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[571 ABSTRACT 

An improved stop control system and method are provided 
for a motor having a drive mechanism in which the motor is 
coupled to a motor controller that controls the speed and 
position of the drive mechanism using a first signal indica- 
tive of a commanded position of the drive mechanism, a 
second signal indicative of the actual speed of the drive 
mechanism and a third signal indicative of the actual posi- 
tion of the drive mechanism. The improved systemlmethod 
uses a first circuit that receives the first and third signal and 
generates an error signal indicative of a difference therebe- 
tween. A second circuit receives the error signal and com- 
pares same with a threshold position error. The result of this 
comparison is used to selectively supply the second signal 
(i.e., speed) to the motor controller at least whenever the 
error signal is less than the threshold position error so that 
the motor controller can use the second signal in conjunction 
with the third signal to stop the motor. 

8 Claims, 2 Drawing Sheets 
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PRECISION STOP CONTROL FOR MOTORS 

ORIGIN OF THE INVENTION 

The invention made by employees of the United States 
Government and may be manufactured and used by or for 
the Government for governmental purposes without the 
payment of any royalties. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to motor control. More specifically, 

the invention is a control system and method for use with 
position-controlled motors that allows the motor to be 
stopped precisely without overshoot even when the motor is 
operating at or near full speed. 

2. Description of the Related Art 
Various motors and their control systems are known in the 

art. One conventional motor/control system is illustrated in 
block diagram form in FIG. 1 where a position loop is closed 
around a motor 10. More specifically, motor 10 incorporates 
or is coupled to a drive mechanism 12 that typically rotates 
or moves linearly. Drive mechanism 12 (and/or motor 10) 
has a position sensor 16 coupled thereto to provide signals 
indicative of actual position of drive mechanism 12 at any 
given time for use as a feedback input to a motor controller 
18. A commanded position is issued from a master control 
(not shown) to motor controller 18 which uses the command 
in conjunction with the position feedback signals to control 
motor 10. 

Full speed of motor 10 is reached when the motor’s inertia 
and drive mechanism’s inertia are both accelerated to full 
speed for a given motor voltage. How quickly motor 10 can 
accelerate is usually limited by the maximum current to 
motor 10. For applications where the maximum speed of the 
drive mechanism is desired, motor 10 is run at it’s full speed 
when provided with a certain supply voltage. If the inertia of 
motor 10 and drive mechanism 12 is low, motor 10 (and 
drive mechanism 12) can be stopped using just a standard 
position control loop. However, for systems with greater 
inertia or systems requiring a greater degree of motor 
damping, rate or speed feedback can be used in conjunction 
with actual position feedback. That is, it is well known in the 
art of control engineering to improve or stabilize a position 
control loop by adding in rate or speed feedback. This is 
illustrated in FIG. 1 where a speed sensor 14 is coupled to 
drive mechanism 12 (and/or motor 10) to provide motor 
controller 18 with the actual speed of drive mechanism 12. 
Specifically, as is known in the art of motor control, motor 
controller 18 uses position information from sensor 16 to 
determine when to stop motor 10 and uses speed information 
from sensor 14 to generate a damping coefficient. 

However, there is one problem associated with this type 
of system when motor 10 runs at or near full speed while 
moving drive mechanism 12 from a first position to a second 
position. Once the second position has been reached, little or 
no overshoot is desired. Yet, this can be very difficult to 
achieve, especially in high inertia systems. If the speed 
feedback signal is used to obtain the desired damping 
coefficient during the motor’s entire run cycle, motor 10 will 
not run at full speed as drive mechanism 12 moves from the 
first to second position. On the other hand, if no speed 
feedback is used and motor 10 is allowed to run at or near 
full speed as drive mechanism 12 travels from the first to 
second position, the desired damping coefficient will not be 
available when drive mechanism 12 reaches the second 
position. 

2 
SUMMARY OF THE INVENTION 

Accordingly it is an object of the present invention to 
provide an improved system and method of closing a 
position loop around a motor. 

Another object of the present invention improved system 
and method that allows a motor to be stopped precisely even 
when the motor is run at near full speed. 

Other object and advantages of the present invention will 
i o  become more obvious hereinafter in the specification and 

drawings. 
In accordance with the present invention, an improved 

stop control system and method are provided for a motor 
having a drive mechanism. The motor is coupled to a motor 

15 controller that controls the speed and position of the drive 
mechanism using a first signal indicative of a commanded 
position of the drive mechanism, a second signal indicative 
of the actual speed of the drive mechanism and a third signal 
indicative of the actual position of the drive mechanism. A 

20 first circuit receives the first and third signal and generates 
an error signal indicative of a difference between the first 
and third signal. A second circuit coupled to the first circuit 
receives the error signal and compares same with a threshold 
position error to generate a switch control signal. A switch 

25 has its signal input coupled to the motor to receive the 
second signal, a control input coupled to the second circuit 
for receiving the switch control signal, and an output 
coupled to the motor controller. The switch operates to 
control coupling of the signal input to the output using the 

30 switch control signal. Specifically, the signal input is 
coupled to the output at least whenever the error signal is 
less than the threshold position error so that the motor 
controller can use the second signal in conjunction with the 
third signal to stop the motor. 

3s 

BRIEF DESCRIPTION OF THE DRAWING(S) 

Other objects, features and advantages of the present 
invention will become apparent upon reference to the fol- 

4o lowing description of the preferred embodiments and to the 
drawings, wherein corresponding reference characters indi- 
cate corresponding parts throughout the several views of the 
drawings and wherein: 

FIG. 1 is a block diagram of a prior art motor and control 

FIG. 2 is a block diagram of the motor and control system 
of the prior art improved with precision stop control accord- 
ing to the present invention; 

FIG. 3 is a block diagram of one embodiment of the 
position error generator; and 

FIG. 4 is a detailed circuit schematic of one implemen- 
tation of the precision stop control of the present invention. 

DESCRIPTION OF THE PREFERRED 

45 system therefor; 

55 EMBODIMENT(S) 

Referring again to the drawings, an improved stop control 
system is added to the prior art motor and control system 
illustrated in FIG. 1 where like reference numerals are used 

60 for common elements. The principles of the present inven- 
tion will be described using the block diagrams illustrated in 
FIGS. 2 and 3. Then, by way of example, a specific 
implementation of the present invention will be described 
using the circuit diagram illustrated in FIG. 4. 

Referring first to FIG. 2, stop control system 100 includes 
a position error generator 102 connected to receive the 
signals indicative of the commanded position (of motor 10 

65 
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and/or drive mechanism 12) issued from a master control in detail in FIG. 4. Dashed lines are used to block off various 
(not shown) and the actual position of drive mechanism 12 functions of the circuit and common reference numerals are 
fed back from position sensor 16. Position error generator used when referencing functional blocks described above. In 
102 generates a signal output E indicative of position error, this specific example, note that position feedback used by 
i.e., the difference between the commanded position and the s the circuit elements of the present invention is a negative 
actual position of drive mechanism 12. Position error E is position feedback originating from motor controller 18. This 
used as an input to a comparator 104 which can either be is because position feedback is frequently inverted by motor 
supplied with or configured to compare position error E with controller 18 for use thereby. An inverting adder circuit 202 
a given fixed or adjustable set point SP. The set point SP can be used to add the commanded position with the 
defines the point (e.g., the amount of offset from the com- i o  negative position feedback to form position error E. Note 
manded position) at which motor 10 will no longer be that in some circumstances it may be desirable for adder 
allowed to run at or near full speed while moving drive circuit 202 to have a high impedance input, i.e., R1 and R2. 
mechanism 12 to its next commanded position. Specifically, In such circumstances buffers 201A and 201B can be used 
comparator 104 operates to determine when position error E to tie in the commanded position and position feedback 
has been reduced to a value that is less than set point SP. The is signals, respectively. 
selected set point SP can vary with the application. For T~ accommo~ate a bidirectional motor and/or drive 
example, if zero Overshoot were critical, the set Point s p  mechanism, an inverting absolute value circuit 204 forms an 
would be greater than if it were critical to minimize the inverted absolute value of position E and provides 
amount of time (i.e.9 run motor 10  at full speed for as 10% same to a comparator circuit 206. Note that the inversions at 
as possible) it took to reposition drive mechanism 12. 20 adder circuit 202 and absolute value circuit 204 cancel out 

The output of comparator 104 is used to control a switch and are simply due to the particular implementation illus- 
106 that is coupled in the speed feedback line between rate trated. The set point SP of comparator circuit 206 is user 
sensor 14  and motor controller 18. Switch 106 is shown in definableiadjustable by use of resistors R9 and R10 which 
the position it would assume when position error E is less can be realized by fixed or user-adjustable resistors. Com- 
than set point SP. That is, in the illustrated position, switch 25 parator circuit 206 outputs a discrete signal that toggles 
106 couples the speed feedback to motor controller 18. between a plus and minus voltage. More specifically, when 

operation, a commanded position is issued to motor E S P ,  the output of comparator circuit 206 goes “low”. 
controller 18 which, in turn, instructs motor 10  to run such When E<SP, the output of comparator circuit 206 goes 
that drive mechanism 12 is repositioned as commanded. As ‘‘hi@’. 
motor loidrive mechanism 12 operate, sensors 14  and 16 30 The diodeiresistor combination D3/Rll condition the 
feedback speed and position signals, respectively. Position output signal of comparator circuit 206 so that it can only be 
error E between position feedback and commanded position aproximately zero volts (“low” output from circuit 206) or 
is determined by position error generator 102. In the early a plus voltage (“high” output from circuit 206) which is used 
stages of any given control cycle for repositioning drive to control analog switch 208. A zero volt signal applied to 
mechanism 12, position error E is large thereby making it 35 analog switch 208 keeps the switch open thereby preventing 
desirable to run motor 10  at full speed. The size of position the speed feedback signal from being input to motor con- 
error E is generally used by motor controller 18 to set motor troller 18. Aplus voltage signal applied to switch 208 closes 
voltage or, in other words, set the speed of motor 10. the switch to supply speed feedback to motor controller 18. 

Circuit elements U1, U2, U3 and U4 could be imple- 
position error E will be greater than set point SP. (Note that mented by op amps such as the OP07A available from 
for a very small commanded position change, position error Precision Monolithic Inc., Santa Clara, Calif. Circuit ele- 
E will be less than set point SP right from the outset of the ment U5 could be implemented by an op amp such as the 
control cycle.) When position error E is greater than set point LF156, and diodes D1, D2 and D3 could each be imple- 
SP, the output of comparator 104 will cause switch 106 to 45 mented by an 1N4148 diode, all of which are available from 
open thereby eliminating speed feedback as an input to National Semiconductor, Santa Clara, Calif. Analog switch 
motor controller 18. Without speed feedback, motor con- 208 could be implemented by a DG202 switch available 
troller 18 allows motor 10 to run as fast as it can given the from Siliconix, Santa Clara, Calif. 
supplied motor voltage. However, as drive mechanism 12 The advantages of the present invention are numerous. A 
moves towards its commanded position, position error E motor can be run at full speed to 
decreases and will eventually be less than set point SP. At attain its new commanded position, H ~ ~ ~ ~ ~ ~ ,  the present 
this point, switch 106 operates to couple speed feedback to invention makes precise position damping (i,e,,  no 
motor controller 18 which uses Same to obtain the damping overshoot) possible even when the motor is run at full speed. 
COeficient meded to stop motor 10  at the C O ~ ~ a n d e d  The present invention will work regardless of the inertia of 
position. 55 the system. 

In cases where the motor and/or drive mechanism are Although the invention has been described relative to a 
bi-directional, it is desirable for the present invention to be specific embodiment thereof, there are variations 
able to disregard the drive mechanism’s direction of motion. and modifications that will be readily apparent to those 
To do this, position error generator 102 can be implemented in the art in light of the above teachings, It is 
as shown in FIG. 3. More specifically, a differencing circuit 60 therefore to be understood that, within the scope of the 
1022 determines the plus or minus difference between the appended claims, the invention may be practiced other than 
commanded position signal and the position feedback sig- as specifically described, 
nal. The absolute value of the plus or minus difference is What is claimed as new and desired to be secured by 
then determined at absolute value circuit 1022. Letters Patent of the United States is: 

1.  An improved stop control system for a motor having a 
implemented in a variety of ways. By way of example, one drive mechanism wherein the motor is coupled to a motor 
circuit implementation of the present invention is illustrated controller that controls the speed and position of the drive 

In most instances of the early stages of a control cycle, 4o 

and 

The various block elements described above can be 65 
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mechanism using a first signal indicative of a commanded 
position of the drive mechanism, a second signal indicative 

conjunction with said third signal to stop the motor, said 
improved stop control system comprising: 

bf the actual speed of the drive mechanism and a third signal 
indicative of the actual position of the drive mechanism, said 

a first circuit receiving said first signal and said third 
signal for generating an error signal indicative of a 
difference between said first signal and said third 
signal; 

a second circuit coupled to said first circuit, said second lo 
circuit receiving said error signal and comparing said 
error signal with a threshold position error to generate 
a switch control signal as a result of such comparison; 
and 

a switch having a signal input coupled to the motor for 
receiving said second signal and having a control input 
coupled to said second circuit for receiving said switch 
control signal, said switch further having an output 
coupled to the motor controller, said switch operating 2o 
to control coupling of said signal input to said output 
using said switch control signal, wherein said signal 

improved stop control system comprising: 5 

1s 

a differencing circuit receiving said first signal and said 
third signal for generating one of a positive version and 
a negative version of an error signal indicative of a 
difference between said first signal and said third 
signal; and 

an absolute value circuit coupled to said differencing 
circuit for generating an absolute value of said one of 
a positive and a negative version of said error signal; 

a comparator circuit coupled to said absolute value circuit 
for generating a stop control signal when said absolute 
value is less than a threshold position error; and 

a switch having a signal input coupled to the motor for 
receiving said second signal and having a control input 
coupled to said comparator circuit for receiving said 
stop control signal, said switch further having an output 
coupled to the motor controller, said switch coupling 
said signal input to said output in response to said stop 
control signal. 

6. Amethod of controlling the stoppage of a motor having 
input is coupled to said output at least whenever said a drive mechanism wherein the motor is coupled to a motor 
error signal is less than said threshold position error so controller that controls the speed and position of the drive 
that the motor controller can use said second signal in 2s mechanism using a first signal indicative of a commanded 
conjunction with said third signal to stop the motor. position of the drive mechanism, a second signal indicative 

2. A system as in claim 1 wherein said first circuit of the actual speed of the drive mechanism and a third signal 
indicative of the actual position of the drive mechanism, said 

a differencing circuit receiving said first signal and said method comprising the steps Of: 

third signal for generating one of a positive version and 30 generating an error signal indicative of a difference 
a negative version of said error signal; and 

an absolute value circuit coupled to said differencing providing a 
circuit for generating said error signal that is an abso- supplying said second signal to the motor controller at 
lute value of said one of a positive version and a least whenever said error signal is less than said thresh- 
negative version of said error signal. old position error so that the motor controller can use 

3. A system as in claim 1 wherein said second circuit said second signal in conjunction with said third signal 
includes means for adjusting said threshold position error. to stop the motor. 

4, A system as in claim 1 wherein said switch is config- 7. A method according to claim 6 wherein said step of 
ured such that said signal input is coupled to said output only generating comprises: 
when said error signal is less than said threshold position 40 generating one of a positive and a negative version of said 
error. error signal; and 

5. An improved stop control system for a motor having a forming an absolute value of said one of a positive and a 
drive mechanism wherein the motor is coupled to a motor 
controller that controls the speed and position of the drive 8. A method according to claim 6 further comprising the 
mechanism using a first signal indicative of a commanded 4s step of limiting said step of supplying to only those times 
position of the drive mechanism, a second signal indicative when said error signal is less than said threshold position 
of the actual speed of the drive mechanism and a third signal error. 
indicative of the actual position of the drive mechanism, 

comprises: 

between said first signal and said third signal; 
position error; and 

35 

negative version of said error signal. 

wherein the motor controller uses said second signal in * * * * *  


