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A servomotor control system (100) assists in overcoming the problem of servomotor shut down during failure of a programmable
control system (110) or of a servo amplifier (170). The servomotor control system (100) includes the programmable control system (110)
which has one or more output signals (180) connected to the servo amplifier (170). A safety switch (140) is connected for detection by the
programmable control system (110) where the programmable control system (110) controls the servo amplifier (170) to brake the servomotor
(190) upon detection of actuation of the safety switch (140). A delayed braking circuit (200) is disposed between the servo amplifier (170)
and the servomotor (190). The delayed braking circuit (200) is also connected to detect the actuation of the safety switch (140), and acts
to brake the servomotor (190) after a predetermined time period, from the detection of such actuation, has lapsed.
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DELAYED SAFETY BRAKING
APPARATUS FOR A SERVOMOTOR CONTROL SYSTEM

TECHNICAL FIELD

The present invention relates to a servomotor
control system. More specifically, the present
invention relates to a delayed safety braking circuit

for a servomotor control system.

5 BACKGROUND

Servo-control systems are known and used throughout
a number of industries where accurate, motor-controlled
movement is required. One such servo-control system is

illustrated in FIG. 1.
10 As illustrated, the servo-control system, shown
generally at 10, includes a programmable control system
20 having an output along one or more lines 30 to
control a servo-amplifier 40. The servo-amplifier 40,
in turn, is connected to control a servomotor 50 along
15 one or more lines 60. Execution of a predetermined
motion profile that is stored in the programmable
control system 20 may be initiated by start switch 70.

Upon detection of a depression of the start switch 70,
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the programmable control system 20 sends the necessary
control signals along lines 30 to the servo-amplifier 40
which drives the servomotor 50 in accordance with the
received control signals to implement the motion
profile.

As the motion profile is being executed, it may be
necessary to stop the movement of the servomotor 50, for
example, in an emergency, to prevent injury.
Accordingly, an emergency stop switch 80 may be used to
indicate to the programmable control system 20 that
there is a need to stop the motion of the servomotor 50.
Upon detection of the actuation of the emergency stop
switch 80 by the programmable control system 10, the
programmable control system 10 sends the appropriate
commands to the servo-amplifier 40 to cease further
motion of the servomotor 50.

One potential problem with the foregoing system is
that it fails to recognize the potential for a failure
of the programmable control system 20 or the servo-
amplifier 40. More particulérly, it is possible for the
programmable control system 20 to fail to detect the
actuation of the emergency stop switch 80 and/or fail to

send the appropriate braking signals to the servo-
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amplifier 40. Likewise, the servo-amplifier 40 may fail
to properly receive and/or respond to the braking
signals sent by the programmable control system 20 when
the system 20 detects the actuation of the emergency
stop switch 80. 1In either instance, the servomotor 50
may continue to operate in a situation in which

operation must necessarily cease.
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SUMMARY OF THE INVENTION

A servomotor control system is set forth that
assists in overcoming the problem of servomotor shut
down during a failure of the programmable control system
and/or servo-amplifier. The presently disclosed
servomotor control system includes a programmable
control system having one or more output signals
connected to control a servo-amplifier. The system
further includes a servomotor that is connected for
control by the servo-amplifier. A safety switch is
connected for detection by the programmable control
system, the programmable control system controlling the
servo-amplifier to brake the servomotor upon detection
of the actuation of the safety switch. A delayed
braking apparatus is disposed between the servo-
amplifier and the servomotor. The delayed braking
mechanism is also connected to detect the actuation of
the safety switch, and acts to brake the servomotor
after a predetermined time period from the detection of
such actuation has lapsed.

In accordance with one embodiment of the system,
the predetermined time period is a time period that is

in excess of the time period required by the
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programmable control system and the servo-amplifier to
brake the servomotor under normal braking conditions.
Such a predetermined time period may be implemented
where the programmable control system and servo-
amplifier have the ability to stop the servomotor in a
time period that is less than the time required for the
delayed braking mechanism to stop the servomotor and,
further, where they can brake all of the various
servomotors of the system in synchrony.

Other objects and advantages of the present
invention will become apparent upon reference to the
accompanying detailed description when taken in

conjunction with the following drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a known
servomotor control system.

FIG. 2 is a schematic block diagram of a servomotor
control system including a delayed braking circuit.

FIG. 3 is a timing diagram illustrating the
operation of the servomotor control system of FIG. 2
wherein the predetermined time period is in excess of
the time required by the programmable control system and
servo-amplifier to brake the servomotor under normal
braking conditions.

FIG. 4 is a schematic diagram of one embodiment of
the servomotor control system illustrated in FIG. 2
during execution of a motion profile by the servomotor.

FIG. 5 is a schematic diagram of one embodiment of
the servomotor control system illustrated in FIG. 2
wherein the delayed braking circuit has initiated a
braking sequence to stop the movement of the servomotor.

FIG. 6 is a schematic diagram of one embodiment of
the servo-timer delay circﬁit of FIGs. 3 and 4.

FIG. 7 is a schematic block diagram of a further
embodiment of a servomotor control system wherein a

plurality of servomotors are utilized.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A servomotor control system, shown generally at
100, is illustrated in FIG. 2. As illustrated, the
servomotor control system 100 includes a programmable
control system 110. The programmable control system 110
is connected to receive a start signal input along one
or more lines 120. The start signal may, for example,
correspond to the actuation of a start switch 130 having
a first terminal connected to the programmable control
system 110 and a second terminal connected to, for
example, chassis ground. The programmable control
system 110 is also connected to receive an emergency
stop signal that, for example, corresponds to the
actuation of an emergency stop switch 110 having a first
terminal 150 connected to the programmable control
system 110 and a second terminal 160 connected to, for
example, chassis ground.

As illustrated, the programmable control system 110
is connected to control a servo-amplifier 170 along one
or more lines 180. The sefvo-amplifier 170, in turn,
responds to command signals sent by the programmable

control system 110 along the lines 180 and provides the
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necessary power to drive a servomotor 190 in accordance
with the received commands.

A delayed braking circuit 200 is disposed between
the servo-amplifier 170 and the servomotor 190. The
delayed braking circuit 200 is further connected to
receive the emergency stop signal along one or more
lines 210, for example, from the emergency stop switch
140. One or more lines 220 connect the servo-amplifier
to the delayed braking circuit 200 while one or more
lines 230 connect the delayed braking circuit 200 to the
servomotor 190.

FIG. 3 is a timing diagram illustrating one manner
of operation of the servomotor control system of FIG. 2.
In the illustrated diagram, line 240 illustrates the
state of the emergency stop signal, line 250 illustrates
the activation of a braking sequence by the programmable
control system 110, line 260 illustrates the activation
of a braking sequence by the delayed braking circuit
200, and 1line 270 1illustrates the status of the
servomotor 190.

During standard operation of the servomotor control
system 100, illustrated here between time t, and t,, the

servomotor 190 is actively executing a motion profile in
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accordance with commands received by the servo-amplifier
170 from the programmable control system 110. No
attempt is made by either the programmable control
system 110 or the delayed braking circuit 200 to
initiate a braking sequence that would stop the movement
of the servomotor 190.

At time t,, the emergency stop signal has been
activated to signal the need to stop further movement of
the servomotor 190. The emergency stop signal may, for
example, be a signal that is latched at an active state
upon depression of the emergency stop switch 140.
Alternatively, or in addition, the emergency stop signal
may be generated when, for example, a door of a
packaging machine wutilizing the servomotor control
system 100 is opened thereby exposing bystanders to a
risk of harm from further operation of the servomotor
190. Any number of switch and/or signal configurations
may be used to generate the emergency stop signal, the
foregoing configurations being exemplary.

Both the programmable'control system 110 and the
delayed braking circuit 200 are connected to receive the
emergency stop signal 240, receipt of the signal

occurring at time t,. Under normal operation of the
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servomotor control system 100, the programmable control
system 110 begins executing a braking sequence at time
t, in an attempt to stop the servomotor 190. This
braking sequence is effective as of time t,, at which
time the servomotor 190 has been stopped.

Under abnormal conditions of the servomotor control
system 100, the programmable control system 110 and/or
servo-amplifier 170 will fail to execute a normal
braking sequence. A braking sequence is thus initiated
by the delayed braking circuit 200 at time ¢t,. The
braking sequence initiated by the delayed braking
circuit 200 is effective as of time t;, at which point
the servomotor 190 has been stopped.

In the illustrated timing diagram, the time period
between t, and £ 1s greater than the time period
between t, and & . Such timing recognizes the fact
that, in many instances, braking by the programmable
control system 110 and servo-amplifier 170 is more time
effective than could otherwise be achieved by braking
the servomotor 190 with thé delayed braking circuit 200
and, further, allows braking of multiple servomotors in
synchrony. As such, the delayed braking circuit 200

initiates its braking sequence a predetermined time

10
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period, illustrated here as between t, and t, after
detection of an active emergency stop signal. This
delay period prevents the delayed braking circuit 200
from initiating its braking sequence until after the
programmable control system 110 and servo-amplifier 170
have had sufficient time to brake the servomotor 190.
FIG. 4 illustrates one embodiment of the servomotor
control mechanism 100 illustrated in FIG. 2. 1In this
embodiment, the start switch 130 is connected to the
input of a self-latching relay circuit 290 which, in
turn, is connected to actuate the coil 300 of relay 305
and, further, is <connected to the input of the
programmable control system 110. The emergency stop
switch 140 has a first terminal connected to a power
source (shown here at +24 VDC) and a second terminal
connected to the input of relay 305. The emergency stop
switch 140 is shown in its inactive state while relay
305 is shown in its active state after being actuated by
the start switch 130 and self-latching relay circuit
290. As such, the power (+é4 VDC) at the first terminal
of the emergency stop switch 130 is connected through
the emergency stop switch 140 and relay 305 to the input

of a servo timer delay circuit 310. The output of the

11
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servo timer delay circuit 310 is supplied for actuation
of the coil of a servomotor relay 320 along line 330.

Relay 320 is shown in its activated state. In this
activated state, servomotor relay 320 through-connects
the outputs of servo-amplifier 170 to servomotor 190.
Such through-connection allows the servomotor 190 to
execute a motion profile under the control of the servo-
amplifier 170 which, in turn, contrxols the motion
profile in accordance with commands received from the
programmable control system 110.

FIG. 5 illustrates the servomotor control system
100 after actuation of the emergency stop switch 140.
As illustrated, actuation of the emergency stop switch
140 disconnects the power at the first terminal of the
emergency stop switch from the input of relay 305. The
servo timer delay circuit 310 detects this actuation
and, after a predetermined time period, drives
servomotor relay 320 to an unactuated state. In its
unactuated state, servomotor relay 320 disconnects the
servo-amplifier 170 from the servomotor 190. An abrupt
disconnection of the servomotor 190 may result in
servomotor damage and/or allow the servomotor to

continue operation for a time period after its

12
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disconnection. Accordingly, the inputs to the
servomotor 190 are connected through servomotor relay
320 to a plurality of braking resistors 360. As will be
readily recognized through an analysis of the foregoing
circuit, the servo timer delay circuit 310 will also
disconnect the servo-amplifier 170 from the servomotor
190 if the start switch 130 has not been actuated to
supply power to the coil of relay 300.

FIG. 6 illustrates one embodiment of the servo
timer delay circuit 310. As illustrated, the circuit
310 has an input connected to receive the output of
relay 305 at line 390. The input signal is supplied
through a series connected diode 400 and resistor 410 to
the input of a coil 420 of a relay 430. A resistor 440,
a capacitor 450, and diode 460, are connected in
parallel with the coil 420 of relay 430 and function as
an RC timer. A first side 470 of the parallel
connection is connected to resistor 410 while a second
side 480 of the parallel connection is connected to, for
example, chassis ground. A first terminal of the relay
430 is connected to receive a voltage, for example, +24
VDC while a second terminal of the relay 430 is

connected to the coil of the servomotor relay 320.

13
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When the emergency stop switch 140 is in an
unactuated state and relay 305 has been actuated, power
is received at the input of the diode 400. Receipt of
the power actuates the coil 420 of the relay 430 causing
relay 430 to supply an actuating voltage along line 330
to the servomotor relay 320. When emergency stop switch
140 is actuated, the input at diode 400 is allowed to
float. At this point, the capacitor 450 of the parallel
circuit maintains the coil 420 in an actuated state for
the predetermined period of time after the predetermined
time period has elapsed, however, capacitor 450
ultimately discharges to a level at which it 1is no
longer capable of actuating coil 420. Once relay 430
goes to an unactuated state, the output 330 of relay 430
to the servomotor relay 320 is allowed to float thereby
causing the servomotor relay 320 to go to its unactuated
state in which the servo-amplifier 170 is disconnected
from the servomotor 190, and servomotor 190 is connected
to the brake resistors 360.

FIG. 7 illustrates usé of the delayed braking
circuit 200 in a servomotor control system 500 employing
a plurality of servo-amplifiers 170 and servomotors 190.

In the illustrated embodiment, the programmable control

14
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system 110 includes a programmable logic controller
(PLC) 510, an I/O interface 520 for use with the PLC
510, and a programmable axis manager (PAM) 530. The PLC
510, I/O interface 520, and PAM 530 may be connected for
communication over a VME bus.

The programmable control system 110 may be
implemented in accordance with the teachings of U.S.S.N.
08/315,414 (Attorney Docket No. 10623US0l; Corporate
Docket No. TRX-0126), entitled "Control System For A
Packaging Machine," which is incorporated herein by
reference. The PLC 510 may be a Model 9070 Programmable
Logic Controller available from GE Fanuc while the PAM
530 may be a programmable axis manager available from
Socapel.

The PAM 530 is connected to control the servo-
amplifiers 170 over one or more lines 540 which, for
example, may form an optical ring network. A delayed
braking circuit 200 is disposed between each servo-
amplifier 170 and its respective servomotor 150. Each
of the delayed braking ciréuits 200 1is connected to
receive the output of the self-latching relay circuit

290 and the emergency stop switch 140. The servo-

15
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amplifiers 190 may be, for example, Model ST-1 servo-
amplifiers available from Socapel.

In operation, actuation of the emergency stop
switch 140 is detected by the PLC 510 through I/O
interface 520. The PLC 510 then instructs the PAM 530
to brake the servomotors 190 via the servo-amplifiers
170. The PAM 530 sends the requisite braking signals to
the servo-amplifiers over the optical ring network that,
in turn, brake the servomotors 190. Alternatively, the
emergency stop switch may be connected for detection by
an I/0 interface in one of the servo-amplifiers 170.
Operation of the delayed braking circuit 200 proceeds in
accordance with the previously described braking
sequence.

Although the present invention has been described
with reference to specific embodiments, those of skill
in the art will recognize that changes may be made
thereto without departing from the scope and spirit of

the invention as set forth in the appended claims.

16
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WE CLAIM AS OUR INVENTION:

1. A servomotor control system comprising:
a programmable control system;

a servo amplifier connected for control by the

5 programmable control system;

a servomotor connected for control by the

servo amplifier;

10

15

a safety switch connected for detection by
the programmable control system, the programmable
control system controlling the servo amplifier to
brake the servomotor upon detection of activation
of the safety switch; and

a delayed braking circuit disposed between
the servo amplifier and the servomotor, the
delayed braking circuit connected to detect
activation of the safety switch, the delayed
breaking circuit acting to brake the servomotor
after a predetermined time period from detection

of the activation of the safety switch.

17
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2. A servomotor control system as claimed in
Claim 1 wherein the predetermined time period is a time
period that is in excess of the time period required by
the programmable control system and the servo amplifier

to brake the servomotor under normal braking conditions.

3. A servomotor control system as claimed in
Claim 1 wherein the programmable control system
comprises:

a programmable axis manager connected to

control the servomotor; and
a programmable logic controller in
communication with the programmable axis manager
and connected to detect actuation of the safety

switch.

4. A servomotor control system comprising:

a programmable control system;

a servo amplifier connected for control by
the programmable contfol system to effect a
predetermined motion profile;

a servomotor connected for control by the

servo amplifier;

18
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a safety switch connected for detection by
the programmable control system, the programmable
control system controlling the servo amplifier to
brake the servomotor upon detection of activation
of the safety switch; and

a delayed braking circuit disposed between
the servo amplifier and the servomotor, the
delayed braking circuit connected to detect
activation of the safety switch, the delayed
breaking circuit acting to brake the servomotor
upon failure of the programmable control system
and the servo amplifier to brake the servomotor
within a predetermined period of time after

actuation of the safety switch.

5. A servomotor control system as claimed in

Claim 4 wherein the predetermined time period is a time

period that is in excess of the time period required by

the programmable control system and the servo amplifier

to brake the servomotor under normal braking conditions.

19
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6. A braking circuit for use in braking a
servomotor that is connected for control by a servo
amplifier, the braking circuit comprising:

stop means for generating a stop signal having

5 an active and an inactive state;

a primary brake circuit for braking the
servomotor when the stop signal goes to the active
state;

a relay disposed between the servo amplifier

10 and the servomotor for through-connecting signals
from the servo amplifier to the servomotor when
the relay is in a first state and for
disconnecting the signals from the servo amplifier
from the servomotor when the relay is in a second

15 state; and

actuation means for actuating the relay in
response to the stop signal of the stop means to
remain in its first state when the stop signal is
in its inactive state and for actuating the relay

20 to go to its second stéte a predetermined period
of time after the stop signal goes to the active

state.

20
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7. A braking circuit as claimed in Claim 6
wherein the predetermined time period is a time period
that is in excess of the time period regquired by the
primary brake circuit to brake the servomotor under

normal braking conditions.

8. A Dbraking circuit as claimed in Claim 6
wherein the stop means comprises an emergency stop

switch.

9. A braking circuit as claimed in Claim 6

wherein the stop means comprises a door open switch.

10. A braking circuit as claimed in Claim 6
wherein the ©primary brake circuit comprises a
programmable control system connected to control the

servo amplifier.

11. A braking circuit as claimed in Claim 10
wherein the programmable control system comprises:
a programmable axis manager connected to

control the servomotor; and

21
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a programmable logic controller in
communication with the programmable axis manager
and connected to detect actuation of the safety
switch, the programmable logic controller
communicating a braking command to the
programmable axis manager upon detection of the

actuation of the safety switch.

12. A braking circuit as claimed in Claim 6
wherein the stop means comprises a safety switch having
a first terminal connected to a power source and a

second terminal.

13. A braking circuit as claimed in Claim 12
wherein the actuation means comprises a timer delay
circuit having an input connected to receive a signal
from the second terminal of the safety switch and an
output connected to actuate the relay to go to the
second state when the safety switch is in an open

condition.

14. A braking circuit as claimed in Claim 13

wherein the relay includes an actuating coil.

22
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15. A braking circuit as claimed in Claim 14
wherein the timer delay circuit comprises:

a further relay having an input connected to
a power source and an output connected to the
actuating coil of the first mentioned relay, the
further relay having an actuating coil having a
first terminal connected to receive the signal at
the second terminal of the safety switch and a
second terminal connected to ground potential; and

an RC timer circuit connected in parallel

with the actuating coil of the further relay.

23
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IPC(6) :GOSF 01/29 TO GO05 01/00
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the priority date claimed
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ENTIRE DOCUMENT 15
Y US, A, 4,250,440 (LEE) 10 FEBRUARY 1981, SEE ENTIRE| 1-2, 4-10, 12-
DOCUMENT 15
Y US, A, 4,065,074 (ANDERSON ET AL.) 27 DECEMBER| 1-2, 4-10, 12-
1977, SEE ENTIRE DOCUMENT 15
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T" later document published after the international filing date or priority
. L . date and not in conflict with the application but cited to understand the
A" document defining the general state of the art which is not considered . principle or theory underlying the invention
to be of particular relevance
"E" earlier document published on or after the international filing date X :om;do: o5:?;:"3:.&'&‘2.?&&53::?50;3:ﬁ':f‘ﬁ,'leﬁ?flszg;
"L document which may throw doubts on priority claim(s) or which is when the document is taken alonc
cited to blish the publication date of h itation or other  __, . . R . .
special reason (as specified) Y document of pmmlar relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
0" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
P document published prior to the international filing date but later than g~ document member of the same patent family
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