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UNITED STATES PATENT OFFICE 
2,560,337 

THREE-CHANNEL FINE-COARSE 
CONTROL, SYSTEM 

Marcel Fouassin, Liege, Belgium 
Application June 25, 1948, Serial No. 35,099 

(C. 318-30) 6 Claims. 

The present invention relates generally to im 
provements in control systems and more parti 
cularly to control systems adapted to be used to 
adjust a mechanism to a particular setting. 
In the operation of machinery of the rotata 

ble or translatory type it is often necessary to 
adjust the movable members to different positions 
With speed and accuracy. In industry the mova 
ble parts of rolling mills, presses, cutting ma 
chines and other types of machinery often have 
to be rapidly changed from one accurate setting 
to another to shape the Worked piece to dimen 
Sions With minimum of tolerance or error. Also 
in military and naval Services it is desirable to 
change gun turrets, antenna, and the like from 
One azimuth and elevation to another azimuth 
and elevation with the least delay in time and 
With the greatest accuracy and precision. 
The present invention aims to provide a con 

trol device which may adjust the various types 
of mechanisms more rapidly than previous de 
vices and with a greater degree of accuracy. 
An object of this invention is to provide a new 

and improved control device. 
Another object of the invention is to provide a 

control device adapted to rapidly and accurately 
obtain various desired settings of elements or 
parts of machinery and the like. 
A further object of the invention is to provide 

a control device for adjusting the working ele 
ments of machines and the like with greater 
accuracy. 

Other and further objects of the invention 
Will be obvious upon an understanding of the 
illustrative embodiment about to be described, or 
will be indicated in the appended claims, and 
various advantages not referred to herein will 
occur to one skilled in the art upon employment 
of the invention in practice. 
A preferred embodiment of the invention has 

been chosen for purposes of illustration and 
deScription and is shown in the accompanying 
drawings, forming a part of the specification, 
Wherein: 

Fig. 1 shows a Schematic diagram of one emi 
bodiment of the invention; 

Fig. 2 shows a schematic diagram of another 
embodiment providing for a plurality of advance 
Settings; and 

Figs. 3a, b, c show a graphical representation 
Of the adjusting signals, 

Referring generally to Fig. 1 of the drawings 
there is shown a control system adapted to 
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2 
adjust parts or elements of a rotatable or mova 
ble machine such as a turntable, turret, roller, or 
the like to a particular position designated by 
the presetting mechanism or hand wheel 2. The 
machine i may be driven by a motor 3 through 
a drive coupling unit 4 connecting the motor 3 
to the machine . The preset mechanism 2 
which may be a motor, another machine Or, aS 
in this embodiment, a hand wheel, is connected 
to a presetting coupling unit 5 for coupling the 
presetting mechanism 2 to a position indicator 
66. The drive coupling unit 4 and coupling unit 
5 are leectrically interconnected by a plurality 
of differential control circuits for comparing the 
settings of the preset mechanism 2 with the ma 
chine f and to create an adjusting Signal cor 
responding to the difference in these settings to 
drive the motor 3. The adjusting Signal is ap 
plied successively by the control circuits to a 
controller 43 designed to actuate the motor 3 
in accordance with the adjusting signal, each 
succeeding signal resulting in a finer or closer 
adjustment of the position of the machine to 
the desired position. 
The control circuits may be of any Synchro 

nous type but in this embodiment the Synchro 
nous generator and Synchronous transformer 
type are preferred. In each circuit the genera 
tor is coupled to and driven by the presetting 
coupling unit 5, and the transformer is coupled 
to and driven by the drive coupling unit 4. The 
synchronous generators and transformers of the 
control circuits may be coupled to these coupling 
units in many different Ways to attain Succes 
sive voltages of finer and closer adjustment of 
the machine to the desired position; however, 
it is preferable that the control circuits should 
have an effectively different turn relation. With 
control circuits of Substantially the same elec 
trical characteristics the generators of each con 
trol circuit are preferably coupled to the preset 
ting coupling unit in different turn relations So 
that for a particular change in the Setting of the 
presetting mechanism each control circuit pro 
viding a succeeding adjusting voltage will have 
the generator revolving a greater number of 
turns than the generator of the control circuit 
of the preceding voltage. Similarly the Syn 
chronous transformers are coupled in different 
turn relations to the driven machine and in 
the same turn relation with the corresponding 
generator of the same Synchronous control cir 
cuit, Warious Suitable coupling arrangements 
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may be used. The ones in the drawings are 
illustrated for purposes of clarity of explana 
tion and are not intended to limit the invention 
to the particular mode shown. 
In Fig. 1 the control system has three Syn 

chronous control circuits 6, 7, 8 providing for 
first, Second and third adjustment of the ma 
Chine respectively with the outputs coupled to 
the controller 33 to impress the successive ad 
justing voltages thereon. Shaft, 5 and generator 
A are driven at a reduced number of turns by 
reduction gear 35 coupled to shaft I, and shaft 
5 and generator 9 are driven at a further re 

duced number of turns by reduction gear 34 
coupled to shaft, 6. 

Similarly the rotors of the transformers 2, 
3, is may be coupled to shafts 8, 9, 2 of the 
driving coupling unit is with the reduction gears 
24, 22 of the same reduction ratio as reduction 
gears 9, coupling shafts 8, 9 and 9, 20, re 
Spectively so that the synchronous transformers 
and the Synchronous generators of the same con 
trol circuit make the same number of turns. The 
generator and transformer of each unit are pref 
erably arranged to have zero error voltage when 
these rotorS are at the same angular setting. 
With the Synchronous generator and syn 

chronous transformers of the control circuits 6, 
, 8 coupled in this manner it is seen that the 
rotor of the synchronous generator 9 and the 
rotor of the Synchronous transformer 2 of con 
trol circuit 6 may be in substantially the same 
angular Setting, and therefore not providing any 
further adjusting signal, while the rotor of the 
Synchronous generator and the rotor of the 
Synchronous transformer 3 of the control cir 
cuit 7 Will be sufficiently out of angular coinci 
dence to produce an adjusting signal to further 
correct the position of the machine adjusting 
it closer to the desired position. Similarly the 
generator and transformer of the control circuit 
8 Will produce a Substantial adjusting signal after 
the voltage of the control circuit becomes negli 
gible. 

Referring now to the electrical arrangement of 
the control device the rotors of synchronous 
generators 9, , are connected to an alternat 
ing current reference line 38. The stators of the 
generators 9, f2, and transformers 2, 3, 4 
are preferably of the three phase type. The three 
Conductor lines 22, 23, 24 connect the windings 
of the respective stators of the generators and 
transformers and transmit the angular position 
of the rotors of the generators in the form of elec 
trical Voltages to the stator windings of the re 
Spective transformers. If the rotors of a trans 
former are not in proper relation with the rotor 
Of the respective generator an adjusting voltage 
Will be produced therein and appear across the 
terminals of the winding. 
The rotors of the Synchronous transformers 

2, 3, 4 are coupled to the input of the ampli 
fiers 25, 26, 2; respectively by the transformers 
28, 29, 38. The primary windings of the coupling 
transformer's 28, 29, 33 are connected to the wind 
ingS Of the l'otors of the Synchronous transform 
ers 2, 3, 4 by the pairs of conductors 3, 32, 33. 
The amplifiers 25, 26, 2d may be of any con 

ventional type but are preferably of the “push 
pull' type design so that the plate current is 
Zero unless an error signal is impressed upon 
the input. The error signal thus amplified may 
be impressed in its alternating form on a motor 
control circuit, or preferably as in this embodi 
ment to rectify the amplified signal by rectifiers 
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4. 
68, 69, O and to impress a unidirectional voltage 
On the control generator of the controller 43. 
The polarity of the voltage determines the direc 
tion of rotation of the motor 3. The rectifiers 
68, 69, each comprise a pair of vacuum tubes 
preferably of the triode type also coupled in push 
pull arrangement. The grids are connected to 
the Secondary of the transformers 39, 40, 4 cou 
pling the output of the amplifiers to the input of 
the respective rectifiers. The plates are cou 
pled across the series resistances 49, 50; 5, 52; 
53, 54 respectively. The error signal produced by 
the generator and transformer is either in phase 
Or in phase opposition with the voltage of line 
38 depending on the direction of the Smallest 
angular difference between the position of the 
generator and transformer rotors. Therefore by 
rendering the rectifiers conductive on alternate 
half cycles the polarity of the error voltage will 
be either positive or negative depending on the 
phase relation. This is accomplished by con 
necting the line voltage 38 between the cathodes 
and the plates of the rectifiers. Lines 55, 56, 57 
connect one conductor of line 38 to the cathodes; 
and lines 58, 59, 60 connect the other conductor 
of line 38 to the plates of the rectifiers through 
the load resistors. With this arrangement, the 
plates of the rectifiers are simultaneously ren 
dered positive. The polarity of the unidirectional 
output voltage will then depend upon whether 
the error Signal impressed on the grids and the 
line Voltage are in or out of phase. 
The unidirectional error voltages of the recti 

fiers are applied to the controller 43 over a com 
mon line 44. The output of the rectifiers, series 
load resistors 49, 5); 5,52; 53, 54, are connected 
respectively in parallel across the line 44. In 
terference between the output voltages of the rec 
tifiers 68, 69, 70 is prevented by blocking all ex 
cept one of the conducting amplifiers. At the 
input of each of the amplifiers a common block 
ing circuit is provided so that a conducting am 
plifier Will block the amplifiers of the finer ad 
justing control circuits and provide the unidi 
rectional adjusting Signal to appear acroSS line 
44. In this embodiment the blocking circuit com 
prises, a COInnon biasing arrangement on the 
input circuits of the amplifiers 26, 27. The grids 
Of the amplifier 27 are connected to the Cathodes 
of the amplifier through the resistors 46 and 45 
connected in Series and the common line 2 or 
ground connecting all the cathodes. The grids 
of amplifier 26 are coupled to the cathodes 
through the resistor 45. A negative voltage ap 
plied to the resistor 45 will apply a negative volt 
age to amplifiers 26 and 27, and if sufficient volt 
age is Supplied they Will be cut off So that no 
signal will pass through them. To supply this 
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voltage a full wave bridge rectifier may be used 
with one diagonal coupled to the output of the 
amplifier 25 and the other diagonal connected 
across the resistor 45, Similarly rectifier 48 is 
coupled to the output of amplifier 26 and re 
sistor 46. 

Amplifier 25, normally biased to cut off, is 
rendered conductive by the impression of an 
error signal on the transformer 28. The ampli 
fied error signal appears, in the primary of the 
transformer 39 and is impressed on the secondary 
Windings connected to the rectifier 47. The ad 
justing voltage that is converted into a unidirec 
tional Voltage by the rectifier 47, biases ampli 
fiers 26 and 2 so that the error signals appear 
ing On the transformers 29- and 39 will not render 

a the amplifiers 26 and 27 conductive. The am 
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plified error signal of control circuit 6 is applied 
through the rectifier 68 to the common input 
of controller 43. 
When the motor 3 of the controller 43 has 

adjusted the load so that the Synchronous gen 
erator 9 and the synchronous transformer 2 
are in substantially the same position the gen 
erators and transformers of the control circuits 
7 and 8 will still be out of alignment and may 
impress an adjusting signal on the transformers 
29 and 30. Since the error signal of the Control 
circuit 6 is negligible or below a minimum value 
the amplifier 25 will return to its normally cut 
off condition, and the voltage impressed on re 
sistor 45 removed. With this voltage removed, 
the signal impressed on transformer 29 will 
render the amplifier 26 conductive. Rectifier 48 
will then apply a voltage to resistor 46 holding 
amplifier 27 non-conductive. Since amplifiers 
25 and 27 are non-conductive the error signal of 
control circuit T will be impressed without inter 
ference on controller 43 to further correct the 
position of the load. When the synchros of con 
trol circuit 7 are in substantial alignment the 
error signal will become negligible, and the volt 
age will decrease across resistor 46 permitting 
the error signal of the control circuit 8 to adjust 
the load to the final and most accurate position. 
The controller 43 is a Schematic diagram of a 

simplified motor control circuit with the field 
winding 6 controlling the output of the gener 
ator 62 in response to the error signals Supplied 
by control circuits. Any Well known motor Con 
trol circuit may be used that is responsive to a 
unidirectional error Voltage. 
For a machine having a series of different posi 

tions this invention facilitates the use of a plu 
rality of presetting mechanisms, coupling units, 
and synchros with the presetting synchros cou 
pled to the synchros of the drive mechanism 
through a multi-position SWitch. 65 (Fig.2). Each 
presetting mechanism may be set to one of the 
desired positions and on the completion of the 
operation at one position the Switch 65 may be 
Set at the next desired position. The drive mech 
anism. Will immediately adjust itself to the new 
position. Such a System obviates the necessity 
of continual resetting of the presetting mecha 
nism. When a series of operations are repeated 
the presetting mechanisms may be set and it will 
Only be necessary to change the switch 65. 

In FigS. 3a, b, c the amplitudes of the unidi 
rectional adjusting signal at the output of the 
control circuits 6, 7, 8 are respectively shown in 
graphical representation. These graphs repre 
Sent the variations in the amplitude or modula 
tion of the 60 cycle at the output of the trans 
formers, when the presetting synchronous gener 
ators are set to the desired position prior to con 
necting them with the synchronous transformers. 
This condition would arise when a plurality of 
preSetting mechanisms and coupling units are 
Set for a series of operations and the switch 65 
is changed from one position to another. 
One cycle of Variation of the amplitude repre 

Sents a complete revolution of the rotor of the 
Synchronous transformer. The rotors of trans 
formers 3 and 4 make several revolutions on 
the adjustment of the machine to the desired 
position. The rotor of transformer 2 is in one 
to One turn relation with the machine f there 
fore the signal cycle in Fig. 3d also represents 
a complete revolution of the machine . With 
the negative amplitudes causing rotation in one 
direction and the positive amplitudes in the 
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other direction the machine is never more than 
180° from the same angular setting of the rotor of 
generator 9. Such is not the case With the rotors 
of transformers 2 and 3 which are not in a one 
to one turning relation with the machine . 
Each time the amplitude of these control circuits 
passes through zero the presetting mechanism 2 
and the machine are not in alignment. For this 
reason the control circuit 6 provides the adjusting 
signal until the rotor of transformer 3 is within 
the last half revolution of the final position. 
Similarly the adjusting signal provided by control 
circuit 8 does not control until it is within the 
last half cycle of the final position. 

It will be seen from this description that with 
out the possibility of the synchros going out of 
phase the preset mechanism may be set at a very 
rapid Speed Or as in this embodiment a plurality 
of preset mechanisms may be provided, each set 
to a different position prior to the operation of 
the control device. This is very advantageous for 
it facilitates the setting up of the positions of 
the preset mechanisms for a series of operations 
that may be continually repeated. 
AS Various changes may be made in the form, 

Construction and arrangement of the parts here 
in Without departing from the spirit and scope 
of the invention and without sacrificing any of its 
advantages, it is to be understood that all matter 
herein is to be interpreted as illustrative and not 
in a limiting sense. 

Having thus described my invention, I claim: 
1. A positional control system for controlling 

a driven mechanism by a presettable mecha 
nism, comprising a plurality of electrical differ 
ential means, means for coupling said differen 
tial means to said presettable mechanism and 
Said driven mechanism to provide in the output 
of each differential means an error signal having 
a rate of amplitude change different from the 
error signals in the other differential means, a 
plurality of amplifiers each coupled to a sepa 
rate differential means to receive an error signal 
having a different rate of modulation, blocking 
means coupled to the input of the amplifiers 
paSSing higher rate of change signals, means for 
coupling the inputs of said amplifiers passing 
higher rate of change signals across Smaller 
portions of the blocking means in inverse order 
of the rate of change ratio of the error signal 
in the higher rate amplifier, and separate means 
for coupling each of said portions of the blocking 
means to the output of a preceding lower rate 
amplifier to Selectively block the higher rate of 
change amplifiers during the passage of an error 
Signal through an amplifier having a lower rate 
of change ratio. 

2. In a trichannel differential control system 
With each channel providing an error signal hav 
ing a different rate of amplitude variation on 
the impression of a differential on said system, 
the combination of a plurality of amplifiers one 
coupled to each of Said channels, a first resistor 
coupled to the input of the amplifier passing an 
error Signal having the highest rate of change 
ratio and the input of the amplifier passing the 
middle rate of change ratio, a blocking circuit 
coupled between the output of the amplifier hav 
ing the lowest rate ratio and said resistor to 
render the high and middle rate of change am 
plifiers non-conductive on the passage of a sig 
nal through the lowest rate amplifier, a second 
bias resistor coupled to the input of the ampli 
fier passing the signal having the highest rate of 
change ratio, a Second blocking circuit coupled 
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between the output of the amplifier passing the 
signal having the middle rate of change ratio 
and Said Second resistOr to render the highest 
rate of change amplifier non-conductive on the 
passage of a signal through the middle rate of 
change amplifier. 

3. A positional Control System for controlling 
a driven mechanism by a presettable mechanism 
comprising a plurality of electrical differential 
meanS, means for coupling Said differential 
means to Said presettable mechanism and Said 
driven mechanism to provide in each differential 
means an error Signal having a rate of ampli 
tude change different from the error signals in 
the other differential means, a plurality of elec 
trically conductive signal channels each coupled 
to a separate differential means to receive an 
error Signal having a different rate of modula 
tion, blocking means coupled to the channels 
passing higher rate of change signals across 
Smaller portions of the blocking means in in 
verse order of the rate of change ratio of the 
error signal in the higher rate channel, and 
Separate means for coupling each of said por 
tions of the blocking means to the preceding low 
er rate channel to selectively block the higher 
rate of change channel during the passage of 
an error signal through a channel having a low 
er rate of change ratio. 

4. A positional control System for controlling 
a driven mechanism by a presettable mechanism 
comprising a plurality of electrical differential 
means, means for coupling Said differential 
means to said presettable mechanism and said 
driven mechanism to provide in each differential 
means an error Signal having a rate of ampli 
tude change different from the error signals in 
the other differential means, a plurality of elec 
trically conductive signal channels each coupled 
to One of Said differential means to each pass an 
error Signal having different rate of amplitude 
change, blocking means for blocking said chan 
nels passing higher rate of change Signals, 
means for coupling said blocking means across 
the channel having the highest rate of change, 
means for coupling the lower rate channels 
across successively Smaller portions of said 
blocking means With each channel having a 
blocking portion common With the Succeeding 
channels of high rate of change signal for block 
ing said channel and said Succeeding channels, 
and means for Separately coupling each of Said 
common blocking portions to the channel paSS 
ing the next lower rate of amplitude change Sig 
nal to selectively block said channel having the 
common portion and Said Succeeding channels 
during the paSSage of an error Signal through 
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8 
the preceding chanel having a lower rate of 
change Signal. 

5. A positional control System as claimed in 
claim 1 wherein an alternating energy source is 
provided coupled to said differential means and 
Supplying an alternating signal to said differ 
ential means that produce a phase shift in said 
signal on a difference of Setting to indicate di 
rection of change, a phase differentiating circuit 
in the output of Said channels comprising a 
balanced pair of Vacuum tubes, means coupling 
the alternating current supply across the plate 
cathode circuit of the tubes to impress a Voltage 
of the same polarity to the plates and means for 
coupling the output of said channels to corre 
Sponding elements of Said tubes to impreSS the 
error Signal thereon rendering one tube less 
conductive and the other tube more conductive 
depending on the direction of change: 

6. A positional control System for controlling 
a driven mechanism in accordance with pre 
viously prepared settings comprising a plurality 
of presettable mechanisms each having a sepa 
rate set of differential means, a second differ 
ential means coupled to said driven mechanism, 
means for Separately coupling each of Said Sepa 
rate differential means to Said Second differential 
means, each set producing error signals having 
a different rate of amplitude change, block 
means for blocking Said channels having a high 
er rate of change Signals, means for coupling 
said blocking means acroSS the channel having 
the highest rate of change, means for coupling 
the lower rate channels across successively 
Smaller portions of Said blocking means with 
each channel having a blocking portion common 
With the Succeeding channels of higher rate of 
change signal for blocking said channel and said 
Succeeding channels, and means for Separately 
coupling each of Said common blocking portions 
to the channel passing the next lower rate of 
amplitude change Signal to Selectively block Said 
channel having the common portion and said 
Succeeding channels during the passage of an 
error Signal through the preceding channel hav 
ing a lower rate of change Signal. 

MARCEL FOUASSIN. 
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