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[ 5 7] ABSTRACT 

A speed controller for utilization in a speed regulator 
system for a d.c. motor. An operational ampli?er re 
ceives a voltage V1 through a ?rst resistor R1; the volt 
age Vl being a function of the instantaneous speed of 
the do motor. A second input to the operational am~ 
pli?er is a speedfreference signaL, A feedback path 
connects the ?rst input resistor R, with an adjustable 
portion a of the ampli?er output V0. The feedback 
path includes a second resistor R2 serially with capaci 
tors C, and C2; a third resistor R3 is connected be 
tween the union of capacitors Cl and C2 and ground. 
The speed controller is a proportional integrator 
squared (Pl)2 having the Laplace transfer function: 

5 Claims, 5 Drawing Figures 
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.PROPORTIONALINTEGRATOR SQUARED (PI) 2 
SPEED CONTROLLER FORUTILIZATION IN A 

SPEED REGULATOR ‘SYSTEM 
BACKGROUND OF THE INVENTION 

1. Field of the Invention ' 
This invention relates to a speed regulator system for 

a d.c. motor, and more'specitically to a speed control 
ler for utilization with such a system. ' 

'2. Description of the Prior Art: 
In bar, roll and stretch mills when the material being ‘ 

processed leaves one roller stand and proceeds to the 
next stand,‘ there is aresulting speed drop due to the 
impact of‘ the material upon entry into the succeeding 
stand. In somesituations the loss'in speed is of suf? 
cient magnitude to develop a loop sufficiently large so 
as to rub on the adjacent structure thereby damaging 
the . material. 

In cold mill processing,v the material partially pro 
cessedvis b'utt'weldedto the new material. to be fabri 
cated, so that the whole forms an endless belt. In a typi 
cal situation the partially‘processed"material is'welded 
to theunprocessed material. During theipassage of the 
welded‘seam through the mill stand,.there is a step‘ or 
ramp change in mill gauge resulting in a change in drive 
speed, with a concomitant increase or decrease in ten 
sion. In order to mitigate the consequence of a change 
in tension, itis customary to anticipate‘ the change by 
displacing the mill screws ahead of the interstand ten 
sion zone. The change in screw displacement is always 
such as toworsen the gauge error.’ This is brought 

‘ about by the necessary trade off between roll‘ force and 
tension. . .I ._ . 

As anvexample, considerthe case where the pro 
cessed material has been reduced in gauge and‘ thick 

I (unprocessed) material iswelded to the thinnerIpro 
cessed) material. As the welded joint goes'through the 
stand there is a lower load on the mill motor, and it re 
sponds by speeding up, thus building‘tension. in the ma 
terial. In order to bring the material back to apreset 
magnitude, it is necessary to displace the screws in a 
downward direction in the process of trading off roll 
force for tension. As the screws come down, the roll 
gauge is narrowed, thus making the gauge smaller, pos 
sibly allowing off-gauge material to pass through; If no 
adjustment is made in the screws, the gauge in the vi 
cinity of the weld will be better, but‘ there is always the 
possibility of having too little tension or too much ten 
sion. It is therefore necessary to establish some maxi 
mum and minimum tension standards. If the tension is 
too low, the roll force may become high enough to 
cause a pinch in the material. (A pinchis a momentary 
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pause in the moving strip which can cause serious ~ 
buckling problems.) If the speed regulator system 
could minimize the effects of impact, there would be no 
need to resort to screw manipulation in order to restore 
tension, with the concomitant effect that the tolerance 
would be greatly improved. 
The instant invention is addressed to a speediregula 

tor system wherein the ‘integral of speed impact error 
with respect to time is zero,so that tension adjustment 
is unnecessary during impact loading. 

7 SUMMARY‘ OF THE INVENTION 

This invention relates to a speed regulator system for 
' a d.c. motor having a unique speed controller means. 
An operational ampli?er means has a first input, a sec~ 
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ond input and an output with a feedback path con-‘ 
nected between the first input and an adjustable por 
tion of the output. The ?rst input receives a signal 
which is a function of the" instantaneous speed of the 
motor while the second inputreceives a speed refer 
ence signal. First and second resistance means and first 
and second capacitance means are in said feedback 
path, the ?rst resistance means and said first and sec 
ond capacitance means being serially connected, the 
second resistance means being ‘connected between the 
union of the first and second capacitance means and 
ground. The speedcontroller means acts as a propor 
tional integrator squared. ‘ _ 

»; . BRIEF DESCRIPTION or TI-IEDRAWINGS 
FIG. 1 is a block diagram disclosing a speed regulator 

system for a d.c. motor, the speed controller of the in 
vention being a component part of the speed regulator 
system; ‘ ‘ ‘ I 

FIG. 2 is an electrical schematic of the proportional 
‘integrator ‘squared (PI)2 speed controller of the instant 
invention; ' ‘ 

FIGJS is an open loop Bode plot for comparing the 
(PI)2 speed controller of the invention, with the PI 
speed controller of the .prior art’; 
FIG. 4A depicts the impact load response of the prior ' 

art PI speed controller, and . 7 
FIG. 4B depicts the impact load response of the (PI)2 

speed controller of the instant invention. 

DESCRIPTION OF AN EXEM‘PLARY 
EMBODIMENT 

Referringnow to FIG. 1 there is shown a speed regu 
lator systemfor one or‘ more d.c. mill motors. For sim 
plicity, a single drive, single converter speed regulator 
system. is depicted, although it will be appreciated that 
‘the invention is equally applicable‘ with dual converters 
as wellias duplex or multi-motor drives. . 
A single converter drive is one in which thereare no 

‘regenerative capabilities available in the thyristor 
power ‘converters. . v 

A single drive application is one-in which there is one 
thyristor supply feeding one or more motors operated 
in parallel. 
A d.c. mill motor 10 is energized from a thyristor 

converter indicated symbolically at 12. (This is a six 
phase double way thyristor circuit.) The a.c. power 
source for the thyristor‘ is indicated at 14‘. The thyristor ’ 
converter 12‘ converts the a.c. power to controllable 
d.c. power. The regulator system incorporates two cas- ' 
caded minor loops namely: the voltage and‘ current 
loops. The minor voltage-loop‘comprises a voltage con 
troller 16, a gate pulse generator and ampli?er 18, a 
voltage sensor 20 and a reverse current simulator 22. 
The current loop comprises a current-controller 24, the 
minor voltage loop, and a current sensor 26. A set of 
three current‘transformers‘indicated'syrnbolically at 28 
supply a-feedback voltage signal-(ia) to the current sen 
sor 26 whichdelivers'a signal —i,,‘ to ‘thecurrent control 
ler 24. The current loop controls the motor current by 
controlling the bus voltage signal —'Vb* to the voltage 
controller 16. The voltage loop controls the thyristor 
converter l2~output busvoltage+Vb as a» function of 
the voltage signal -Vb* and‘the feedback voltage sig- , » - 
nal+Vb supplied by the voltage sensor 20. The voltage 
controller 16 controls the gating angle of the thyristor 
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vconverter 12 byxmeans of the gate pulse generator and 
ampli?er 18 of the forward thyristors 12. 
The main'speed regulator loop includes a speed con 

troller 30 and a tachometer generator 32 connected to 
the ‘shaft of the d.c. motor 10. This ‘loop regulates the 
motor speed, by comparing in the speed controller-30,‘ 
the reference voltageto a voltage V, from the tachome 
ter generator 32 which isiproportional to motor speed. 
The output of the speed controller 30 provides the ref 
erence l,,* to the current controller 24. . 

Completing the description of FIG. 1, the reverse 
current simulator 22 prevents the current controller 24 
from going into reverse saturation should .the speed 
controller 30 so demand on slowdown, sincethe drive 
system is not‘ capable’ of regeneration or reverse cur 
rent. ' ' 

Finally, if for some reason the armature currentex 
ceeds the current limit value, a systems fault is indi 
cated. When this happens, a pulse signal is released 
from thecurrent sensor 26 which instantaneously sup 
presses all further pulsing in the gate pulse generator 
18. Thus, the fault currentis con?ned to the last con 
ducting thyristors in' the thyristor converter 12. 
The speed controller of the invention is shown in 

' FIG. \2, and comprises an operational ampli?er indi 
cated generally at 34 having input resistors R1 and R4, 
‘ampli?er 36 and output potentiometer 38, having an 
adjustable gain a, the slide of the potentiometer 38 
being connected in a feedback path indicated generally 
at'40 to the input‘ of ampli?er 36. ‘The feedback path 
40 includes serially connected resistor R2 and capaci 
tors C, and C2, resistor R3 connected between the 
union of capacitorsCl and C2 and ground. . 
v The Laplace transfer function of the speed controller 
is: 

_V_0_[R2C1S+1][Rs(C1+C2)S—l-1 V1_ “01318 CzRaS (1) 

When the transfer function is broken down there ob 
tains: I i " 

"R2; 1:|C1+C,L 1] 
“1R1 C2 1 CzyRgS ' When C2>V>>C,, the term in the second bracket be 

comes 

i ~*—‘ ][ -—1 ] 
_ K|R1+KC1R1VS‘ _ (3) 

The prior art has provided a speed controller having 
proportional integration (PI) properties. In the Laplace 
transfer function of equations (2) and (3), within each 
the ?rst term in the bracket provides'the proportional 
part, and the second term within each bracket provides 
the integrating part as indicatedfby the 1/8 operator. 
The speed controller is'therefore identi?ed as a (PI)2 
operational ampli?er.. . ‘ 

Open loop Bode plots of the respective speed loops 
for PI and (PI)2 speed controllers are depicted in FIG. 
3. As maybe observed for a study of these plots, the‘ 
crossover frequency was is the same for both PI and 
(PI)2 speed controllers. Thus the transient stability for 
bothcontrollers is substantially the‘ same. 
Performance" characteristics for the (PI) and (PI)2 

controllers are empirically demonstrated in FIGS. 
4A and 4B. In FIG. 4A there is shown the input and 
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response of a PI speed controller. The stand speed 
error A1 is ?nite and substantial. In FIG. 48 there is 
shown the impact load response of a (PI)”- speed con-} 
troller. The error is substantially zero sincethe areas A 
=areaB+area C. ‘ ' " ' 

Using the ?nal value theorem, it can be demonstrated 
that the - ‘ i 

(which is the speed error with respect to time) is 0.002 
per unit seconds for the prior art speed controller (PI) 
and 0 per unit seconds (no strip storage) for the (PI)2 
speed controller. ' - 

What we claim is: ' - - 

1. In a speed regulator system for a d.c. motor, a 
speed controller means comprising: 

a. operational ampli?er means controlling said motor 
and having a ?rst input, a second input, an output, 
and a feedback path'connected between said first 
input and an adjustable portion of said output; said 7 
?rst input receiving a signal which is a function of 
the instantaneous speed of said motor, said second 
input receiving a speed reference signal; . 

b. ?rst and second resistance means in said feedback 
path; 

c. ?rst and second capacitance means in said feed 
back' path, said ?rst resistance means and said first 
and second capacitance means being serially con 
nected, said second resistance means being con-v 
nected between the union of the ?rst and second 
capacitance means and ground, said speed control 
ler having the characteristics of a proportional inte 
grator squared. 

2. Speed controller means according to claim 1 
wherein said second capacitance means is very much 
greater than said ?rst capacitance means. 

3. Speed controller means according‘ to claim 1 
wherein said output includes a potentiometer having a 
sliding member, the position of said sliding member de 
?ning said adjustable portion. 

4. In a speed regulator system for a d.c. motor, a 
speed controller means comprising: ' ' 

a. operational ampli?er means controlling said motor 
and having a ?rst input resistor (R1), a second in 
put, an output having an output voltage (V,) and 
a feedback path connected between said ?rst input 
resistor and and adjustable portion (a) of said out 
put, said ?rst input resistor receiving an input sig 
nal (Vo) which is a function of the instantaneous 
speed of said d.c. motor, said second input receiv 
ing a speed reference'signal; 

b. second and third resistors (R233) in- said feedback 
path; ‘ . 

c. ?rst and second capacitors in said feedback path, 
said second resistor R2 and said first and second ca 
pacitors (CDCZ) being serially connected, said 
third resistor (R3) being connected between the 
union - of the ?rst and second capacitors and 
ground, whereby the speed controller has the La 
place transform: ' 

we was 
5. A speed-controller means according to claim 4 

wherein the second capacitor C2 is very much greater 
than the ?rst capacitor C1. 

* _ a‘ 1k * * 


