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1. 

This invention relates generally to regulating 
devices and more in particular to an electrical 
system for regulating a quantity to be controlled. 
One object of this invention is to provide a 

regulating system which is stable in operation. 
More specifically, it is an object of this inven 

tion to provide a regulating System which antici 
pates variations in a quantity to be controlled 
affording rapid correction of the Said quantity 
and which is highly damped to minimize over 
shoot and undershoot in regulation. 
A specific object of this invention is to pro 

vide a wire drawing mill regulator in which the 
velocity of motion as well as the displacement 
of a wire tensioning device about which the wire 
is entrained is utilized to regulate the wire draw 
ing motor. 
An ancillary object of this invention is to pro 

vide a motion transmitting device including a 
System of two levers in which the levers are so 
connected that one is moved as a function of the 
velocity of motion of the other. 

Additionally, it is an object of this invention 
to provide a notion transmitting device of the 
class described in which one lever is moved both 
as a function of the velocity of the motion and 
as a function of the displacement of the other 
ever. 
The foregoing statements are merely illustra 

tive of the various aims and objects of this in 
Vention. Other objects and advantages will be 
come apparent upon a study of the following 
Specification when considered in conjunction 
with the accompanying drawing, in which the 
single figure illustrates an electrical regulating 
System embodying the principles of this inven 
tion. 

Referring to the drawing: 
The figure is a schematic view showing the rela 

tionship of the motion transmitting device in 
connection with a wire mill regulator. 
The application of this invention is illustrated 

in connection with a wire mill regulator. In 
Wire mills it is usually necessary to draw a wire 
through many dies in succession to sufficiently 
reduce its diameter. In the drawing, the wire 
drawing dies are respectively designated and 2. 
Although only two dies have been illustrated, it 
Will be appreciated that more dies may be em 
ployed depending upon the diameter of the Wire 
which is being drawn and the final diameter of 
the wire which is desired. Capstains 3 and 4 are 
utilized to draw the wire through the respec 
tive dies and 2. As illustrated, the wire 5 is 
fed through the die and on the trailing side 
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of die is wound about the capstan 3. Upon 
leaving the capstan the Wire 5 is passed over a 
pulley 6, after which it is entrained about a 
pulley mounted upon an arm 8 which is pivotally 
mounted at its extremity opposite the mounting 
of the pulley . This pivotal mounting is desig 
nated 9. The arm 8 is biased in a direction op 
posing the force acting thereon due to the ten 
sion of the wire 5. This biasing is accomplished 
by means of a compression spring O. The as 
sembly of the pulley 7 and pivotal arm 8 is usually 
referred to as a "dancer.' From the pulley 7, 
the wire passes over a pulley and thereafter 
enters the die 2 through which it is drawn by 
the capstan 4 in a manner similar to that pre 
Viously described, after which it is entrained 
about the pulley system 6', 7 and comprising 
the dancer assembly of the succeeding drawing 
Stage of the apparatus. 
The capstans 3 and 4 are respectively driven 

by the motors 2 and l3 respectively having shunt 
field windings 4 and 5, the excitation of each 
of which is controlled to vary the speed of the 
asSociated motor. The motors are preferably 
connected to a D. C. generator not shown or 
other Suitable Supply of direct current illustrated 
by the conductors C and C2. 

If practice, it has been customary to utilize 
the motion of the dancer arm 8 to control the 
excitation of the shunt field winding of the corre 
sponding motor. This was accomplished by 
means of a rheostat connected in Series with the 
Shunt field winding of the motor, the rheostat 
being actuated by motion of the dancer arm 8 
to control the amount of series resistance in the 
motor field circuit. Such an arrangement, how 
ever, has been found unsatisfactory due to the 
time delays of the system and the fact that a 
relatively large position error of the dancer arm 
8 was required before an appreciable change in 
capstan. Speed could be realized. The system 
Stability was thus quite poor and as a consequenue 
Sustained oscillations or hunting occurred mak 
ing it difficult to thread the wire through the 
Wire drawing machinery without breakage, or 
if the wire threading process had been success 
fully completed to operate over any period of 
time without wire breakage. 
This invention utilizes the motion of the dancer 

arm 8 as in the above described case to control 
the excitation of the shunt field for the capstan 
motor, but instead of utilizing the position of 
the dancer arm as the sole indication of the cor 
rection which is required, the velocity of the mo 
tion of the dancer arm 8 is employed in addition 
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to control the 33:02:26 of series resistence in tie 
shunt fieli circuit, for the 20t3r. 
the ractor regulating systems for each of tine Cap 
star actors S.S. tie Sarine, this Systarr is illuse 
rated is contegtic Zn with only One of tile motors. 
In practicizig this inventiox. S., everage Systern 

20 is utilized to control the 'esistor 23 which is 
connected in Series with the field Winding 4 of 
the motor 2. This leverage system is actuated 
by a cana 2 whici as shown by the broken line 
23, is connected to the daicar an 8 at its pivot 
to be singuiarily driven is dependence of angular 
notion of the dancer arm. The can 22 bears 
against, a lever 24 winich is spring biased by means 
of 8, exsion spring 25 into continuous engagee 
ment, with the cam. A lever 23 which is shorter 
ig length than the lever 24 and approximately 
garallel to it is connected with the ever 24 by 
Jaeans of a lexible below/S 22 cl and a spiring 28. 
These evers are pivoted for Sovement in a com 
anon plate and their free extrenities, when the 
level's occupy their normal relative position, ter 
minate on a connor line Substantially perpen 
dicular to the levers. 
The bellows 2 (E for as part of a hydraulic 

dashpot system including a second bellows 2b 
which forms & variable volume reservoir of hy 
draulic fluid. The bellows are connected to a 
block 29 having a tapered opening or passage 30 
therein which communicates with each of the bel 
lows 2a and 27b. The tapered passage 30 opens 
in one extremity of the block 29 and this ex 
trernity is threaded to receive a needle valve 3 
wiich threads into the threaded opening and 
projects into the tapered passage 30 to determine 
the cross-sectional area of this passage. The 
needle valve 3 threads into the threaded ex 
tremity of the passage a sufficient distance that 
a cap screw 32 may be utilized to close the 
threaded end of the tapered passage once the 
needle valve has been adjusted. Thus it will be 
appreciated that a restricted passage for viscous 
flow of fluid between the bellows 2a and 2 b is 
provided and that the effect of the bellows 27a. 
in transmitting a force from the lever 24 to the 
lever 26 is dependent upon the velocity of motion 
of the lever 24. Thus a velocity sense is imparted 
to the System. 
The can 22 on the dancer arm Shaft 23 is 

designed so that the displacement of the lower 
lever 24 is proportional to the displacement of 
the dancer arm 8. The force transmitted by the 
bellows 27 a from the lower lever 24 to the upper 
lever 26 is proportional to the velocity of mo 
tion of the lower lever or to the rate of change 
of position of the dancer arm. Thus, when the 
lower lever is moved rapidly, the force trans 
mitted by bellows 27a is high and the displace 
ment of the upper lever 26, as determined by the 
Velocity, the relative ratios of levers 24 and 26, 
and the stiffness of spring 28, is high. For the 
lever ratios shown, the displacement of the free 
extremity of the lever 26 for rapid motions is 
approximately of the order of three times the 
cam displacement. The spring 28 is disposed be 
tween the free extremities of the levers 26 and 
24, which terminate in a common line substan 
tially perpendicular to the two levers, so that in 
the normal position of these levers the spring is 
under neither tension nor compression. The two 
ends of the spring are attached firmly to the 
extremities of the two levers respectively. Thus, 
when the lower lever 24 is moved very slowly, 
the viscous force due to the flow of fluid between 
the bellows is negligible, and the notion of the 
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4. 
free extegrity of the upper lever 26 bears sub 
stantially a 3:2 ratic with that of the lower lever, 
this motion being transmitted Substantially en 
tirely by the spring 28. The effective stiffness 
of the bellows system is made small coli pered 
to that of the spring to improve this i: propor 
tionality during slow motions, 
The notion of the free extremity of lever 26 

is utilized to control the resistance of resistor 2. 
This is accomplished by means of a contact de 
vice 36 comprising a plurality of flexible con 
ducting strips 3 which at one extremity are se 
cured in Spaced relation in an insulating block 
38. The free extremities of the strips 3 are pro 
Vided with a plurality of contacts 33 disposed in 
side by Side relation and the extremities of these 
strips beyond the contacts 33 normally bear 
against the sloping surface of a block 34 which 
Spaces the contacts. A prod 35 which is con 
(nected to the free extrernity of the ever 26 en 
gages the iowermost contact and is sufficiently 
long So that in the normal operating position of 
the lever 26 it closes the first few contacts of the 
contacting device. The conductor strips 37 are 
Connected along spaced taps of the resistor 2. 
As the contacts 33 are progressively closed by 
notion of the prod 35, the tapped sections of 
the resistor 2 are progressively shunted to de 
crease the overall resistance of resistor 2. Mo 
tion of prod 35 in the reverse direction progres 
Sively opens the contacts 33 to increase the ef 
fective resistance of the resistor 2. 

In Operation, should there be a difference be 
tween the Speed of the wire 5 as it is drawn from 
the die and the Speed thereof as it enters the 
die 2, the dancer arm 8 moves. By virtue of the 
velocity responsive effect of the bellows assembly, 
the contact device 36 receives a relatively large 
initial deflection at the instant the dancer arm 
8 starts to move. This produces a corrective 
change in motor field current even before the 
dancer arm has accumulated a displacement suf 
ficient in itself to produce the required correction. 
The Series resistance variation in the circuit of 
the shunt field winding 4 thus anticipates the 
displacement of the dancer arm affording a large 
initial correcting Stimulus for the system at the 
instant a velocity appears. This anticipatory 
action tends to counteract the delaying effect of 
the inductances of the generator field circuit 
and the generator-motor armature circuit and of 
the inertia of the motor and its connected load. 
As the dancer arm 8 approaches the correct posi 
tion, its velocity, and consequently the effect of 
the dashpot, decreases and the free extremities 
of the two levers return to their normal position 
relative to each other. Thus the resistance of 
the resistor 2 is changed in a direction to meet 
the requirements of the new steady-state condi 
tion which is maintained until further deflection 
of the dancer arm obtains. 
The foregoing disclosure and the showing made 

in the drawing are merely illustrative of the prin 
ciples of this invention and are not to be in 
terpreted in a limiting sense. 

I claim as my invention: 
1. Regulating apparatus for regulating a 

quantity to be controlled comprising, in combina 
tion, a pair of pivotally mounted levers, means 
responsive to said quantity for moving one of said 
levers, motion transmitting means connecting 
Said levers together at points spaced from the 
pivot axes thereof in which the ratio of the ratio 
Of monent arms of the other of Said levers to the 
ratio of moment arms of said one lever is greater 
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than unity, said motion transmitting means Com 
prising a hydraulic system having an orifice 
therein in which the force transmitted from said 
One lever to said other lever is a function of the 
rate of fluid transfer across said orifice, and 
means responsive to movement of said other lever 
for controlling said quantity. 

2. Apparatus for regulating a quantity con 
prising, in combination, a pair of pivotally 
mounted levers, a flexible.bellows connecting said 
levers at points spaced from the pivot axes there 
of, a second flexible bellows, means forming an 
orifice connecting said bellows, said bellows being 
filled with a suitable fluid medium, spring means 
connecting Said levers, said spring being un 
deflected when said levers occupy a predetermined 
position, which position corresponds to a prede 
termined value of said quantity; means responsive 
to said quantity for moving One of Said levers, 
and means responsive to movement of the other 
of said levers for controlling said quantity. 

3. Apparatus as set forth in claim 2, in which 
said spring means connects the free extremities 
of said evers. s 

4. Apparatus for regulating a quantity Cons 
prising, in combination, a pair of pivotally 
mounted levers, a flexible bellows connecting one 
of said levers to the other of said levers at points 
removed from the pivot axes thereof, said points 
being located so that the ratio of the ratio of the 
moment arms of the other of said levers to the 
ratio of the moment arms of said one lever is 
greater than unity, a second flexible bellows, 
means including an Orifice connecting said bel 
lows, said bellows being filled with a suitable fluid, 
a spring connecting said levers for biasing said 
levers to a predetermined angular relationship, 
means responsive to said quantity for moving said 
one lever, and means responsive to movement of 
said other lever for controlling said quantity. 

5. Apparatus for regulating a quantity con 
prising, in combination, a pair of pivotally 
mounted levers, a flexible bellows connecting one 
of said levers to the other of said levers at points 
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removed from the pivot axes thereof, said points 
being located so that the ratio of the ratio of 
the moment arms of the other of said levers to 
the ratio of the moment arms of said one lever is 
greater than unity, a second flexible bellows, 
means including an orifice connecting said bel 
lows, said bellows being filled with a suitable fluid, 
a Spring connecting said levers for biasing said. 
levers to a predetermined angular relationship, 
the stiffness of Said spring being higher than the 
stiffness of said bellows, means responsive to said 
quantity for moving said one lever, and means 
responsive to movement of said other lever for 
Controlling said quantity. 

6. Motion transmitting apparatus comprising, 
in combination, a pair of pivotally mounted levers, 
a flexible bellows connecting one of said levers to 
the other of said levers at points removed from 
the pivot axes thereof, said points being located 
So that the ratio of the ratio of the moment arms 
of the other of said levers to the ratio of the 
nonent arms of Said one lever is greater than 
unity, a second flexible bellows, means including 
an orifice connecting said bellows, said bellows 
being filled with a suitable fluid medium, a spring 
connecting said levers for biasing said levers to a 
predetermined angular relationship, angular 
movement of one of said levers effecting angular 
novement of the other of said levers. 

WILLIAM. O. OSBON. 
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