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This invention relatesto torque controlling devices and 
more particularly to a control circuit for an electromag 
netic coupling by which the tension upon web or strand 
Imaterialmay be controlledina reel winding orunwinding 
apparatuS. 
More broadly the present invention is directed to a 

control System for controlling the amount of tension with 
which a wire strip or web material etc.?is wound or 
coiled on a center-wind coiling reel The control is 
directed to regulating the amount of torque which an 
electromagnetic coupling transmits from a constant Speed 
motor to the reel. * 

Itis desirable to be able to wind the Web on a reel or 
unwind same at whatever linearweb speedis produced or 
eStablished by the main drive rols. Unlike certain prior 
known tension control systems the presentinvention pro 
vides desired tension regardless of whether the linear 
Web Speed is constant or Wariable. 
This controlisapplicable where the linearspeed atwhich 

the Webis fed toward the reel to be woundis determined 
by another drive whose speed is not appreciably afected 
by web tension and where no looping devices or slack 
are desirable in the web between Said drive and the reel. 
As the web winds on or unwinds from the reel, tension 

of the web is held at a substantially constant value by 
varying the torque applied to the reel as the diameter of 
the web coiled on the reel decreases or increases respec 
tively. - 

The presentinvention relates to controls for apparatus 
of the type described and further provides foradjustment 
without circuit modifications so as to obtain either con 
stant web tension partially tapered Webtension or fully 
tapered Web tension. 
The control system provides for an operator adjust 

ment of the magnitude of coiling tension and governs 
this magnitude such thatitis unafected by web speed 
from Stall to maximum design rating, 

It is accordingly an object of the present invention to 
provide a control circuit for an electromagnetic coupling 
apparatus for regulating tension upon material being 
wound orunwound from a reel despite a fixed or Variable 
rate of linear travel for the material and the changing 
diarneter of the coilon the reel. 
Another object of the invention is a provision of a 

tension control system which may provide.either con 
stant web tension partially tapered Web tension or fuly 
tapered web tension. * 
The above and other objects?features and advantages 

of the present invention will be more fully understood 
from the following description considered in coanection 
with the accompanying illustrative draWing. 
The presentinventionis primarily concerned with cen 

ter-wind systems wherein the power drive is applied to 
the core or center of the reel and only this system will 
be described in detail. 

Becausetensionis a function of the coil diameter which 
is continuously changing as the material builds up on 
the reel constant torque input does not give constant 
tension Accordingly a constanttensioncenter-wind sys 
tem must vary the torque input in accordance with the 
required function automatically in instances where loops 
or slack in the web between the drive rolls and the reel 
are undesirable The immediate descriptionis directed to 
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2 
a conStant Web tension controlas the diameter of the re 
Wound coilincreases; partially tapered web tension con 
trol and fully tapered web tension control will be herein 
after described in more detaii. 

Referring to the drawing a tension control system is 
disclosed which permits automatic compensation for an 
increase in a coil diameter by automatically varying the 
output torque of an electromatic coupling positioned be 
tWeen a reelanda motor drive Two generators produce 
Output Signals proportional to the linear velocity of the 
Web and the angularvelocity of the reel, respectively. 

These Signals are compared and the diferential signal 
is ampified and applied to a motor whichin turn is me 
chanically coupled to a plurality of commonly connected 
potentioneters. Afirst potentiometeris repositioned au 
tomatically to balance the output signals of the genera 
tors; a Second potentiometeris automatically adjusted to 
produce Suitable energization of an electromagnetic cou 
pling field winding The first and second motor-operated 
potentiometers therefore automatically and simulta 
Ineously adjust for coil diameter changes and torque re 
quirement variations. - 
A third motor-operated potentiometeris also included 

in the control circuit and is electrically connected to a 
ineter to provide a visual indication of the prevailing 
amount of web tension being produced by the reel and 
its drive. 

Describing now a winding operation as illustrated by 
the circuitry in the accompanying drawing motor M1 is 
mechanically coupled through a shaft 2 to an electro 
magnetic device CLincluding a driving member 4 a driv 
en member 6 and a field winding 8 The device CL 
may be any of the conventional type couplings?Such as 
the magnetic fluid type but is preferably an eddy cur 
rent slip clutch; M1 may be a conventional A.C. induc 
tion motor. 
An output shaft H0 mechanically couples the driven 

member 6 and an empty reel R. Materialin the form 
of strip?wire, web or the like is Shown at 12 and is 
driven ata constant orvariable linear speed by a driving 
means such as a pair of drive rolls 14 The web may, 
therefore be considered as being fed at a relatively con 
stant orvariable Speed to the reel R The maximum out 
side diameter of the wound Web or coilisillustrated by 
dashed lines R1 in conjunction with the web 12" being 
fed from the aforementioned driverolls. ? 

Since the web is being fed to the reel at a COnStant Or 
variable rate of Speed the angular velocity of the reel 
must decreasein relation to web Speed as the diameter of 
the coilincreasesso asto maintain constant tension It 
is also necessarytocontinuouslyincrease the torque trans 
mitted to the reel as the diameter of the coilincreases, 
since the tension upon the material would vary with the 
instantaneous diameter ofthe coil. 
Means for automatically adjusting the torque require 

mentis dependentupon theinstantaneous diameter of the 
wound coil and is determined by regulating the energiza 
tion offield coil 3 whichis connected by means of leads 
16 and 18 to a power Supply source PS The power 
supply includes a transformer T having a secondary 
winding 20 series connected to the field coil and a gas 
filled grid controlled rectifier?Such as a thyratron 22. 
A conventional back rectifier 24 is coupled across field 
winding 8 and provides a path for current flow through 
the field coil on alternate half cycles when the thyratron 
isin a non-conductive State. 
Asis conventional with power circuits of the type de 

scribed a phase shifting circuitis connected to the grid 
and cathode of the thyratron and includes a secondary 
winding 26, a capacitor 28, and a potentiometer 30. 
Since phase shift circuits of the type described are well 
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known in the art a further description is unnecessary? 
it being understood that an A.C. phase shift signal is 
Superimposed on a variable D.C. voltage component V, 
the latter component constituting an error Signal between 
the desired torque and the prevailing torque. 
The desired torque is established by a reference voltage 

circuit RV havingits output voltage VR Series connected 
to the grid-cathode circuit of said thyratron Also in 
cluded in Said series circuitis an output voltage VT of 
a prevailing torque circuit TC?the polarity of which is 
in oppositiontothe outputvoltage VR? 
The amount of torque transmitted from the motor M1 

by the coupling CLto the reel Ris related to or depend 
ent upon the energization offield coi18 whichis depend 
ent upon the reference voltage output signal VR To 
increase the torque outputfrom the clutch to the reelat 
a rate proportional to the varying coil diameter a poten 
tiometer 32 in the reference voltage circuitis automati 
cally adjustedin accordance with incremental coil diam 
eterchanges. 
The reference voltage circuitincludesasecondary wind 

ing 34 a duo-diode rectifier36 and a filter capacitor 38. 
The rectified voltage is regulated by a voltage regulator 
tube 40 and this potentialis applied by means of leads 
42 and 44 to the reference voltage output circuit. 
A low bias potentiometer 46 which may be adjusted 

to a desired bias setting?is series connected with a resis 
tor 48 between leads 42 and 44 and an output lead 50 
is connected to the grid circuit of thyratron 22. Also 
connected across leads 42 and 44 is atension potention 
eter S2 which may be operator controlled and set to 
varying degrees. Resistors 54 and56 are series connected 
to a torque ratio potentiometer 60 across lead 42 and a 
lead 62 extending from the slider arm of potentiometer 
52 Potentiometer 60 may be adjusted dependent upon 
the desired build-up ratio between coil Ra's I.D. and O.D. 
In addition a jumper lead 64 may be repositioned across 
certain of Said aforementioned resistances or potentiom 
eter dependent upon the desired build-up ratio between 
coil Ra's I.D. and O.D. Potentiometer32 is connected 
acroSS the aforementioned torque ratio potentiometer 
circuit by leads 65and 63 andits slider armis mechani 
cally coupled to a two-phase motor M. 
The prevailing torque voltage Signal VT is derived 

across a potentioneter 79 in the torque circuitTC and 
emanates froma winding72 whichis coupledin aninduc 
tive relationship with a single input lead of motor M1. 
Winding72 constitutes a portion of a current transformer 
and the A.C. torque voltage Signal obtainedis related to 
the amount of current drawn by the motor. 
A resistor 74 is coupled across said winding and one 

Side of the current transformer output circuit is con 
nected by means of a lead76 to a primary winding78 of 
a Step-up transformer 80. The otherside of the current 
transformer output circuitis connected by means of a 
lead 82 to a center tap secondary winding 84 of a reel 
compenSation transformer 86. The portion of the in 
phase Voltage component which represents electro-me 
chanical torque losses in the motor and couplingis vec 
torally cancelled by adjusting a potentiometer 88 which 
is Series connected across said secondary winding A 
Drimary winding 99 of the reel compensation transformer 
is connected by means of windings 92?94 and 96 across 
motor M1"Sinputleads X?Yand Z. 

Potentiometer 88 is connected by means of a lead 98 
to a centertap secondary winding100 of a reactive com 
penSation transformer 102 which vectorally cancels the 
out-of-phase voltage component of the signal obtained 
by the current transformer 72. Thisis accomplished by 
adjusting a potentiometer 104 which is series connected 
to Secondary winding 109. A primary winding 106 of 
the reactive compenSation transformeris connected across 
input leads 108 and 110 to the input leads Y and Z of 
motor M1 The reactive compensation potentiometer 104 
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4 
is connected to the otherside of primary winding 73 by 
means ofalead112. 
The remaining A.C. voltage signal impressed acroSS 

primary winding 78 represents the actual torque tranS 
mitted to the reel and this signal is Stepped up across 
transformer80 by means of a secondary winding 114 and 
is rectified by a bridge rectifier BR The D.C. output of 
Said bridge rectifier is filtered across a capacitor 116 
and is applied across potentiometer 70 which may?if 
desired beadjusted so astoincrease the maximum avail 
able torque at the O.D. condition by adjusting its slider 
armin the direction ofits associatedarrow. 
Under a no-load condition thatis prior to the com 

mencement of a winding operation on an empty reel R, 
a desired torque is obtained by placing the Slider arm of 
potentiometer32 at point I.D. which represents the inside 
diameter ofthe coil to be rolled. 
With the aforementioned desired reference voltage 

torque Setting thyratron 22 is actuated in a conventional 
mannerupon application of A.C. voltage signals from the 
phase shift circuit Field coil8 of coupling CLis there 
fore energized in accordance with the reference voltage. 
output signal VR which, because of its polarity Condi 
tions the grid of thyratron 22 positive with respect to its 
cathode The torque transmitted by coupling CL is 
proportionalto the amount of current flowing through its 
associated fieldwinding and thistorque reflectsupon the 
torque output of motor M1. The actual torque trans 
mitted by motor M1 is detected by its asSociated torque 
output circuitTCand the resultant torque signal Vr is 
matched against the desired torque Signal VR in the 
reference circuit RV. Because of the opposing polarities 
of VT and VR the resultant torque output remains rela 
tively Stable and may only be changed by varying the 
reference Voltage outputsignalVR? 
To Vary the reference voltage output signal VR upon 

demand of variable torque transmission requirements?the 
Slider arm of potentiometer 32 is governed by motor M 
which is actuated at the instance of coil diameter varia 
tions To accomplish this a diameter sensing circuit 
DSis incorporatedin the controlscheme. 
To properly Sense coil diameter changes two tachom 

etergenerators G1 and G2 are coupled mechanically to 
the cGupling output shaft 19 and the drive rolls 14 re 
Spectively Tachometergenerators G1 and G2 are pref 
erably of the A.C. permanent magnet type and the afore 
Said mechanical connections are illustrated as conven 
tional belting means Hi8 and 120 Generator G1 is con 
nected So thatits output voltage is directly proportional 
to the angular velocity of reel R and the output voltage 
of generator G2 is directly proportional to the linear 
velocity of the web or strip material being fed to said 
reel. 

Output leads 122 and 124 connect generator G1 to a 
bridge rectifier BR1 andits D.C. outputis filtered across 
a capacitor 125 Said capacitor being connected to the 
Output of BR1 by means of leads 128?130?132 and 134. 
Outputleads f36 and 138 connectgenerator G2 to a sec 
ond bridge rectifier BR2 and the D.C. output of said 
bridge rectifier is filtered across a capacitor 140 which 
is connected to the output of BR2 by means of leads 142, 
144?146 and 130. 
The respective output voltages of G1 and G2 are ar 

fanged to be of opposing polarities asillustrated in the 
drawing By means of leads 148 and 150, the filtered 
D.C. output of generator G2 isimpressed across a poten 
tiometer 152 and resistor 154;Iikewise the filtered D.C. 
Yoltage signal from generator G1 is impressed across a 
potentiometer 156 and a plurality of resistors including 
resistor 158 resistor 160, resistor 162 and resistor 164, 
by means of leads 156 and 148. A potentiometer 168 is 
connected by means of leads 170 and 172 across poten 
tiometer 156 resistor 160 and resistor 162. The slider 
arm of potentiometer 168 is mechanically coupled to the 
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Output shaft of motor M, said motor being preferably of 
the two-phase type having its windings 174 and 175 
coupled to a power amplifier circuit PS Motorwind 
ings 174 and 176 areillustrated in a conventionalmanner 
at right angles to represent a 90 degree phase displace 
ment betWeen them. 
The power amplifier circuitincludes a transformer T? 

having a secondary winding i78 series connected by 
means of leads 130 and 182 to a gas-filled rectifier H84 
of the thyratron type Motor winding 174 is connected 
by means of a lead 186through a normallyclosed switch 
188 to lead 186 The other end of winding 174is con 
nected to one end of the second motor winding 176 and 
the other end of winding 176 is connected to the cathode 
side of thyratron 184 and also to the anode side of said 
thyratron through a normally closed switch 199 by 
means of a lead 192 A normally open switch 194 is 
connected from lead 180 to the anode of thyratron 184 
by means of a lead 196 and a capacitor 193is connected 
across leads 186 and 196 at points 260 and 202 respec 
tively. 
A bias circuit BCis connected to the grid-cathode cir 

cuit of thyratron 184 to control or establish a desired 
bias. This circuit includes a secondary winding 294 
coupled to a bridge rectifier BR3 by means of leads 206 
and 268. The D.C. output of BR3 is filtered across ca 
pacitor 2i0 and the output potentialis regulated by volt 
age regulator tube 212 which Supplies a relatively con 
Stant potential across a potentiometer 214 by means of 
leads 216 and 218. - 
The voltage output circuits of the respective generators 

G1 and G2 are therefore Series connected to the output 
circuit of the bias circuit which in turnis applied to the 
grid of thyratron 184 A thyratron may of course be 
used as an “on” and “of" switch by regulating the grid 
potential from a D.C. Source and once the bias is over 
come it will conduct and will not be influenced by grid 
potential Variations while conducting. 

Tracing the grid-cathode circuit of thyratron 184?grid 
lead 226 extends through a portion of potentiometer152? 
resistances 154 and 158?a portion of potentiometer 156, 
a portion of potentiometer 168?a lead 224 a portion of 
potentiometer 214 and thence to the cathode via a lead 
226. 
From the aforesaid description it becomes readily ap 

parent that the polarity of the output voltage circuit 
across generator G1 is in a Series additive relationship 
with the biascircuitoutput voltage circuitand the polarity 
of the output voltage circuit of generator G2 is in series 
opposition to the aforementioned voltages. 
When the web is being wound on the empty reel R 

during the start of a winding operation the output volt 
ages in the output circuits of generators G1 and G2 are 
arranged to be of equal magnitude and of opposite polar 
ity The initial magnitudes may be Set by adjusting 
1potentiometer 152 and in addition the slider arm of 
potentiometer 168 is placedin a start position at point 
I.D. representing the inside diameter of the web material. 
Thyratron 184is in a cut-of state during this period of 
time by properly adjusting potentiometer214in the bias 
voltage circuit BC This represents a null-balance con 
dition wherein motor M?which is mechanicaly coupled 
to the slider arm of potentiometer168?is not energized. 
As the web commences to be fed to the reel R, the 

increased diameter of the coil being wound on the reel 
mechanically causes the reelto decrease its angularveloc 
ity with respect to the relatively constant or variable 
Iinear velocity of the web?As a result the output volt 
age signal of generator G1 decreases with respect to the 
outputVoltage of generator G2 reSultingin an unbalanced 
voltage condition This unbalanced condition produces 
a voltage difference such as errorsignal VD which be 
cause ofits magnitude and opposing polarity with respect 
to the bias voltage Satisfies a condition for conduction 
of thyratron 184 The error Signal therefore?is detected 
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? 
by the power amplifier circuit PS1 which permits current 
flow through windings 74 and 175 of motor M as long 
as Said errorsignal VD persists As the result of motor 
M becoming actuated and Since its output Shaft is me 
chanically coupled to potentiometer 163?its associated 
slider armissimultaneously repositioned to Selecta larger 
proportion of the output voltage signal of generator G1 
whichis suficient to equal the magnitude of the output 
signal of generator G2 This results in the attainment of 
a ntill-balance condition whereby thyratron i84is Cut off 
and curreat ceases to flow through motor windings 174 
and 175 The output Shaft of motor M will then have a 
tendency to cease rotation and the slider arm of poten 
tiometer 163 will also cease movement, 
As the coil diameterincreases during the winding oper 

ation the above described processis repeated periodically 
or continuously thereby causing a repositioning of the 
slider arm of potentioneter 168 in direct proportion to 
the coil diameter. 
The means of Sensing coil diameter Wariations has now 

been deSCribed and it becomes necessary to relate the 
torque and diametervariations to accurately control web 
tension. 
As previously disclosed the slider arm of potentiom 

eter 32 in the reference Voltage circuitis also mechan 
icaly connected to the shaft of motor M. Assuming dur 
ing the commencement of a winding operation that the 
slider arm of potentiometer32 is placed at a point I.D. 
representing an empty reel when the shaft of motor M 
rotates Said slider arm will assume a position which is 
Girectly proportional to the coil diameter Since poten 
tiometer32is electrically connectedin the reference volt 
age circuit the reference voltage output voltage is in 
creased by movingits associated Slider armin the direc 
tion of the arrow towards point O.D. and since the cou 
plingfield coi18is energizedin relation thereto the trans 
mitted torque is therefore increased in proportion to in 
crementalincreases of the coil diameter. 

Potentiometer 52 is a tension setting control and may 
be manually adjusted by the operator to secure a desired 
tension Potentiometer 60is a torque ratio potentiometer 
and may be adjusted or set for a desired ratio between 
the empty reel diameter I.D. and the full web diameter 
O.D. Since the amount of reference voltage increase 
(and the resultant torque increase) is adjustable in rela 
tion to the coil diameterincrease (and the resultant posi 
tion of potentiometer32) an adjustment by the torque 
ratio potentiometer 69 will cause the output torque to 
(1) increase in direct proportion to the diameter result 
ingin conStant web tension or (2) increase in lesser pro 
portion to the diameter resulting in partially tapered 
Web tension or (3) remain constant resulting in fully 
tapered Web tension Ifitis desirable to Secure a larger 
build-up ratio between the empty reel diameter and the 
full coil diameter it may be preferable to reposition 
jumper lead 54 asillustrated by its dashed arm?to vary 
the resistance in the reference voltage circuit Jumper 
lead 227 in the diametersensing circuit DS may also be 
repositioned for a comparable ratio build-up or change. 
By merely presettingtorque ratio potentiometer 60 to 

a desired position?it therefore becomes apparent thatthe 
control system provides without circuit modifications, 
(1) constantweb tension as the diameter of the rewound 
coil increases by automatically increasing the applied 
torque in direct linear proportion to the increased coil 
diameter or (2) a partially tapered web tension which 
decreases as the coil diameter increases which auto 
matically increases the output torque in a lesser linear 
proportion toincreases in the coil diameter or (3) afully 
tapered web tension which decreases as the coil diameter 
increases by automatically maintaining constant output 
tOrque. 

Byutilizing the aforementioned potentiometers32 and 
158 in?the respective reference Voltage and diameter 
Sensing circuits the invention permits automatic com 
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pensation for variations in the coil diameter and auto 
matically adjusts the output torque of the electromag 
netic coupling In view of the mechanical relationShip 
existing between the aforementioned coupled potenti 
ometers and the associated driving motor M the System 
provides a unique memory in the event reel R ceaSes to 
rotate Information relating to the coil diameter in a 
temporarily stopped position is retained by the Settings 
on potentiometers 32 and 168, respectively and upon 
resumption of rotation of reel R?the control system will 
proceed from the aforementioned setting This results 
in a diameter memory System. 
When the desired coil diameter is reached potenti 

ometers 32 and 168 must be reset to the Starting posi 
tions identified at points I.D. by reversing the current 
flow through motor windings i74 and 176 A Switch 
ing means is provided for this reverSal which is accom 
plished by opening normally closed Switches 168 and 
190 and closing normally open switch 194. 
Although the system has been heretofore described as 

directed to a winding operation on a center-wind type 
coiling reel the System is equally applicable to SyStems 
requiring the control of web tension where the material 
is being unwound from the reel. In an unwind oper 
ation the web 121 is unwound from a pay-of reel R and 
since the diameter of the web material will now decrease 
asitis being unwound itis necessary to initially Set the 
Slider arms of potentiometers 32 and i68 to their ap 
propriate O.D. positions which represent the proper ratio 
between the inside and outside diameters of the coil to 
be unwound In an unwind operation the direction of 
rotation of the drive rolls 14 is reverSed as indicated by 
the dashed arrows and the Web materialis being fed at 
a relatively constant linear Speed in an opposite direc 
tion In this environment the coupling performs a brak 
ing function and the transmitted torque is decreased pro 
portionally with a decrease in the web material diameter 
So as to maintain conStant tension. 

In an unwind operation where the braking clutch func 
tion or back tension in the web is desired the direction 
of rotation of the drive rolls 14 reel R and coupling 
member 5 are reversed; the direction of rotation of 
coupling member 4 and motor M remain the Same as in 
a winding Operation. 
A circuit modification (not Shown) for an unwinding 

operation requires that the lead extendingfrom the slider 
arm of potentiometer i68 be connected directly to the 
grid of thyratron 184 rather than to lead 224;in addi 
tion lead 220 rather than being connected directly to 
said grid is connected directly to lead 224 in the bias 
circuit As hereinbefore disclosed the Slider arms of 
potentiometers 32 and 163 are initially Set to their re 
Spective O.D. positions and are driven towards their 
respective I.D. positions during an unwinding operation. 
This may be accomplished in any conventional manner 
Such as changing the electrical connections of motor M's 
winding orby appropriategearing meanS. 
Avisual tension indication circuit IC is also included 

in the control The A.C. input Voltage to Said circuit 
is connected across torque output leads 76 and 112 at 
points 228 and 230. The torque voltage Signal is cou 
pled to a bridge rectifier BR4 means of leads 232 and 
234 and the D.C. output of Said rectifieris filtered across 
a capacitor236. Said capacitoris connected across BR4 
by means of leads 238 and 240 One end of capacitor 
236 is connected to the slider arm of a potentiometer 242 
and the other Side of Said capacitoris connected to one 
side of a current sensitive meter Tin a series relationship 
to a meter adjustment potentiometer 244 and thence to 
a meterratio potentiometer 246 by means of a lead 248. 
The other side of meter ratio potentiometer 246 is con 
nected to one side of potentiometer 242 by means of a 
1ead 252. A protective resistance 254 is Shunted across 
the meter T and potentiometer 244 and a Zener diode 
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256 is connected across the aforementioned meter at 
points 258 and 260. 
With the tension meter established at the desired ten 

sion by the adjustment of potentiometer244 at the com 
mencement of the winding operation, the slider arm of 
potentiometer 242 is placed at point I.D. Since slider 
arms of potentiometers 242?32 and 163 are commonly 
and mechanically connected to the output Shaft of motor 
M the Slider arm of potentiometer242 moves in unison 
with the Slider arms of the aforementioned potentiometers 
when motor Mis actuated and it aSSumes a position di 
rectly proportional to an increase in the coil diameter 
during a winding operation Because potentioneter242 
is electrically connected in Series with the current sensi 
tive meter T the total amount of electrical resistance is 
changedin proportion to an increasein the web diameter. 
AS the coil diameter increases a larger torque signal 

is developed in the torque meter circuit; however the 
Slider arm of potentiometer 242 simultaneously moves 
in a direction towards point O.D. and the total amount 
ofelectrical resistance in the motor circuitis also changed 
in proportion to coil diameter variations. To secure a 
relatively conStant tension meter reading the current 
flowing through the current sensitive meter mustremain 
Substantially conStant and Since applied torque voltage 
Signal increases proportionally to the applied resistance 
change in potentiometer 242?this condition is accom 
plished. 
The resultant current flow through the meteris thus 

proportional to the quotient of the reel torque and the 
coil diameter which in turn is proportional to the de 
Sired Web tension The meter Tis thus caused to in 
dicate a Value whichis proportional to the web tension. 

Itis seen by the foregoing description that the tension 
control System not only continuously senses coil diameter 
changes butit automatically and continuously regulates 
Variable torque output requirements by actuating a plu 
rality of conjointly rotatable potentiometers from a com 
mon prime moved The prime mover whichis sensitive 
to incremental coil diameter changes also regulates a 
visual tension meter. 

It may be readily appreciated therefore that the con 
trol System provides a plurality of null-balance circuits, 
Afirst null-balance circuit sensesincremental coil diam 
eter Variations and produces a diferential orerrorsignal 
which activates a prime mover when said first circuitis 
in an unbalanced state The prime mover mechanically 
adjusts a variable resistance or rheostatin said null-bal 
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ance circuit to condition the circuit towards a balanced 
State therebytendingto cancel the errorsignal and simul 
taneously inactivating the prime mover A second null 
balance circuitsenses coupling torque variations between 
desired torque and prevailingtorque and produces a sec 
ond differential orerrorsignal whenthe prevailingtorque 
is less than the desired torque Energization of the cou 
plings field coilis responsive to said second errorsignal 
when Said second circuit is in an unbalanced state and 
the circuitis conditioned towards a balanced state when 
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the prevailing torque approaches the desired torque. 
Since the desired torque requirement is continuously 

changing due to coil diametervariations a rheostatisin 
cludedin the second null-balance circuitandis mechani 
cally adjusted by said prime moverto condition said sec 
ond circuittowards an unbalanced state therebytending 
to produce an error Signal whichin turn varies the ener 
gization of Said field coil dependent upon varying coil 
diameter. 
The prime mover whichis actuated by the errorsignal 

in Said first null-balance circuittherefore conditions said 
first null-balance circuit towards a balanced state and 
simultaneously conditions said second null-balance circuit 
towards an unbalanced State dependentuponincremental 
coil diametervariations. 

In the specification and appended claims the term 
constantweb tension defines a condition whereinthe ap 
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plied torque increases in direct proportion to increases 
in the coil diameter and results in Substantially no taper 
in web tension The term fully tapered web tension 
refersto operating conditions wherein the applied torque 
remains substantially conStant and web tension decreases 
or tapers offin inverse proportion to increases in the 
coil diameter Partially tapered web tension during coil 
build-upis definedas a decreaseinweb tension of a lesser 
magnitude than the full taperas defined above. 
Inview ofthe above?it willbe understood thatthe Sev 

eral objects of the invention have been achieved and 
other advantageous results obtained. 
As many changes could be made in the above construc 

tions without departing from the scope of the invention, 
itis intended that all matter contained in the above de 
scription or shown in the accompanying drawing Shall 
be interpreted asillustrative and notin a limiting Sense. 
What I claimis: 
1. A control for regulating tension in a System having 

a rotary reel upon which a webis wound or unwound 
at a relatively constant or variable linear Speed the con 
trolcomprisingan electromagnetic coupling havinga field 
coil a motor drivingsaid coupling and Said coupling con 
nected to said reel a powersource connected to Said field 
coil first and second variable resistances a prime mover 
responsive to a coil diameter sensing circuit including 
means forproducing an errorsignal determined by Varia 
tions betweenthe linearweb Speed and the angularveloc 
ity ofsaid reel saiderrorproducing means includingsaid 
first variable resistance mechanically coupled to Said Sec 
ondvariable resistance and responsive to resistance Varia 
tions at the instance of variations of Said Second resist 
ance meansconnected tosaid powersource forregulating 
the energization ofsaid coilcommensuratewith thetorque 
transmitting requirements of Said coupling Said Ineans 
including said Second variable resistance mechanically 
coupled to said prime mover and responsive to resistance 
variationsupon actuation of Said prime mover?Said first 
resistance variations having atendency to inactivate Said 
prime mover whereby the tension of the webis continu 
ously controlled by regulating.the transmitted torque in 
response to coil diameter variations. 

2. Atension controlassetforth inclaim 1?which fur 
therincludes an adjustable means for presetting the con 
trolina reelwinding operationto secure conStanttension, 
partialtaper or full taper said means including a third 
variable resistance electrically connected to said Second 
variable resistance, 

3. Atension controlas setforthin claim 1?which fur 
ther includes means for producing a voltage Signal pro 
portional to transmitted torque a current sensitive meter 
and a third variableresistance connected to Said torque 
voltage signal means said third variable resistance re 
sponsive to resistance variationsupon actuation of Said 
prime mover whereby a visualtension indication is ob 
tained proportional to variable torque voltage signals and 
resistance variations of said third variable resistor. 

4. In awebtensioningapparatus havinga prime mover, 
a reel having a web wound on orunwound thereon at a 
substantially constant or variable rate of lineartravel an 
electromagnetic coupling having a field coil said prime 
mover drivingly coupled to Said coupling and Said cou 
.pling connected to said reel atension control comprising 
an energizable motor having a rotatable Shaft first and 
second resistances conjointly variable proportional to the 
angular displacement of said motorshaft a coil diameter 
sensing meansincluding first and Second generator Output 
circuits for producing anerrorsignal between the angular 
velocity of said reel and the linear speed of Said web 
respectively?said first resistance electrically connected to 
said first generator output circuit?Said motor responsive 
to said error signal to mechanically Vary Said first re 
sistance which tends to cancel said errorsignal a refer 
ence voltage circuit means means including said Second 
resistance electrically connected to an output circuit of 
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1? 
saidreferencemeanswherebytheenergization ofsaidfield 
coil and the outputtorque of Said couplingare wariedin 
relation to coil diameter Wariations. 

5. Atension controlassetforth in claim 4 which fur 
therincludes means foramplifying Saiderrorsignal and 
switching means for controlling the direction of rotation 
of Said motor Shaft. 

6. Atension controlas set forthin claim 4 which fur 
ther includes a third variable resistance Said resistance 
electrically connected to said second resistance and ad 
justable for reel winding operations to produce constant 
webtension and aninfinite number of web tensiontapers. 

7. Atension controlasset forthin claim 4 which fur 
therincludes a third resistor variable conjointly with Said 
first and second resistances a current Sensitive tension 
indicator device a torque circuit means for producing a 
torque voltage signal proportional to Said coupling's out 
put torque variations Saidindicator device responsive to 
said torque signals and resistance wariations ofsaid third 
resistance. 

8. An electrical controlsystem for maintaining tension 
on a web beingwound on orunwound from a rotary reel 
at a substantiallyuniform orvariable rate of linear Speed, 
a first prime mover an electromagnetic coupling connect 
ing said prime mover with said reel a field coil for en 
ergizing said couplingto vary the coupling between Said 
prime mover and said reel the controlcomprising a coil 
diameter sensing means including a null-balance circuit 
having a first generator driven by said reel to produce a 
first D.C.voltagesignal proportionalto the angularveloc 
ity of Said reel means forfeeding Said web to Said reel, 
a secondgenerator driven by Said feed meansto produce 
a second D.C. voltage signal proportional to the linear 
speed of said web circuit means connected to Saidgen 
eratorsincluding afirst variable resistance for detecting a 
firsterrorsignalbetweensaidfirst and second D.C.Voltage 
signals a Second prime mover having a rotatable shaft 
responsive to said firsterrorsignal said first variable re 
sistance responsive to the angular displacement of said 
shaft to condition said null-balance circuit a reference 
voltage circuit means having a D.C. voltage outputsignal 
for regulating the energization of Said field coil dependent 
upon instantaneous coil diameter variations said refer 
encevoltage circuit means includinga secondvariable re 
sistance responsive to the angular displacement of said 
shaft means connected to said reference voltage circuit 
means for producing a D.C. voltage signal proportional 
to the prevailing torque of Said coupling and means for 
detecting a second error signal between Said prevailing 
torque signal and said reference Signal for controlling the 
outputtorque of Said coupling proportionaltoincremental 
coil diameter changes. 
9 A controlsystemasset forthin claim8wherein Said 

reference meansfurtherincludes athirdvariable resistance 
electrically connected to said second resistance the setting 
of said third resistance cooperating with said second re 
sistance to establish a desired one of an infinite number 
of variable webtensions including constantwebtension, 
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partially tapered web tension and fully tapered web ten 
sion 

10 A control system asset forthin claim8,which fur 
therincludes a third variable resistance responsive to the 
angular displacement of said shaft a current sensitive in 
dicator means connected to Said third resistance and to 
Said prevailingtorque voltage means saidindicatormeans 
responsive to proportional variations of said third resist 
ance and said torque Voltage. 

11 A control system as set forth in claim 8 wherein 
said output torque controlling means includes a power 
amplification source connected to said field coil the en 
ergization of Saidfield coil responsive to saidseconderror 
Signal. - 

12. A control as set forth in claim 8, wherein Said 
Second prime mover includes energizable windings a 
poweramplificationsource connected tosaidwindings and 
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the energization of said windings responsive to Said first 
error Signal. 

13. A control forregulating constanttension in a Sys 
tem having a web wound on orunwound from a reel at a 
relatively constant or variable linear Speed a motor an 
electromagnetic coupling having afield coil said coupling 
driven by said motor and said coupling connected to Said 
reel the control comprising means for controlling torque 
betweensaid couplingand said reel by energizingsaid field 
coil Said means including first and second null-balance 
circuits, Said first null-balance circuitincluding a first me 
chanically actuatable rheostat said Second null-balance 
circuitincluding a second mechanically actuatable rheo 
stat means for producing a firsterrorsignalin Said first 
null-balance circuit means for producing a Second error 
signalin said second null-balance circuit the energization 
of said field coil responsive to Said second error signal, 
said first and second error signals proportional to incre 
mental coil diameter variations a prime mover having a 
rotatable shaft responsive to said first error signal said 
first and second rheostats responsive to resistance varia 
tions proportional to the rotation of Said Shaft whereby 
said first and second null-balance circuits are conditioned 
in response to actuation of said prime moverto continu 
ously control tension by regulating torque in response to 
coil diameter variations. 

14. In a web tension apparatus for controlling tension 
on a web being wound on or unwound from a reel at a 
relativelyconstantorvariable linearrate oftravel a prime 
mover an electromagnetic coupling having a field coil, 
said coupling connected between said prime mover and 
said reel for regulating transmitted torque to said reel by 
varying the energization of said field coil a control com 
prising means including a null-balance circuit for con 
tinuously sensing incremental coil diameter variations, 
means for continuously sensing variations between a de 
sired coupling torque and a prevailing coupling torque, 
means responsive to an unbalanced condition in said null 
balance circuitto simultaneously condition said null-bal 
ance circuit and said torque sensing means whereby the 
outputtorque of said couplingis varied proportionally to 
coil diameterchanges. 

15. In a webtension apparatus for controlling tension 
on a web being wound on or unwound from a reel at a 
relativelyconstantorvariable linearrate oftravel a prime 
mover an electromagnetic coupling having a field coil, 
said coupling connected between said prime mover and 
said reel forregulating transmitted torque to said reel by 
varying the energization of said field coil a control com 
prising means including a null-balance circuit for con 
tinuously Sensing variations betWeen a desired coupling 
torque and a prevailing coupling torque means for con 
tinuously sensing incremental coil diameter variations, 
means responsive to the output of said coil diameter 
sensing means to simultaneously condition Said null-bal 
ance circuitand Said coil diametersensingmeans whereby 
the outputtorque ofsaid couplingis Varied proportionally 
to coildiameterchanges. 
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12 
16 In a web tension apparatus for controlling tension 

on a web being wound on orunwound from a reelata 
relatively constant or variable linear rate of travel a 
prime mover an electromagnetic coupling having a field 
coil?Said coupling connected between said prime mover 
and Said reel for regulating transmitted torque tosaid reel 
by Varying the energization of Said field coil a control 
comprising means including first and second null-balance 
circuits, Said first null-balance circuitincluding means for 
continuously Sensingincremental coil diameter variations, 
Said Second null-balance circuitincluding means for con 
tinuously sensing variations between a desired coupling 
torque and a prevailing cCuplingtorque means reSponsive 
to an unbalanced conditionin said first nul-balance circuit 
to Simultaneously condition said first and second null 
balance circuits whereby the output torque of said cou 
plingis Varied proportionally to coil diameter changes. 

17 In a controlas set forth in claim 16, wherein said 
coil diametersensingmeansincludes firstand second gen 
erator Output circuits a first Variable rheoStat connected 
to Said output circuits said rheostatmechanically coupled 
to Said conditioning means. 

18 In a controlas set forthin claim 17?wherein said 
torque Sensing means includes a reference torque voltage 
output circuit and a prevailing torque voltage output cir 
cuit a second variable rheostat connected to said torque 
Voltage output circuits said rheostat mechanically cou 
pled tosaid conditioningmeans. 

19. In a controlas set forthin claim18?which further 
includes a third variable rheostat mechanically connected 
to Said conditioning means a currentsensitive meter said 
.prevailing torque output circuit connected to said meter 
and Said third rheostat. 

20. In a web tension apparatus for controlling tension 
on a Web being wound on or unwound from a reel at a 
relatively constantorvariable linearrate oftravel a prime 
mover an electromagnetic coupling having a field coil, 
Said coupling connected between said prime mover and 
said reel for regulating transmitted torque to said reel by 
varying the energization of said field coil, a control com 
prising meansincluding first and second null-balance cir 
cuits said first null-balance circuitincluding means for 
continuously sensingincremental coil diametervariations, 
Said Second nuI-balance circuitincluding meansfor con 
tinuously Sensing coupling torque variations means re 
Sponsive to an unbalanced condition in said first null 
balance circuitto simultaneously condition said first and 
second null-balance circuits whereby the outputtorque of 
Said coupling is varied proportionally to coil diameter 
changes said second null-balance circuitfurtherincluding 
means for establishing a desired one of an infinite number 
ofvariablewebtensions. 
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