
iii’iitedi 
Nedreslii 

tent 1191 1111 3,762,63 
[45] ®et.2,1973 

i541 STATIC MEANS IFOFR GENERATING 
llNElR'l‘lA COMPENSATKON SIGNALS 1N 
REEL DRKVIES 

[75 i inventor: Robert Joseph Nedreslti, Erie, Pa. 

[73] Assignee: General Electric Company, Erie, Pa. 

[221 Filed: Novi31?1971 

[21] Appl. No.: 203,285 

{52] US. Cl. ................................ .. 242/7551, 318/6 

[51] Int. Cl ........................................... .. B65111 25/28 

[58] Field 011 Search ...................... .. 242/755, 75.51, 

242/7552, 75.53; 318/6, 7 

2,765,989 
3,189,295 

10/1956 
6/1965 

Pell ................................ .. 242/7551 

Haley ............................... .. 242/755 

Primary Examiner--George F. Mautz 
Assistant Examiner-Edward J. ‘McCarthy 
Attorney-James C. Davis, Jr. et al. 

[57] ABSTRACT 

Static circuit means is provided for generating an iner 
tia compensation signal in response to a first input sig 
nal proportional to the diameter of strip material on a 
reel and a second signal proportional to the linear ac 
celeration, or deceleration, of the strip material. The 
inertia compensation signal is utilized in the control for 
the reel drive motor to maintain strip tension substan 

l56l Re?el'emes Cited tially independent of changes in line velocity of the 
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STATIC MEANS FOR GENERATING INERTIA 
COMPENSATION SIGNALS IN REEL DRIVES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to tension control in strip ma 

terial handling systems in which strip material is wound 
upon a reel driven by a variable speed motor and, more 
particularly, to improved static means for generating an 
inertia compensation signal related in a predetermined 
manner to strip acceleration, reel diameter, and the 
physical characteristics of the material handling sys 
tem. 

2. Description of the Prior Art 
In the processing of certain sheet materials, such as 

sheet steel, the material is commonly handled and 
worked in strip form. It is often desirable that the mate 
rial be coiled on a reel driven by a variable speed mo 
tor, typically a d-c motor. For uniformity of quality of 
the strip material, it is essential that the tension under 
which the strip material is wound onto and off of the 
reel be precisely controlled. In particular, it is essential 
that changes in the line speed of the strip material not 
result in rapid or substantial changes in the tension ap 
plied by the reel on the strip. It has heretofore been 
widely recognized in the field that inertia compensation 
is required during periods of acceleration and decelera 
tion of the strip material to compensate for the inertia 
of the'moving reel and drive members. Thus, the wind 
ing reel motor during periods of acceleration must sup 
ply additional torque to bring the moving parts up to 
the new speed while maintaining the proper tension of 
the strip material. Conversely, during periods of decel 
eration, the winding reel motor must supply less torque, 
which when added to the torque supplied by the inertia 
of the moving parts trying to maintain their higher 
speed, will provide the proper tension in the strip mate 
rial. - 

It has heretofore been known that the amount of in 
ertia compensation required in a given reel drive during 
periods of acceleration and deceleration is related to 
the amount of strip material on the reel, the linear ac 
celeration or deceleration of the strip, and certain fixed 
physical characteristics of the system. More particu 
larly, it has been known, in theory, that the optimum 
amount of inertia compensation, I, is related to these 
factors as follows: 

where A represents actual acceleration or deceleration 
of the strip, D represents the diameter of the strip mate 
rial on the reel, and K1, K2 and K3 are constants which 
are ?xed for any particular reel drive. Efforts have been 
made to sense acceleration and coil diameter and to 
generate an inertia compensation signal in response 
thereto. These prior art approaches, using motor driven 
potentiometers and the like, have typically produced 
compensation signals which are only approximately re 
lated to the theoretically desired signals. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to generate 
an inertia compensation signal substantially identical to 
the theoretically desired signal. 
Another object of this invention is to provide static 

means for generating inertia compensation signals for 
use in reel drives for strip material handling systems. 
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2 
Yet another object is to provide improved static 

means for enabling the maintenance of strip tension by 
a reel drive during linear acceleration and deceleration 
of strip material. 
A still further object of this invention is to provide 

the foregoing objects by static means of relatively sim 
ple and uncomplicated form. 
Brie?y stated,_in carrying out the invention in one 

form, an improved inertia compensation signal generat 
ing means is provided for a strip material handling sys 
tem including a reel upon which strip material is wound 
under controlled tension, a variable speed motor, and 
motor control means responsive to control signals in 
cluding the inertia compensation signal. The inertia 
compensation signal generating means is effective dur 
ing strip acceleration and deceleration to produce a sig 
nal having a magnitude such that tension variations due 
to acceleration and deceleration are substantially pre 
vented. The signal generating means of this invention 
includes means for generating a diameter signal pro 
portional to the diameter of the strip material coiled on 
the reel, means for generating an acceleration signal 
proportional to the rate of change of linear velocity of 
the strip material,.and static circuit means responsive 
to the diameter signal and the acceleration signal to 
generate the inertia compensation signal. By a further 
aspect of the invention, the static circuit means is com 
prised of a plurality of solid state devices intercon 
nected to operate on the diameter and acceleration sig 
nals such that the magnitude of the inertia compensa 
tion signal is established by: 

where I is the magnitude of the inertia compensation 
signal, A is the magnitude of the acceleration signal, D 
is the magnitude of the diameter signal, and K1, K2 and 
K3 are constants of proportionality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the novel features of this invention are set 
forth with particularity in the appended claims, the in 
vention, both as to organization and content, will be 
better understood and appreciated, along with other 
objects and features thereof, from the following de 
tailed description taken in conjunction with the draw 
ings, in which: 
FIG. l is a schematic view of a strip material handling 

system having a reel drive in which tension is precisely 
regulated in accordance with this invention; and 
FIG. 2 is a circuit diagram of the ‘static inertia com 

pensation signal generation apparatus of this invention. 

DETAILED DESCRIPTION 

Referring now to FIG. I, a strip handling system, 
such as might be utilized for handling sheet steel and 
the like, is illustrated in a simpli?ed diagrammatic 
form. The sheet material, indicated generally by the nu 
meral 10, has a linear velocity determined by the rate 
of rotation of work rolls l2 and 14}, which are driven by 
a variable speed d-c motor 116. The speed of the motor 
16 and, consequently, the linear speed of the strip 10 
is regulated by control apparatus 18 in accordance with 
a reference signal REF-ll supplied to the control appa 
ratus and a speed feedback signal from a tachometer 20 
driven by the motor 116. As is wellknown in the art, the 
control apparatus 13 operates in response to the refer 
ence signal REF-l and the feedback signal from the ta 
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chometer 20 to control the rate at which electric power 
from an a-c source is transformed to d-c power by 
power conversion apparatus 22 and supplied to the ar 
mature and ?eld windings 24 of the motor 16. 
The strip 10 of sheet material is, depending upon the 

direction in which the strip lltl is driven by the rolls l2 
and 14, either wound onto or off of a reel 30, which is 
driven by a variable speed d-c motor 32. It is extremely 
desirable that the reel 30 be driven such that variations 
in the line speed of the strip 10 do not result in corre» 
sponding variations in strip tension. Stated differently, 
it is desirable that the reel 30 be driven by the motor 
32 such that the tension in the strip 10 is precisely de 
termined by the magnitude of a reference signal REF-2 
supplied to control apparatus 34. In some strip han 
dling applications, this reference signal REF-2 may be 
maintained at a constant level so that the strip 10 is 
coiled onto the reel at a uniform tension. Alternatively, 
it may be desirable to vary the magnitude of the refer 
ence signal REF-2 so that the tension will vary in a pre 
determined manner. For example, “taper tension” reel 
ing is' often practiced, this approach providing a gradu 
ally reduced tension as the strip material builds up on 
the reel 30. In any event, it is desirable that a change 
in line speed not result in an abrupt change in strip ten 
sion. 
Let it now be assumed that the motor 32 is being op 

erated in the constant horsepower range under substan 
tially steady state conditions (the line speed of the strip 
10 is substantially constant). Let it also be assumed that 
windage and friction losses are low relative to the 
torque providing the strip tension. Under these condi 
tions, the armature current supplied to the motor 32 is 
directly proportional to motor torque and strip tension. 
By utilizing a current feedback signal derived from the 
voltage drop across a resistor 36 in the armature cir 
cuit, the armature current and therefore the tension of 
the strip 10 can be regulated by the reference signal 
REF-2. When the actual current, and therefore strip 
tension, is equal to that called for by the reference sig 
nal REF-2, the feedback signal on line 38 to the control 
apparatus 34 will be equal to the reference signal REF 
2, and the power conversion apparatus 40 will continue 
to transfer electric power from an a-c source to the ar 

mature and ?eld 42 of the motor 32 at a rate sufficient 
to maintain the scheduled tension. If, however, the ac 
tual tension should increase, the negative feedback sig 
nal on line 38 will similarly increase, and the control 
apparatus 34 will respond by reducing the armature 
current supplied by the power conversion apparatus 40 
so as to thereby reduce the actual tension. Similarly, if 
the actual tension should decrease, the negative feed 
back signal will decrease and the control apparatus 34 
will respond by increasing the armature current so as 
to increase the actual tension to that called for by the 
reference signal REF-2. 
As pointed out above, inertia compensation is re 

quired during periods of strip acceleration or decelera 
tion if the strip tension is to be regulated in accordance 
with reference signal REF-2. More particularly, the 
motor 32 must supply additional torque (and armature 
current) during periods of acceleration and less torque 
(and armature current) during periods of deceleration. 
To accomplish this, there is provided in accordance 
with this invention a solid state circuit or network 44 
which is supplied on line 46 with a signal directly pro 
portional to the rate at which the linear velocity of the 
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4 
strip 10 is changing and which is supplied on line 48 
with a signal directly proportional to the actual diame 
ter of the roll of strip material on the reel 30. The incr~ 
tia compensation network 44 includes, in accordance 
with this invention, solid state multiplying and dividing 
devices which operate on the input signals on lines 46 
and 48 to produce on output line 50 an inertia compen 
sation signal. The elements comprising the inertia com 
pensation circuit 44 are selected such that the inertia 
compensation signal on line 50 will, when combined 
with the REF-2 signal and the negative current feed 
back signal on line 38, provide a net signal to the con 
trol apparatus 34 having a magnitude sufficient to ac 
curately maintain the tension called for by the refer 
ence signal REF-2 during strip acceleration and decel 
eration. 

Still referring to FIG. 1, a lever 56 having a roller 58 
on one end thereof is provided, the roller 58 riding on 
the outer surface of the coil of strip material on the reel 
30 so that the position of the lever 56 provides a me 
chanical indication of the diameter of the strip material 
on the reel 30. Suitable electrical means, such as a po 
tentiometer, is provided within block 60 to convert the 
position of the lever 56 into an electrical signal directly 
proportional to the diameter of the coil 'of strip mate 
rial. The electrical signal generated by the electrical ap 
paratus of block 60 is supplied over line 48 to the iner 
tia compensation network 44. The exact nature of the 
apparatus utilized to generate the diameter signal is, of 
course, not signi?cant with respect to this invention 
since the signal can be generated in many ways. For ex 
ample, the electromechanical approach just described 
could be replaced by an optical arrangement in which 
the diameter of the coil is sensed optically by photo 
electric cells or the like. Other approaches for generat 
ing a diameter signal directly proportional to the coil 
diameter will readily occur to those skilled in the art. 
Similarly, various approaches may be utilized to gener 
ate the acceleration signal supplied over line 46 to the 
inertia compensation network 44. One suitable ap 
proach is illustrated by FIG. 1. As shown, the control 
apparatus 18 for the motor 16 includes apparatus 62 
for converting a step change in the magnitude of the 
reference signal REF-1 from a first level to a second 
level into an output signal REF-3 which changes gradu 
ally from the ?rst level to the second level over a period 
of time. As a result of this gradual change in the magni 
tude of the signal REF-3, the strip 10 will not be sub 
jected to an abrupt change in its speed, but will be grad 
ually accelerated or decelerated by the rolls l2 and 14 
to the proper speed. At this point, it will be appreciated 
that the acceleration or deceleration of the strip 10 is 
proportional to the rate at which the magnitude of the 
signal REF-3 is changing. Since devices such as 62 are 
widely used in strip handling systems to insure smooth 
changes in line speed, it is convenient to obtain from 
such a device an electrical signal indicative of the rate 
at which the line speed is changing. As in the case of 
the diameter signal, however, other approaches can be 
utilized for generating the acceleration signal supplied 
to the inertia compensation network 44. 
Referring now to FIG. 2, the novel and completely 

static inertia compensation circuit or network 44 will 
be described. The circuit 44 includes, as shown, two 
solid state multiplying elements 66 and 68 and a solid 
state dividing element 70. In actuality, the elements 66, 
68 and 70 are structurally identical, the arithmetic 
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function of each element being determined by the man 
ner in which it is wired into the circuit. Solid state mul 
tiplying and dividing elements of the type illustrated are 
well-known to those skilled in the art and are commer 
cially available. In one embodiment of the present in 
vention, the elements 66, 68 and 76 were obtained 
from Motorola Semiconductor Products, inc. and were 
identified by the manufacturer as Model No. 
MCl595L. 
As pointed out previously, the function of the circuit 

44 is to receive the variable acceleration and diameter 
signals on lines 46 and 48, respectively, and to generate 
in response thereto an inertia compensation signal on 
line 58. Furthermore, the inertia compensation net 
work operates on the input signals such that the result 
ing inertia compensation signal is related to the accel» 
eration and diameter signals in accordance with 

l.== 1K,A (D2 — K2) + (KaA/Dz) 

where l is the magnitude of the inertia compensation 
signal on line 58, A is the magnitude of the acceleration 
signal on line 46, and D is the magnitude of the diame 
ter signal on line 48. K,, K2 and K3 are constants which 
are fixed in accordance with the physical characteris 
tics of the reel drive and the strip material such that the 
resulting magnitude ofl will be that required, through 
out the entire ranges of A and D, to compensate for 
inerta characteristics of the reel drive and thereby 
maintain the tension prescribed by the reference signal 
REF-2. More particularly, the magnitudes of the cons 
tants l(,, K, and K3 are selected such that KIA (D2 — 
K2) provides compensation for inertia changes related 
to the amount of strip material on the reel and MA”)2 
provides compensation for the fixed inertia of the strip 
handling apparatus. 
The inertia compensation circuit 44 will now be de 

scribed with reference ‘to FIG. 2. The line 48 is con 
nected to the multiplying element 66 at multiplier in 
puts 72 and 74 such that the element 66 multiplies the 
magnitude of the diameter signal by itself to produce at 
product output 76 a signal having a magnitude equal to 
the square of the magnitude of the diameter signal. In 
terms of the foregoing equation, the signal produced at 
output 76 of element 66 is D”. By line 78, the signal D2 
is supplied to a differential multiplier input 88 of multi 
plying element 68. An adjustable potentiometer 82 in 
terconnected between’a source 84 of positive potential 
and a common point 86 of zero potential is provided, 
and the wiper arm .88 is adjusted such that a fixed signal 
is supplied to differential input 90 of the multiplying el 
ement 68. For a given reel drive, the potentiometer 82 
is adjusted so that the fixed signal supplied to input 90 
is equal to the signal D2 supplied to input 86 when the 
reel is empty. Furthermore, the differential inputs 80 
and 90 are selected such that the magnitude of the sig 
nal supplied to input 88 is subtracted from the magni 
tude of the signal supplied to input 80, the difference 
being multiplied by element 68 by the magnitude of a 
signal supplied to ‘input 82. In terms of the foregoing 
equation, the difference between the signals at inputs 
80 and 98 is D2 — K2. ' 
A potentiometer 94 is interconnected between line 

46 and the common point 86 with the wiper arm 96 of 
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the potentiometer adjusted such that the acceleration 6 
signal A on line 46 is mutliplied by a constant K‘, the 
product l(,A being-supplied over line 98 to the input 92 
of multiplying element 68. It will now be appreciated 

6 
that element 68 operates on its input signals to produce 
at its output 168 a signal having a magnitude l(,A (D"7 
—~ K2) in terms of the above equation. It will also be ap 
preciated that the signal at output 1108 is related to the 
inertia changes associated with the amount of strip ma 
terial on the reel when it is noted that the signal will be 
zero when there is no strip material on the reel, i.e., 
when D2 = K2. Furthermore, under conditions of zero 
acceleration or deceleration, the signal A on line 46 
will have zero magnitude, and this will cause the output 
signal at 1180 to be zero no matter how much strip mate 
rial is on the reel. > 

A potentiometer 1102 is interconnected between line 
416 and the common point 86 with the wiper arm 1104 
of the potentiometer 102 adjusted such that the accel 
eration signal A on line 46 is mutliplied by a constant 
K3, the product K3A being supplied over line 1106 to the 
dividend input 188 of dividing element 70. The divisor 
input 118 of element 70 is connected by line 112 to the 
output 76 of element 66 to receive therefrom the signal 
D2. The element 70 operates on the signals supplied to 
its inputs 108 and l 10 to produce at output 1 M a signal 
having a magnitude li(_-,A/D2 in terms of the above equa 
tion. The signals K,A (D2 — K2) and liaA/D2 from out 
puts 188 and 114 of elements 68 and '78, respectively, 
are supplied to a summing junction 116 from which the 
combined signal is supplied on line 58 to control appa 
ratus 34L ' 

From the foregoing, it will be seen that this invention 
provides completely static means for providing an iner 
tia compensation signal substantially identical to the 
theoretically desired compensation signal for a particu 
lar reel drive system. Although adjustable potentiom 
eters 82, 94 and R02 are shown, it will be appreciated 
that no adjustments are made during actual operation 
of the strip material handling system, the illustrated ad 
justable potentiometers being provided so that a single 
circuit 44 may be utilized in conjunction with a broad 
range ‘of reel drive applications. ' 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form, details, and application 
may be made therein without departing from the spirit 
and scope of the invention. For example, the elements 
comprising the inertia compensation circuit 44 can 
take on forms differing from those illustrated and can 
be combined in various ways to provide the static arith 
metic operations described herein; Furthermore, al 
though the invention has been illustrated in d-c reel 
drive system, it is equally applicable to a-c drive sys~ 
terns. Accordingly, it is intended that all such modi?ca 
tions and changes be included within the scope of the 
appended claims. 
What is claimed as new and is desired to secure by 

Letters Patent of the United States is: 
ll. In strip material handling apparatus including a 

reel upon which the strip material may be wound and 
unwound under controlled tension, variable speed 
motor drive means'for driving'the reel, and motor con 
trol means responsive to control signals including an 
inertia compensation signal effective during accelera 
tion and deceleration of the strip material, inertia com 
pensation signal generating means comprising: 
means for generating a diameter signal directly pro 

portional to the diameter of the strip material 
wound on the reel, 
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means for generating an acceleration signal directly 
proportional to the rate of change oflinear velocity 
of the strip material, 

and static circuit means, including a plurality of static 
circuit elements, coupled to said diameter signal 
generating means and said acceleration signal gen 
erating means for receiving said diameter and ac 
celeration signals therefrom, said static circuit 
means being responsive to said diameter and accel 
eration signals to generate an inertia compensation 
signal having a magnitude established by: 

where I is the magnitude of the inertia compensation 
signal, A is the magnitude of the acceleration signal, D 
is the magnitude of the diameter signal, and K“ K2 and 
K3 are constants established in accordance with physi 
cal and operational characteristics of the strip material 
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8 
handling apparatus and the strip material being han 
died. 

2. Inertia compensation signal generating means as 
defined by claim 1 wherein K2 = D2 when the reel has 
no strip material wound thereon. 

3. lnertia compensation signal generating means as 
defined by claim 4 wherein said circuit elements in 
clude solid state devices for performing arithmetic op 
erations on the diameter and acceleration signals. 

4. Inertia compensation signal generating means as 
defined by claim 5 wherein the magnitudes of K,, K2 
and K3 are selected such that: 
K1A(Dz — K2) provides compensation for inertia 
changes related to the amount of strip material on 
the reel, and, 

K3A/D2 provides compensation for the fixed inertia 
of the strip handling apparatus. 

* Bk * * * 
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