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3,337,154 
MOTOR CONTROL SYSTEM FOR COILING 

APPARATUS 
Frederick J. Smith, In, and David M. Hawkins, Tona 

wanda, N.Y., assignors to Westinghouse Electric Cor 
poration, Pittsburgh, Pa., a corporation of Pennsylvania 

Filed Feb. 16, 1966, Ser. No. 527,922 
10 Claims. (Cl. 242-83) 

ABSTRACT OF THE DISCLOSURE 
Tubing from a motor driven pay-off reel is drawn 

through a reducing die by a motor driven drawing drum 
on a vertical axis, around which drum several turns of 
the tubing are wound. The pay-off reel is speed regulated 
in accordance with the speed of the drum and further 
compensated by diameter change of stock on the reel. 
Processed tubing from the free lower end of the drum 
drops into a motor driven receptacle coaxial with the 
drum. The processed tubing is wound by the receptacle 
in successive pancake spiral layers by continuously undu~ 
lating the receptacle speed from one to the other of max 
imum and minimum speeds. This is effected by apparatus 
which develops a receptacle speed control signal by sum 
ming a somewhat sinusoidally varying ?rst control signal 
with second and third signals proportional to drum and 
receptacle speeds. The slope of the ?rst control signal is 
periodically reversed at extrema of the signal by switches 
controlled in response to predetermined differences be 
tween the drum and receptacle speed signals. 

The present invention relates to apparatus for continu 
ously coiling tubular and the like stock in a rotating re 
ceptacle, and more particularly to apparatus of the type 
described for coiling the stock in even spiral layers. 

While not limited thereto, the present invention is par 
ticularly adapted for use in apparatus for drawing metal 
tubing through a die by means of a rotating cylinder 
or drawing drum around which the drawn tubing is 
wrapped. In such apparatus, the tubing is pulled through 
the drawing die by the drum as it rotates about a ver 
tical axis. As the drum rotates successive turns of drawn 
tubing will force the previously drawn turns of tubing to 
move downwardly until they reach the lower edge of the 
drum where they are permitted to fall into a rotating re 
ceptacle beneath the drawing drum. The advantage of 
the foregoing method is that it permits very long lengths 
of tubing to be drawn and coiled in contrast to a draw 
bench, for example, where the length of the tubing, drawn 
along a straight-line path of travel, is limited by the 
length of the dr‘awbench bed. 
One of the most serious dit?culties encountered in 

drawing tubing on a rotating block is ‘uneven coiling of 
the drawn stock in a rotating receptacle as it is dis 
charged from the bottom of the drawing drum. If the 
tubing is permitted to simply fall into the rotating recep 
tacle, it will often become entangled when it is uncoiled 
from the receptacle for further processing. This is a par 
ticularly acute problem in the case of small diameter 
thin-walled tubing where the tubing may break because 
of the entanglement. 
As an overall object, the present invention seeks to 

provide an electrical control system for laying a continu 
ous ?at coil in a rotating receptacle in single or multiple 
layers of coil. 
Another object of the invention is to provide apparatus 

for coiling newly drawn tubing, discharged from a draw 
ing drum, in a rotating receptacle such that the tubing 
is wound in even spiral layers. As will be seen, this permits 
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2 
nearly trouble-free uncoiling of the spiral tubing for 
further processing or expenditure. 

Still another object of the invention is to provide appa 
ratus of the type described for coiling tubing, drawn by 
means of a rotating drum, in a rotating receptacle by 

‘comparison of an electrical signal proportional to the 
speed of the drum with an electrical signal proportional 
to the speed of the receptacle. In this respect, it will be 
appreciated that when the speed of the receptacle is de 
creasing with respect to that of the drum in an arrange 
ment of the type described above, the spiral coil diameter 
is increasing; and as the speed of the receptacle increases 
with respect to that of the drum, the coil diameter de 
creases. Stated in other words, the coil diameter in the 
spiral depends upon the amount of tubing discharged 

~ from the drum into the receptacle during a single revolu 
tion of the receptacle. A comparison of the speeds, there 
fore, gives an accurate indication of coil diameter; and 
assuming that the speed of the drum is relatively constant, 
a back and forth spiral pattern of the discharged tube 
into multiple even layers can be achieved *by increasing 
the speed of the receptacle (decreasing spiral diameter) 
to an upper limit followed by decreasing the speed of 
the receptacle from its upper limit to a lower limit (in 
creasing spiral diameter), in which process two spiral 
layers of coil have been laid. 

In accordance with the invention, the inner and outer 
diameters of the coil are determined by voltage respon 
sive relay devices. One of these relays is tripped to de 
crease receptacle speed relative to drawing drum speed 
when the voltage proportional to the drum speed is nor-v 
mally below that proportional to receptacle speed by an 
amount determined by the operator. At this point, the 
stock entering the receptacle is at the minimum coil di 
ameter. The other of the relays is tripped, preferably 
after a time delay, to increase receptacle-speed relative 
to the drawing drum speed when the voltage proportional 
to the drum speed is above that proportional to receptacle 
speed by another amount determined by the operator. As 
will be seen, the time delay at the outer diameter is pro-' 
vided to permit the spirally-wound stock to “tighten” be 
fore the inward excursion begins. 
The above and other objects and features of the in 

vention will become apparent from the following de 
tailed description taken in connection with the accom 
panying drawings which form a part of this speci?cation, 
and in which: 
FIGURE 1 is a schematic circuit diagram of the con 

trol system of the invention; 
FIG. 2 is taken substantially along line II—II ‘of FIG. 

1 showing a top view of the coil as wound in a rotating 
receptacle; 
FIG. 3 is a graph illustrating the variation in speed 

of the rotating receptacle to achieve a spirally-wound 
coil; _ 

FIG. 4 is a detailed circuit diagram of the voltage 
comparison apparatus used in the circuit of FIG. 1; and 

FIG. 5 is a schematic diagram of the generator con 
trol circuit for the receptacle drive generator shown in 
FIG. 1. 
With reference now to the drawings, and particularly 

to FIG. 1, the apparatus shown includes a payoff reel or 
table 10 which supports a coil of stock 12 to be drawn. 
To initiate a drawing operation, a reduced diameter end 
of the stock 12 is passed through a drawing die 14 and 
engaged by jaws, not shown, carried on a large cylindrical 
drum or “block” 16 which rotates about a vertical axis. 
As the drum is forcibly rotated about its vertical axis in 
a manner hereinafter described, it serves to pull the stock 
12 through the drawing die 14 while causing it to wrap 
around the outer peripheral surface of the drum 16. In 
this process, the tube is reduced in diameter while its 
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length is increased, the inner diameter of the tube being 
controlled by a ?oating mandrel, not shown, during the 
drawing operation. The aforesaid jaws which grip the 
end of the stock 12 are carried at the lower edge of drum 
16. At the beginning of a drawing operation, the die 14 
is also at the lower edge of the drum as illustrated by 
dotted outline identi?ed by the numeral 14’. However, 
as the drum 16 is initially caused to rotate, the die is 
caused to move upwardly along the direction of arrow 
15 by any suitable means, not shown. In this process, 
successive turns of tubing are caused to wrap around the 
drum in the manner illustrated until the die 14 reaches 
its upper extremity shown in full lines. At this point, the 
forward end of the tubing is severed from the jaws at the 
lower edge of the drum. Upon continued rotation of the 
drum after severance, successive turns of tubing force 
the previously drawn turns downwardly along the periph 
ery of the drum until they reach its lower edge where 
they fall into a rotating receptacle 18 beneath the drum 
16. 
As shown, the payoff table 10 is driven by means of a 

direct current motor MP; the drum 16 is forcibly rotated 
by means of a direct current motor MD; and the recep 
tacle 18 is driven by means of a direct current motor MR. 
The drive motor MD for the drum 16 is supplied with 

driving potential by means of a direct current generator 
GD driven by means of a three-phase alternating current 
motor 20 or the like. The output of the generator GD and 
the'speed of the motor MD, is regulated by means of a 
generator control circuit 22 which supplies energizing 
potential to the‘ ?eld winding 24 for the generator. The 
speed of the drum 16, and, hence, the overall line speed 
is controlled by means of a manually operated rheostat 
26 connected to the generator control circuit 22 as shown. 
The drive motor MD is mechanically‘connected as shown 
to a tachometer generator 28 which, through leads 30, 
supplies a feedback signal to the generator control circuit 
22. Thus, the feedback from the tachometer generator 
28 completes a servo loop where, for example, the speed 
of the motor MD will increase in response to a change in 
the position of the movable tap on rheostat 26 until the 
feedback signal on leads 30 cancels or balances that from 
the rheostat 26, at which point the speed of motor MD 
remains ?xed. The direct current drive mot-or MD is also 
provided with an external ?eld winding 32 in accordance 
with usual practice, the winding 32 being connected to a 
motor control circuit 34. The control circuit 34 is of the 
current ‘control type and is regulated by means of the 
feedback signal from tachometer 28 on leads 30‘, this 
arrangement being used to control the speed of motor 
MD in the constant horsepower range. 
The payoff table or reel 10 is driven by the direct cur 

rent motor MP supplied with energizing potential by 
means of a direct current generator GP driven by a three 
phase alternating current motor 36. Motor MP is pro 
vided with an external ?eld winding 38 controlled by 
motor control circuit 40 comprising a conventional con 
stant potential regulator. The ?eld winding ‘42 for gen 
erator GP is controlled by means of generator control 
circuit 44, the primary control signal for which is that 
on leads 30 from tachometer 28. Should the speed of 
the drive motor MD for drum 16 increase or decrease, 
the signal on leads 30 from tachometer generator 28 will 
vary correspondingly, causing the speed of motor MP and 
table 10 to increase or decrease also, as the case may 
be. As the speed of motor MP increases in response to 
an increase in the speed of motor MD, the output voltage 
of tachometer generator 46 connected to the motor MP 
will increase also until the signal on leads 30 is balanced 
by that from the tachometer generator 46, whereupon the 
speed of motor MP will again be constant. Here, again, 
a feedback servo system is provided as was the case with 
the circuit arrangement for motor MD. 

It will be appreciated that the speed of the payoff table 
10 should vary as the diameter of the coil 12 unwound 
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4 
thereon increases or decreases, as the case may be. Thus, 
as the coil diameter is decreasing, and assuming that the 
speed of drum 16 is constant, the speed of table 10 should 
increase. Conversely, as the coil diameter of coil 12 in 
creases, the speed of the payoff table 10 should decrease. 
For this purpose, an arm 47 associated with the payoff 
table 10 is pivoted as at 48 and has a slot or opening 50 
at its lower extremity which ?ts over the stock 12 as it 
issues from the table 10 in traveling to the die 14. Con 
sequently, as the coil diameter decreases, the arm 47 will 
rotate in a counterclockwise direction; whereas an in 
crease in coil diameter will cause it to rotate in a clock 
wise direction. The arm 47, in turn, is connected to a 
plunger 52 of magnetically permeable material within 
a coil 53 such that the signal on leads 54 fed back to the 
generator control circuit 44 will vary the speed of motor 
MP and that of table 10 as a function of the diameter of 
the coil being fed to the die 14. Magnetic ?ux is induced 
in the plunger 52 by means of coil 55 energized by a 
source of alternating current potential, not shown; while 
the output of coil 53 is recti?ed in recti?er 57 before be 
ing fed to circuit 44 where it modi?es the reference sig 
nal on leads 30, depending upon the instantaneous diam 
eter of the stock being fed to die 14. 

With reference to motor MR, it is energized by means 
of a direct current generator GR driven by a three-phase 
alternating current motor 56. The motor MR is provided 
with an external ?eld winding 58 connected to a motor 
control circuit 60 comprising a constant potential regula 
tor. The ?eld winding 62 for generator GR is connected 
to a generator control circuit 66 having three signals ap 
plied thereto and identi?ed as VR, VP and V1,. The signal 
VL comprises that on leads 30 and is, of course, propor 
tional to the speed of motor MD and drum 16. The signal 
VB is derived from a tachometer generator 68 mechan 
ically coupled to the motor MR. Hence, the signal VB is 
proportional to the speed of motor MR and the rotating 
receptacle 18. The third signal VP is derived from a motor 
driven potentiometer arrangement 70 comprising two par 
allel current paths connected between the output terminals 
of a source of direct current potential, not shown. One 
parallel current path includes two ?xed resistors 72 and 
74 of equal resistance value. The other parallel current 
path includes manually adjustable variable resistors or 
pots 76 and 78, together with a rheostat 80 having its 
movable tap 82 mechanically connected to a direct cur 
rent drive motor 84. As the coil diameter within recep 
tacle 18 increases, the motor 84 will cause the movable 
tap 82 on rheostat 80 to rotate in one direction until the 
outer diameter of the coil is reached, at which point the 
motor 84 will be reversed to cause the tap 82 to rotate in 
the opposite direction. 
The voltage VP, when plotted with respect to time, 

will appear as in FIG. 3 and combines a cyclical, some 
what sinusoidal wave shape in which the voltage VP in 
creases from zero in a positive direction to an upper limit, 
then decreases back to zero and continues in the negative 
direction to a maximum negative limit; whereupon it 
again increases back to zero to complete a cycle. In this 
cycle, it will be appreciated that the tap 82, starting at 
its mid position for zero voltage, ?rst rotates in a clock 
wise direction to the upper positive limit, then reverses 
and rotates in a counterclockwise direction through its 
mid position and thence to its maximum negative posi 
tion; whereupon the motor 84 reverses and again drives 
the tap 82 in a clockwise direction. When the voltage VP 
is at its minimum negative value, the coil diameter is at a 
minimum (i.e., ID shown in FIG. 2). From this point, it 
gradually increases in a positive direction through the 
mean diameter position (i.e., VP=O) to its outer diameter 
position. When the outer diameter, OD, is reached, the 
motor 84 and, hence, the tap 82 dwell for a time period 2 
shown in FIG. 3. During this period of time, the speed of 
the rotating receptacle 18 is neither increasing nor de— 
creasing with respect to that of the drum 16. This main 



3,337,154 
5 

tains the diameter of the coil in receptacle 18 substan 
tially constant for the time delay t, thereby enabling the 
spiral coil con?guration to “tighten up” before it begins 
its inward excursion to the inner diameter, ID. 
The drive motor 84 for the movable tap 82 is driven 

from the output of generator GR on leads 85. The direc 
tion of rotation of motor 84, in turn, is controlled by two 
relays R and F. When the coil diameter is increasing, for 
example, the relay R will be energized to close its con— 
tacts 86, thereby causing motor 84 to rotate in one direc 
tion. On the other hand, when the coil diameter is de 
creasing, the relay F will be energized to close its con 
tacts 88, whereupon the motor 84 rotates in the opposite 
direction. Since the motor 84 is driven by the output po 
tential of generator GR, the speed of rotation of the tap 
82 is always proportional to the speed of rotation of 
motor MR. This speed of rotation, in turn, is controlled 
by that of motor MD. The output voltage of control cir 
cuit 66 as applied to ?eld winding 62 is equal to: 

where A=a constant; and VL, VR and VP comprise direct 
current signals (without polarity indication) from tach 
ometer 68, tachometer 28, and potentiometer apparatus 
70. 
The relays R and F are controlled by a comparator cir 

cuit 90 which effectively compares the signal VR from 
tachometer 68 with signal VL from tachometer 28. As 
will be seen, the comparator 90 is such that when the signal 
VL increases with respect to signal VR by a predetermined 
amount, the relay R is energized to cause the speed of 
motor MR to decrease. As the speed of motor MR de 
creases, a point will be reached where the signal VR, 
when compared with signal VL, indicates that the coil has 
reached its outer diameter, whereupon relay F will be 
energized to reverse motor 84 and cause motor MR to 
increase its speed. During this time, of course, the coil 
within receptacle 18 is again decreasing in diameter. 

With reference, now, to FIG. 4, the comparator circuit 
90 is shown in detail. The signal VL on leads 30 from 
tachometer generator 28 is applied across two voltage 
divider arrangements, one of which includes a manually 
adjustable rheostat 92 between ?xed resistors 94 and 96. 
The other voltage divider arrangement includes a second 
manually adjustable rheostat 98 between ?xed resistors 
100 and 1012. As will be seen, the rheostat 92 may be 
manually adjusted by the operator to vary the inner 
diameter of the coil formed in receptacle 18, while the 
rheostat 98 may be manually adjusted by the operator to 
vary the outer diameter of the coil thus formed. The 
movable tap on rheostat 92 is connected to a common 
or ground lead 104 through an adjustable potentiometer 
or pot 106 and a resistor 108. Similarly, the adjustable 
tap on the outer diameter of rheostat 98 is connected 
through pot 110 and resistor 112 to this same common 
lead 104. The voltages on the taps of pots 110 and 106 
will vary as a function of VL and, hence, the speed of 
drum 16 and the rate at which the tubing is fed into- re 
ceptacle 18. 
The voltage VR from tachometer generator 68 con 

nected to the motor MR for receptacle 18 is applied across 
a voltage divider arrangement comprising a manually ad 
justable potentiometer 114 in series with two ?xed re 
sistors 116 and 118. By varying the position of the mov 
able tap on potentiometer 114, the operator may vary the 
mean position of the spiral coil as viewed in FIG. 2. The 
‘signal on the tap of potentiometer 114, which varies as 
a function of VR, is compared with that on the tap of pot 
110 at summing point 117. As the coil diameter increases 
within the receptacle 18, the speed of the receptacle will 
gradually decrease, meaning that the voltage VR will 
also decrease. 

This decrease in voltage will continue until the voltage 
on the tap of potentiometer 114, as compared with that 
on the tap of pot 110, reaches the point where a transistor 
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6 
switch 120 is triggered. The transistor switch, for example, 
may comprise any type of bistable circuit which switches 
from one stable state to another in response to variations 
in an input signal above or below a predetermined limit. 
When the transistor switch 120 is thus triggered, it ener 
gizes relay R1 which, in turn, opens its normally closed 
contacts 122 and closes its normally open contacts 124. 
It should be noted that prior to energization of relay R1, 
the contacts 122 were closed and, hence, relay R was ener 
gized through contacts 122 and contacts 126 of relay F 
which, at that time, was deenergized. This is in accordance 
with the foregoing explanation wherein relay R is ener 
gized during increasing coil diameter while relay F is ener 
gized during decreasing coil diameter. 7 

Assuming, again, that relay R1 is energized and that 
contacts 124 close, relay T will now beenergized through 
contacts 124 and contacts 128 of relay R, which is now 
deenergized since contacts 122 have opened, The relay T, 
being a time delay relay, does not immediately close its 
contacts 130. Hence, at this precise time, neither of the 
relays R and F are energized and the speed of receptacle 
18 is neither increasing nor decreasing with respect to the 
drum 16, whereby the coil formed in the receptacle 18 
can “tighten up” before starting its inward excursion. 
After the time delay I as shown in FIG. 3, the relay T 
closes its normally open contacts 130, thereby energizing 
relay F through contacts 132 of relay R, which are now 
closed since relay R is deenergized. When relay F becomes 
energized, it opens contacts 126, and causes the speed of 
motor MR to increase through contacts 88, motor 84 
(FIG. 1) and circuit 70. Hence, the system is now begin 
ning that part of the cycle wherein the coil diameter is 
decreasing. 
As the coil diameter decreases, the voltages VR and VI, 

will be such that the transistor switch 120 will no longer 
energize relay R1. Consequently, contacts 122 close and 
cont-acts 124 open. Closure of contacts 122, however, can 
not energize the relay R since contacts 126 are now open. 
At the same time, relay T will remain energized to ener 
gize the relay F through contacts 128 of relay R and nor 
mally closed contacts 138 of relay R2 which is now de 
energized. As the coil continues its inward excursion, the 
voltage VR relative to the voltage VL will increase in the 
negative direction as viewed in FIG. 3 until a point is 
reached where the voltage on the tap of potentiometer 
114 as compared with that on the tap of pot 106 at sum 
ming point 134 causes a second transistor switch 136 to 
energize the relay R2. When relay R2 becomes energized, 
contacts 138 open and contacts 140 close. When contacts 
138 open, they serve to deenergize relay T which, because 
its contacts 130 are now open, deenergizes relay F to close 
contacts 126. With contacts 126 and 140 now closed, the 
relay R becomes energized to cause the speed of motor 
MR to decrease, whereupon the diameter of the coil in 
creases to the point where relay R1 is again energized and 
the cycle is repeated. The genera-tor control circuit 66 of 
FIG. 1 is shown in detail in FIG. 5 and includes an oper 
ational ampli?er 141 having a resistive feedback path 
142. The signals VL, VR and VP are all applied to the input 
of the operational ampli?er 141 through resistors 144, 
146 and 148, respectively. The output of the operational 
ampli?er, V0, is thus equal to: 

Unless the speed of drum 16 is increasing or decreasing, 
the signal VR will normally balance V1,, and the speed 
of motor MR will be controlled in accordance with varia 
tions in VP as shown in FIG. 3. The output voltage V0 
is applied to a thyristor magnetic gating ampli?er 150 
which, in turn, controls a silicon controlled full-wave rec 
ti?er 152 to supply a potential to the ?eld winding 62 of 
generator GR proportional to the signal V0. 
Although the invention has been shown in connection 

with a certain speci?c embodiment, it will be readily ap 
parent to those skilled in the art that various changes in 
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form and arrangement of parts may be made to suit re 
quirements without departing from the spirit and scope of 
the invention. 
We claim as our invention: 
1. In a system of the type in which a continuous work 

piece wound about a rotating drum is discharged into a 
rotating receptacle to form spiral layers of the continuous 
workpiece; the combination of ?rst electrical motor 
means for forcibly rotating said drum, second electrical 
motor means for rotating said receptacle, means for gen 
erating a ?rst electrical signal V1, which varies as a func 
tion of the speed of the ?rst motor means, means for 
generating a second electrical signal VR which varies as 
a function of the speed of the second motor means, and 
control circuit apparatus responsive to said ?rst and sec 
ond electrical signals for causing said second electrical 
motor means to cyclically increase and decrease its speed 
with respect to said ?rst motor means whereby a ?rst 
spiral layer of increasing diameter will be formed in said 
receptacle when the speed of the second motor means 
decreases with respect to that of the ?rst motor means 
and a second spiral layer of decreasing diameter will be 
formed over the ?rst layer in the receptatcle when the 
speed of the second motor means increases with respect to 
that of the ?rst motor means. 

2. The system of claim 1 wherein the means for gen 
erating said ?rst and second electrical signals comprises 
tachometer generators mechanically connected to said 
?rst and second electrical motor means, respectively, and 
wherein the speed of said second motor means is caused 
to cyclically increase and decrease 'by a rotatable motor 
operated potentiometer controlled by comparison of said 
?rst and second electrical signals. 

3. The system of claim 2 wherein the control circuit 
apparatus rotates said motor-operated potentiometer in 
one direction to cause the speed of the second motor 
means to increase with respect to the speed of said ?rst 
motor means, the control circuit apparatus rotating the 
motor-operated potentiometer in the other direction to 
cause the speed of the second motor means to decrease 
with respect to that of the ?rst motor means. 

4. The system of claim 1 including a rotatable payo? 
table for feeding the workpiece in coil form to the rotat 
ing drum through a reducing die, and including means 
responsive to said ?rst electrical signal for regulating 
the rotary speed of said payoff table as a function of the 
speed of said ?rst electrical motor means which rotates 
said drum. 
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5. The system of claim 4 and including means for 

varying. the speed of said payoff table as a function of the 
instantaneous diameter of the workpiece as it issues from 
the coil on the payoff table in traveling to the rotating 
drum through said reducing die. 

6. The system of claim 1 wherein the electrical signals 
VI, and VR are voltages which vary in magnitude as a 
function of the speeds of said ?rst and second electrical 
motor means respectively, and including apparatus con 
trolled by comparison of the voltages VL and VR for pro 
ducing a voltage VP which cyclically increases and de 
creases above and below zero voltage, and means for con 
trolling the speed of said second electrical motor means 
as a function of a voltage proportional to: 

7. The system of claim 6 wherein said second electrical 
motor means is a direct current motor driven by a direct 
current generator having an external ?eld winding, and 
wherein the voltage proportional to VL——VRiVP is ap 
lied to said external ?eld winding for the generator. 

‘8. The system of claim 6 wherein \the voltage VP is 
produced ‘by a potentiometer connected to a reversible 
potentiometer drive motor, and wherein the potentiom 
eter drive motor is caused to rotate in one direction when 
the voltage VR increases in magnitude to an upper pre 
determined limit, the potentiometer drive motor being 
caused to rotate in the opposite direction when the mag 
nitude of the voltage VR decreases to a lower predeter 
mined limit. 

9. The system of claim 8 wherein the upper and lower 
magnitudes of the voltage VR at which the potentiom 
eter drive motor is caused to reverse are dependent upon 
the instantaneous value of the voltage V1,. 

10. The system of claim 1 wherein said control circuit 
apparatus compares the magnitudes of the signals V1, 
and VR to cause said second electrical motor means to 
cyclically increase and decrease its speed with respect 
to the ?rst motor means. 
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