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57 ABSTRACT 

A manual control system including a powered feed for 
a numerically controlled machine tool. The system in 
cludes a manually operable differential resolver lo 
cated in the position feedback loop of the servo con 
trol system for each slide and a variable speed motor 
for driving that differential resolver at a controlled 
rate so as to effect controlled feeding movement of 
the slides independent of the numerical control unit. 

33 Claims, 2 Drawing Figures 
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1 

MANUAL CONTROL SYSTEM FOR 
NUMERICALLY CONTROLLED MACHINE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to automatically controlled 
equipment and particularly to numerically controlled 
machine tools. 
Numerically controlled machines are controlled from 

a program, usually in the form of a tape or a pro 
grammed card. In addition to the programmed source 
of machine control, most numerical controlled ma 
chines also have a manual data input through which 
programmed information may be supplied to the ma 
chine for single cycle operation or for machine setup. 
However, the input of data through the manual data 
input requires that the information be supplied to the 
machine through the numerical control unit and that in 
turn requires that the person putting the data into the 
control unit be a programmer. In other words, the ma 
chine operator who desires to cycle the machine 
through a single cycle without programming a tape or 
card must supply the manual data input to the control 
unit in the same form and in the same sequence as it is 
supplied to the unit by the tape and consequently that 
operator must have all the skills of a machine program 
mer. Unfortunately, most machine operators do not 
have a programming skill and therefore cannot operate 
numerically controlled machines except through a pro 
grammed drive. But there is often a need for a numeri 
cal control machine to be operated through a single 
cycle, as for example, to machine soft jaws of a chuck 
during setup of a machine preparatory to cycling of the 
machine under the control of a programmed tape or 
card. 
At the present time many numerically controlled 

machines have, in addition to the manual data input 
control, some manually operated mechanism for posi 
tioning a slide of the machine during machine setup. 
Quite often this manual positioning comprises a dial 
operated differential resolver in the positioning feed 
back loop of the slide control servo system. When the 
dial is manually rotated, it effects corresponding dis 
placement of the slide. However, that manual rotation 
of the graduated dial effects slide movement at very 
nearly exactly the same rate as the dial is rotated. Con 
sequently, it is impractical to use it to control slide 
movement velocity or in the case of a machine tool, to 
control machine feed rates. Therefore, even machines 
which are equipped with auxiliary positioning input 
independently of the programmed control unit still 
require manual data input at the control unit whenever 
the machine is to be cycled through a single machining 
cycle or whenever the slide is to be moved at a con 
trolled speed. 

It has therefore been one objective of this invention 
to provide a manual control of a machine slide on a 
numerically controlled machine which controls not 
only positioning but rate of movement or feed com 
pletely independently of the control unit. Expressed 
another way, it has been an objective of this invention 
to provide a control system for a numerically con 
trolled machine which enables an operator to effect 
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2 
slide movement at a feed rate or velocity selectable by 
the operator using a calibrated manual control knob at 
the machine. This enables the machine operator to 
operate the machine in the exact same manner as if the 
machine had no numerical control unit. Consequently, 
any operator who knows absolutely nothing about ma 
chine programming but who has learned how to oper 
ate a similar machine manually is able to operate a 
numerically controlled machine equipped with the 
invention of this application. 
The system which accomplishes these objectives 

comprises a manually operable differential resolver 
located in the position feedback loop of the machine 
servo control system and a variable speed motor for 
driving that differential resolver. In the preferred en 
bodiment the variable speed motor is located in a servo 
loop which includes a tachometer and a manually oper 
able speed control potentiometer so that the rate at 
which the variable speed motor drives the differential 
resolver may be very accurately controlled. 
The primary advantage of this invention is that it 

provides a very inexpensive manually operable feed 
rate control for a machine tool slide of a numerically 
controlled machine. The addition of this inexpensive 
manual feed rate control enables any operator capable 
of operating a similar machine without numerical con 
trols to operate this numerically controlled machine. 
Consequently, a numerically controlled machine with 
this manual position and feed rate control is useful as 
both a manual controlled machine and as a numerically 
controlled machine and may be easily and quickly 
switched between such uses. 
These and other objects and advantages of this inven 

tion will be more readily apparent from the following 
description of the drawings in which: 
FIG. 1 is a perspective view of a lathe incorporating 

the invention of this application, and 
FIG. 2 is a block diagram of the electrical control 

system for the lathe of FIG. 1. 
Referring first to FIG. 1, there is shown a typical 

machine 10 of the type to which the invention of this 
application is applicable. In the preferred embodiment, 
the machine is a lathe although the invention of this 
application is applicable to any programmable machine 
but is particularly adaptable to metal cutting or forming 
machines. The lathe 10 includes a headstock 11 having 
a chuck (not shown) attached to the headstock spindle 
for holding and rotating a workpiece. The lathe further 
includes a longitudinally movable carriage 12 which 
supports and carries a slide 13 movable toward and 
away from a workpiece. The slide 13 in turn carries a 
tool which follows the longitudinal movements of the 
carriage 12 and the transverse movements of the slide 
13, these directions being designated as the Z and X 
directions respectively. Motion along the Z axis is typi 
cally provided by rotation of a carriage lead screw 14 
(FIG. 2) while motion along the X axis is typically 
provided by rotating a cross feed screw 15 (FIG. 2). 
The lead screw 14 is driven by a feed motor 16 while 
the cross feed screw 15 is driven by a second feed 
motor 7. 
Referring now to FIG. 2 and the block diagram of the 

control system used to control the lathe 10, it will be 
seen that the lathe control system has been divided into 
two sections 44, 45, one for the control of each of the 
X and Z axes. Since the two controls are identical, only 
one (that which controls the X axis) will be described 
in detail except where a discussion of the equipment of 
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oth coordinates is required for clarification. For pur 
oses of identification the control equipment for the Z 
xis has been given the same numerical designation as 
he corresponding equipment for the X axis except that 
he Z axis control equipment is designated by a nu 
heral followed by a prime mark. 
Essentially, the X axis motor control system 44 in 
ludes a servo loop for controlling both the position 
nd velocity of screw 15 rotation. A command signal 
Jr controlling both position and velocity is derived 
rom the numerical control unit 20. Suitable control 
nits are commercially available for operation in this 
ircuit. One such suitable control circuit is described in 
J.S. Pat. No. 3, 173,001 issued Mar. 9, 1965 to J. T. 
vans. That command signal is supplied to a position 
umming point or comparator 21 out of which an error 
ignal E is supplied to a position amplifier 22 on lead 
3. The output of that amplifier 22 is then supplied 
hrough a velocity summing point or velocity compara 
or 24 and a velocity amplifier 25 to the main servo 
eed motor 17. The feed motor 17 is mechanically 
onnected to an electrical resolver 26 and a tachome 
er 27. The resolver 26 is connected in a primary feed 
lack loop via lead 28 to the summing point comparator 
1 such that the error signal on lead 23 represents the 
lifference between the command reference signal C on 
ead 29 and the primary feedback signal on lead 28. 
The tachometer 27 also gives rise to a feedback signal 
in lead 30 to the summing comparator 24 of the veloc 
ty loop so that the velocity signal out of the compara 
or 24 represents the difference between the actual 
notor speed and the commanded motor speed. Both 
he velocity and position servo loop are conventional in 
notor control circuits and both are described in the 
above-identified issued patent. 
The invention of this application is concerned with a 

supplemented control system for enabling the servo 
eed motor 17 to be manually controlled from position 
control dials 31, 31', a velocity control dial 39, and 
switching controls 18 on the apron 19 of the machine 
completely independently of the numerical control unit 
20. To this end a differential resolver 32 is connected 
petween the resolver power supply 33 and the resolver 
26. The rotor of this differential resolver 32 is mechani 
cally connected to the position control dial 31 on the 
apron 19 of the lathe 10 such that rotation of the dial 
effects rotation of the rotor of the differential resolver 
32 and thereby effects an auxiliary input on lead 32a to 
the resolver 26 and subsequently to the summing point 
or comparator 21 of the position control loop. Conse 
quently, manual rotation of the graduated position 
control dial 31 may be used to effect displacement of 
the servo feed motor 17 and corresponding linear 
movement of the slide 13. Generally, this graduated 
dial 31 is used in machine setup to position the slide 13 
in some zero position preparatory to the initiation of a 
numerically controlled machine cycle. This manual 
input to the machine by the dial 31 is suitable for posi 
tioning the slide preparatory to a cutting operation but 
is unsuitable for operation when cutting because the 
rate of dial rotation determines the speed or slide 
movement. It is very nearly impossible to manually 
rotate the graduated dial 31 at a rate which is suitable 
for feeding a cutting tool into a workpiece. 
To control the speed of slide movement and thereby 

enable the manual controls on the apron 19 of the 
machine to be used for controlling both feed rate 
(speed) and position, a variable speed drive motor 34 is 
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4 
drivingly connected to the differential resolver 32 and 
the machanically connected graduated dial 31. This 
motor is operable to drive the rotor of the differential 
resolver 32 and thereby effect slide movement at a 
preselected speed. To accurately control the speed of 
the drive motor 34, it is connected in a servo loop 
which includes a tachometer 35 and a comparator 36 
together with a speed potentiometer 37. The tachome 
ter 35 is mechanically connected to the drive shaft of 
the drive motor 34 and is operable to supply a feedback 
signal via lead 38, through a 4-way switch 43 and lead 
46 to the comparator 36. A command signal is supplied 
to this comparator 36 from the speed control potenti 
ometer 37, the setting of which is controlled by a con 
trol dial 39 located on the apron 19 of the machine. 
The comparator 36 supplies an output error signal on 
lead 40 to a velocity amplifier 41, the output of which 
then is used to drive either the motor 34 or motor 34", 
depending upon the setting of the toggle switch 43, at a 
rate set into the graduated dial 39. The speed control 
potentiometer dial 39 may be either graduated in terms 
of inches per minute or inches per revolution of the 
tool spindle, dependent upon the application of the 
system. 

In addition to the position control dials 31, 31' and 
the feed (speed) control dial 39 on the apron of the 
machine, there is a selector switch 42 for selecting 
either manual or programmed automatic control and a 
4-position axis and direction control “joy stick" type of 
4-way toggle switch 43. The switch 42 has the effect of 
holding or “freezing' the command signal C on line 29 
so that the only active position command signal is that 
derived from the differential resolver 32. The 4-way 
“joy stick" switch 43 enables the axis, X or Z, to be 
selected at the apron as well as the direction in which 
the slide will move along that axis when under the 
control of the speed setting dial 39. 
The use of the drive motor 34 for effecting rotation 

of the rotor of the differential resolver 32 and the loca 
tion of the speed and position setting controls on the 
apron 19 of the machine enable the machine to be 
operated in exactly the same manner as lathes or other 
machine tools are operated which do not incorporate 
numerical control. Consequently, the auxiliary manual 
control of this invention enables the machine operator 
to interrupt the numerical control unit 20, place the 
machine in manual control mode, select the axis and 
direction of slide movement via the 4-way switch 43 
and operate the machine in exactly the same way as 
similar nonnumerically controlled machines have al 
ways been controlled. Consequently, an old machine 
operator, no matter how resistant to change, can now 
operate this numerically controlled machine without 
knowing a single thing about machine programming. 
The primary advantage of this invention is that it 

enables a lathe or machine tool to be used in either 
manual mode of operation or in numerical mode of 
control. Consequently, the single machine functions 
both as a conventional machine for machining single 
workpieces or a numerically controlled machine for 
machining parts in accordance with a program sched 
ule. 
While we have described only a single preferred 

embodiment of our invention, those persons skilled in 
the art to which this invention pertains will appreciate 
numerous changes and modifications which may be 
made without departing from the spirit of our inven 
tion. Therefore, we do not intend to be limited except 
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by the scope of the appended claims. 
Having described our invention, we claim: 
1. For use in combination with a numerically pro 

grammable machine having a slide and a motor for 

6 
3. For use in combination with a numerically pro 

grammable machine having a slide and a motor for 
effecting movement of said slide, a control system for 
controlling energization of said motor, said control 

effecting movement of said slide, a control system for 5 system comprising 
controlling energization of said motor, said control 
system comprising 
a first source of numerically controlled, programma 

ble position and velocity command signals, 
a numerically controlled position servo loop including a 10 
comparator, 

means for supplying a programmed command signal 
from said first source of command signals to said 
comparator, 

means for supplying an error signal from said com- 15 
parator to said motor, 

a feedback signal generator, 
means for supplying a feedback signal from said feed 
back signal generator to said comparator such that 
said error signal is representative of the difference 20 
between said command signal and said feedback 
signal, 

a second source of unprogrammed auxiliary position 
control signals, 

means for supplying superimposing auxiliary po- 25 
sition control signals from said second source to 
said comparator upon feedback signals from said 
feedback signal generator of said numerically cont 
trolled position servo loop, and 
the improvement which comprises 

variable speed motor means for driving said second 
source of position control signals at a controlled 
rate so as to control the velocity of slide movement 
when said slide is under the control of said second 
source of unprogrammed position control signals. 35 

2. For use in combination with a numerically pro 

30 

grammable machine having a slide and a motor for 
effecting movement of said slide, a control system for 
controlling energization of said motor, said control 
system comprising 40 
a first source of numerically controlled, programmed 

position and velocity command signals, 
a numerically controlled position servo loop including a 
comparator, 

means for supplying a command signal from a said 5 
first source of command signals to said compara 
tor, 

means for supplying an error signal from said com 
parator to said motor, 

a feedback signal generator, 
means for supplying a feedback signal from said feed 
back signal generator to said comparator such that 
said error signal is representative of the difference 
between said command signal and said feedback 
signal, 

a second manually actuated source of unpro 
grammed auxiliary position control signals, 

means for supplying superimposing auxiliary po 
sition control signals from said second source to 
said comparator, upon said numerically con- 60 
trolled position servo loop while said feedback signal 
generator is operative in said position servo loop, 
the improvement which comprises 

variable speed motor means for driving said second 
source of unprogrammed position control signals at 65 
a controlled rate so as to control the velocity of 
slide movement when said slide is under the control 
of said second source of position control signals. 

50 

55 

a first source of programmed position command sig 
nals, 

a comparator, 
means for supplying a command signal from a said 

first source of command signals to said compara 
tor, 

means for supplying an error signal from said com 
parator to said motor, 

a resolver for generating a feedback signal, 
means for supplying said feedback signal from said 

resolver to said comparator such that said error 
signal is representative of the difference between 
said command signal and said feedback signal, 

a manually setable differential resolver for generating 
unprogrammed control signals, 

means for supplying said unprogrammed control 
signals from said differential resolver to said com 
parator, and the improvement which comprises 

variable speed motor means for driving said differen 
tial resolver at a controlled rate so as to control the 
velocity of slide movement when said slide is under 
the control of unprogrammed control signals. 

4. The control system of claim 3 in which said differ 
ential resolver is electrically connected in a feedback 
loop between containing said resolver and said 
comparator. 

5. The control system of claim 3 in which said differ 
ential resolver comprises a stator and a rotor, said rotor 
being mechanically connected to a manually rotatable 
position control dial. 

6. The control system of claim 3 in which said vari 
able speed motor is connected to a manually setable 
speed control setting means. 

7. The control system of claim 3 in which said vari 
able speed motor is connected through a closed servo 
loop with a manually setable speed control setting 
eaS 

8. The control system of claim 7 in which said closed 
servo loop includes a tachometer mechanically con 
nected to said variable speed motor, a source of com 
mand speed control signals, and a comparator for gen 
erating an error signal representative of the difference 
between the command speed control signal and the 
actual speed of said variable speed motor as measured 
at said tachometer. 

9. For use in combination with a numerically con 
trolled machine tool having a pair of slides movable 
along mutually perpendicular axes and a pair of inde 
pendently operable motors for effecting movement of 
said slides, a numerical control system for controlling 
energization of said motors, said control system com 
prising 
a first source of numerically controlled, programma 
ble position and velocity command signals for each 
of said motors, 

a pair of position servo loops including a pair of com 
parators, one of said comparators being in a servo 
control circuit for each of said motors, 

means in each of said circuits for supplying a pro 
grammed command signal from said first source of 
command signals to each of said comparators, 

means in each of said circuits for supplying an error 
signal from said comparator to the motor con 
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trolled by said circuit, 
a feedback signal generator in each of said control 

circuits, 
means in each of said circuits for supplying a feed 
back signal from said feedback signal generator to 5 
said comparator such that said error signal is repre 
sentative of the difference between said command 
signal and said feedback signal, 

a second source of unprogrammed auxiliary position 
control signals in each of said circuits, 

means in each of said circuits for supplying su 
perimposing auxiliary position control signals from 
said second source I to the comparator in said 
circuit upon feedback signals from said feedback 
signal generators, and 
the improvement which comprises 

variable speed motor means in each of said circuits 
for driving said second source of position control 
signals at a controlled rate so as to control the 
velocity of slide movement when that slide is under 
the control of said second source of unpro 
grammed position control signals. 

10. The control circuit of claim 9 in which said sec 
ond source of unprogrammed position control signals is 
manually movable. 

11. The control circuit of claim 9 in which said feed 
back signal generator is a resolver and said second 
source of unprogrammed position control signals is a 

10 

15 

20 

25 

differential resolver in series connection with said re 
solver. 30 

12. The control system of claim 11 in which said 
differential resolver is electrically connected in a feed 
back loop between containing said resolver and 
said comparator. 

13. The control system of claim 11 in which said 
differential resolver comprises a stator and a rotor, said 
rotor being mechanically connected to a manually ro 
tatable position control dial. 

14. The control system of claim 11 in which said 
variable speed motor is connected to a manually seta 
ble speed control setting means. 

15. The control system of claim 11 in which said 
variable speed motor is connected through a closed 
servo loop with a manually setable speed control set 
ting means. 

16. The control system of claim 15 in which said 
closed servo loop includes a tachometer mechanically 
connected to said variable speed motor, a source of 
command speed control signals, and a comparator for 
generating an error signal representative of the differ 
ence between the command speed control signal and 
the actual speed of said variable speed motor as mea 
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50 

sured at said tachometer. 
17. A manual control system for a numerically con 

trolled machine tool, which machine tool has a mov 
able slide, a motor for effecting movement of said slide, 
a servo system including a feedback loop for control 
ling said motor, and a numerical control unit for sup 
plying command input information to said servo sys 
tem, said manual control system comprising 
a differential resolver located in the position feed 
back loop of the servo control system, and 

a manually setable variable speed motor for driving 
said differential resolver at a controlled rate so as 
to effect controlled feeding movement of said slide 
independently of the numerical control unit. 

18. The manual control system of claim 17 in which 
said differential resolver is connected to a manually 

55 

60 

65 

movable position control dial for effecting manual posi 
tioning of said slide. 

19. The control system of claim 17 in which said 
differential resolver comprises a stator and a rotor, said 
rotor being mechanically connected to a manually ro 
tatable position control dial. 

20. The control system of claim 17 in which said 
variable speed motor is connected to a manually seta 
ble speed control setting means. 
21. The control system of claim 17 in which said 

variable speed motor is connected through a closed 
servo loop with a manually setable speed control set 
ting means. 
22. The control system of claim 21 in which said 

closed servo loop includes a tachometer mechanically 
connected to said variable speed motor, a source of 
command speed control signals, and a comparator for 
generating an error signal representative of the differ 
ence between the command speed control signal and 
the actual speed of said variable speed motor as mea 
sured at said tachometer. 

23. A manual control system for a numerically con 
trolled machine tool, which machine tool has movable 
slides, motors for effecting movement of said slides, 
servo systems including feedback loops for controlling 
said motors, and a numerical control unit for supplying 
command input information to said servo systems, said 
manual control system comprising 

differential resolvers located in the position feedback 
loops of the servo control systems, and 

manually setable variable speed motors for driving 
said differential resolvers at controlled rates so as 
to effect controlled feeding movement of said 
slides independently of the numerical control unit. 

24. For use in combination with a numerically pro 
grammable machine having a slide and a motor for 
effecting movement of said slide, a control system for 
controlling energization of said motor, said control 
system comprising 
a first source of numerically controlled, programma 

ble position and velocity command signals, 
a numerically controlled position servo loop including a 
comparator, 

means for supplying a programmed command signal 
from said first source of command signals to said 
comparator, 

means for supplying an error signal from said com 
parator to said motor, 

a feedback signal generator, 
means for supplying a feedback signal from said feed 
back signal generator to said comparator such that 
said error signal is representative of the difference 
between said command signal and said feedback 
signal, 

manually controllable position means for generating 
position control signals without the use of program 
format information, said manually controllable 
position means including a graduated dial for input 
of manual position commands and for reading out 
slide position when said slide is under the control of 
said manually controllable position means, 

means for supplying superimposing auxiliary po 
sition control signals from said manually controlla 
ble means to said comparator upon feedback 
signals from said feedback signal generator of said 
numerically controlled position servo loop, and 

manually controllable velocity means for driving said 
motor at a controlled velocity without the use of 
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program format information, said manually con 
trollable velocity means being operatively con 
nected to said graduated dial of said manually con 
trollable position means so that said graduated dial 
remains synchronized with slide movement when 
said slide is under the control of said manually 
controllable velocity means. 

25. The control system of claim 24 in which said 
manually controllable position means includes a differ 
ential resolver. 

26. The control system of claim 25 in which said 
differential resolver is electrically connected in a feed 
back loop between containing said resolver and 
said comparator. 

27. The control system of claim 25 in which said 
differential resolver comprises a stator and a rotor, said 
rotor being mechanically connected to a manually ro 
tatable position contrel dial. 

28. A control system for a numerically controlled 
machine tool which has a movable slide, said control 
system including a motor for effecting movement of 
said slide, a servo system including a feedback loop for 
controlling said motor, a feedback generator within said 
feedback loop, a numerical control unit for supplying 
program format command input information to said 
servo system, and a manual control system, said manual 
control system comprising 
manually controllable position means for generating 
position control signals without the use of program 
format information, said manually controllable 
means including a graduated dial for input of posi 
tion commands and for reading out slide position 
when said slide is under the control of said manu 
ally controllable position means, 

means for supplying superimposing position con 
trol signals from said manually controllabie means 
to upon feedback signals from said feedback 

signal generator of said servo system, and 
manually controllable velocity means for driving said 
motor at a controlled velocity without the use of 
program format information, said manually con 
trollable velocity means being operatively con 
nected to said graduated dial so that said graduated 
dial remains synchronized with slide movement 
when said slide is under the control of said manu 
ally controllable velocity means. 
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O 
29. The control system of claim which further in 

cludes a manually adjustable indicia bearing speed con 
trol setting means operatively connected to said variable 
speed motor means to enable manual selection of said 
speed setting of said variable speed motor means, said 
indicia bearing speed control setting means including 
graduations demarked in settings of either distance per 
unit of time or distance per machine spindle revolution to 
facilitate machine feed rate selections on said speed con 
trol setting means. 
30. The control system of claim 2 which further in 

cludes a manually adjustable indicia bearing speed 
control setting means operatively connected to said 
variable speed motor means to enable manual selec 
tion of speed setting of said variable speed motor 
means, said indicia bearing speed control setting 
means including graduations demarked in settings of 
either distance per unit of time or distance per na 
chine spindle revolution to facilitate machine feed rate 
selections on said speed control setting means. 
31. The control system of claim 9 which further in 

cludes a manually adjustable indicia bearing speed con 
trol setting means operatively connected to said variable 
speed motor means to enable manual selection of speed 
setting of said variable speed motor means, said indicia 
bearing speed control setting means including gradua 
tions demarked in settings of either distance per unit of 
time or distance per machine spindle revolution to facili 
tate machine feed rate selections on said speed control 
setting means. 

32. The control system of claim 24 in which said man 
ually controllable velocity means includes an adjustable 
indicia bearing velocity setting dial having graduations 
demarked thereon in settings of either distance per unit of 
time or distance per machine spindle revolution to facili 
tate machine feed rate selection on said velocity setting 
dial. 
33. The control system of claim 28 in which said man 

ually controllable velocity means includes an adjustable 
indicia bearing velocity setting dial having graduations 
demarked thereon in settings of either distance per unit of 
time or distance per machine spindle revolution to facili 
tate machine feed rate selecticn on said velocity setting 
dial. 
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