,

18,834

when in its lowermost position. This port
provides for quickly releasing the piston
when it is near its open position, and insures
that the plunger 49 will always drop to the
full open position
the switch 50.

It will be readily understood that the de-
sign of the dash pot 54 as shown in Fig. 3 may
be changed to effect the control of the intake
fluid in -various other ways, such for ex-
ample, as shown in Fig. 5. It will be ob-
served, that this modification is the same as
that shown in Fig. 3, with the exception, that
the cylinder head is provided with a single
conical-shaped port 75, which is controlled

by means of a spring-biased valve 76, sup--

ported and controlled by the cap member 77.
In this instance, the size of the intalke orifice

may be varied by rotating the cap member:

77, which is in threaded engagement with the
dash pot cylinder 78, as shown. A plurality
of screened air passages 79 are provided in
the top of the cap member 77 for permitting
air to flow into the dash pot cylinder in re-
sponse to the suction created by the down-
ward movement of the piston 80. :

to effect the operation of .

0t

In the operation of the relay, as shown in »

this modification, it will be readily under-

stood that the upward movement of the pis-

‘ton 80 compresses the air in the dash pot

cylinder and effects the opening of the valve
76 which permits the cscape of air quickly
from the cylinder, through the passages 79,
to the outside. The upward movement. of
the valve member 76 may be limnited by means
of a cap-screw 82, as shown. When the pis-

ton comes to rest, the valve 76 immediately

closes under the action of its biasing spring
81, and regulates the size of the intake orifice
in accordance with the adjusted position of

‘the cap member 77.

In order that a complete understanding of

I

1i

my invention may be had, the operation of .

the system, as shown in Fig. 1, will now be
described in detail. '

It is well known that shapers of the type
illustrated, as well as several other machine

tools, aré adapted to cut when the ram is

_traveling in either direction. For the pur- .
pose of explanation, it will be considered in-

this instance, that the shaper is set up to cut
on the stroke: toward the right of the ram,
to perform what is commonly known as a

“draw-cut” operation. . The position of the
cutting tool may be reversed to.cut on the
forward stroke to perform a “push-eut” op- -
eration. As shown, the direction of move-

ment of the cutting ram 2 is designated by
arrows denoting “push cut” and “draw cut”

- directions, respectively. Therefore, it willbe

readily understood that the closure of the
master switch 41 causes the main motor 17 to
drive the ctitting ram 2 in.one direction and
closure of the switch in the opposite direc-

I
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tion effects the operation of the ram in
the opposite direction. :

As is shown, a pendant switch 84 compris-
ing a plurality of push-button switches, 85
to 93 inclusive, is provided for controlling
the various operations of the shaper. Since
pendant switches of this type are well
known, it is deemed sufficient to state that the
various switch elements are combined in a
single switch box, and suspended within
easy reach of the operator.

To set the machine in operation, the line
switches 11 and 12 should be closed to con-
nect the feed-motor circuits to the source of
current supply, which in this instance is rep-
resented by line conductors 94 and 95. In
like manner the line switches, 21 and 292,
should be closed to energize the control cir-
cuits for the main motor 17. = ° ,

To energize the master switch 84, the re-
set push button 93 should be closed to effect
the operation of a circuit energizing relay

96, which is also utilized to deenergize the-

control system in response to the operation
of any suitable over-load device not shown.

- The operating circuit for the relay 96 may be

30

35

traced from the line conductor 94, conductors

97 and 98, operating coil of relay 96, con-

ductor 99, push button 98, conductors 100
and 101 and line switch 22, to the line con-
ductor 95. Accordingly, upon the eclosure
of relay 96, a holding circuit is established,
extending from conductor 99, through con-
tact members 102, and conductor 103 to
thereby bridge the reset button 93, and re-

- tain the energizing relay 96 closed, after the

40
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- ing the pendant push button 90, to the closed:

button has been released.
- The shunt field winding 18, of the main
motor 17, is'also energized through a circuit
established by the closure of the contact
members 104 of relay 96, which may be
traced from the energized conductor 98, con-
tact members 104, conductor 105, shunt field
winding 18, conductor 106, and a field re-
sistor 107 to the energized conductor 101.
The operation of the feed motor 8,and the
main motor 17 may be controlled automati-
cally, by the operation of the master switch
41 and time element relay 47 by actuating
the pendant push button 89 to the closed or
master-control position, as shown.. They
may also be controlled manually by actuat-

or pendant-control position, which permits
the feed or main motor to be started and
stopped in response to the operation of the
various push buttons, contained in the pend-
ant switch 84. However, since the most im-

. portant feature of the invention is included

1n the automatic part of the system, the auto-
matic operation of the shaper will be de-
scribed first. s .

Assuming that the push button switech 89
is closed, the closure of contact members 104
of the relay 96 also establishes an energizing

5

circuit which extends from the energized
conductor 98, through contact members 104,
conductors 105, and 108, push-button switch
89, conductors 109 and 110, to the normally
opened contact members 111 and 112, of the
master switch 41. Assuming that ‘the ac-

0

tuating lever 46 of the master switch 41 has -

been engaged by the dog 45 on the plate mem-
ber 42, the master switch is then actuated so
as to effect the closure of the contact mem-
bers 112. :

Since cutting operations may be per-
formed when the cutting ram 2 is traveling
in either direction, it is evident that the con-
trol of the feeding operation must be so ar-
ranged that a feeding operation will occur st
the end of the return stroke or stroke toward
the left, when a “draw cut” operation is be-
ing performed, and at the end of the stroke
toward the right, when a “push cut” opera-
tton is being performed.

To control the feeding operation in this
manner, a double-throw transfer switch, des-
ignated generally at 113, is utilized. In this
Instance, the switch blades 114 are actuated
to the position shown in dotted lines when a
“draw-cut” operation is. being performed,
and to the opposite position for a “push-cut”
operation. With the transfer switch 113 in
the down position, the closure of the master-
switch contact members 112 completes an en-
ergizing circuit for the main motor direc-
tional switches 23 and 25, which may be
traced from. the energized conductor 110,
contact members 112 of the master switch 4],
conductor 115, contact members 116 and 117 )
of the transfer switch 118, bridged by the
left hand switch blade 114, conductors 118,
119 and 120, operating coil of the directional
switch 28, conductor 121, operating coil of
the directional switch 25, conductor 122,
closed contact members 123 of a resistor con.
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trolling relay 124, to the energized conductor

101.

Upon the closure of the directional switches
23 and 25, an energizing circuit for the main
motor 17 is established from the line conduec-
tor 94, through a line switch 21, conductor

97, switch 28, conductor 125, armature of the -

motor 17, series field winding 20, directional
switch 25, conductor 126, series resistor 197
and line switch 22 to the line conductor 95,

~The resistor controlling relay 124 may be
of any suitable type. In this instance pro-
vision is made for controlling the relay in
accordance . with the counter-electromotive
force of the motor. Asshown its operating.
circuit is controlled by the back contact mem.
bers of the directional switches 24 and 25.
In this instance the directional switch 24 Tre-
mains closed and the relay circuit thus estab-
lished, extends from the upper armature ter-
minal of the motor 17, back contact members .
128 of switch 24, dynamic braking resistor
129, conductor 180, operating coil of relay

115

120

125

130
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" 194 to the midpoint of the energized resistor
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) cutting ram
_ non-cutting

127. The relay 124 then closes to shunt the
resistor 127, in response to the establishment
of a predetermined- counter-electromotive
force in the armature of the motor 17.

In order to provide a strong shunt field for
quickly accelerating the main motor 17,anor-
mally “closed field-forcing relay 131 1s pro-
vided for bridging the shunt field resistor 107,
As shown, the operating coil of the relay 131
is connected in parallel relation with the op-
erating coil of the relay 124, which likewise
renders it responsive to the counter-electro-
motive force of the motor 17. Accordingly
the relay is actuated to the open position. to
remove the bridging circuit from the shunt
field resistor 107, when the counter-electro-
motive force of the motor rises to'a predeter-
mined value. o

Concurrently with the closure of the push

button switch 89, an energizing circuit for

setting the time element relay 47, is estab-_.

lished, which may be traced from the ener-
gized conductor 109, through push-button
switches 91 and 92, conductor 132, operating
coil 51 of the time-element relay 47, conduc-
tors 133, 134, 135 and 136, resistor 187, and
line switch 12 to the line conductor 95. Con-
sequently, the relay plunger 49 is raised to its
upper position which permits the opening of
the relay contact members 138 and 139, and
the closure of contact members 140. In this
instance, the contact members 138 and 139 are
utilized to control the operation of the main

. motor directional switches, and contact mem-

bers 140 are utilized to control the operation
of the feed motor directional switches as will
be described in detail hereinafter.

As will be readily understood, when. the
2 reaches the end of the return or
stroke the master switeh 41 will
be actuated to the opposite position thereby
closing its contact members 111, and opening
contact members 112. Upon the closure of
contact members 111, a circuit is established
from the energized conductor 110, contact
members 111, conductor 141, contact members
149 and 143 of the transfer switch 113, con-
ductor 134, contact members 140 of the relay
47, conductor 144, push button switches 85, 86
and 87, conductor 145, operating coils of the
directional switches 16 and 14, conductor 146
and line switch 12, to the line conductor 95.

Upon the closure of the directional switches
16 and 14, an energizing circuit for the feed

. motor 8 is established which may ‘be traced
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from the line conductor 94, through line
switch 11, compensating winding 70 of the re-
lay 47, switch 16, armature of the motor 8,
switch 14, series resistor 147, series field wind-
ing 10 and line switch 12 to line conductor 95.

‘Accordingly the feed motor 8 is set in op-
eration‘to actuate the saddle member 3, and
cutting ram 2 in an upward, forward or trans-
verse feeding direction as the case may be. In
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this instance the push button switches, 87 and
88, are utilized for controlling the direction
of feed. As will be readily observed, the
opposite direction of feed may be obtained by
actuating the push button switch 88 to the
closed position, which interrupts the operat-
ing circuit for the “forward” directional
switches 14 and 16, and establishes an operat-
ing cireuit for the “reverse” directional
switches 13 and 15.

In order that the feed motor may be ac-

curately stopped after a predetermined num-.

ber of revolutions, the time-clement relay 47
is caused to function similtaneously with the
starting of the feed motor. Therefore, it is
evident that the main-coil 51 of the time-ele-
ment relay 47 must be deenergized at the same
time the directional switches 16 and 14 are
closed. In thisembodiment of the invention,
the deenergization of the coil 51 is effected
by the.closure of the master switch contact
members 111.  As described hereinbefore the
pendant switch 84 1s connected to the positive
line conductor 94, and that the energizing cir-
cuit for the relay coil 51 extends through the
pendant switch 84 and conductor 132 to the
ferminal of the coil designated as +. There-
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fore it is evident that the closure of the master

switch contacts 111 which are also energized
from the positive line conductor 94 impresses
a voltage of the same polarity upon the ter-
minal of the coil designated as — and, there-

95

fore, reduces its applied voltage to zero. Or

i1 other words the coil is short-circuited by.a
circuit completed by the closure of the mas-
ter switch 41. . .
The feed motor 8 continues to perform. the
feeding operation until the plunger 49, as con-
trolled by the dash pot 54, opens the contact
‘members 140, which effects the deenergization
of the operating circuit for the directional
switches 16 and 14. . .
During the time the feeding operation 1s
being performed the main motor 17 is deen-
ergized and, therefore, the cutting ram 2 is in-
operative. In order to start the ram in the
“draw-cut” direction upon the completion of
the feeding operation, the control of the main
motor 17 is also rendered responsive to the
closing operation of the time-element relay 47.
As described hereinbefore, the closure of the
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master switch contact members 111 causes the *.

main motor 17 to actuate the cutting ram 2
in the “draw-cut” direction. However, mn

order to prevent the operation of the ram be- 1

fore the feeding operation is completed, the
final establishment of the energizing circuit
for the main motor 17 is rendered dependent
upon the closure of the contact members 139
of the time-element relay 47. ,

As shown when the relay 47 has completed
its operation and stopped the feed motor 8, a
circuit is established from the energized con-
ductor 110 through contact members 111, con-
ductors 141 and 149, contact member 139, of
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the time element relay 47, conductors 150

and 151, operating coils of directional
switches 24 and 26, conductor 152, contact

members 123 of the resistor controlling relay

124, to the energized conductor 101. Upon
the closure of the directional switches 24 and
26, the main motor 17 is started and acceler-
ated in exactly the same manner as deseribed

" hereinbefore.

16

15
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As described hereinbefore, the energizing
circuit of the feed motor 8 extends through

the compensating coil 70, of the time-element,

relay 47, which, provides for maintaining the
speed of operation of the relay and the speed
of the feed motor 8, in-a constant predeter-
mined ratio. It will be readily understood,
that under some operating conditions the load
on the feed motor will vary from time to time

.even though the motor is performing the

same operation. Thisvariation in load is due
to several causes, the most important of which

"are’ machine friction and unbalanced load.
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The friction load of the machine will vary in
accordance with the temperature and other
well known factors, while the unbalanced load
is an inherent characteristic of the machine.

"It has been found that, by properly regulat-

ing the magnetic force exerted by the compen-
sating coil 70 that, the time of operation of
the relay may be synchronized with that of
the feed motor 8. That is, if the operation of
the feed motor is sluggish, caused from an ex-
cessive load the time element of the relay is
lengthened, automatically, due to the re-
straining force exerted by the compensating
coil, without changing. the setting of the dash
pot. : -
Jn this instance, the series resistor 147 in
the feed motor circuit is utilized as a ballast
resistor during all the feeding operations,

‘and is controlled in the usual manner for

accelerating the feed motor when performing
quick traversing operations. The control of
the resistor 147 for starting the motor is

. effected by means of a counter-electromotive
force relay 154, which is disposed to function

in the ustial manner to bridge the resistor
in response to the establishment of a predeter-
mined counter-electromotive force in the
motor. As shown, the relay operating coil
may be connected across the armature ter-
minals of the feed motor 8 by means of the
normally closed back contact members of the
directional switches 14 and 15.

In the event the directional switches 18 and

15 are closed to operate the feed motor in the:

forward direction, an operating circunit for
the relay 154 is established from ‘the lower
armature terminal of the motor 8, through
the hack contact members 155 of switch 15,
conductor 156, operating coil of relay 154,
resistor 157, a section of the resistor 147, and

-switch 14 to the upper armature terminal.

_'When the transfer switch 113 is in the down

position as indicated by the dotted lines a

7

positive potential is impressed upon the con-

ductor 185, which is connected to the relay
coil circuit between the coil and resistor 157,

by means of conductor 158. Since the oppo-

site terminal of the relay coil is always posi-

tively energized from the motor armature, it

is evident that the coil is energized by a posi-
tive potential at both its terminal and, there-
fore, rendered ineflective.

‘When manual operation of the feed motor
8 is desired for performing traversing op-
erations, the push button 90 is actuated which
effects the opening of push button 89 and,
therefore, removes the positive potential
from the conductor 135 and permits the re-
lay 154 to function in its usual manner.

Since it is desirable to operate the cutting
ram 2 at a slower speed when making a cut-
stroke than when operating in the return
direction, provision 1s made for controlling
the strength of the shunt field of the main

‘motor 17 in accordance with the position of
the master switch 41. As shown, the master

switch 41 is provided with normally closcd
contact members 159 and 160, each of which

are disposed to establish a shunt -circunit”

around a section of the shunt field resistor
107. When the cutting ram is at the end of
the cutting stroke, the “draw cut” stroke, and
is ready for the non-cutting return stroke,
the “push cut” stroke, the master switch 41
will be closed to effect the return stroke and
contact members 112 are closed, the contact
members 16C are open and the energizing cir-
cuit for the shunt field winding 18 extends
from the line conductor 94, through the line
switch 21, conduactors 97 and 98, contact mem-
ber 104 of the switch 96, conductor 105, field
winding 18, conductor 106 through a section

of the resistor 107 to the contact member.

of the rheostat designated as D, conductor
161, contact member 159, conductor 162, to
the energized conductor 101. In this instance
it will be observed, that the greater part of
the resistor 107 is connected in the shunt ficld
circuit, thereby wealening the field excitation
and permitting the main motor 17 to operate
at a higher speed.

When the main motor 17 is reversed in
response to the operation of the master switch
41, the contact members 159 are open, while
contact members 160 remain closed therchy
shunting the greater part of the resistor 107
from the shunt field circuit, strengthening
the field excitation and causing the main
motor 17 to operate at a slower speed for
performing a “draw-cut” operation. When
a “push-cut” operation is to be performed,
the position of the rheostat contact members
P and D are reversed in order to obtain a
slow ram speed on the cut stroke and o fast
speed on the return stroke.

In the event that it is desired to control
the operation of the shaper mannally by
means of the pendant switch 84, the push
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button 90 'is closed which energizes conduc-

tors 163 and 164. As will be observed, con-
ductor 163 is connected to a tie conductor 165
between the normally opened contact mem-
bers: of the push button switches 85 and 86
which may be termed the “forward” and

“reverse” traversing buttons respectively.

As long as either button is held in the down-
ward position, a corresponding operation of
the feed motor 8 will result, by which rela-
tively extensive movements or adjustments
of the cutting ram 2 are obtained to perform
what is known asa quick traversing opera-
tion. '
As shown, the conductor 164 connects push
button switches 91 and 92, which may be
termed “draw-cut” and “push-cut™ buttons,
respectively, with the energized conductor
108. "When one or the other of these switches
is actuated to its closed position, the opera-
tion of the main motor 17 is effected to actu-
ate the catting ram in either one or the other
direction. Asshown,a dynamic braking re-
sistor 164’ is provided for stopping the feed
motor 8, after it has been deenergized by the
operation of the time-delay relay 47. The
dynamic braking resistor is controlled in a
well known manner through the back con-
tact members of the directional switches 14
and 15. In like manner the dynamic brak-
ing resistor ‘129, which effects the stopping
of the main motor 17, is controlled by the
back contact members of the directional
switches 24 and 25. ‘
Tt may be stated in conclusion, that, while

the illustrated example constitutes a practi-

cal embodiment of my invention, T do not
wish to limit myself strictly to the exact de-
tails herein illustrated since modifications of
the same may be made without departing

- from the spirit-of the invention as defined in
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the appended claims.: o
I claim as my invention:’ -
1. In a control system for a machine tool

providéd with a motor operated tool-moving

member “and motor - operated. tool-feeding
mechanism, in combination, a feed motor for
operating the tool-feeding mechanism, ‘a
source of power for the-motor, a time-element
relay for controlling the feed motor, a mas-

ter switch disposed to.be actuated synchro-
‘nously with the operation of the member for

controlling the operation.of the relay, said
master switch being disposed to connect the
feed motor across the source of power and

to deenergize the relay, whereby the motor

is deenergized a predetermined interval of
time after it is started by the master switch.

2. In a control system for a machine tool
provided with a tool-moving member and
tool-feeding mechanism, in combination, a
motor for operating the tool-feeding mecha-
nism, a source of power for the motor, a
time-element relay provided with an actuat-

~ing c¢oil for controlling the operation of the
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feed mo’bor, a master-switch disposed to be
actuated in accordance with the movements

of the tool:moving member, said master--

switch being disposed to control the energi-
zation of the relay coil, and to initiate the
operation of the feed motor, whereby upon
the closure of the master switch in a pre-

determined direction the feed motor is start-
‘ed and the relay coil short-circuited, simul-

taneously, to render the number of revolu-
tions of the feed motor dependent upon the
time-element of the relay.
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3. In a control system for a machine tool .

provided with a motor operated tool-moving

member and means for adjusting the mem-
ber, in combination, a motor for operating

“the adjusting means, a source of power for

the motor, a master switch for controlling the
operation of the motor, a time-element relay
disposed to cooperate in the control of the
motor, said relay having contact members
connected in series relation to the master
switch, and an actuating coil disposed to'be
deenergized by the master switch, and means
for rendering the master switch effective to
deenergize said relay in response to the move-
ment of the member operating motor, there-
by to stop the motor after a predetermined
number of revolutions as determined by the
time-element relay. , :

4. In a control system for a machine tool
provided with a tool-moving member and
tool-feeding mechanism, in combination, a
motor for actuating the member, a feed mo-
tor for actuating the feeding mechanism, a
source of power for the motors, a master
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switch disposed to be actuated in accordance .

with the movement of the member, said mas-

ter switch being disposed to effect a reversal ’

of -the member operating motor at each end

of the stroke, and to initiate the operation -

of the feed motor, a switch for selectively

- controlling the starting of the feed motor to

effect a feeding operation at either end of the
stroke, a time-element relay disposed to stop

“the feed motor within a predetermined time

after it has been started by the operation
of the master switch, said relay having an
actuating coil disposed to become deenergized
in response to closure of the master switch in
a predetermined. direction, thereby to effect
a deenergization of the feed motor.
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5. In a control system for a machine tool -

provided with tool-moving member and tool-
feeding mechanism, in combination, a motor
for actuating the member, a feed motor for
actuating the feeding mechanism, a source of

power for the motors, a master switch- dis-

posed to be actuated in accordance with the
movements of the member, said master switch
being disposed to effect a reversal of the mem-
ber operating motor at each end of the stroke
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and to initiate the operation of the feed mo- -
tor, a switch for selectively controlling the -

starting of the feed motor to effect & feeding

130
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operation at either end of the stroke, a time-
element relay disposed to stop the feed motor
within a predetermined time after it has
been started by the operation of the master
switch, said relay having an actuating coil
disposed to be deenergized in response to the
closure of the master switch in a predeter-
mined direction to effect a deenergization of
the feed motor and means controlled by the
time-element relay for delaying the reversal
of the member-actuating motor until a feed-
ing operation has been completed.

6. In a control system for a shaper pro-
vided with tool operating member and tool
feeding-mechanism, in combination, a motor
for actuating the member, a feed motor for
actuating the feeding mechanism, a source of
power for the motors, a master switch dis-

posed to be actuated in accordance with the.

movements of the member, said master switch
being disposed to effect a reversal of the mem-
ber operating motor to give the member a
reciprocating movement and to initiate the
operation of the feed motor, a switch for
selectively controlling the starting of the feed
motor to permit a feeding operation at either

~ end of the stroke, a time-element relay dis-
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posed to stop the feed motor within a prede-
termined time after it has been started by
the operation of the master switch, said relay
having an actuating coil disposed to be de-
energized in response to the closure of the
master switch in a predetermined direction

to effect a deenergization of the feed motor,

and a switch disposed to be actuated in re-
sponse to the operation of the relay to co-
operate with the master switch in the contrel
of the member operating motor, thereby to
render the member inoperative until the feed-
in% operation has been completed.

. In a control system for a machine tool
provided with a tool-moving member, and
tool-feeding mechanism, in combination, a
motor for operating the tool-feeding mecha-
nism, a source of power for the motor, a mas-

-ter switch disposed to be operated in syn-

chronism with the movements of the member
for energizing the motor, a time-element re-
lay for deenergizing the motor subsequent to

its energization by the master switch, said.
relay being provided with a voltage coil con-

trolled by the master switch and a current
coil disposed to be energized in accordance
with the motor current, said current-coil be-
ing disposed to control the functioning of

"the relay, whereby the time-element of the -

relay is automatically varied to provide for
operating the motor the same number of revo-
lutions regardless of the load imposed upon
the motor. o

"~ 8. In a control system for a machine tool
provided with a tool-moving member, and

tool-feeding mechanism, in combination, a:
.main motor for operating the member, & mo-

tor for operating the tool-feeding mecha-

9

nism, a source of power for the motors, a .-

master switch disposed to be operated by the
main inotor for controlling the direction of
operation of the main motor, a time-element
relay for controlling the operation of the feed

motor, said time-element relay being depend-

ent on the closure of the master switch for

its opening operation, said master switch be--

ing disposed to cooperate with said time-ele-
ment relay to set the feed motor in operation
in a predetermined direction, whereby the
feed motor is stopped after it runs a prede-
termined number of revolutions in either

direction.
PATRICK C. WARD.

75

86

80

95

100

105

110

115

120

125

130



