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Albert E. De Barr, Cheadle, England, assignors to The 
Cotton Silk and Man Made Fibres Research Associa 
tion, a British association of Great Britain, Northern 
Ireland, and the Isle of Man 

‘ Filed Aug. 8, 1961, Ser. No. 130,037 
Claims priority, application Great Britain Aug. 13, 1960 

7 Claims. (Cl. 19-240) 

This invention concerns machines for modifying a 
property (such as the density or cross-sectional dimen 
sions) of a continuous length of material being processed 
thereby. Examples of such machines are scutchers, card 
ing engines, lap forming machines and draw frames, all 
used in processing fibrous textile materials. 

Attention has been directed in the past to the provision 
of control means for such machines which will enable 
a product of high regularity to be obtained. In scutchers 
for example, a control device designed many years ago 
has almost always been fitted to the feed mechanism of 
the machine. This control device operates on an open 
loop system, the varying deflection of pedals disposed 
beneath the feed roller according to the thickness of the 
material passing between the pedals and the feed roller 
being averaged transversely of the machine by a special 
linkage and the resultant movement being used as a 
,controlling signal for speeding up or slowing down the 
feed roller to even out the feed of material. More recently 
modifications to such a control system have been proposed 
in which control of short-term irregularities have con 
tinued to be effected in the manner described but in which 
a closed-loop system has been added, the purpose of 
which is to detect long-term changes in the regularity of 
the processed material and to cause a corresponding 
modification in the action of the open loop feed control. 
Such control systems operate quite well in certain cir 

cumstances, for example in the case of a lap-fed scutcher, 
although suffering from certain disadvantages such as 
the necessity for the means sensitive to variation in thick 
ness at the feed end of the machine to generate an inverse 
relationship for control purposes (that is to say, for an 
increase in thickness a reduction of feed is necessary, and 
vice versa). In other circumstances such systems suffer 
from serious short-comings. Thus, for example, in the 
case of a hopper-fed scutcher or card, a continued dim 
inution of the supply of material from the hopper, as 
when it for some reason is becoming exhausted, merely 
leads to an increase in speed of the feed mechanism of 
the machine, which in turn aggravates the situation, the 
whole effect being cumulative and leading to a rapid and 
continued increase in the speed of the feed mechanism. 
The object of the present invention is to provide means 

for controlling the regularity of material processed by 
machines of the type referred to which is efficient in 
operation and which substantially avoids the disadvan 
tages hereinbefore set out. 
According to the present invention a machine in which 

a property of a continuous length of material being proc 
essed thereby is modified, the modification depending upon 
the output characteristics of the machine relative to the 
input characteristics thereof, comprises means for con 
tinuously feeding material such as fibrous textile material 
thereto, means for continuously discharging said material 
therefrom, and adapted to modify a property such as 
the density or cross-sectional dimensions of said material 
during passage therethrough characterised by an open 
loop control means adapted continuously to produce 
a signal proportional to the actual value of the property 
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to be modified of the material fed to the machine, and 
to alter, by varying said output characteristics, the modi 
fying action of the machine on the material fed thereto 
in accordance with said signal to compensate for varia 
tions in said value, and a closed loop control means 
adapted continuosuly to produce a signal proportional 
at any time to the integral of variations in the value 
of the modified property of the material leaving the 
machine from a datum value with respect to time and to 
modify the signal produced by said open-loop control 
means in accordance With said integral signal in such 
a manner as will tend to reduce said variations from 
said datum. 
The open-loop signal may be produced by suitably 

modifying a signal proportional to the value of some 
other property of the material fed to the machine, which 
is a function of the value of the property to be modified 
(e.g. the Weight per unit length may be the property 
to be modified, and the signal in this case may be pro 
portional to the thickness of the material as it passes 
under a roller), and the closed-loop signal may be ar 
ranged to be such as suitably to modify the parameters 
of said modified signal. 
The invention is particularly applicable to a machine 

which is adapted continuously to have fed thereto a 
fibrous textile material, continuously to modify the 
density of said material, and continuously to discharge 
said material in modified form, and especially such a 
machine in which the means for continuously discharg 
ing the material includes an output roller system, con 
trol of the Weight per unit length of the material being 
effected by Varying the speed of the latter. Such a 
machine (for example a scutcher) would preferably in 
corporate control means having the following features, 
namely: 

(c1) Means for continuously producing a signal pro 
portional to the input thickness T1 of the material fed 
thereto; 

(b) Means for continuously producing a signal pro 
portional to the speed V1 at which said feed roller system 
feeds material to the machine; 

(c) Means adapted to receive the signal proportional 
to T1 and to transform it into a signal proportional to 
(T i) :51T 1ib 5 

(d) Means adapted to receive the signals proportional 
to V1 and to f(T1) and to control the speed at which 
said output roller system discharges material from said 
machine (after a timed delay) if necessary at a value 

where T is the desired thickness of the material dis 
charged from the machine; 

(e) Means for continuously producing a signal pro 
portional to (T2-T) Where T2 is the actual thickness of 
the material discharged from the machine; and 

(f) Means adapted to receive the signal proportional 
to (T 2-T ), continuously to integrate it with respect to 
time, and to modify the function of said means (c) ac 
cordingly insofar as 

p, q, m and n being selected so that any error in the 
thickness of the material discharged from the machine 
causes a compensating variation of the speed of discharge 
of the output roller system. All such means will be 
described in greater detail. 
The invention will no be described further, by way of 

example only, with reference to the accompanying draw~ 
ings in which: 

and 
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FIG. l is a diagrammatic representation of a scutcher 
with associated control means according to the invention; 

FIG. 2 is a perspective View of part of the control 
means which is located at the output or front end of 
the scutcher; 

FIG. 3 is a perspective view of another part of the 
control means located at the input or feed end of the 
scutcher, and 

FIGS. 4 to 6 are circuit diagrams of certain of the 
electrical parts of the control means. 

Reference will first be made to FIG. l. 
The feed roller R1 of a scutcher S is driven at a nomi 

nally constant speed by a motor CSM. To take account 
of uncontrolled variations in the speed of motor CSM, 
the speed is measured by a tachorneter TA1 arranged 
to give an electrical signal proportional to the speed 
V1 of the input rollers R1. 

Delivery rollers Ro (and also the cages and the 
means for forming the ñnished lap) of the scutcher S 
are driven by a variable speed motor VSM to which 
is coupled a tachometer TA2 arranged to give an elec 
trical signal proportional to delivery roller speed V2. 

Open-loop control of the regularity and uniformity 
of the material delivered by the scutcher S is effected 
by an input thickness transducer TR1, acting through 
a pedal system (FIG. 3) to give a signal proportional 
to the input thickness T1. To deal with (i) a known 
deviation in linearity between thickness of the material 
being fed and its superficial density and (ii) variations 
in the bulk modulus or compressibility of the material 
being fed, a function generator FG is used to transform 
the signal proportional to T1 into a signal proportional 
to f(T1)=aT1-§b. This MT1) signal is fed to a motor 
speed controller MSC1 whose function is to maintain 

where T is the desired output thickness. This is facil 
itated by the subsidiary closed loop, shown in dotted line, 
through the tachometer TA2. An overall time delay 
in the action of this open loop control is not, in practice 
necessary, in view of the scutcher operating characteris 
tics, but might well be necessary in other machines with 
long processing times. If, however, the transducer TR1 
was disposed in advance of the feed roller system in a 
scutcher then a time delay would be necessary for this 
reason. 

Closed loop control is through a transducer system 
TR2, measuring the error in input thickness, and giving 
a signal proportional to (T2-T) where T2 is the actual 
thickness of the delivery material. This signal is fed to 
another motor speed controller MSC2 which causes a 
servomotor SM to rotate at a speed proportional to 
(T2-T). To achieve accuracy in this a second subsidiary 
loop, shown in dotted line, is provided through a tachom 
eter TA3, coupled to the servomotor SM and feeding 
back to motor speed controller MSC2. The final link 
in the closed loop is a mechanical coupling by shaft Sh 
between servomotor SM and function generator FG. As 
the speed of servomotor SM is at all times proportional 
to (T2-T) its angular position, and therefore, the angular 
position of the shaft Sh is dependent on the integral 
of this speed with respect to time, i.e. proportional toV 
_f (T 2-T)dt. Thus a mechanical displacement propor 
tional to _f(T2-T)dt is fed to function generator FG, 
permitting the modification of constants a and b so that 
at any time 

the values of p, q, m and n being so» chosen as always to 
tend to reduce the error (T2-T). 
By the system described it will be seen that the control 

effected by the motor speed controller MSC1 is in response 
partly to an open loop system capable of detecting short 
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A. 
term Variations in the controlled property of the material 
and partly to a closed loop system capable of detecting 
long-term Variations of the controlled property and causes 
the functioning of the scutcher to be adjusted to corn 
pensate for both types of variation. Since the control is 
effected by varying the speed of the front or output rollers 
it is not necessary to generate in inverse relationship for 
control purposes, nor Will a gradual exhaustion of supply 
of material be aggravated in the manner previously men 
tioned, but on the contrary the output speed will be slowed 
down as much as necessary to compensate therefor. 

Reference has been made in the foregoing description to 
motor speed controllers. Such devices are well-known in 
the electrical art. The motor speed controller MSC1 
(which controls the speed of the variable speed motor 
VSM) and the motor speed controller MSC2 (which con~ 
trols the speed of servo motor SM) may be of any suit 
able commercially available type. For example it could 
well be a Velodyne motor speed controller, in which a 
D.C. motor supplied with constant armature current has 
a degree of field excitation varied in accordance with the 
difference at any time existing between the voltage gen 
erated by a tachometer on the motor TA2 and a reference 
voltage (the demanded speed signal f(T 1)). 

Reference will now be made to FIGS. 2 and 3 in order 
to describe in more detail certain of the mechanical fea 
tures of the control system. 
At the front or output end of the scutcher S are the 

usual calender rollers Ro and above the top calender roller 
11 is disposed a pair of detectors 12 sensitive to the ver 
tical position of the roller 11. Across the supporting 
framework 13 of the calender rollers is mounted a plat 
form 14, and at each end of the latter, adjacent the bear~ 
ings 11a of the calender roller 11 is a support 15. In 
each support 15 is pivotally mounted one end of a detector 
arm 16 which itself carries a transducer TR2 the sensitive 
portion Of which bears on a bar 18 supported by bearings 
11a. Associated with the other end of each detector 
arm 16 is an adjustment and comparator means which 
Will not be described in detail herein, 
Each transducer TR2 consists of a linear variable dilfer~ 

ential transformer comprising a suitably excited primary 
and a secondary output coil, with a common movable 
core forming the portion thereof sensitive to movement of 
the calender rollers caused by varying thickness of the 
material passing therebetween. The electrical output is 
proportional to the displacement of the core and thus to 
the thickness of the material coming from the scutcher. 
By arranging for the signal to be compared with a con 
stant corresponding to T, the desired thickness, the signal 
T2-T is derived. 

n At the feed or input end of the scutcher S the conven 
tlonal pedal system 19 based on a piano linkage is modiñed 
for the purposes of the present invention. The final link 
20 is adapted to operate the transducer TR1, which is also 
in the form of a linear variable differential transformer, 
whereby the signal T1 is derived. 
The mainly electrical parts of the control system here 

inbefore particularly described are shown in more detail 
in FIGS. 4 to 6. 

FIG. 4 is a schematic circuit diagram of the function 
generator FG and its associated parts. 
The output signal T1 from TR1 is converted to a direct 

current signal by a rectifier and filter E and is then am 
plified by a D.C. amplifier A1. To this signal is then 
added 

(i) A bias voltage derived from VA and developed 
across resistance R1 the magnitude of which is fixed by 
means of variable resistance RV1 and 

(ii) A bias voltage derived from VB and dependent 
upon f(T2-T) dt and developed across part of a servo 
potentiometer RVE, the movable arm of the servo po 
tentiometer being driven by servomotor SM, the magni 
tude of which voltage is fixed by means of variable resist 
ance RV2. 
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Adjustment of the magnitude of bias voltage derived 
from VA by means of RV1 corresponds to adjustment of 
the parameter m, and adjustment of the magnitude of 
bias voltage derived from VB by means of RV2 corre 
sponds to adjustment of the proportionality constant n. 
The total signal is fed into a second D.C. amplifier A2 

through an input resistance R2 where the amplification 
is made dependent on f(T2-T) dt by having the other 
part of the servo potentiometer RVb in a feed back loop 
which also includes a variable resistance RV3. 

Total amplification of the original signal T1 may then be 
expressed as 

p+qf(T2-T)df 
and the function parameters p and q can be set by adjust 
ment of RV3 and RVb respectively. Thus the final output 
of the function generator FG may for practical purposes 
be expressed in the form: 

FIG. 5 is a schematic circuit diagram of the motorised 
integrating system comprising the motor speed controller 
MSC2, the servomotor SM and the tachometer TA3. 

This motor speed controller circuit to which signal 
T2-T is fed comprises a pre-amplifier A3 followed by 
an output amplifier A4 feeding into one coil of the bi 
directional variable speed two-phase A.C. servomotor SM, 
the other coil being fed from a transformer through a 
phase correction network (not shown). The speed of the 
servomotor SM will be approximately proportional to the 
input signal of A2 but this latter part of the circuit is 
linearized by feeding back a signal from a drag-cup tach 
ometer TA3 through a phase-correcting network PC then 

Where 0 is the angular displacement of the shaft servo 
motor SM and K is a constant dependent upon the char 
acteristics of the servomotor used and the gearing between 
the servomotor and the potentiometers of the function gen 
erator. The servomotor SM drives the servo potentiom 
eter RVS., RVb (FIG. 4) through a gearbox GB with a 
slipping clutch (not shown) so that the movement of the 
potentiometer arm in time 

C 

#KL (T2-Tm 
FIG. 6 is a schematic circuit diagram of the system 

comprising the motor speed controller MSCl, the variable 
speed motor VSM and tachometer TA1. 
The motor VSM is a 2 H.P. D.C. motor and the means 

for controlling its speed consists of a conventional full 
wave thyratron armature type of control. 
The input signal f(T1) from the function generator FG 

is amplified by amplifier A5 and fed into the grid circuit 
GC of the thyratron. Feedback is provided by a pre 
cision D.C. tachogenerator PT for ensuring linear response 
and for minimising inherent drift in this part of the appa 
ratus. Further feedbacks from E and F are designed 
to ensure maximum rates of response. These are corn 
binde in the network circuit NC together with the signal 
V1 from tachometer TA1 for compensating for any drift 
in the speed of the feed roller R1. 
Having now described in detail the construction and 

operation of our control apparatus as incorporated in a 
scutcher it will be readily understood that a much more 
accurate control of the regularity of the lap produced by 
the scutcher may be achieved thereby. 
As is known the conventional piano-link control of a 

scutcher is itself a function generator in the sense in which 
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6 
the term is used in the present specification, but of a 
mechanical nature. Thus the pedal displacement corre 
sponds to the thickness T1 of the incoming material and 
this displacement, for control purposes, is converted into 
f(T1)=aT1r-ib by the piano-link mechanism. The gain 
factor a is determined by the magnification effected by 
the linkage between the pedals, and the bias factor b is 
determined by the setting of the usual turnbuckle adjust 
ment which is provided. It is current practice, and has 
been for many years, to fix the factor a by trial and error 
methods when first setting up the scutcher, whilst in use 
frequent adjustments are made to factor b as indicated 
by errors in the weight of the finished lap. 
The necessity of using f(T1)=aT1-jb as a control 

function has been explained hereinbefore, for, as is im 
plicit in that explanation, it is assumed that the relation 
ship between the thickness and weight per unit length of 
the lap may be represented by a curve which is a straight 
line not passing through the origin. In fact of course 
the relationship is not linear, but for practical purposes 
may be considered so over the range of Variations which 
occur. 

The conventional piano-link motion operates on the 
principle that the correct linear relationship may be se 
lected by merely, in use, adjusting factor b-in other 
words that the slopes of the family of curves are all the 
same. In fact this is not so, and therefore, for more 
accurate control, factors a and b should be altered. The 
present invention provides for this, in the manner described 
hereinbefore. Thus the function generator of the pres 
ent invention modifies both factors cz and .b in a manner 
indicated by the error in the delivered lap thickness to 
obtain a more accurately corrected function (aTl-j-b). 
Thus the main amplifier gain factor a and the bias voltage 
b are themselves generated by ancillary devices as func 
tion's of the error in delivered lap thickness (T2-T). 
Again it is convenient in each case to combine variable 
voltage and bias to produce an electrical signal of the 
required magnitude. In the preferred embodiment the 
integral of the error signal 

Litri-T) 
is obtained as the angular position of a motor shaft and 
this angular position is coupled mechanically to two elec 
tric potentiometers which provide the variable voltage 
components (Le. the q and n components of a and b re 
spectively). The p and m components are provided by 
preset bias voltages determined by considerations similar 
to those involved in the determination of b. In practice 
thickness/weight per unit length curves are determined 
experimentally and the variables adjusted accordingly. 
We claim: 
l. In a machine which so acts upon a continuous length 

of material fed to and through it that the value of a 
selected characteristic of the material is modified during 
the course of passage of the material through the machine, 
a control means which comprises: 

(l) means for producing a first electric signal contin 
uously proportional to the input value of said charac 
teristic, 

(2) means controlled by said signal for modifying the 
action of the machine to maintain a predetermined 
relationship between said input value and the corre 
sponding output value, 

(3) means for producing a second electric signal pro 
portional to the integral, with respect to time, of 
deviations of said output value from a selected datum, 
and 

(4) means controlled by said second signal for so 
modifying said first signal that said deviation is re 
duced. 

2. A control means as defined in claim l, wherein said 
means (l) comprises 

(i) a means for producing a signal proportional to the 
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input value of a characteristic of the material other 
than that to be controlled, but a function thereof, and 

(ii) means for modifying said last-mentioned signal. 
3. A control-means as defined inclaim 2, wherein said 

means (4) is adapted to modify the parameters of the 
modified signal produced by means (ii). 

4. A control means as defined in claim 1, wherein the 
material is a fibrous textile material and the machine is 
one which acts upon it to modify its density. 

5. A control means as defined in claim 4, wherein the 
machine is a scutcher. 

6. A control means as defined in claim 5, wherein the 
machine includes an input roller system and a variable 
speed output roller system, and‘said means (2) modifies 
the action of the machine by Varying the speed of said out 
put roller system. 

7. A control means as defined in claim 6 having the 
following features namely: 

(a) means for continuously producing a signal propor 
tional to the input thickness T1 of the material fed 
thereto; 

(b) means for continuously producing a signal propor 
tional to the speed V1 at which said input roller sys 
tem feeds material to the machine; 

(c) means adapted to receive the signal proportional 
to T1 and to transform it into a signal proportional 
t0 Í(T1)=¢1T1+b; 

(d) means adapted to receive the signals proportional 
to V1 and to Í(T1) and to control the speed at which 

15 

20 

25 

said output roller system discharges material from 
said machine at a value 

where T is the desired thickness of the material dis 
charged from the machine; 

(e) means for continuously producing a signal propor 
tional to (T 2-T ) where T 2 is the actual thickness of 
the material ydischarged from the machine; and 

(f) means adapted to receive the signal proportional 
to (T2-T) continuously to integrate it with respect 
to time, and to modify the function of said means 
(c) accordingly insofar as 

and 

p, q, m and n being selected so that any error in the 
thickness of the material discharged from the ma 
chine causes a compensating variation of the speed 
of discharge of the output roller system. 
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