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ABSTRACT

8

COMPARATIVE STUDY OF FEEDFORWARD AND
FEEDBACK PROCESS CONTROL

 Garbis Palandjian
/ .
—_— . . N ‘ . .

4 *
P

In this r.eport, the performance of feedforward and
feedback \process control systems are studied. The genez:al
concepts of process cont;:ol and‘its types are presented. ’
J The feedback control system is ciescribed and the transfer

function of each c.af its components are‘ derived. The ad-
vantages and the disadvantages of éhe feedback control
system are ‘l\js.lsted. Feedforward control syétem is presen-
ted and its transfer functions, both steady-state and

dynamic are derived. The combination feedforward—feedj-

back control system is also qéscribed.

Using digital computer simulation a heat exchanger

3

is controlled by each of the control systems. The results
of the simulatjon are shown. graphically and the perfor-

mance of each control system is evaluated.
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CHAPTER 1 - 3
AR 3 ® \
\ .
INTRODUCTION . T '

.In the last few decades, many new technologies have

/Zggéﬁ//;;éiied to process control hardware as the industrial

use of automation techniques has developed and matureq.‘
Historically, - the first séages in the development
of. moderﬁ coq;rollgrs consisted of the introduction of
indicating and rgcoréing instruments in 1920'33 Contfoi was
accomplished at this point by mangfl means. . Autématic
proportional'céntrol was:pext ing%oddbed Ly using the motion’
of ther pen on the recorder to adjust the p?sition of the
control val;e, thréugh the use of pneumatic transducers and
transmission lines. The first general theoretical treatment

¢

of automatic control was published in 1932. - L.

During the middle 1930's the idea of #sing an addi-
tional integration’ in a contddT loop was proposed, the

objective' being to reduce the steady §$ate errors to zero.

In the 1late 1940's and early 1950's derivafive action was

proposed in* order to speegﬂgp the action of the control loop
and to provide "anticipatory™ behavior in the face of sudden

disturbances. -

é
' In the mid 1950's electronic controllers began to

appear and had supplanted the pneumatic controllers because

3
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of their increased reliability, flexibility, Geréatility and
ease of maintenance. The greater ‘flexibility of electronic
devices p;omoted the developmént‘“of more exotic control
a§tions. ]

. s
. In early 1960's, it was felt that the limit of what

can be done by conventional feéﬁback control_  was

fast-approaching [l], therefore the ‘feedforward control

.

was intrq?uced.

Although ‘it is believed that éeedforward control
was combined with. feedback control loop and has-been used in
the early 1930's to «control boiler drum levels, yet the
theoretical treatment was only published ‘in 1963 [1].
Through out 1960's studies were carriéd out and wvarious
applications of feedforward control were proposed [2, 3, 4,

¥
<3
3

5, 6,.7]). ’
N
With tﬁe inf:é9§éd use of digitai computers in
processs cdhtrol, néwfcontfol methods like adaptive control
weré introduced in/éhe first half of 1970's. In late 1970's
microproéesgprl’based controllers were introduced and* they

beganf/;ppi;cing the electronic controllers at an unbelieva-
a

ble te due to- their reliability, speed and “extreme

&

TomeCT—

Where it once was essential to know all the details

of the process (especially for feedforward control loops)
-

R e T B Sty . v -
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before ordering the proper controller for the .control loop,

4
today with programming capabilities of the microprocessor .

based controllers, the characteristic! of the controller are
programmed with the .actual process conditions.

o - . N . ’ :
‘It is the purpose of this paper to discuss in

; 2y

detail the feedforward  control. and to demonstrate its

advantages and q%isadéantages. Using practical process

control applications and digital computer simulations

control will be compared with feedback,conﬁfcl.
/

feedforward

- [
The steady-state and dynamic components of feedforward

control will be discussed and the influence of each of these

the control of

components on the process will be
.

demonstrated. The combination of feedback-feedforward

control will also be discussed and its response will be

L

simulated.
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CHAPTER 2 : :

-
MR IWIIWMMES N

¥ . v

PROCESS CONTROL

>

2.1 - General Concepts of Process Control
The role of a closed-loop control system is to
enable the automatic maintenance of balanced conditions

within a process, in order to achieve the desired output. A

system is said to be controlled if the quality of its

performance is within certain limits. If these limits are

not exceeded, a well controlled system exists. ‘The end

v

result of a controlled process is to obtain a qu¥htity of a

product that has a given property, but the method of

achieving that end result is immaterial.

o

For this reason, indirect or secondary variables

are often controlled in a process rather than the physical

‘and chemical properties which are conéidered~the primary

variables. The major secondary variables are level, flow,
pressure and temperature. All these variables are easil&
measured and ‘transmitted without any long t e lags. On the
other hand, the-measurement of the prim;ry v;riables such as
heat content, composition or reaction rate is more difficuit

due to the lack of suitable econqmical instruments or due to

the long response time of these instruments.

s
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Control system efficiency ,is measured by °‘the

effectiveness of the control loop /in recovering from load

disturbances. Howe&er, this does’ not mean that the

controlled variable must be held to an exact value at all
times. The process variable can fall within a wide band and
gtill be adequate as ~long as the material balance of the
system remaiﬁs constant. For example, the level of a tank
under control <can vary if the more desirable feature is to

have the flow to the next vessel fairly constant.

The important thiné to determine in every control
system is the correct method to control the balance of
materials and energy. in the process. Once this is done, the
next step is to select the appropriate form of control

L

whether it be feedback, feedforward, cascade or any other

form or combination of these forms that can best do the job.

In the analyéis of control systemé it is quite
common to use the "lumped—-parameter” apprroach rather than
the "distributed-parameter" one. This is done to simplify
the mathematics of the models used to represent the control

systems. By the lumped parameter approach, the elements of

‘the control systems are considered as being point masses,

’ ®

where all the' frictional 1osles are grouped, etc. The use
of 1lumped parameters ‘allows the mathematical models of the
systems to consist of ordinary differential equations, while

if distributed parameters were used, the models would be .in

[ P - . B .\ L ey bt ey b o i e g0
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ot s o = e ke v



L]

-6 -

partial é?%terential form. Hence, throughout this reég}t we

&
will wuse the lumped parameter approach in our analysis and

_design of the'control system.

. -

2,2 Types of Control Systems

The objective of an automatic control system is to
maintain the contrqlled variable or the output of the system
gqual to the d;;ired value (set point) or to the input of
the system. There are two differeng types of automatic

control systems, namely "servomechanism” and "regulator",

which are defined as follows:

a. Servomechanism A ]

A cbntr01 system is said to be servomechanism type
if the purpose of that system is to follow the

changes of the set point as closely as possible.

systems are seen in electrical and' mechanical
. systems such as position control systems and valve

positioners,

b.,Regulatof'
A control system is said to be regulator type, -if

the purpose of that system is to maintain the

>

ééntrolled variablé or the output of the system,

steady at the value set by the setpoint déspite any

" d%?turbances imposed externally. Process control

/
)

Typical applications of this type of control



syétems are usually -regarded as regulatbr type
controf systems. ’ [
A servomechanism type contol system willﬁgenerally
not be well suited for a rggulator type control system
"applicatipns, therefore one must be well awareA of the ,

purpose of the control system beforehand.

Iﬁ _process control much more emphasis is placed on
minimizing the variations of the controlled variable due to "
the distuébances, because a typical continuous process will
operateg with a constant set point for days at a time, and
even if the set point is changed, the change is generally a
‘minor adjustment.’ On the other hand, disturbances in the
process such as uncontrolled flow rates, temperatures and
pressures are more frequent and cause larger errors than the
seé%¢gﬁfht changes. Therefore, throughout this report, the

control systems discussed will be the regulaéor type.

\

2.3 Dynamic and Transient Response

Rega;dless of how we classify a control.system, the
key to its performance is the manner in which it fesponds to
the various kinds of disturbances imposed on it. Indeed,
for all dynamic systems, the basis of analysis, is the
behavior in time, of the principal time varying proﬁértiés
of the syst following some manipulation of‘the system,

This behavior \is the "dynamic response" 'of the system. The

) \
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manipulation that causes the response is an input signal

-

called the forcing variable. ; K

For servomechanism, the forcing variable is the
%eference variable or the set point, and for the regulator
ft iSJLthe disturbance. The €£forcing variable and the
c&?;rolled variable are.functions of time which are uniquely

refated to each other by the characteristics of the control

sYys t\emc ¢
\

The analysis problem for dynamic systems is
concerned with determ&ning the cﬁaracferiséics of the system
from observed responses to particular forcing variables. On
the othé; hand, the design problem involves choosing the
character‘stics of the system in such a manner’that economi-
cally desirable '}esponses are obtained for _normal and

\
typical fording variables.

4

~ The \dynamic response of a system to any forcing

variable is’ ade up of a steady~-state part and a transient

part. The init}al and final (i.e. after a forcing variable

has acted on he control system) steady-states are easily

calculated by the algebraic _equations of mass and enerqgy

balance of the ontrol system. The transient part of the

response is the dynamig¢ behavior of the system between the

‘ \
initial and €£inal \steady states. Tpe transient response
provides a convenieht and readily recognizable measure of

the dynamic performance of the control system.

34
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The transient response analysis of a control system
must consider the dynamic behavior of the process and the

control components in terms of their differential -equations,

and the overall behavior of a system that is described by a

set of these equations and the relationship between them.
The transient response' will also ' depend on the type of
forcing. variable. _ Although in real 1life the forcing
vari?ble could be ény type of time varying .function, such as

a step function, a ramp function, a pulse ?}nction, a

steady-st#te sinusoid or any random function, but in process

cohtrol system analysis and design only two of these types

‘are more frequently used. The step function is used because
@

the solutions for this type of forcing variables are easier
to obtain than an other type, also because a step change in
the forcing variable is the most sewere type of disturbance.

The second of forcing function most commonly used is the

steady-state sinusoid /because it is the basis of frequency /

I

.f/
response. )

In this reporé, ‘unless otherwise stated, all the

forcing variables will be step functions.

)
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CHAPTER 3

28 X2 Tk 2K 3 38 IK M IR

FEEDBACK CONTROL

3.1  'The Conventional Regulating Loop
MEXI R BV AR ITIERN IR LA IR BRI

! '

- The basic control 1loop for regulating process

disturban€es is shown in Fig. 3.1.
\

-

. The system shown consists of four major components:

l. The process to be controlled

2. The transducer which measures the controlled

variable

3. The controller

‘4, -The final control element, i.e. control valve or

variable speed pump

. All  of the above mentionned components aré non
\ -

. ) '
linear elements which are subject to 'many types of
disturbances such as power supply disturbances, abrupt

. ambienf condition changes, etc. The most ¢ritical

Y]

disturbance that could upset the control system is the

i
"process disturbance" which occurs near the output of the

-



-

‘
o o bt b TR AR 5 e s e

)

]
~
-

i

*

- doo1 Hutjeinbax orseq ayJ ....ﬁ..m aanbtg

A”V Bzmrmqm

ITAVITVA
aNINSVIN

v

—P| ONTNOSVEW IO
AIONASNAL
¢ -
< \_ﬂ
’ Aﬂ-vBZMZWAW
10dI00)
SSFO0¥d ONITIONINOD i
TAVIVYA D ATEVIYYA
QETIONINOD QILVINAINYW | I0 TUNId

AONVEINLSIA
SSID0¥d

INdLno
YITTOYLNOD

©

(INANI)

YATIOULNOD Alwlqﬂm.w VA

FONTHTITH
INIOJ4Lds

o



B T T - b e ek b b A\ 4 R T ]

3

[<]
9
]

‘loop and is considered as a fluctuating random process.

Consideration of the nature of the behavior of the
converitional 1loop indicates that a useful view polnt is to
treat the regulation problem as a filtering problem [8].
Then depending on the spectrum’” of the’distUrbance, the
regulating loop should be designed such that it could filter
out the ' disturbance. Typically, if the disturbance is a
setep-like transient then the behavior of the controlled
variable that is desired, is a rapid return to the setpoint
with minimal overshoot. ‘fhe key feature here is that the
error should decay below a predetermined §a1ue very rapidly
even thou;h it does not tend to zero rapidly. On the other
hand, if the disturbance spectrum is wide-band, the best
that can be done is to make the process control loop beha?e
like a low-pass filter. If the disturbance spectrum |is
limited to a narrow band around zero frequency, designing
the 1loop to have high-pass characteristics will be
succeésful. In practice, both approaches are used deéending

not only on the disthrbance spectrum but also on the

particular process being controlled.

.1t is clear from Fig. 3.1 that the basic regulating
loop 1is a feedback control loop. It is called a feedback

control loop since the controlled variable (outpdt) is
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measured and fed-back_to.the controller where it is compared

with the setpoint (input). If an error exists, the

controller - amplifies +it with its control modes. The

amplified signal then manipulates the final control element
which in turn é;uses the process to be corrected. The error

is reduced each time’ the signal makes the circuit of the

.
VY,

complete control " loop until it is either within prescribed

limits or appreciably zero.
:
A ' .~
,The;>£bove paragraph states the cgncgpt of feedback
as it applieslto the control of a process. But a more formal
definition of feedbacr states that: feedback exists when an

output variable depends on a variable that is itself a

function of output and input.

»

1

If in Fig. 3.1 the feedback path is removed and the
controlled variable (output) is not‘compared with setpeint
(input) the result is an "open-loop”", and if the disturbance
was :apﬁlied and the response of the control system was
monitored, the result would have been the "open-loop
response” of the system. The open-loop response is used for

the design and transient response of the control system. <.
‘ L
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The Feedback Control. Loop
823:=======.==========='===

[w] . [

o

The essehtial features of the elements of the

feedback control 1loop can best be shown if the lineari-

-zed (1) model of the basic control loop shown in Fig. 3.2 is

<

examined.

0
b

-

L4 -

In the diagram of Fig. 3.2

-
‘e

r'?) = the reference variable or the setpoint

e = the error between the méésured variable and

seﬁpoint (e = r - cm) Y

(1)

\
|

Althéugh by nature, most systems‘ are non linear, but
the linearized and tdme invariant modeis are used so
that we may be able to apply Laplage.transforms to the
differential\equations by which ' the elements of tﬁ;

control loop will be repregented.

7
\’ n 7

+* (3). | Throughout this report, the lower case letters

.4

designa}e the functions of time such as r(t),e(t), etc.
The upper case letters designateé transformed, 6 variables
such as Gc(q), Gv(s), etc..., which are algebraic fiinc-

tions of s, s being the L!?Iace operator. The refégence
[y

to related functioné will be dropped for simplicity.

L

g . . »
Upper case letters will also be wused to represent

o
constant values.,
. R “

p—r’ o
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. m = the controller output
4 u = the manipulated variable C -
d = the disturbance (all the diéturb&hces are

A cdmbined into an equivalent distrubance.
This is possible in the linear systems)
c -= the g¢ontrolled variable *

Xo] = the measurement variable
G - = the controller transfer functions
G = ghe final control element transfer function

A
Gd = the disturbance transfer function ,

q .
Gp = the process transfer function
Gm = the measuring element transfer function R
' o
The general equation for the response of closed-
loop cogﬁrol is obtained by algebragc manipulation of the
signals and the trapsfer functions of the block diagram
representing that control loop. . ~
“ / -
\ Hence, for the block diagram of Fig. 3.2, we have:
o } ¢ = (u + de) Gp .but since u = va
- T m = ch
L]
“ { ‘
¢ ) .
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e‘=r-c
cm= ch

then e = r - ch

e v /
(r - ch)Gc= er - chGc

a
L}

[~
H

Gv(ch - chgc) ‘ /
u = chGv - chGcGv

A
c = erGpo - chGchGp + deGp

\

c (1 + G;Q‘:CGVGP) = erGpo + dG de

c=r (GchGp /(1 + GchGva) +

d (G46,)/(1 + GGG .G:) & (3.1)

As defﬁged above, the variables c, r and d are time
dependent variables of the output, the setpoint and Fhé
disiprbgnce respectivelx. The response of the control loop
for setpoint changes (servo-éontrol) is'obtained by lettiﬁg
d = 0. The transﬁer, function of the control loop for set-

point change will then be: ~ .

s



- 18 -
, r
i ) . c/r = (GchGp)/(l + GchGva) . (3.2)

The response for the disturbances (regulating) is
obtained by 1letting r = 0. The transfer function of the

control loop for the disturbances(wfll then be’

| -
. c/d = (G4G,)/(1 +.G GGG ) 3.3

-

r

In order to evaluate the above two transfer

functions we have to derive the transfer function of each

elements.,
3.3 ' Development of Transfer Functions
ZoEmagmpgaEo oIt m ey sy
‘ . a. Process transfer function (G)) Y ) .

" - Pure Capacitive process

Let us consider the storage tank of Fig. 3.3.
Liquid . enters the tank at a variable rate, fi (ft3/s), but
it is rémoved at a constant rate FO (ft3/sec) by.a constant
displacement pump. The liquid level in the tank is h (ft).

For the purpose of this discussion we assume the tank level,

- {

e
\Q% 2

s by s = a
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§; , £, inlet flow (variable rate)

. F = outlet flow (constant rate)

. o
' ‘ h = liguid level in t%ﬁ/}ank
# A = cross sectional ‘area of the
V=Axh tank
- Vv - volume of liquid . in the
h tank
a ol . " *

\\\\ Fo :
ﬁ |

Figure 3.3,- Purely capacitive storage tank

4

f‘ ' ) - e

. o }i- inlet flow (variable rate)
' fo- outlet flow (variable rate

VA xh function of h)
h h = liguid level in the Eank
A = cross sectional area of the
2 tank '
4

V = volume of ligquid in the
tank

) | @ — fo

Figure 3.4.~ First-order storage'tgmr"

—

-

-
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h, 1is measured and since the output is constant flow, E‘o,

then the problem is, to determine the response of liquid

level, h, to changes in the inlet flow, fi‘

b,
P

The transient response material balance gives:

'

"

where V = Volume of the liquid in the tank (ft3) ’

A = Cross sectional area of the tank (ftz)

/\
Applying the Laplace transformation (and assu}ning

the inital conditions to be equal to zero) Eq. 3.4 becomes:
/ F,(s) = AsH(s) ) (3.5)

Rearranging + Bq. 3.5 (and dropping the reference

pral
to s) gives: -

H/F; = 1/As . (3.6)

- First Order Process

A first order process is one that is satisfactorilj}
modeled by a linear, first order differential equation. The

genefal form of a first order differential equation is given

by:

S

e et 4 A ———— P
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T(dy/dt) + y ='Kx \
|

" where y = output or response variable

x = .input or forcing function

T = time constant .
t = time
k = gain factor

L

The transfer functions obtained by Laplace trans-—-

formation\yith a zero initial condition is

Ts¥(s) + f(s) = KX(s)

Y(s) (Ts + 1) = RKX(s)

,
PRS0

Y/X = K/(Ts + 1) (3.7)

Examining the dymamic behavior of the storage tank
of’'Fig. 3.4 we see that unlike the purely capacitive étorage
t-ank .discusse:i above the outlet fulhow r.a;t%e, fo' depends on
the level, h, which is th.e driving force for flow through
the exit' line and the valve. Again the problem is té)
determine the respo'nse of level, h, to. tl:he changes in the

inlet flow, fi' &

The transient response mass balarice for the tank is
i

| given by:



—_—

fi -fo’- A(dh/dt) . (3.8)

Since the outlet flow, £_, is a function of level,

h, it can be shown that:

T ‘ ‘
» , £, = h (Sf/6n) . _ (3.9)
Substitution of Eq. 3.9 into Eq. 3.8 yvields:
£, -h (& fo/éh) = A (dh/dt) (3.10)

Equation 3.10 could be rearranged into the form: )

/
0

a/(§ £/ 3h)}dh/d4h= fi(bh/éfo)' (3.11)

Comparing equations 3.7 and 3.11, we find:

a T = a/( $ fo/f)h) = Time consgtant

. . [}

K= Erh/&fo-Gain factor ;

Substitution of these factors and transformation of

¢ BEq. 3,11 gives:

3

(Ts + 1)H(s) = K F,(s) or

H/F, = K/ (Ts + 1) , (3.12)

LN J

\Equation 3.12 indicates that the storage tank of

Fig. 3.4.is a‘l;irst order process.

R i R L L

Nt ep———
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Few, if any, real processes are truly first order,
. S
especially over wide ranges of operating conditions.

However, for purposes of control system analysis and design,

L

first order models may be perfectly satisfactory.
Furthermore, they are the 1logical starting point for the

-

deveiopment and understanding of more complex models.

In the development of a transfer €function, a

. . Lo o . s’
. transient response balance is required - either a mass, an

energy or a momentum balance. Only few problems in contrbl

involve momentum balances. The bulk of the problems involves

mass and energy balances. The purpose of the control system
4

will dictate whether the energy entering and leaving a

system should be balanced or its mass.

- Second-order Process

A second order process is one that is described by
—
a second-order differential equation. As it was true for
first order process, second-order processes arise from''

particular combinations of passive elements.
The second-order dif ferential equation is:.
2 2
A (d%y/dt™) + B(dy/dt) + y = Rx .

where y = output or response variable
x = input or forcing function ’ '

t = time
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k = gain factor

. ‘ ' . 'A,B = coefficients (for this report they will be

considered to be real constants

onl\y)

B The transfer function is obtained by Laplace trans-

’

formation with 'zero initial conditions:

As®Y(s) + BsY(s) + Y(s) = RX(s)

2

Y(s) (As®™ + Bs - 1) = RKX(s)

Y/X = K/(A32+Bs + 1)

-

There are three categories of

processes: r

*i. inherently second-order .

ii. interacting second-order

»

iii. nonintericting second-order

/ -

The derivation Oof the transfer Ffunctions

= -

second-order systems are quite involved and
since their derivation is not essential

matter of this report they will be left out.

second-order

A

tedious

for

and

to the subject

An example of

each category will be given with its transfer function. The

» derivation of these transfer functions could be found i;

[9]. I <,
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i. Inherently Second—-Order Processes
Inherently second-order processes frequently arise
in situations involving mechanical translation, - The

electrical analogy for this type of process 1is a circuit

containing a capacitor, an inductor and some resistors. The

[P W)

mechanical parts of a pneumatic c¢ontroller and those of a’

pneumatic control valve are examples of ‘this kind of a
process, The derivation of the transfer function of the

pneumatic control valve will be shown later in this report.

ii. Interacting 'Second—Or:de‘»r Processes
Refering to'the two storage tanks shown Fig. 3.5 we
see that the flow rate, f,, depends on the difference® in
level between _th\e two tanks, so t.he behavior of the firs.t
tank depends on the behavior of the second tank. And if we
intend to find the relationship between inlet flowrate, f1,
and the' level of tt:e second tank, h2, the transfer functiop

is given by:

. »” 2 ’
Hy/F,= Rz/[‘['l’l:'2 s“+ (T1+T'2+ R,C;) s + 1] (?.13)

where Tl = R)C;, = time constant of the first tank
‘L‘2 = R2C2 = time constant of the second tank

P

chl = interaction factor

~

ooty
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Figure 3.5.- Ir%eracting storage tanks

f.= inlet flow rate

C.,= éapaci‘ty of first tank

hl- liguid level in first tank

R, = resistance at the outlet
of first tank =«

f2- outlet flow rate for
first tank

I Cz- capacity of second tank
‘ ho= liquid level in $econd
tank

h R,= resistance at the outlet
' of second tank

3" outlet flow rate

‘Figure 3.6.- Noninteracting storage tanks ° o S .
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iii. Non‘interacting Second-Order Processes

Refering to the two storage takks of Fig 3.6 iteis
clear that the two storage tanks are not interacting, that
is, the behavior of the first tank is completely independent
of the behavior of the seéond. Again, if we intend to £ind
the relationship between the inlet flow rate to the first

-

tank, fl' ‘and tgé}level of the second tank, h2, the transfer
function is given)%y:

s

Hy/Fi= Ry/LUT, s + 1)(T, s+l)]

= R, /[’Z‘IT’2 s? + (’c’l'+ Ty s + 1] (3.14)

where qu and\?fz are‘thf//;ime <constant of "the first and

——

second tanks respectively.

b. Control Valve Transfer Function (Gv)

5

A typical single-seat, air-to—close type control

valve is shown ip Fig. 3.7 [9] . Since the mechanical

part of the valve, ihvolve a mass attached to a spring,
i

second-~-order behavior is to be. expected. . .

The analysis of the dynamic behavior of the valve -
centers around the application of Newtoh's Law to the stem

position of the valve. There are five forces to consider. '
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Referring to| the Fig. 3.7, the first downward force is

-Jexerted by the diaphragm on\phe stem. aThe air supplied by
-

r N
- provided by the pressure of the éluid acting against the

<

4
~
-~

-

?

-
the controller output (assuming we were using a gneumatic
controller) acts against this diaphfagm. ) The second
downward éctfng force is that of gravity, if the valve is

¢

mounted vertically. _—

'

The third force is that of the spring which acts

B, .
upward and.igﬁg%oportional to the displacement, x. The

fourth force, acting upward, is the so called "thrust force"

area of the plug, AL The fifth force is frictional and
arises mainly from the close contact between the stem and

the valve packing. The frictional force is roughly

| proportional to the velocity of the stem, dx/dt.

-

In accordance with the Newton's Law, the equation
for the stem is éiven by [9] (where downward direction is

taken as positive): . - o

.

e

[ o e

.

PAg - Kx - pAp % Ma/g_ - R(dx/dt) = (M/g_)(a’x/at?) (3.15)

wﬁeré P = pressure into the valve's éctuator, (lbf/ftzo

-

Pe= fluid pressure at valve seatx&(lbf/ftz)
~ \

™

1A

\l
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»
- A_ = area of diaphragm, (£t2)

K = spring constant, (Ibf/ft)

k] o
R = coefficient . of friction between stem and

packing, (lbf sec/eq)

M = mass of the stem, (lbm)u

*

g = acceieration of gravity, (ft/seczf
g,= conversion constant, (32.17 1b ft/lbfseczf

Xx = stem position, (fé)
* e < Possible 1input variables in Eq.y 3.15 are the
pressure in the valves actuator, p, and the pressure in the
fluid at the valve seat, pg. The equgtion is linear in(,
éhese variables as well 'as“in the dependent variable, x.
- Our interest is mainly in the transfer function, #/p, rather
than x/pf. Therefore, taking the term related to Pe to zero,
and . dropping the gravitational Hforce term since i£ is

%

édnstant, Eq. 3.15 is reduced to:

pAg- Kx - R(dx/dt) = (/g )(a® x/at? ) (3.16)

-\
Rearranging Eq. 3.16. and applying Laplace

o [
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transformation with zero .initial condition, the transfer

-

function is obtained:

(M/g.) SZX(S) + §SX(S7“+ ﬁx(s) = Adp(s)

¢

2, (R/K) s + 1] (3.17)

X/pP = (AD/K)/[(M/KGC)S
?rom. BEq. 3.17 it ii clear that the mechanical
behavior of the valve is second-order with the following

natural frequency and damp?ng factor:

w = /Kgc/M

3 =\/(R/K)2/(4 (M/kg,) :

In the above analysis the static frictional €forces
which cause hysteresis were neglected.

For small changes in the stem position, the change
in area for flow ra,r is linearly related to the chang2 in

stem position:

a_ = K_x : ‘ | | (3.18)

- Combining Egs. 3.17 and 3.18, we get the transfer

-~

st e e A 0 b A Lot o R o i et e b i e B e men s -
jmeingy -
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function relating the change 'in valve flow area to the

change, in pressure to the actuator of the valve, which

v

gfves:

2

. A,/P -'(KsAd/x)/[(M/xgc)s + (R/K) s + 1] (3.19)

L4 -

In derivation of the transfer function above, the
dynamic behavio} of the valve and that of the actuator were
consgidered. In practice, a control valve includes other
ﬁardware as well, such as a positioner which is used to
overcome the/hysterisis effects of the valve, and a current
to pneumatic (I/P) convertor ‘which converts the curreht
signal sent by electronic controllers, to the pneumatic

Qsignai required to activate the valves actuator.

;/,

Although the dynamic behavior of these elements
could influence the behavior of the valve and the actuator,
for the design and analysis of control systems, they are
ignored and their behavior 1is lumped in the@second—order

representation of Egs. 3.17 and 3.19.

Also, it 1is worth mention;ng that with the recent
energy conservation drive, alternative control elements
such as variable speed pumps are being wide}y used. However
for the purpose of this report energy conservation not being]
an issue, control valves will be considered as the only'

control elements. / .

o ———
Potaag o
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¢c. The Measuring Element Transfer Function (Gm)

Although for each type of control variable there is
a specific type of measuring and transmitting element, it
will suffice to derive the transfer function of one of these

types and use it as a model for the others.

Before the transfer function of the measuring
element is derived, a rather special element associated wi
the measuring element will be introduced. This elémient is

the "time delay", sometimes also referred to as "transport

lag" or "dead time”™.

As an example to demonstrate the importancé of time
delay, wé refer to inline blending system as shown in Fig.
3.8, Stream "A“)and Stream "B" are combined in a mixing T
at x and the composition 1is analyzed at Ye The

transportation time between x and y is'fd.
The relationship betweén x and y is:
y(t) = x(t - i;) : )
Applying the Lap}ace transormation with zero

initial condition, the transfer function of the time delay

is given by: J
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) Mixing "T"

. COMPOSITION

ANALYZER
j

Figure 3.8.- Illustration of time delay
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‘Figure\3.9/- Gas‘filled temperature bulb
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Y/X'= e . (3.20)
3
) - . LY

Now the transfer function of a temperature

measuring element will be developed.
' . . AN
Refering to Fig. 3.9, the energy balance of the

______temperature bulb is given by: :
_ .
-~ hA (T - T.) = C_(dt, /dt)
v (o] b v b
where
L4
h = coefficient of the heat transfer,
(Btu/hr, ftz, *F)
! Ab= surface area of the bulb,,(ftz)
Cb= heat capacitance of the bulb, {(Btu/°F)
$O= outside temperature normaly controlled
» . variable temperature, (°F)

T, = bulb temperature, (°F)
Applying the Laplace transformation and rearranging

the transfer function of the temperature measuring

/pn’ is

-~
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obtained, that is:
| ]
T, / Ty = 1/(C /hA S + 1) ) . 13.21)
‘ It is clear from Eg.3.21 that the measuring element

could be represented by a first-order model. Aléhqugh only
the bulb was considered for the derivation of the transfer
function, 1in general ‘it also representé the transmitter,
(especially if electronic transmitters are used) as well. TEf
the measuring point is far from the actual process or if
pneumatic type transmitters are used, then a time delay is
added to the transfer function, giv;ng:

: ' R

T,/ T, = (e D 1/(C /A, (s+ 1)) (3.22)

d. The Disturbance Transfer Function (Gd)
N }

. { .

A storage tank with two outlets 1is shown in Fig.
3.10, whgre Valve No 1 }s a pneumatically operated control
valve and Valve No 2 is a hand operated vélve which is kept
normally closed. With Valve No 2 closed, the storage tank
of Fig. 3.10 is the same as the storage tank shown in Fig.

3.4 with a transfer function given by Eq. 3.1l2.

X4
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If at a given instant Valve No 2 is opened, and as
long - as the inflow rate fi is not increased, the liquid

level, h, will be upset and so will the outflow rate, f ;. ,

;

The transient response mass balance will be:

£, - £ _:

i ol ~ f°2 = A dh/dt (3.23)

4

-

But from Eq. 3.9, we have:

£, =h 3, /6n and £, = h bf , / én

8 . .
Subsituting the above equalities in Eq. 3.23, we

get:

£, - h(éfol/Sh) - h(5f°2/5h) = A(dh/dt) (3.24)
To find the transfer function of the disturbance,

W
the term foz/ h is equated to zero. Eq. 3.24 is reduced to
£ - h(&f ,/ Sh) = A(dh/dt)

Rearranging the ‘above equation and applying Laplace

-

. transformation with zero initial conditions, gives:

[ .
L el

o it iR
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-

H/F, = 1/(Ts + 1) (3.25)
where T = time constant =, foZ/ h

.Therefore, the transfer function of a disturbance
has a first-order form also. Depending on the process
conditions, this transfer function could be a constant or it
‘could require a second-order form to satisfy the process
reduirehents. Some process might have several sources of
disturbances, each affecting the process ;n its own way.
But for the desién and analysis of a process, each

disturbance and its effects are analyzed individually and

are usually represented by a constant or in a first-order

form. (w ‘ . c

e. The controller Transfer Function (G,)

Al controller consists'of two parts: the comparator
Kand the control card. The comparator takes the differencg
between the sétpoint (r) and the input signal (measured
variable - Cn ) and generates the "error"™ signal (e). This
error signal is then acted upon by the conﬁrol car& (which
contains the controller modes) and the appropriate
controller output (m) 1is produced. The equation for the

!
comparator is given by:

o s



LT LIRS SV S,

e=r ~-¢

There are three modes of continuous  control,

'proportional,.jntégral and derivative. These modes, or some

combinations of them, are used in the process control. The

. =

choice of which mode or which combination of modes to be

used in the controller of a given control loop is based on

the characteristic or the requirements of that loop.
-

The following is a brief description of each mode

_and some of the most commonly used combinations. Their

transfer function will be shown and some comments on their

applications will be made.

i. Proportional (P)

. .
¥ »
The basic continuous control mode is proportional

"control in whigﬁ the controlle;‘ output is algebraically

proportional to the error. The controller output jis

-

calculated as: -

m = R.e ‘ ) T (3.26)
where KC = controller gain or also known as proportional
sensitivity

P

0 most industrial controllers, the gain KC is not

. e
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adjusted directly. The -adjustment is. done in terms of

"proportional band" (PB) which is defined as: : -

PB = 100(1/K,)

-

The simple block diagram modei‘of the controller is .

shown in Table 3.1.
/\/
Proportional control provides stability, very rapid

response, and dynamically is relatively stable. The only

disadvantage that the proportional control has, is the fact

Nz’

that at steady state, it produces an "offset", i.e. there is

"a difference at steady state between the setpoint and the

controlled valve.

ii. Integral (I)

With integral control.the controller output (m) is

" proportional to the integral of the error (e). That is:

m = (1/TI)‘Iedt v ‘
or M/E = 1/(T.s) - " (3.27)
where T = integral time (éec;)

In effect, -this- means that in integral control, .the

value of the controller output (m) is changed at a rate

%!

il
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proportional Eo the error (e).’ The simple block diagram

<

' model of the controller is shown in Table 3.1. .
' v ) '

There is no offset with integral’control sﬁch the

»

controller output keeps changing ‘until the error is reduced
to zero. This is a very important aspect of integral
control, but its inclustfon in a control loop reduces the

7

stability of the loop. One exception to this is the liquid

flow control 1loops. Since liquid flow loopé are-extremely -

E s ‘fast and quite often tend to be noisy, integral control is
‘often addéd to these control 1loops to provide filtering
. action for the loop.

. It .is: possible to use\integral tontrol by itself

. ‘but this is not a common practice. "It is combined with
, + ‘
proportional control to incorporate the advantage of both
-\ , modes. ' ' ’
¢ ) b4
— iii. Derivative (D)- ~* ==
. N -
With derivative control, the controller output (m)*
- 7~ 4 .
is proportional to the rate of change of the error signal.
/ ' R . [ 4]
(e). That is: BN - A
. /' -
'y P M = T;;(de/dt)
. ’ ,G. © . .
or ° + M/E = TDs ’ : . (3.28)

where T, = derivative time (sec.).

r 3
3
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The simple block diagram model of the;éoutrollerkié‘

»,

B
.

- shown in, Table 3.1.

. - Although it 1is theoretically possible to have a

( control system based solely on the derivative c?éérol, it is

not practical because, while, the error might be huge, if it

was not changing, the controller output (m) will be equal to
/

zero. Thus derivative control is usually found in

’ combinationjwith proportional control.

: . By adding derivative control to the controller,

| lead is added in:the controller to compensate for lag around
the -loop. Almost any process has lag around the 1°°RL*EEF
sincé derivative control is difficult to implement and
édjust, its wusage is limited to cases in whfbﬁ there is an
extensivew amount of lag inp the process, such as large
temperature control systgms. . R

N t R '
iv. Proportional-Plus-Integral (P+I)
\ . o .

L

The output of a proportional-plus-integral (P+I) is PN

%)
given by: . . //ﬁ

L 3 B R P
M = K.le + (l/TI)Jedt ] e :
or  M/B =K, [1 + (1/(T,s)] ' ‘ "(3.29)
. ¢ I »
4 ) o /7 ! ' . ~ PR
\ ~~ 4 /:ph{/simple block diagram mo}gl of the contr._'c&‘ler is .

shown in Table ’idg% ' . - o e N :
. | | | LAY S
B P - P “y
. ‘ ! 4 ‘
A ’o . '\ ~

-
!
v
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’

< The advantage of combining proportional and

A

P T

integral controls is that the integral control eliminates

the offée; created by proportional control, but on the other
hand it :§9uces the stability of the total control loop.

[ ..

v, Proportional-Plugs-Derivative (P+D)

\ The output of a proportional-plus-derivative (PD)

is given by:
\ .

w
2.

M = KC[e + TD(de/dt)]

or M /E = KC (1 + TDs) (3.30)

Refer to Table 3.1 for the block diagram model of

the proportional-plus-derivative controf.

~

. ” ¥ ty
As discussed in section .  (iii) © above, ' the

!

combination of propqrtional-plus-derivative controls reduce

the lag time around the control 1loop. The other advantage
. A .
of this-combination is that it increasés the stability -of

the loop. And since .the 1loop is more stable, the
4

'proportional gain may be increased and thus decreasing the

of fset generated by the prbportionalacontrol.

_‘L *vi. Proportional-Plus-Inteqral-Plus-Derivative (P+I+D)

]
o

Proportiona}-plus-integral-plus-deriva;ive control,

(P+I4D) or ‘sometimes refered to as the three mode controi is

3

"R

.
[N

-y
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the most sophisticated control mode available in feedback

loops. Its output is given by:

M= Kc{e + '(l/TI") gedt + TD(de/dt)] ’
, /
s ] (3.31)

1

or M/E = KC[ 1 + (1/'TIs ) + TD

The response of the three mode control is very

rapid and exibits no offsets; but it is very difficult to

,
/

-+ As a result, it ,is used only in a very small number

tune. >

. o X
of applications, but once it is properly tuned it offers a

very good control. Ve

Refer to Table 3.1 for the block"aiagram_ﬁodel of S

the three mode control.

!

3.4 Advantges and Disadvantages of Feedback Control

EETTAMBIIITIEA I EICII NI ISITECTETSTIAITITI BT IID D INIRNR
¢

The concept of feedback control and its application

A

are relatively simple. Most problems that arise in feedback

control applications are problems associated with the tuning

. of the controller and the compatibility of various measured

~

or generated signals,

\

A Dbig -advantage of feedback control is that there

v

K

is, little need to know much about the internal workingé,of

R
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the procesds beyond that of the proper variable to aécomplish
the end result. An error takes place due to unknown or
unmeasurable factors in the process, and the correction is

- (g
made externally to the process. For this reason, feedback

control finds wide application in process control,
especially whére process dynamics are not completely known.
Also, the end result is achieved economically without

elaborate equipment. -

?
The other advantage of feedback control is that it

.continually updates the control signal as the process

chaﬁges not only due to major disturbances but also to long

”

. * '
range changes such as variations in ambient conditions,

deviations from set conditions, or the wear of equipment.

Accurancy of the feedback control system is not of.

prime importance as 1long as the gontrolled variable is
repeatable in the same magnitude each time an error occurs.
The only’time that accuracy is important would be if safety
congiderations require a careful setting of the limits of
.control, or if the process data are collected to calculate

the efficiency of a giveﬁ process.

13

contro{ systems, and in some systems these disadvantages are
serious enough ' that . feedback control may not be
satisfactory. 'One of these disadvantages is obvioug, the

controh\system does not and cannot take corrective action to

-
1]

There are two main disadvantages to feedback

el
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s

a system upset .until‘ after it has caused the control
variable to deviate from its desired value. That is to s;y,
the control system does not act until after the input
disturbance has caused an error to exist within the‘control

loop.
{

The second disadvantage is really a result oﬁ the
first - any corrective action that the syStem takes is not
felt until after the changing conditions have been
propogated around the entire loop, i.e. thfough each time
lag in the 1loop- This means that not only must the

controlled variable deviate from itg . desired value, but

. also, corrective action will lag in its effect because of

\siénal propagation around the control loop. In-most process

control: applications -these two disadvantages are accepﬁable,

’

but there are situations in which they are not acceptable -

either from a practical or an economical view point.

Because of its characteristics, feedback control is
A Y
often referred to as compensatory control.

.

An alternate approach to feedback control problem

-

is not to feed back any value of the controlled variable,

"but instead, to‘fegulate all inputs into thé,system. Since
there are no feedback paths, this style of - control is
referred to feedforward control. In the following section,

feedforward control will be studied in detail.

LY
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CHAPTER 4
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FEEDFORWARD CONTROL -
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4.1 Justification Of Feedforward Control -

-

The nature of the process largely determines how
weil it can be controlled. Processes which ‘c;nnst be
controllgd well because of their difficult nature are very
susceétib{g to disturbances from load or setpoint changes.
When a difficult process is expected to respond well to

either of these disturbances, feedback control may no longer

be satisfactory for the foilowjng reasons:

a. The nature of feedback implies that there must be a
measurable error to generate a restoring force,
hence Jperfect control is unobtainable. In steady

" gtate, the cé;troller output will be proportional
to the disturbance. When the disturbance occurs,
the controller output must change. In going from
one steady state output to another, proportiohal
and derivative modes of the controller offer no
contribution. Consequently, the net change in
output has been shown to be a function of the

“ integrated error.

o

R
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Any combination of wide band and long Feset time

(characteristic of difficult processes) results in

a severe integrated error per unit disturbance.

b. The feedback controller does not know what its
output should be for any given set of cyd*i’(on:;
so it changes 1its output until the measured

variable and the setpoint are 1in agreement.

c. An;r feedback 1loop has a characteristic natural
| period. Should disturbances occur at intervals
less than certain number of periods (some say 1less

than 3 periods) [10] , it ‘is evident that no

steady state\will ever be reached.

i

‘ \j

There is a way of solving " the control problem

'direc?xly and this is called "feedforward control”,. The
)

|

1prin lpal factors affecting the process are measured and,
1‘ gl with the setpoint, are used in computing the correct
| .

;outp . to meet current conditions. Whenever a disturbance

f 8 . - /

. |loccurg, corrective action starts immediately, to cancel th
I \ L .
"distur.:bance before it affects the controlled l’}’%j( .

fFeedfcrward is theoretically capable of perfect control, not
withstanding the difficulty of the process, its performance

, pnly beiné limited by the accuracy of the measurements and
1
computiations.

'

i
11 .
|
!
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4..2 The Basic Feedforward gontrol Loop

A simplified diagram illustrating the arrangement
of the feedforward control system is shown in Fig. 4.1. Its
essential feature is the forward flow of information. The
controlled variable is not used . by the control system,
because this would constitute feedback; this poin.t is
important since it shows how it is posAsible to control a
variable without having a continuous measurement of it

available, The setpoint, however, is essential because any

control needs a command to giwve it direction.

f Altho‘ugh a single controlled variable is shown in
Fig. 4.1, any number ' may be accommodated in one feedforw:':ard
control system. Similarly, although only one disturhance is
shown, but usually any number of disturbances significahtly
affecting the process may be used in solving for the

controller output and eventually the manipulated wvariable.

In practice, the feedforward control system
directly balances the ‘material or energy delivered to the
process against the demands of the load. Ccms"equently,6 the
computations made by the control system are material and

energy balances of the process, and manipulated variables

must therefore be accurately regulated flow rates.

The control system should be iprogramméd to maintain
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the process balance in the steady state and also "in
transient intervals between steady states. It must consist
of both steady state and dynamic components, like the

process.

If the steady state calculations are correct, the

\

controlled variable will be at the setpoint as long as the

load is steady. If the calculations are in error, an offset

will result, which may change with the load. If no dynanmic
calculations are made, or if they are incorrect, the
measurement will deviate from the, setpoint while the load is
changing, and for,some time thereafter, while new material
or ‘energy levels are being established in the proceés. If
bothl the steady st';ate and dynamic calculations are perfect,
the process will be continually in balance, and no dewviation
will be measurable at any time.
J

In design of the feedforward control syster'n the
process model is rever'sed,' that is, the manipulated
variables are solved in terms of 1load components and
" controlled variables. In the system equations the setpoint
shouid be inserted in thg place of controlled variables
since the intent of a feedforward control system is to force

'the process to respond as it was designed, i.e. to follow

the setpoints as directed without regard to load upsets.
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4.3 Theory of Feedforward Control » f
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Since the purpose of feedforward contrgl is to move

the manipulated variable to cancel out the effects of a

disturbance before it can upset  the process, then
b <
19
feedforward control is really an inverse model of the
process. It is possible, however, to structure feedforward
14

control in a more general sense. A generalized feedforward

control loop is shown in Fig. 4.2, where:

® A .

m = the controller output

r = the setpoint

u = the manipulated variable

Q
"

the disturbance or the load

dm = th'e measured ‘variable . - N,

c = the controlled variable

= the feedforward controller trahsfer function

G
G, = the fj.nél control element transfer function
G

the measuring element transfer function®

N ‘¢
G . and G01 = the process transfer function

From Fig. 4.2 we have: .

1 ' . ¥
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In .the above relationship, Gu~and Gd are process
. (v B ! . -
transfer functions and are defined as folllows: ¢

.C/U = Gu and C/Dpz Gd
.gghg of the above transfer functions has a steady
-gtate tomponenﬁ z, and a dynamic complnent w, that‘is: .
. ) . ' \/
: : (4.2)

»

Purpose of the feedfdrward controller is to
maintain the controlled variable ¢ equal to setpoint r,
i.e., c =1rs Theg Eg. 4.1 becomes:

. r = uGu - de . . : “ (4. 3)

From.the diagram of' Fig. 4.2, we know that:

s a i
’

But for the purpose of the present discussion, the
. ¢
transfer function of thd final control eiement, Gv,'qould be

equated- to unity, é; a 1, conseguently u = m, Then Eq. 4.3

_becomes: " ~ ’ .

-3
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r = mG, - dG, | (4.4)
Rearranging Eq. 4.4 we-get: ﬁk\
m = (r + de) / Gu . (4.5)

S

kg

Equaéion 4.5 represents thé output of ;he'feedfor—

[

ward controller for ahy disturbance or setpoint.

As previously mentioned, if the feedforward

7 o
controller is a model of the process, this model should be

-

as perfect as

’ .
possible to minimize drift or long term

The model should also be able to achieve the
‘?.‘.‘ . o 4
desired “‘response, ¢ = r, even in the transient state.

deviation.

«

<« .In the Eq. 4,5 if the transfer functions,.Gu and G,

are .replaced with their steady-state cémponents‘only, then

Eq. 4.5 bpéomeg:

\

? @ | v
:" ‘ . + ( ot

. . m= (r + dzd)/zuh ~ ’ (4.6)
] ’ . ‘ .
: . »Substituting Eqs. 4.6 and 4.2 iﬁtq Eq. 4.1,

[ ~g‘ . [ v 0
< L ) N ' ' . . ) .
3 e c = [(r + dzd)/zu )| z, v, - dzd W4 co
Al N b ¥ ,\" ‘«\.:
A . , , ’ ?
. ¢ = rw +.dz, w - dz, . ,
) c =rw, +dz, (w, -w,) (4;7) .

: ot . ’ . ;o
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The Eq. 4."« gives the controlled variable, c, in

N\

teirms of upsets in the setpoint, r, a}mg the diétu}:bance, d.

.This is a type of "steady-state" feedforward control. The

o

_ reaction of the controlled variable, ¢, to-variations in the

» setpoint, r, is derived by letting d = 0 in Eq. 4,7, which
reduces to: . .
. - . N
-C = IN, : °

or in Laplace transform form:

N

C(s)/R(s) =W (s} o . .| (4.8)

The Eq. 4}8 above indicates that the 'reaction of

the controlled variable to the setpbint change is limited to

: the dynamic component, wuis), whi'c is charactéristic of
. open loop response. ’ , » |
v R v
The reaction of the controlled variable to a dis-
\’ ' \ w——

turbance, d, 1is given by letting r =0 in Eq. 4.7, which

reduces to: ., - ) ’ ¢
; Pl ’
p ‘ ’ L 5 ,
cC = dzd (wu— 7."&’ )

or in the Laplace transform form: N

-

N
N

.- .
T A e

a
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7
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3 It is evident from Egs 4.9 that a disturbance, 4,
* . produces transient deviation reprggehted by the difference

"s\ between the dynémicfcomponent P Wu(s) and Wd(s). This-'dif-

(wrﬂ\*” ’ ference approaches zero as [time approaches zero (initial-

steady-state) or infinity (final steady-state). Often thiéir

o

— transient deviation is not' zero but small enough that it is
neglected or it is reduced to zero. by a .simple correction

known as ‘dynamic compensation. . o

-~ . ’

4.4 The Dynamic Compensation

» ==’==8=‘===88;333338=ﬂﬂ=

57

4 T i . . - X f

- The ideal model of feedforward control system
N T R . S

requires that dynamig compensation be:appliéd to both input

y and output of the feedforward controller.

o "
<

.

Yy - Substituting Eq. 4.2 into Eq. 2.5 gives :
® . /
/ . \ - .

4

. m= (r +‘-dzd Y»d)/(.zuwu’) * . (4.10)

o
-l‘~ N ’/> -n .
§ » ’ . The use of a model such as Eq. 4,10 is troublesame,

i " hewever, it ‘neééssiéates ‘two  dynamic elements in the
hardware ?f the Eeedfqrward contrqfier .{this problem is
somewhat less critical in present day’microprocessor‘based
.controllers). A more practical version of‘Eq. 4.10 can be

. obtainek by considering an approximation in which the

[

by o A 0

4




©

dynamié elements are grouped together. This approximation
. . :
is given by: b ;

m= [(r + c}zd)/zu](wd/wu) ~ o (4.17)

»’

»

‘which is the practical dynamic model of the feedforwdrd

controller. . : . : \j>
* S

, ) Substituting Eq. 4.11 ‘into Egq. 4.1, the output of °

i;:;'control system is obtained: ' y '
‘ .

- c = [(r + dzd)/z u][wd/wu] 2y " dzdwd

C =r Wy . R n . (4.12)

The Félationship in

" 4.12 indicates ‘that the
transient response is due only to setpoint changes. ' i .
. . ] ,

Having qrouped the dynamic  function, further
; .
simplifications could be made. The dynamic elements '

extracted in Eg. 4.1l are correct dynaﬁic elements for the

system transfer functions Gu(s) and Gd(s). Instead of using

Y

these exact dynamic components, it is possible to use

apprg;imations, qf them and still obtain very good results,

- B
- "
'
N .
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’

Even though these are approximations, they can be expected
to dive better results than the steady state feedforward
control model. If first order lags are uséd for these

dynamic approximations, the dynamic/ components would take
- . /

s

the lead/lag form.

' ~

Wals)m (s) = [1/Q1 +"C’2 8)1/[1/(1 + 7T, -s)].

= (1 +T8)/(1 + Tys) 43y

¥

where T.'l is the lead time and T 2 is the lag time. If Tl is

' {
greater than "6'2 the response of the lead/lag unit will have .

- an overshoot to a step response, while if "C'z is greater than

L)

.

It is also worth mentioning .that because the
v

»

. feedforwarad loop exhibits no osgiilatory tendencies,

sinusoidal response of the feedforward control loop has no
'”meahingn but' a step response is quite significant, sir>ce it

constitutes the most severe test of system performance. Also

_the response of systems uhdeﬁr feedforward control, both with:

fo

Qnd without' dynamic compensation, differs markedly from that

experienced with feedback contrcl as will be evident in

. e s
the next chapter.
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4,5 - Combined Feedforward and Feedback Control

One of the disadvantages of the feedforward control

.is its dependency on accuracy. To provide perfect control,

a system must model the plant exactly; otherwise whatever
error may exist in positioning the manipulated variable
causes offset. Sources of this error are many. The most

A

important of them are:

i. Inaccuracies in ‘'the computing components of the

feedforward controller
b

ii. Inaccuracies in the measurement of the disturbance

and the manipulatd variable \;///

iii. Failure of the feedforward control .syétem to
. adequately represent thé characteristics of the

process

iv. Exclusion of significant disturbance components

———

from the feedforward system e

"The first two items above limit the accuracy of

-

practical systems to the vicinity of 1 to- 2 percent [l].

Some procefses are easy to model, but others,

particularly those where mass and energy; transfer

Foefficients must be used over a wide range of operating

conditions, are -not so simple. Therefore -item (iii) may be
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of considerable importance in the more complicated pro-

)

The feedforward system cannot be all-inclusive.

cegsgses.

Some disturbances, such as . heat losses :and ambient

t

temperature effects are so slight, invariant, or not well

defined that their inclusion in the control loop will only
|3

complicate the control system ‘with no measurable

improvements.

If the offset is intolerable, ' some means must be

provided for adjustments while the system is still -

operating. The direct way of adjusting is by changing the
setpoint,qwhich'is already scaled in terms o§ the controlled

variable. Other adjustments coula also be made but with less

predictable results.

L 4 ' ’ '
Regardless which parameter is -trimmed to remove the

offset, the procedure amounts to manual feedback. Automatic

‘feedback is perfectly capable of effecting the same 'result.

) ‘Because the prime purpose of = feedbagk is 7to
eliminate offset, a proportional control will not/suffice.
Integral mode is obviously necessary. Whether proportEJnal
and derivative modes are useful or not depends on the nature
of the process. If the disturbance variations are rapid,
proportionall and derivative'aqtions could be advantageéuq.

If the process is fundamentally non-self-regulating, as in

the 1level control, proportional control is essential.

By
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Finallﬁ, if the process is fairly easy to control because of

\

‘the ab?ence} of dead time, derivation may -be wuseful .in
improving the‘ dynamic response. It is “also worth
mentioning, ‘that the inclusion “of " feedback ~can be
detrimental by promoting oscillation in an’othe:wise stablé
system. To this égtent, the settings of the feedback
controller, regardle;s of what modes»have been selécted,

ought to be relaxed.

~

The proper application of feedback control is very

important. The feedback controller may be asked to perform

////i//number of diffrent services, such as adjusting the zero,
or the span or the linearity of the control loop. But- a

single Egedback' controller can hardly be called upon to do

all these things,.

" When no one source of offset is outstanding, the
. argument for . readjusting the setpoint of the feedforward
controller is irresistible. This arrangement is shown in

the. block diagram form in Fig. 4.3. \

The intere;ting feature of this configuration is

that ‘ it displafs the inh;rent inaccurac;es of the
#feedforward loop. The difference between the setpoint and
the output of _the feedback controller is the offset which

would have appeared if feedback had not been used.

4
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. CHAPTER 5

REAL PROCESS APPLICATIONS

5.1 Qho ce’of the Process

BEAFBRXAZIXRAINARATIIIIIID

the actual performance of a control
syst;m, it has to be applied to control an actual process.
For thg purpose of this report, the selected process should
be the }ype that could be controlled as well, by a feedback
or a feedforward control system. One such process, which
could react satisfactorily to feedback control as well as to
feedforward con}rol, is the heat exchanger. Heat e;changers
are simple and fast, yet sufficiently difficult process to

control, therefore they are ideal to demonstrate the

performance of feedback and feedforward control systems.

Heat exchanger parameters ' are distributed and
interacting. The exact dynamic equations for ?“ ordinary -
heat exchanger are quite complex and their ‘derivation
réquire lengthy calculations, But in general, simplified
metho@s of dynamic ana}ysis give results that are fairly
accurate except where a very close control is needed. For
example, in a counter current heat exchanger the temperature
on both sides of the tube varies with length, but when the
flow rate of oﬂe of the fluids is much higher than that of
the other, an approximatg behavior"can be predicted by

9
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assuming the temperature on- one side Jf the tube to be

cohséant. g .?

The most éommon type of heat exchangers used in the
process industry is the tubular type. This gypé includes
doublejpipe exchangers, shell-and-tube exchangers, conden-
éers, kettleg with céoling coils and tubular furnaces. The
characteristic feature of these exchangers 1is that the

capacities on one or both sides are distributed along the

length of the exchanger.

Being interested in its overall behavior only, the -

heat exchanger could be consiaered as being a  lumped heat
!
balance process. Further simplifications could be achieved
by making certain assumptions such as, no tube wall
1

resistaﬁng no capacity in the condensate . film, - no

backmixing, no axial mixing and constant fluid properties.

After applying all the above simplifications, a simple model

for the heat exchanger could be found.

s
N
[}

5.2 Jodélling the Heat Exchanger 1 .

Consider the shell-and-tube type steam-water heat
exchanger shown in Fig. 5.1. Here the object» is to regulate
the process fluid (water) outlet temperature, Oo, by

manipulating the flow rate of steam, fs.f_ Typical

!
|
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Figure 5.l1.- Shell-and-tube heat excﬁﬁnger

INPUT (WATER)
Flow rate:fw

) Temperature:©

-

Figure
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HEAT " OUTPUT (HOT Wi’I'ER)

EXCHANGER Flow rate: fw
Temperature:e

HEAT TRANSFER
RATE REQUIRED

i dq
HEAT SOURCE (STEAM) HEAT TRANSFER
Flow rate:f RATE SUPPLIED
Temperature: & 93

L} s
)

5;2.-,Heat balance of exchanger
\
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1

disturbances are the process £luid inlet tempefature,ei, the

steam témperature,es, and«the wé@er flow rate,fw. The first
two of these distrubances, namely ei“and Bs vary slowly and

present no difficu;ty to the control system., Therefore, the

1

major disturbance is the fluctuations in the flow rate of

2

water, fw' \ - E ‘ - . ‘

a. Steady-state equations

-

Figure 5.2 shows in block diabrém form the heat

3

. balance of the heat—e*qhgpger. v >
’—'\

I T

From Figure 5.2 required heat transfer rate ‘-is

gi&en bY: i X : . ‘) '
q,= £,0p(8, - 8,) - ' (5.1)
where fw=~process fluid (water) flow rate (ft3/sec.):

: Cp- heat capacity of the process liquid (Btu/lb'F)'
b , > /. _ '

[ 4

Q5™ required heat transfer rate (Btu/sec)

2

_'eo- outlet process fluid temperatue (°F)

¢

8, = inlet process fluid temperature (°F)

'



oy

. --70 - ~
» : [ * ng

also from Fig. 5.2 supplied heat transfer rate is givenlﬁy:

- N

9= Hetg -

>

' {5.2)

©

where q;= supplied heat transfer rate (Btu/sec)
‘H_= latent heat of the ‘steam (Btu/lb)
£,= flow rate of steam Jlb/sec)

s ¢

At steady state both of these heat transfer rates,

qi‘and qye shou;d be;eqﬁél (neglecting all losses), thqt.is;

nosT »

.94 % Qy ‘
or Hsfsa fwcp(ed Fuei? (5.3)
i
Rearranging Eq. 5.3 gives: - \
. _ - '
£ fh(cg/ﬂs)(eo = 21) , ‘ . (5.4)
< "kssuming that 8, refmajns constant, and -differentia-

ting (partial differentiation) Eq. 5.4 with resﬁeét to'ea‘

gives: o

N - . N
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(uw/Fw)"’(deo/dt) + 93' (Hs/fw_cp) fsf’ei (fs.'a)'

h . ‘ .3‘ _‘1_ .
" v '% _,. t o e
Applying the Laplace transform with zero: initial
‘ T t N K4 i Lo
condition gives: ‘ i . .

, B} - ' ' .

h

S ‘ s . h‘ - . ‘ \
M, /?w)sa*o(” + 90."(83),,"’ (H‘s/‘fw?_up.‘)Fs’(‘S) +'9i(.§), (5:9) -
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&£ /80 = f&“’p{“s’ . (5.5)
Yy - , . ’ b
Putting/ Eq. 5.5 .ih thé difference form, ‘and
_inverting ' '
' h & .o d ’ '
{- , « b .
q 8o/ £g= (g/Co)/f, a . St w (5.6)
- " A
b. Dynamic Equations
®
_ e R
. The transient response energy balance is given by:
. h € . .
. Els,‘:'s + fwcp(ei - eo) -,chp(deé/dt) , ) (5.‘7);
L . , ' . : LIEO
where M = %ss of fluid- (1b) ‘ : CST
‘ Rearranging Eq. ‘5.7Fnd assuming fwto be constant = '
F,w givesf A '

R
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ot Thel"pertinent transfer functions are:

. v
‘ ’ s ’ n: ’- - ‘ ! ° ‘
. 9&_&»3") = KP/(TP_S + 1) . (5.10):
N ' \ . ) ' ) Ve
~ v ’ ?a i
. 8,(s)/8,(s) = 1/(1%3 +1) , (5.11)
\\ v . \,
“ :whese p s\H‘/Fw apgld . .
teo \ L . ’ JP )
oo T B lUR,C) : .

5.3. ' Eeedback Cont:el of the Heat ﬁxchanger e
N . * ---‘...-.---..-ﬂﬂlﬂ-'--'---.-’-ﬂ.‘-----

t \

v

A block dzagram of the feedback control system of a’

v - a -

heat exchanger is shown in Fig. 5.3, where Ce . .

G'- controller transfer . function, >

]

et G = valve transfer ‘function

Gp= process transfer functxod R
]
X Gd- disturbance transfer funcﬁion ~
A
G,= measuring element transfer function
- ) W
-~ - l\

To'aﬁa}yze the pefformaﬁce of this ﬁéedback‘conprq@

system one -merely has ‘Ep derive.. .the 7a65ve transf%t

- J R . R « . . )
functions. . /o ceo, -~ "
v T - Tty 2
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Assuming that the., valve and measuring element

A

4
transfer functions are first-order lag and first-order lag

with a time delay respectively, that is:

.Gv-‘U(;)/ﬁué) = Kv/(T;s + 1) ' , (5.12)
-T.s

d

and Gm- Cm(s)/C(s) = (Kge )(ths + 1) (5.13)

The controller is assumed to be equiped with P+I+D

control modes whose transfer functions is given by:

Y

Gc- M(s)/E(s8) = Kctl + l/TIs + TDs] ‘(5;14)

. The process transfer function is‘given by Eq. 5.10:

Gy= 8,(8)/Fg(s) = K_p/('Cpg + 1) (5.15)

L]

The disturbance transfer function is given by:

’
r

Gg= B (8)/F (8) - VA ' (5.16)

~

The derivation of thése-tréﬁ%fer functions is quite

coﬁblex qnd requires ’lengthy calculqtioﬁs, But for the

- ks ] -
'present, analysis. of the control system, it could be

A @ ‘ ‘ - ' ' *

~
+ '

n

\

.
e o v o L.
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approximated by first-order lag with a\ \'time delay (time
delay is added to take into consideration the time it takes
for the disturbance-to affect the output temperature) , that
is:

T s’

PHaTs e 1) (5D

Gy™ Go(s)/Fw(s) = (Kde

where
-
Ky® $ 8./, 5[-‘“ of the steady-state equation (Eq.
, 5.3) at steady-state operating

Fs and Fw

o )
f; (Hst)/(Fw Cp)
: 'Cd- time delay ’

"C’cl <<'Z‘% (disturbance being flow loop its dynamics
" are very fast)

>
>

From the block diagram of Fig. 5.3 the overall

. -
transfer function for servo-control (setpoint changes) is

t »

given by:" ‘ B N

. | ,

‘C(s)/R(s). = (GchGp')/(1‘+ GchGva) . (5.18)

_— "3 .
and the - oyerall transfer function of regulator ”(load

>
.

L4

'

e
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changes or disturbances) is given by:

v '
C(s)/D(8) = Gy/(1 + GchGva) (5:19)

rl

F o
5.4 Feedforward Control of:the Heat Exchanger

If the feedback control of the heat exchanger of -

Fig. 5.1 is replaced by-a'feedforvard control system, the
Fig. 5.1 should be modified slightiy to the one shown in

i
FPig. 5.4. ‘

'1

The block diagram of the.feedforward control is

‘shown in Fig. 5.5. The transfer functions G, Gp and G,

given.a’ Eqgs. 5.12, Siis and 5.17 respectivel?. The measur-

are

ing element transfer‘function Gm could be assumed tog%e a
first-order‘lag, that is:
G =K /(Ts+1) . (5.20)

m m m
*

H

where T;SKZ; (since the meagurement taken is that of a

flow rate)

! The transfer function of the feedforward controllet

G_; depends on the type of control applied. . e

., . -t
. ¢ .
ol . »
+ , . Lo

|

/
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a. Steady-state feedforward contrbl

The steady-state equation of the heat exchanger is

given by Eq. c5.3‘wl'n'.cri was rearranged in Eq. 5.4 to give

fs- fw(Cp/ﬂs) (Oi- 90)

Since the out{:ut temperature, 8  should be equal to

setpoint temperature, Osp » and since the feedforward con-

troller should be a model of the process it controls, then

the transfer function of the steady—-state feedforward

4]

c?ntroller is given by

| . i

p

Gcf fs(Cp/Hs)(Oi— 6s ) - (5.?1)

’

b. Dynamic feedforward control

/

The transfer funct?ior; of the dynamic feedforward

controller is given by: %

- . 6 .
Gup=[£,(Co/Hy) (8- esp)n"ls‘ + 1)1/(T’23 +1) (5.22)

4

where the term (T;'s + 1)/(T,s '+ 1) is the lead-lag compqnent‘ .

“for the dynamic fee‘,dforwar,ci control
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5.5 - Peedforward—feedback Control of Heat Exchanger

-..----I-.-:'_ll':"-.ﬂ.‘!':”l’l"’I:“II"--.
.

A feedforward-feedback control system o e heat
exchanger is shown in Fig. 5.6 where a feedback loop is
‘addea to the basic feedforward control loop to continuously

adjust or finetune the setpoint of the feedforward control-

ler. - i

!
The Dblock diagram of the feedforward—feedback.

control _13 shown in Fig. . 5.7. The transfer functions Gogr

Gml' Gv, and G_,are given by Eqs. 5.2l or 5.22, 5.12, 5.16,

P
5,17 and 5.20 respectively. The transfer functions of

feedback loop, namely Gc and sz are given by Egs. 5.13,and

5.13 respectively.

’ ' '
o .
- \Hr ¢ . -

5.6 The Numerical Example -

a. Physical aspects and operating conditions

The shell-and-tube heat exchanger considered has

the following characteristics:

8

'« Shell

Outside diameter = 1.5 feet = 18 inches

- 4 B L

Inside dian.\eter. « 1.42 feet = 17 inches .

Overall length . = 4 feet = 48 inches"’

o LN
° : 1
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e mt g g GRS T ST T e TR

R _ = Tubes

Material . = copper v

Outside diameter = 0.0655 feeat 0.750 inches

; \ ' ' Inside diameter

0,0555 feet 0.666 inches
¢ * ks

Overall length v

¢ ~ . éer pass = 3,75 feet - = 45 inches
' Ll
- N° of passes = 20 - .
Total length of ‘ -
SR " tube " = 3.75X 20 =75 feet ,
. .
’ - Process fluid (watq‘5

»

. Average water temp§rature (inlet) = 6i = 90°F
! . Water velocity. = 5 ft/seq
' ' Water flow rate = £, = 10,000 1b/hr = 20 GBM

‘ Weight of water ' 3
M at 90°F = 62,1 1b/ft~ = 8,303 1b/Gal. -

Desired outlet temperature = eo = 200°F

e e ol e o b e o~

Heat capacity of water = Cp = 1,0 Btu/lb, °F

/
- Steam -
| , '
| Latent heat of steam = H, = 970 Btu/lb
Steam flow rate Ta ig 3111135 lb/hr S
. 2 -“ . ’/‘.
{ .“ 8 -
. - . ’
N Ve . -
- f . ~ * 2
o ‘ -
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. b. Calculation of parameters )
' 'i‘.\ brocess transfer function .. o .
’ Mass of fluid =surface of tube X weigh,,t of water
? 5(0.666x12/2)2(£t2) X 62.1(1b/ft>)
=0,00242 X-62.1
' ' =0.150 lb/ft .
: R ‘Total’mass of £luid= M _= 0.1501b/ft X 75ft . |
o « i s N . i ° . <
o . ) ‘ = 11.25 1b ,
& \ . . v | -
. From Eg. 5.16" . -
. ’ , ‘ ) / . °
. "L'p = Mw/fW = 11.25 (1b)/10000 (llS/hr)\ ‘ ..
’ - ! = 0.001125 (hr) :
x I .
- d . ®© ¢ = 4.05 (SQC) /, ¢
. ) k’
A R =H,/(£,C )=970(Btu/1b) /(10000 (1b/hr)X1 . (Btu/1b°F) -
. =0,097(*F/(1b/hr)) - P .
/ T i, Control .valve transfer function ' ‘;
“: . - . T ’
¢ Assuming a critical flow th;:)ugh the, valve then N
'.th'e steam flow rate is on?.y a function of ‘the valve .y
. / i
e © opeéning. . - Tl ~’°,, ‘ » .—"‘
T From Eq: 5.4 )
Yo, " ‘t ! ““ :
£y mE,(Co/Hg) (8- 8,) R )
" .,‘ :_., R o . ' ) : ) ‘ o " ’ ) o . o '."
. .. * ) . {;,\\\“ l ;- ) . . s "—1 } .» . K . A
P LR R N
.}' . . . :ﬁ'- ’ . x' . .-: 7. [ ‘ ., . ) . ,\ . ) ‘?‘., %? :‘( \ ‘:\' |
' ‘ ‘ r (\A.:‘ ’?." .~ ) B to l ‘ ‘ o ’ ¥ ‘. : 1 . ". \' . . y‘ ' %‘ ‘}b v I
' P -‘ T [ . - ' ". ' ‘L{‘ “"‘ “v ; T .':‘ B oz .'6 " L »lv.'. ol
. A: ) . . .’ ) ' . ‘*'.-x ) " R .\~ . ‘. E “ B 1 IR "'“‘ e \ ), ’
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1. - | « N - - sls d}/ ¥ ﬁ -

@ |~ ' , 4
. S » =10000(1b/hr) N (1/970(Btu hr/°F).X -(200590)
' » [N : ., . : )
“, - =1135 1b/hr

- : ' . . - » Sy

Ths;efore, for ' 110°F increase jin *the water

‘temperaturﬁ;/;lqs lb/hr of seeaﬁ is fequifep.\‘ Let the 1135

4

. " 1b/hr floﬁtrate correspond to 75% of ﬁﬁe~va1ve opening, and
£ . :
o~ let the valve have a linear Eharacteristicv Then *
L4 - +
. - - 1% <—= 15,13 1b/hr . Coe ~
D R . 1008 —= 513 1b/hr '
- . " Let the controller output *be 0-10V which will )
-~ ‘cause the valve to travel from 0% (fully closed) to 1008
‘N (fully opened). ’ . » 2 - . , . , -
Y / . Then, the control vAlve gain k, is’equal to
' > ‘ . B b . . . y
. _ : . o« _ )
. 'K, f/1513/10 (lb/hr)/V) = 151.3 ((1b/hr)/¥V)
X \ RO & . o
The time constant of the valve with the posi- ) J
. " tioner.could be assumed to be 2 seconds. That is
8 1t )
‘ ‘ T} = 2 sec. ) ) DA ’ \\
.~ .
.1ii. Measuring element transfer functi'on (
v / . ] \ .
With ghe control valve fuiiy opened, steam flow
. } . -~
- /rate is 1513 1b/hr. Rearranging Eq. 5.4 gives:
) ' ‘ .
g : - B, = (£LHI)/(C ) + 8, , , |
A . ' ’ o * ,
‘ b \; ’ ) - v . -
- - ‘. . v B . , f/
5
’ /
\ !
- " - '
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R 35*— * (’\ . g .

= (1513 X 97\:(10000) + 90° - . o
R . = 146.76° + 90R = 236.76°

i
. -~
/ -
which is the maximum temperature that the fguid could
. .

3

‘'obtain. - . , 3

’ Then let the temperature transmitter rapge be ,0,
\ -~

M) r
to” 250°F and its output be 0 to 10V, which gives '

1°F —>(10/250)V - 0.04
Therefore, the ﬂfeasuring element gai*n, Km' is
equal to: ’ : ‘

Km - 0.04 (V/°F) = \:

! ) L
. Thé time constant of the measuring element could
]

be assumed to be 3 seconds. The time delay associated with

' this, measuring element ‘could also be assymed to be 3 °

. e
seconds. Then

« * T == ;,sec. -7 E - . . '
m ' . .

® Ta = 3 gec. ' ) \

{ In the feedforward- feedback ‘control system there

is also a flow measuring element. s To calculate "‘lhe galn of

this measuring element, “‘ssume it\s range to be 0 to 12000
1b/hr and its output to be 0 to 10V. Then

/

% 1(1b/hr)—s (10/12000) = 0.'00083‘53, v



reduced to first order lag only. '

v
( .} :
/
°

[N

. V - _87_. - ) ‘( {
. v . ' \
Hence the f£l6w measuring element gain, Ry? is
) K, = 0.0008333 (V/(1B/hr))

r'4d . « »~

Being a flow measuring element™ and flow 1loops

gging extremely iast. the time constant,zfm, could be as-

sumed to be 0.5 seconds. That is .o - s
) ' R '
T . . ' ’
m 0.5 sec. -

i
For the flow ‘measuring element there are no time

delays involved. Therefore, the - transfer function is
AL
1

. ‘ oy
iv. Disturbance';ransfér function
. LY

From Eq. °'5.17 the gain of disturbance transfer. P

funé@}on is given by:’

2
Rq = (HgFg)/(F %)) §
. = (970(Btu/1b)X1135(1b/hr))/(100002¢16%/hr?)

- X 1.0(Btu/1b°F))
" = 0.011°F/(1lb/hr)

and thd time éonstant'ré could be assumed to be equal to 0.5

seconds (same as 'Z'm). -
‘ &

.
[T R . . . . o - 2
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From the characteristic of the heat exchanger,
¢ . ‘ ¢
it is given that the total lenght of the tube equals to 75
N 2

-

feet and the velocity of the water through the pipes equals

5 £t/sec, which gives a time delay of 15 seconds. Therefore

~

! : 7r 15 sec. o
. ec. ) p

- ¢

-

5.7 Simulation Results’ \ ' .. .

AENRAATANEVEEATRTRNRE ¢
A digital computer simulation is used t3d demonstra-
te the performance of feedback, feedforward and feedforward-

[
-

feedback control . systems and their %pplication to

>

controlling the:heat exchanger. The computer programs were
written in FORTRAN and they were executed on the VAX 11/780

system.

The listings of the programs and Eheir outputs are

-

~

included in the APPENDIX.
. . o
The simulation is dividedﬁinto two groups for each
type of control system. The first group is éimed to
simulate the ideal process with ideal measuring eléments.
The. secohd group is aimed to simulate ﬁhe real process with
real measuring eiemgnts. The difference between the ideal

Process and measuring Blements and the real ones. being that

the latter incorporates the time delays associated with the

(



. -89 -
, . ) » - .
procesg, an'd“ elements. These grouping was done to

i
!

demonstrate the effect of the time delays.

‘The following 1is a b;i%f« description of the
érograms: '
L] ‘ i v fN-\

a.~ i-‘eedback fC'ontrol System

To tune the P+I+D controller used for this control
system tbe‘lultimate.” '_n}ethod of Ziegler and Nicbols (11] was
use-ad. 'App}ying( the uli:imate méthod, - £he ultimate
sensitivity, ‘su, and the ultimate period, PG‘;’ v'vere foun‘d to
be '12 and 16 resﬁectivély.Using t’:l:xe s, and PL; the P+I+D

contrpller was tuned by letting.

/ }(C= 0.6 Sm = 0.6 x 12 = 7.6

/ . K= O.S-Pu=0.5x16= 8.0 R
| Kp= Pu/8.0 = 16/8.0 =-2,0

The values'of controller parameters were used in
the simulation of the control loop but the results were not
found .to be satisfactory, i.e. the decay ratio was not
one-quarter' (the ratio of the overshoot of the first peak
to the overshoot of the second peak). By trial and error the

-~

optimum values of these parameters were found to be:
{
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.t

"chang%given in Figures_ 5.10 and 5,11

) b ,,L t' . ’ ‘ \
' . “' ', N - -
J !
¢ N S
. ‘ 1 . A
) - 90 - '
¥ ¢
. 'Kc - 400 <
{ |
’ | \ Ky = 6.0 | |
- KD = 2.5 ¢

The- performances of the feedback control 'system to

a setpoint change (a step' increase) and a load change (step

decrease) are shown in“Figures 5.8 and 5.9 resp'ecti\{ely.

To simulate the real process and real measuring

elements time -delays were added to the disturbance and

-

temperature measuring element ‘transfer Afunctio'ns. The
cont':roller" tuned for the .previous run made the system
unst‘able ‘"for this case, 4 therefore the  ,Bparameters were
changgld to the followings - s
Kc- 3.0 . .
KI- ‘605. L 1 .
»,( , KD’ 9.‘5
The performances to a seépoint change and a load

b.- Feedforward Control System

2

Using the equations derived at sec}ion 5.4 of this
i Ed

. : / 1
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report steady-state and dynamic feedforward control was /

4

simulated.

Fig. 5.12 shows the ideptical perfomances of '
steady-state and dynamic fe;dforvard' control in response to
a setpoint change. To simulate the real.process a time delay
was a?ded to the disturbance transfer function. Again the
idennticaJl performances of \steady—state - and dynamic
fee‘dfor:wagd control in response to a setpoint change are

"shown in Fig. 5.13. ‘ .

[

The performances of steady-state and dynamic feed-
forwarzl control system ~in response to a load éhange are
shown in Fig. 5.14. Again for the real process a time delay
was added to disturbance transfer function and the
.performanc‘es <;f the Eeedforw/ard control sysﬁen;s are shown in

-~

5.15.

. ]

c.- Feedforward-feedback Control System -
. . ,

For this control system feedback controllers with

, \&wo different control modes were used.

w o First, to simulate the ideal process and elements, 2
a feedback controller /Zith proportional control mode was

used where K, was set to ‘be equal to be 1.0.

C +

. The ¥ identical performances of feedforward-feedback
control system - with steady-state and dynamic feedforwarldc

) ’ ' < ‘ . - 9

o B AL ey i  CERATAI e o e e A 3 ‘ -
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‘ control - in fesponse to a setpoint bﬂange (feedback

controller setpoint 1is changed since the setpoint of

feedforward controller 1is continuously varied ’'by the

feedback controller.output) are shown in Fig. 5.16.

A4

"

> . Figure 5.17 shows the performance of the above

mentioned control s?ste@)in response to a load change.

The second feedback controller uéee/Was a three
mode controller (P+I+D) to.,simulate the real procegs and
elements. Time Jelays were added ‘to the disturbance aﬁd

L\\ temperature measuring elemeété, The feedback controller
parameters were set to KC; 1.25, ﬁlf 9.0 and Ky= 10.0, and
the feedforward controller wagﬂ used with dynamic
compensatioﬁ or without it. Tée performances of the

feedforward-feedback control system - with the above

mentioned characteristic - in response to a load change are

shown im Fig. 5.18, and in response to a setpoint change
. ' ) LY
are shown in Fig. 5.13. < ’
!
5.8.- General Comments on the Simulation Results
====>--====================:====(‘—'===========

For better understanding of the results of the pre- . Y\
vious section and to point out few facts some general

comments on the simulation results are in order.
- s
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- - To hlghllgqt the variations of the outpué tempe-~
rature of the heat exchanger due to changeh, only variq?ion
zones are shown on_Flgures 5.8 through 5.18. '

- The agrupt cb;nges in the output temperatq;e of
the ﬁeat exchanger‘ of F}gures 5.11, 5.14, 5.15, 5.17 and
5.18 are unrealistic. In - real. process applications an

increase of 10° F for syste;ns with the capacity of the aat

.exchanger will certainly take more than the few seconds that

it took in the simulation.- Also the output temperature
" :

wou;d hardly peak to the levels shown in the figures. The
combination of these two will produce a much smoother

response.

] - The models picked for the elements of the con-
trol 1loops were all first order ladé some with time delays
a550ciated with ﬁhem. The values for the time constants” of
the various elements of the control 1loop were those
sdégested in the literature listed in the References. More

precise models and more realistic time delays could have

influenced the output.

e
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\ . CHAPTER 6

FIRFITIIBE= ' }

CONCLUSION

EE & 5 & 53 3]

The performance of the feedback, feedforward and

>
feedforward-feedback process control systems were studied.

The characteristic of each control system was discussed in
detail. The advantages and the disadvintages of each control

system was presented.

These control systems were used in a typical
prbcess control application, namely, the control of a heat
\

exc&anger. With the aid of a digital computér this process

7

From the performance curves obtained from the

conttol application was simulated.

simulation the following conclusions could be drawn:

/
change with 1its characteristic oscillatory

response,

it - The =xesponse of the feedforward control to a

setpoint chanée is exponential, appéaring as i{f the

-

\: ' .

b}
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loop was open. The inclusion or the exclusion of
the dynamic compensation term in the feedforward

controller did not have any effect on the response.

L | |
The response of the feedforward control to a load

change was smoother ‘than the feedback one (refer to

the comment in Section 5.8 of this report), and not

oscillatory. The overshoot was much less than that
of feedback control. The inclusion of the dynamic

compensation term in the feedforward controller

. made the response swifter.

The response of feedforward-feedback control system

with a Proportional (P) only feedback control to a
load change was not siénificantly different from
that of feedfogwérd control system. But the,
response of this contgol s;stem to a setpoint
change produced an offset (characteristic 6f
Proportional only control).

’

The response of the feedforward-feedback cofitrol

o

‘system with a three mode (P+I+D) feedback control

.

also was not significantly different from that of
feedforward control . system. But as previously
stated the "raison d'etref of the feedback loop is

to fine tune the feedforward control system for
N ‘
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4 . ¢

unexpected upsets other than the load which were
&

not consaFered in this simulations.

The effects of the dynamic compensation of
the feedforward loop were not as pronounced as they
were in the previous cases. “

The response of this control system to a
setpoint change was satisfactory with a small

overshoot but no offset.

From the simulation results it could be coﬁcluded
that for non-critical process applications where 'wide
giriations in the controlled variable <could be tolerated
(e.g. level control of a tank), the feedback control system
could. provide the necessary control with satisfactory

results. For more critical process applications where large

variations could not be tolerated (e.g. chemical composition

or levgl control bf‘a boiler), feedforward control should be
used. The feedfor%ard—feedback control system combines the
advantages of both feedforward and feedbgck contfol systems.
With present day microprocessqf bas;d ?congrollers the
feedforward-feedback combination control system could be

incorporated in the same controller, thus eliminating the

additiohal hardware required for implementing a superior

control system.



[i]
[2]
(3]
[4]
(5]
(6]

(7]

(8]

(9]
[10]
[11]
llzi

[13]
[14]

- 108 -

REFERENCES

3 22+ 3 2 3 4

SHINSKY, F.G., "Feedforward Control Applied", ISA

Journal Vol. 10, No 11 (Nov. 1963) pp 61-65

-

MASTER, R.C., "Feedforward Control" Instruments arnd
Control Systems, Vol 39, No. 9, (sept. 1966), e

pp. 107-112
[ 4

LUECKE, R.H. AND McGUIRE, M.L.,

"Analysis of Optional

Composite Feedback-Feedforward Control"™, AICRE
Journal, Vol. 14, No. 1 (Jan. 1968) pp. 181-189

. BRISTOL, E.H., "A simple Adaptive System for

Industrial.Control"™, Instrumentation Technology,
1967) pp. 70-74

Vol. 14, No. 6,

(JunE,

FORMAN, E.R., "Feedback and Feedforward Control",
Chemical Engineering, vol 72, No. 21, (Oct. 11, 1965)

pp. 203-208

MILLER,. J.A., MURRILL,

PnWo’ SMITH’ CIL.' "HOW 'tO

Apply Feedforward control", Hydrocarbon Processing,
vol. 48, No. 7 (July 1969), pp. 165-172

WOODLEY, G.V., "Modelling and Programming for Direct

Digital Control"

1966), pp. 48-54 '

ISA Journal,

vol. 13, No. 3, (March

GOULD, L.A., "Chemical Process Control: Theory and
Application”, ADDISON-WESLEY PUBLISHING CO. 1969,

pp. 81-86

WEBER, T.W., "An Introduction to Process Dynamics and
Control", John Wiley & Sons.,

1973, pp. 240-264

SHINSKEY, F.G., "Process-Control Systems" McGrwa Hill

Book Co., 1967,

p. 205

MURRILL, P.W., "Automatic Control of Process:,
International Textbook Co. 1967 ,pp. 348-352

DESHPANDE, P.B,,

and ASH,

R-Hn ’

"Computer Process

Control™, Instrument Society of America, 1981

HARRIOTT, P., "Process Control", McGraw-Hill, 1964

BUdKLEY, P.S., "Technigues in Process Control", John

Wiley and Sons,

1964

*



[15]

(16]

(171.

(18]

(19]

[20]

(21}

(22]

(23]

(24]-

(25]

@

- {09 -
€ . ) c‘ :"(:_

LUYBEN, W.L., "Process Modeling, Simdlation and
Control for Chemical Engineers", McGraw-Hill, 1973

HUNTER, R.P., "Automated Process Control Systems”,
Prentice-Hall, 1978 -

POLLARD, A., "Process Control", American Elsevier,
1971 ! ’

JOHNSON, E.b., "Automatic Process Control", McGraw-
Hill, 1967 ’

SMITH, C.L., "Digital Computer Process Control",
Intext Educational, 1972

MURRILL, P.W., "Fundamentals of Process Control
Theory", Instrument Society of America, 1981

FRANKS, R.G.E., "Modeling and Simulation in Chemical
Engineering", Wiley-Interscience, 1972

JOHNSON, C.D., "Process Control'Instrumentation
Technology", John Wiley & Sons, 1977

FISHER, D.G. and SEBORG, D.E., "Multivariable Computer
Control", NORTH HOLLAND/American Elsevier, 1976

SHINSKEY, F.G., "Comv¥rolling Multivariable Processés",
Instrument Society of America, 1981 ~

)
CEAGLSKE, N.H., "Automatic Process Control for
Chemical Engineers", Wiley & Sons, 1956



’
'
¢
e
-
.
«
- .
.
.
. .
‘
»
o 1
X
i

.
-
. O
\
- '
. ’
£ae
[T >
. “ .5
. -
'
N

1
. * '
.
. . * o~
*
.
. .
. .
i
. , N
; :
v (TN
W] A
1 '
. . .. 3
) E Y
4 . " .

"

‘
‘e
. .
.
. . -
5
B B
i B
. : M
. "
I

S
.

.

.

o '

~

@
[

[l
,
vl
f
3
.
-
N .

»
E)
4
%
?‘ -
®
~ ’
N .
]



:
e
*
.
.
*
-
.
' /

»

. .
v
-
.
‘
.
0
-
' .
y
.

\

FEEDBACK  CONTROL

‘PART A

~

.
@
e, o
“taa
i

’ -
-
L3
b . .
. hl
. /
/ -
,
"
@
.
Y
*
-
.
gt
3
. . '
[ . “ -
P
p .
-
Lo e
= -
' -
g .
: 1
* 1] -
. : .

r

’ 3
'
-
P
4
i
.



s J0-AUG=1983 17:00:19
30=-AUG~1983 17:00:13
000 PROGRAM HEATEX ”
0002 DIMENSION T(400), CM(400),TM(400),T01(400),7T0(400),TS(400),TT(5,400)
\ 0003 DIMENSION TU2(400),U(400),KC(1),KI(1),5D(1),DEL(1),ER(C400),Fw(400)
( ouod DIMENSION T1(400)
|1 0005 REAL INTER,INTUD,INTOD1,INTOD2,INTMD,KC, n!nxu KV,AP,KDIS,KM,kS
0006 DATA KC/4./,81/6./,Kb/2,5/, DEL/O 25/
0007 C. PARAMETERS AND VARIABLE,S
0008 C CONTROLLER: KC=PROPURTIUNAL GAIN
000QY ¢ KI=INTEGRAL TIME (SEC.)
oulv C KU=DERIV A'x'ivﬂ TIME (SEC.)
4 0011 C CM=CONTRULLER QUTPUT (VOLTS=RANGE u=10V)
0012 c CBAIS= CONTRULLER BAIS -
R C. VP, v: VD=PROPORTIONAL, INTEGRAL,DERKIVATIVE PARTS OF
0014 ¢’ . CONTROLLER \JUTPUT o
0015 C
00106 C VALVE : TRV= VALVE TIME CONSTANT (SEC.) .
0017 C KV=VALVE GAIN ((LB./Hk)/VOLTS)
0018 C ’
"0VU19 C EXCHANGER : THP=PROCESS TIME CUNSTANT (SEC.)
00L20 C KP=PROCESS GAI{ (DEG. F/(LB./HR))
0021 C —
0U22 C DISTURBANCE: THDZDISIURBANCE TIME CUNSTANT (SEC.)
0023 C KDIS=DISTURBANCE GAIN (UEG. F/(LB./HR))
0024 [o '
0025 § MEASURILIG THMSMEASURING ELEMENT TIM& CUNSTANT (SEC.)
0026 C ELEMENT :  KM=MEASURING ELEMENT GAIN (VOL1S/DEG.F)
0027 C ' ,
00238 C OIHEKS T ISXSEIPUINT TEMPERATURE (DEG. F)
0u29 C KS=SETPUINT GAIN (DEG. F/VOLTS)
0030 ¢ FINSINPUT TEMPELRATURE (DEG. F)
0031 C TO=UVERALL UUTPUI TEAPERALIURE (DEG, ®)
0032 C TO1=0UTPUL TEMPERATURE OUE TO PROCESS (UVEG. F)
0033 C TO2=OUTPUT TEMPERATURE DUE TU DISTURBANCE (DEG, F)
U034 C FW=WATER LINFLUW RATE (LB./HR)
0035 c
0036 TYPE 13
0037 13  FURMAT(lnl,30X,'SIMULATION OF A HEAT EXCHANGER CUNIKOL SYSTEM?®
, 0038 /,31X,450'="),/,10X,"'A.~ FEEDBACK CONTKOL',/,104,20('="),//)
0039 C _CONSTANTS & PARAMETERS
004V rIN=90,
0041l THV=2Z,
0042 “RY=151.3334
0043 THP=4.05
0044 XP=20,09691
0045 LfHD=0.5
004o KDIS=0.011
0047 ° Thm=3,
0048 KM=0,04
0049 K530.04
0050 CaAals=7.5
['DEY TYPE 12,KCC1),KI(1),KD(L)
uub2 12 runMAL(lux "PROPURTLUNAL GAIN OF CUNTROLLER IS5 SEI =7,F10.3.7,
0053 10&, ' INTEGRAL TIMe OF IHE CONTKRULLEx IS SET ="2¥10.3,/,10X,
GuS4 'YERIVATIVE TIME OF I'HE CONTRULLER LS SET =',Flu.3,/)
0055 Du 99 JK=1,2
00586 IF(JK.EQ.2)GO TO 14 A
L ous7 TYPE 15 , . o
4 A-1
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(— HEATEX

30=AUG=1983 173002489
30-AU0G-1983 17:00:13

GO TO 1o

0058
0059 14 TYPE 17

L. 0060 17 FUKMAT(1HL,//,9X, 'REGULATOR (LOUAD CHANGES)',/,10X,24('=')) -

( ouol 15 FURMAL(/,10X, 'SERVU=HECHANLISH (SETPUINT CHANGES)Y,/,10K,34( ' =1))
0062 C INITIAL COMDITIONS
0063 16 ER(1)s0.
0064 UC1)=1135.
0065 FW(1)=10000.
0066 INTER=0,
Qubl TU(1)=200.
0068 TO1(1)=2200. , . . o
0069 TU2(1)=0, ' :
0070 TMC(1)=TO(1)*KN
0071 TS(1)=200.
0072 CM(1)7.5
0073 INTUD=1135.
0074 INTMD=8. '
0075 INTOD1=200,
0070 . INTGDZ2=110,
0077 T(1)=0.0
0078 DL 2 I=2,400 s
0079 II=1=1
0080 c L ~
0081 C SEILPOINT CHANGE
0082, Fw(l)=FaCII)
0083 TS(LI=TSCLI)
0084 IF(JK.EQ.2)GO TO 23
FEE Ir(I.EQ.40)TS(1)=15(CI1)+1u.

. 0080 C THe THREE MUDE CONTROLLER ~

0087 23 ER(II=TS(I)*KS=TM(II)
00493 C PROPORTIUNAL
0049 : VP=KC(1)*ER(I) ‘ ‘o
GOYY C INTEGRAL
0091 VI=INTER¥(KCC1)/KI(L1))
0092 c DERIVATIVE
0093 VD= (KC(1)*KD(1))*(ERCI)=ER(II))
0094 C P+l x
0095 CM(I)=VP+VI+VD+CBAIS
2996 IE(CM(1).GT.10.000)CH(I)=10. o
0097 C VALVE
0098 UD=(KV¥CM(L)=UCII))/THY .
0099 UCI)=INTUD ' 4
0100 C HEAT EXCHANGEK
0101 \ PU=RP*UCI)+TIN ’ . .
0102 - TOD1=(PU=TO1(I1))/THY N
0103 Tul(l)=InTUDL -
0104 (F(JK.EU,2)60 TO 20
0105 TUCL)=F0L(1) .
U106 C MEASURING ELEMENT
0107 22 TMD=(KM¥I0(I)=TMCIL))/THM
0108 Th(I)=INTMD
0109 Gu (0 2%
0110 C DISTURBANCE UR LOAD CHANGE )
0111 20 TU2(1)=110, -
0112 TS(D=Ts(1) Y
0113 IF(I.EQ.40)FW(I)=FW(II)=800,

\ 0114 TOD2=(ROLSXFW(I)=TQ2(II) )/ THD

¢ * A-2 /
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 HEALEX JU=AU0G=1983 17:00:1%
30=AUG=1983 17:00:13
0115 TO2(I)=INTGD2 s
U116 TOCI)I=TO1 (I)+(TO2(¢1)=~T02(I1))
L 0117 G0 TO 22
0113 T : -
0119 C EULEk INTEGRATION
0120 21 T(I)=T(II)+DEL(1)
0121 " INTER=INTER+ER(IJ*DEL (1)
0122 INTUD=INTUO+UO*DEL (1)
0123 INTDDI:INT\]Dl-’-TUDl*DEL(J‘)
0124 INFUDZ2ZINYOUDZ+TUOZ2*uelL (1) 4 N
0125 INTMD=INTMD+THD*DEL (1) #
0126 c : |
0127 ) CONTINUE : ]
0124 TLPE 1
0129 13 FURMAT(15X, 'T', 11X, 'FW',10X,'CH',10X,'U",10X,*TO',10X, 'TS",
0130 11)(,'TH',/,lUX,83('-'),/)
0131 IK=1
0132 DO S I=1,80
0133 " TLCI)I=T (LK)
0134 TTC1,I)=TU(IK)/10.419,5
0135 T1(2,1)STS(IK)/10.-19,5
0130 IF(JK.EW. 2)TI(2,1J=FW (1K) /10000,
0137 TYPE 11,T(1K),FW(IK),CM(IK),U(IK),TOCIK),TSCIK),THLIK)
0138 11 FURMAT(7X,§F12.3) .
0139 In=1K+5
0140 5 CUNTINUE
V141 [F(JK.Ew.2)GO TO 98 )
0144 1TYPk 24
0143 24 FURMAT(1H1) (
0144 IYPE 15
0145 TYPr 96
0146 Y96 FORMAT(10x, 'THE ACTUAL VALUES QF (TO) & (TS) ARE GIVEN BpY:'
0147 /,20X,'((TU) UR (TIS) + 19.5) X 10.0',/)
01ad Gu Ta 97
014y 98 TiPE 17 ,
0150 TYPE 95
0151 95  FURMAL(IDX, "IHE ACTUAL VALUES UF (TO) & (FW) ARE GIVEN BY:'
0152 /,204,'C(TO) + 19.5 ) X 10.0 AND (FW) X 1V000.,0',/)
0153 97 CALL PLUT1(T1,T%,80,2,JK) -
0154 959  CUNTINUE
0155 “ EfD J \
i
~ 4
-’
\_
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. 4=JUN=1983 15:08:21
- 4=JUN=1983 14:05:27
{
9001
. 0002 SUBROUTINE PLOT1CT,K,N,M,k1)
i 0003 DIMENSION PLINEC400,61),IXC10),FRX(5),FMN(S5Y,PLUS(S)
L _0uo4d DIMENSTION T(400) F(5,400) DISP(3) DY(11),5CALE(I) SERCT(S)
0005 DIMENOION ASTRX(1),AXIS(1),bLANK(1),VDASH(L1)
0006 DATA SFRCT/1.0,2.5,5.,7.5,10,/,018P/1.5,61.5,31.5/
gaa7y DATA ASTRX/' '/, AX[S/'1'/ BLANK/' '/,VDASH/'L'/
0u0yY DATA SCALE/2%60,,30,/,PLUS/ '+, 0,1, 'xt 101 14y
" 0009 C
0410 DO 1 J=1.M
, 0011 ’ FMX(J)=F(J,1)
. 0012 FMNC(J)=F(J,1) .
0013 DO 2 I=1,w
0014 B IFCE(J, L)=FMX(J)DI3,3,4 Py
00195 ) FML(JI=F(J, )
0019 3 IF(F(J, [I=FMN(JIDS, 2,2
. 0017 5 FMN(J)=FWJ,I)
I o018 2 CONTINUE '
0019 1 CONTINUE
0020 FMAX=r MX (1)
0021 FMINSEMN(L)
Q022 DO 6 I=1,M
0023 IF(FMACL)~FMAL)T, 7,48
. 0024 8 FMAX=FMX (L)
T 0025 7 IF(FMN(I)=FMIN)Y,b,6
00206 9 FmIN=Fman(L)
io0027 6 CUNTINUE
©0u28 IFCABS(FMAX)=ABSCFMIN))10,11,11
[ u029 11 UIV=ABS (FMAX) .
1 0030 GO TO 12
I 0031 10 DIV=ABS (FMIN)
0032 12 NEAP=IFIX(ALUG(DLIV)/ALOG(L10.))
0033 IF(DIV,LT.1)NEXP=NEXP=1
0034 PP=10, kFNEXP !
V035 P=1U, «x (=NEXP) . -
Qulb FrACT=DIVxy '
Q037 DU 13 I=1,5
0V 38 o - DIV=SFRCT(L)*PP
003y IF(FRACT=5FRCT(L))14,14,13 -
_0040° 13 CUNLINUE
904l C 14 CIPE 15, (Jd,FHA(J) ,J,FMN(Y) ,J=1,M)
0042 C 15 FORMAT(/, 154, "MAXIMUM $'12,' =',E13.6,104, 'HISLIMUN #'L2,
0943 (o 1 1= E13.0) )
0044 C TYPE 16,FMAX,FMLN
Uu4s C le FORMATL(/,154,'OVERALL MAXLMUM ='E13,.6,10X, 'UVeRALL MINIMUM =¢,
0046 (o) 1 eid.6,7)
voa? 14 FYPE 17,PP
0044 17 FORMAL(TS4, ' (GULPULS SCALED BY 'td.3,')',/,tav, .
0vg9 + ' (X _INDICATES MURE [HAN unNk VAklablLe HAS THe GIVEN VALUER) ')
0050 Lt (FAIn)18,19,19
0ust 138 LF(FMAX) 2V,20,121 ]
00392 1y Iivvex=y -
PEE) DY(l)y=0. _- : .
QUS4 {1NC=UIV/ LU, -
0055 Tyle 22
QUS6 22 FURAAL(T38,'0 + =====>")
00497 Gu LU 30
.
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PLOTY 4=JUN=-1983 15:08:21
' a=JUN=-1983 14:05:27
Q058 20 INDEL=2

0059 LY(1)==-uIVxP

0060 YINC=DIV/10.

0061 TYPE 24 )

0062 23 FURMAT(TY9, '<=3=== - 0') i/’

0063 GO TO 30 .

0064 21 INDEX=3

0065

DY(1)==DIV*P

u0bo YINC=DIV/S,

0067 TYPE 24

0068 24 FURMAT(TSY, '<===== = Q + =====>')

0089 o ) ;

00709 30 DO 31 I=2,11

0071 31 DYCI)=DY(I=1)+YINC*P

0072 TYPE 32,¢(DY(I),1=1,11)

9973 32 FORMAT(344,11F6,2)

0074 C

0075 DO 35 K=1,N

0u70 DO 36 L=1,60,06

0077 DO 37 J=1,5

0078 37 PLINE(K,L+J)=BLANK(1)

0079 36 PLINE(K,L)=SVDASKH(1) )
0ou8o R} PLINE(K,p01)=VUASH(1)

VRSB C

0082 DO 40 K=1,N

0033 C Ix(1)=0

0084 DO 41 J=1,.

gogd I=IFIX((F(J,K)/DIV)*SCALECINDEX)+DISP(INDEX))
0086 IF (INDEX.EQW.,2)GU TQ 50

0087 IFCINDEX.EQ.3)G0O TO 51 ° ¢
0088 DO 52 L=},I

0089 52 PLINE(K,L)=ASIRX(1)

0u9u PLINE(K,L)=AXLS(1)

0091 Gu TO 55

vu92 Su DO 53 L=i,00

0u93 93 PLINE(K,L)=ASTRX(1)

0094 PLINE(K,61)=AXIS(1)

uo9s sl TU 55 ’

Q0906 51 IF(L=-31)56,57,58

0097 Se DO 54 L=[,30

Vu9s 54 PLINE(K,L)SASIRA(CL)

V099 GO G 57,

0100 S5t DO 59 L=32,1

0101 54 PLINE(K,L)=ASTRX(1) f@

vL02 | 57 PLINE(L,31)=ARIS8(1) ——

Uio3 Sh Ix(u)=I

0104 41 COUNLNUE

01095 bu 99 Li=1,M .
Q106 L2=TA(LL)

0107 99 PLINE(K,L2)=PLUS(LL)

Q104 DU Y8 LiI=L, M

OluY LOS={X(L3) .
otLlvu bu Y7 L4=)l, M -

glr11 ir (L3.Eu.L4) GO TOQ 97

0112 I8 (LACL3)=1XCLA))97,9b,97

oLl3 Je - PLINE(K,LS)=PLUL(S)

Uullae 91 CUNYINUE -

® A-5
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* PLOT1 4=~JUN=1983 153:08:21

) geJUN=1983 14305127
Q115 98 CONTINUE
vilb 40 CUNTINUE
0117 C
0118 IF(M.EQ.21GQ TQ 6¢
0119 IF(M.EQ,3)G0 TU b6l
0120 TYPE &2 .
0121 02 ° FURMAT(12X.° T F{+]) VLTI8 '+t 1Q( ey )
0122 GO TO 63 '
0123 20 IF(K1.EQ,2)G0 TO 199
0124 LYPE A4
0125 64 FURMAT(8X, ' T TO(+) TS(e) *'T38,'+'LQ( ' m====s))
0126 GU TO 65 ,
0127 199  -TYPE 198
0128 198 FURMAT(8X,"' T TO(+) FH(e) *T38,'+'1U0( ' mmwmm +'))
0129 GU TO 65
0130 a1 TYPE 886
0131 66 FURMAT(4X,' T FLC+) F2(.) F3(*) ',T3g,'+',
0132 1 10('=memeett)) .
0133 DO 67 J=1.N
0134. 67 TY{PE 69,T(U), (FIK,J),K=s1,M), (PLINECJ,L), [=1,01)
0135 09 FURMAT(1X,F6.3,3(2X,F7.3),3X,61A1)
9130 GO_'TU 80
0137 63 DU 70 J=i,N 7
0138 70 TYPE 71,TCJ),F(1,d), (PLINECJ, L) ,I21,61)
0139 71 FORMAT(124,F7,3,24,F8.4,8%X,61A1)
0140 GL TU 8¢
0141 65 D@ 72 JU=l,N
0142 72 TYPE 74,LCJ), (F(K,J),K=1,M), (PLINKCI,L),I=1,81)
0143 7 4 FURMAY(B4,Fb.3,2(24,F8,4),3X,61A1)
0144 C
‘014% 30 TYPE ¥1
0146 81 FURMAL (37X, 'I1V,10( =====t'))
0147 RETURN
0149 END
i
I
( 1]
I
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A.= FEEDBACK CUNTROL

.

PROPURTIUNAL GATN U¥ CONTRULLEA 10 oui = 4,009
INTEGHAL TINe OF THE CONTROLLEW IS S¢T = 5,000

DERIVATIVE TIML UF IHE CUNTRUOLLER IS SET = 2.500

SERVO=HMECHANISH (SETPOINT CHANGES)

T Fw CH u TQ s ™
AY - - - oy - - » --e - e an ey - ey
[T Y 1T) 100UV .00V 1.500 1135.00y 4UU,0UY V0, 0uL T
1.250 10000,000 7.500 1135.001 199.994 200,00 4,000
2,500 10uu0 . 000 7.500 1135.,010 199,997 2u0.0u0 d.0u0
31.750 10000 ,000 7.500 1135.030 199.996 200,000 8,000
5,000 10000,V0Y 7.501 1135,05% 199,996 200,000V 8,000
6,250 1400V . V00 7.501 1135.,078 199,997 100,900 3,000
7.300 1U000.000 7.501 41135.09% 199.998 200.000 8.000
4,750 10000,000 7.501 1135.104 40V, LU0 490,000 9,000
10,000 10000,000 9.167 112,383 400,001 210.9w0 % .UVl
11.25v 10000.000 9,423 1300.429 202,924 210.000 3.015
12,500 10000,000. 9,387 1372.473 d07.708 210.000 ¥.004
13.750 10000,000 9,103 1390.043 212,445 210,000 4,202
15,000 10000,V00 4,675 1368.578 215,449 210,000 4,339
15,250 10000,000 8,225 1321.889 217,310 ' 210.000 8.463
17.500  10000.000 CED 1205,797 210,893 410,00y 94230
18,750 10000,000 7.634 1214,765 215,053 210,000 v.5%88
20,000 10000,000 7,578 1179.147 212,474 210,000 4,577
21.2%0 10004, 9000 T.607 1163, 791 PUECRL] 210,000 8.330
22,500 1000u 000 7.9853 1168.034 207,030 210,000 ‘3,468
23.750 10000,000 ¥,07% 1187,046 206,682 210,000 8,398
25.000 10000,000 8,217 1213.644d 200,206 210,000 8340
26,250 10000,000 ¥,417 12490 .420 207,145 210,000 d.316
27,509 10009, 000 8,478 1261,384 209,293 210,000 ¥4.312
24_.750 10000. 000 9.461 1273.045 209,594 710.000 B.31u
3u.000 10000.000 8.385 1274.669 210,728 210,000 44357
31,250 1090U, V0L 3,280 1267,496 211,470 210,000 4,390
12,50y 10000, u00 4,174 1155.904 «11.74% 2iv. 000 B.419
T 33,750 100uu.000 8.091 1242.394 211.540 210.000 3,438
35,000 10000, 000 B,04Y 1230,065 211,095 410,000 H.44d
36,250  10006,000 5.3y 1222,964 210,385 ~210.000 B.340
37.500 10000,000 8,065 1220.197 209,858 210,000 B.al2y
38,750 10v00.000 5,113 1221,991 209,404 410,000 8,412
WL, U0V 1000 . uuuL v,160b 1247.,039 205,173 20, ui0 8397
41.25v 10UV, u00 ¥,213 1233,5714 209,172 210,000 © 3,38%
42.500 10000.000 §.,243 1239.843 209.355 210,000 8,379
43,1350 100060,.000 v,294 144,513 409,045 LU, 000 d.319
48,000 10000,000 8,247 1246, 804 409,956 210,000 3.384
46,250 10000.000 8,227 1246,838 210,215 210.000 8.391
“1,900 10000.v00 B.201 T2+4.915 2Iv.J74 210,000 (L A
. 48.75v 10u00.000 d.176 1241 ,999 210,419 210.000 3,405
50.000 10000,V00 8.158 1238,678 210,362 21V.000 8.410
Sl.43V 1Uuv0 . VU0 9.1%08 1230,0ve 41U ,230 210,000 Benll
5¢.500 10000, 000 8,140 1234.371 410,083 210,000 e 409
L 53,750 10000,000 B.156 1233,924 209.942 210.000 4.406
33.00v 10UV, 000 N v.108 1733.5439Y 09,8481 10,000 B.304 .
56,250 100V0.,000 8,191 1235,u42 209,797 210,000 8.399
§7.500 10000,000 8.191 1237.429 209.806 210.000 8.3906
58,750 16000.000 ‘ 5.198 1238,.485 209,856 210.000 Be395
6u,.V00 10000,000 8,200 1239,.9132 209,929 210,000 84395
0l.250 10000,000 4,197 12403064 ' 21,002 210,000 4,398
e 64.500 1GUUU,JGO d.192 TZa0. 467 Zlv.uol ZI0. 00y d.398
03,750 10000,000 8,186 1239.741 210,094 210,000 B.400
65,000 10000,000 8,180 1238,991¢ 210,100 210,000 4,402
88,250 100v0.0ud s.176 123d,.230 Z1u 082 710.0uG ¥.aud
L 57,500  lUuuu,00U 8.174 1237.028 210,059 21V.,0v0 8.403
ob, 750 1000V,000 ¥y,174 1237, 286 L 21Vv.013 210,000 8,402
[ Tu.00u Tovuu,ulu w,177 1237.230v 209 . 9ul 210.000 T 8,401
7125V 1uwgu . Quu 8,179 1237.413 409,939 410,000 8,400
«7245v0 10000, 000 4,182 1237.749 4V9.951 230,000 g.400
T3.73v 1ouu0 .00 34385 1238,131 209,955 © 219,00y 6,399
79.000 10000.,V00 d.186 1238,466 2094968 210,000 8.399
16,250 10u00,00Q 5,180 1238 ,089 2v9,.946 210,000 ¥,.399
7T.50vu 1Wuud . UGV 0,100 123,773 dlv.uvd | $iusvuo dedVY
1d4.,7%u 100u0.00Qu 3,184 1238.727 2lu,0t0 210 .u9u0 ¥,400
8u.000 1000V, V00 8,183 123v,587 210,023 210,000 8,400 #
61,250 1oy, 0060 4,182 123d,302 210,u24 210,000 9,400
d42.>0u 1500V ,000 8,181 1439,.22+4 2lv,019 2iv,.uvl 5.401
83,7150 LUu0, UVy 4,180 1238,090 210,010 210,000 8,901
85.VU0Q 1V0G Vv 0 B.ibl 1430,0214 210,002 210,vlu B .@00
du,.25u 10UdV VU 8,1b1 1238.v1Y U9 . 994 41V uuy d 400
H7,5uu 100U, U0 3.182 1234.072 ¢ 209,990 210.000 3. 400
8d. 75V 10000,000 6.402 1230.150 AT T ilv.ulv 904900
YU, U0U FYTVI YY) d.183  lidv.240 209 .99V 410 .0Uu0 YD)
4 91,25u 10UUY,UUY ¥,383 123,323 409.99) 210.000 3,400
Y4,d5vV lyove,vov 8,104 1d30.371 4uy , 991 21V .VUV 8. %00
93,75v 10000,00V 4,183 143b.385 PE INVIVE 210,000 d.900 A-T
Y5.00u 10uyu, V0L 0,183 - 123,389 41U.004 210.00U ¥.400
90,45V 10UUU. VU 6.184 1238.333 21u.vvo i1v.uuu d.4u0 -
IRYySY 1uydu,0vu . a.,102 123,200 410 .0ve 210,000 L I IVV]
985754 Lu00u uuu Y] 1238,247 41,004 219,000 d. 400




SERVO-MECHANISM (SETPOINT CHANGES)

IHE ACTUAL VALUES OF (TO) & (TS) ARK GIVEN BY:
((10) OR (TS) + 19.5) £ 10.0

(OUTPUTS SCALEU BY ,100E+01)

. (X INOICATES MURE 'THAN UNE VARIABLE nAS THE GIVEN VALUE)
) ¢ ZZXZTID>
0,00 0,25 0,50 0.75 1,00 1.25 1,50 1.75 2.00 2.25 2.50

T TO(+) T8(.) pomnmapm— ¥ cmpmmm——y P T L
V. 000 0.5900 0.5004 T 4 3 T i B 3 I 14 '
1.250 V.4998 0.5000 I X . : ¢ ! : ! H !
2.500 0., 4997 0,5000 1 X : B : : H H 3 !
3.750 Vea9Y0 0.5000 )4 X T B 1 B 1 T 1 1
S .000 U.4996 0.5000 L X 19 H 4 4 H H ¢ .
6.2350 V. 4997 0,.5000 I X ! H { ! H ! & !
7500 V.+99d V,2000 I S T T 3 1 3 1 T T
8.750 ¢.50u0 v.5000 1 C A ! H ! ! ! } b3 !
10,000 06,5001 1,5000 1 [ . } 1 H !
11.430 0.7924 1.2000 b4 + o T 1 1 .
12.500 1.2768 1.5000 l + . 1 ! 13 !
13.7%0 1.7485 1.5000 1 . * ! 1 !
15.000 40849 1.5000 I . + Ey 1
164250 2.2310 1.5000 I . - B
17.500 2.1493 1.5000 I . . +4 :
18,750 4.0053 1.25000 1 . * I 1
2404000 1.7474. 1.5000 I . * ! 1 !
21.2%0 1.4874 1,5000 L . X ! ] 3 !
22.500 1,483y 1.5000 { 3 . . [ - )
23.7%0 l.1682 1.5000 b4 * . 4 ! H ]
25,000 1.1506 1.5000 1 + . L ) [ !
20.450 1.2145 1.5000 L * N I T H i
27.500 1.3293 1.5000 I L 1 ! - :
28,750 1.4594 1.5000 I - +. [ ! I3 L
3ue.uuy 1.5724 1.°000 I . . * H 1 1) l
31.2%0 1.6476 1.5000 I . + ! H ¢ )
32.500 1.6749 1,5000 1 . + ! : :
33.7%0 L.6340 1.5000 { N + 1 T 1 T
is.vo00 1.009% 1.50u0 1 .ol [ {
36.250 1.5405 1.5000 L . o ! [ {
37.500 l.4858 1.5000 T A 1 1 P T
18.7%0 1.4404 1.5000 r * ,. 4 ! s H
40,000 1.0173 1.50u0 I » + . ! ! i !
41.450 1.4172 1.5000 1 N v * . i ! : B
42.500 1.4355 1.5000 I + . ! ! t 1
43,750 1.4645 1.5000 1 ., ! ! 2 !
49 .U00 1.4950 1.5000 I, X 3 1 R :
10,230 1.5215 ,  1.5000 L ot H ! : !
47,300 1.5374 1.5000 I - ‘. i ! ! '
A8 .150 1.5419 1.5000 I K3 1 [ 3 }
50,000 1.5302 1,5000 i ' o : s . :
51.2590 1.,5430 1,5000 1 - . ] ! H v
52.500 1.5003 1.5000 T . X s T T 1
33.750 1.4942 1.5000 1 , N 4 ¢ : : :
55.000  'l.aB44 1.80v0 ' I X 3 ! L !
56.250 1.4797 1.50uU0 T = S T T T T
57 .500 l.4800 1,500V I X : H : H
58,750 1.4856 1.,50u0 I X ! ! ! !
50 . 000 1.4929 1.50600 T z T T T T
61.250 1.5002 1.5000 I £ H : : :
02450\ l.3061 1.5000 1 - A : ! . :
03,750 1.5054 1.5000 I X ! ! H !
55.000 1.5100 1.5000 1 x (| H !
0o .230 L.9082 1.5000 L X 3 [ B H
CXEEITR 1.505%0 1.20Vv 4 X T T T T
0d.750 1.5013 1.56000 1 X ! : ! !
70.,U00 1.4981 1.5000 i X ] ! . {
T1.250 1.4959 1.5000 T . 3 T T T T
12.500 1.4951 1.5000 L £ . ! t !
73.750 1,4955 1.50v0 I X ) ! ) !
75.060 1.4708 1.5009 1 Iy T 3 : T
To.25v 1.4980 1.5000 I X ! ! ! !
77.500 1.5003 1.56u0Q 1 X H 4 ! }
78 .7540 1.50106 1.5000 T . 4 : ! B 1
B0 .O0Y 1edus3 1.5000 e o X : [ | !
41 . 45U 1.5024 1,5000 1 X ! ! 2 !
42,50y 1301y 1.500y t A : ! : i
§3.754 1.,5010 1.30v0 I X : ! L., :
a5.uul0 1.5002 1.50u0 I X ! ! ! !
80, <5V 1.4994 1.200u 3 X 1 1 T T

87 .300 Led990 1.,5000 1 X : : : ‘.
WY, 750 1.e988 ' 1,50u0 1 £ 1 ! [ !

U . UL 1492V 1.90vwu 1 A : B H [
Y1.250 1.4993 1.5000 I . A H : H !
$42.5u0 1.4997 1,900V 1 A H ! : H
¥3.150 1.5001  1.%0uu I X 1 f T T
995,000 1,5v04 1.5000 I A H H H H
Yo . 250 1.50ue 1,5000 1 A ! ! : :
. 91.500 l.5uvo /1.50uu L 3 : ! A"S :
v8.750 1.5004 15000 1 £ i ! 2 '
| Rtk ittt ettt Sttt Sttt it dth sttt ettt 2 L DL DL S R L TA L 29
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_ REGULATOR (LOAD CHAWNGES) '
L T i cn u T0 TS ™
- - - - -
[ .
Q.000 10000 ,000 73500 1135.000 400,000 200,000 ¥.000
. . ) 1.250  1U0UO 000 7 500 1135.001 199,998 400,000 . 84000
_ &30V T00uQ 00 T.3580 1135,.010 199,997 . 200,000 8,000
3.73%0 10000 ,000 7 «500 1135.030 199.99¢ 200,00 4,000
‘ 5.000  10000,000 7 «301L 1135,055 199.990 200,000 4,000
- ®.450 10000 ,000 7. 507 1I35.07% 199,997 —Z2uU,.9000 ¥, 000
] 7 .500 10u0 0,000 7 .501 1135.,09% 199,998 4v0,000 6,000
' ¥.750 _ 10000,000 7.501 1135.10 200,000 200,000 8,000
Lo 00 3700, 000 T +901 1135108 204 .4yl 20,000 g, w0
t 11.25v 9200 ,000 6,694 1109.872 0% ,701 200,900 ¥,139
¢ 12,500 9200 ,000 6. 445 1049.101 207,412 200,000 4,208
13.750 3200 Juou 0,497 100V L0 0K ,079 4UV VU0 B.d49
15,000 9200,000 6,265 970,362 201,719 200,000 8,192
' 16,250 9200,000 - 6,44) 962.703 199,006 200,000 8,127
3 17.500 9200 .,000 0040 GT 4748 197,100 490,000 4,030
14,750 9200 ,000 - TH 999.899 196,208 200,000 1.9680
‘ 7 20,000 9400,000 7078 1029.9%9 196,448 290,900 7,931
21,230 92u0 00l 7 T.197 1057.167 197,403 20J . Jul T.304
22.500 9400 ,000 7.220 1076,298 194,765 200,000 7.912
23.75%0 9200,000 T.179 lud4.471 200,141 200,000 7.936
s 25,000 §200,000 T .07 1082.130 201 ,24] 200,000 1,970
26.250 9200 .000 6.958 1071.43883 401 ,d26 200.000 4,008
/7 27.500 9200,00V 6,950 1057.575 201,911 200,000 89,032
29,750 9400, 0u0 o, 775 id43.145 2401 4300 <UL, 000 a.Ve!
30.000 9200 ,000 6.742 1031.925 200.938 200,000 ¥.049 .
) | 31.250 9200 .000 5.751 1025.060 200,238 2004000 3.040
32,500 9200 ,000 o.792 1024.7872 199,033 209,000 B.uid
33,75 9200 ,000 6,449 1028 .41 199,219 204,000 , §,0Ue
{ 35,000 9200 ,000 6,905 1034.840 199,074 200,000 7.991
36,250 9200 ..V 6,930 1U42.08] 199.1060 200,000 T.980
37.500 9200 ,000 0.974 1048 .370 199,414 _2Q00,V00 71.9717
{ 38,7%0 9200 ,000 6,978 1052,49% 199,755 200,000 7.979
20,000 9200 U0y 6,963 1053974 200,080 290,000 T.985
41.25% 9200,000 6,938 1053.,006 20Q,32) 200,000 T.994
' 42,500 9200 ,000 6.909 1050.294 / 200,440 209,000 3,002
o R 43,750 92uu .0 o, 484 1040,787 UV, 146 20G,U00 s.0va
45.000 9200 .0ud ©.bby 1043,.421 200, 347 200,000 8,011
( 46,250 9200 ,000 6,862 1040,.916 200,191 200,000 ¥.011
+7.500 9200 ,000 6,860 1039,05) 200,024 200,00V 3,009
f 48.750 $200,000 0.877 1039.669% 1y9 488 200,000 ¥,005
\ DU ,U00 Y2V 0 .000 6,391 1040.701 199.500 200.000 4,001
¢ 51,450 92UV 000 6,904 1ve2,.31y 199,770 40y, 0uy ST
52.500 9200,000 6.914% 1044,047 199,806 200,000 T.99%
t 53,750 9200,.000 5.919 1045440 199,474 200,000 7.994
* 95,000 92uQ ,000 6.919 10406 ,35 199,950 490,000 T.y93
56,25 92vu0,000 6,915 , 1046.597 200,031 200,000 7.997
{ 57,500 $20U,000 &.908 1046,272 20U, U8Y 200,000 7.999
34,75 Y200, 0u0 5,901 1ua5.56] 200,109 200,000 ¥,001
60,000 9200 ,000 b,896 1044,715 200,104 200,000 4,002
01,25 9200,u0Y 5. 892 1043.934 20UJ U7 2V0,00Y g.003
64.50u EF T INTL] 6,891 1043.382 200 udd 20vu, 0Ly 9,003
63,75 92V0 000 6.893 1043,137 199,999 2VV . 000 ¥.002
\__ 55,000 9200,000 6,893 1043.192 199,967 . 200,000 4,001
50,25 3200,000 CYRTL 1043.4715 1¥9,950 209,000 8,000
67.50u 9209 ,.udy 6.902 1043.877 199.948 <Q0,000 7.999
6d.,75% 9200 ,000 6,904 1044,280 199,956 200,000 7.999
Tu.0w 9200 ,u00 o .95 104,00y 199,973 290,000 _Te999
71.250 9200 ,000 ©.90% 10a4,792 199,993 200,000 7.999
72,500 Y200 ,000 6,904 1044 ,822 200,010 200,000 7,999
4 R 73,730 Y200 ,000 6 .91 104,743 240U, 022 FPRIIRITY Y. u00
75.000 9200.000 6.900 108 4,543 200,040 200,000 8,000
76,250 9101).000 o, 4999 1044.337 200.024 200.000 4.001
77.50v S400,000 6 ,d9b 1044,157 200,017 200,u0d LT
T8.750 ¥y20u U0 6. 894 1Uaa . 038 200,007 200,000 0,001
L . _8B0.000 9200 .000 6,59y 1043.993 199,99 200,000 8,000
> [ al.22v 9400 ,u0v 0,499 1Ua4,01% 199,991 40y ,.Uuvu T
- N 82,5060 4200.,000 64900 1044,094 . 199,947 200,000 8,000
83,750 9200 ,u0y 6.901 1044.192 199,987 200,00y 6,000
CEXCT 94V0U 000 6,01 10%4,.2b9 19Y.99% 200,00y 8.,0u0
ab,2% 949U LU0 6,902 1044.J01 1y¥,.994 4V0 V00 8,0v0
87,500 32L0,000 ©.901 1044,397 199,999 200,000 8,000
48 .15 EZ T I IT) 0.0l 1044, iys PRIV INTR) PV 4,000
IV ,000 Y2uuy 00U 6,901 1044 .30 20V, Uve 20V ,u00 L)
91,250 Y40u,u00 6,90y 1044.324 200.006 200,000 4,000
32,500 92v0,u00 6,400 1044 ,270 duu 008 290 ,0uv 3. 0w
v3.7% 94V V0V ©,Y00 PYTL L WL ) CLAT RS T'L Y 200,000 d¢,.0u0
R 95.900 9204 ,900 o, 9ul 1044,209 400.901 200,000 9000
. CEYWEN] J2vu  Vou CYEIT) lvea, 202 T1Yw, 99y 400,000 a,Uuu
97.3500 94UQ U0V 0 .90y luse 21U 199,994 200,000 4,000
\ Iy .75 Y2VH 000 < 430U 1lve4,230 199,997 20U, 00V 8,000
\ "
i bV = W
N Il x
ol
Low‘.m_."_ -




2 REGULATOR (LOAD CHANGES)
THE ACTUAL VALULS UF (TU) & (Fw) ARE GIVEN BY:
((T0) » 19,5 ) X 10.0 AND (Fe) X 10000,0
—
° (QUTPULS SCALED 3Y .100E+01)
N (X INDICATES MURE [hAu UNE VARIABLE nMAS THE GIVEN VALUR)
U + SE=233>
0.00 0,25 0,50 0,75 1.00 1,25 1.5V 1.75 2.00 2.2% 2.%0
T TO(+) FW(,) D et Sttt S i il S et e Bttt
0,000 ~U, 5000 1.0000 I > . T — 1 T 1 T T
. 1.250 0.4998 1.0000 1 + . ! ! ! ! ! i
2,500 0,4997 1.0000 1 * o K : ! H : H
EPEAT) T.wI96 Y.0000 Y ¥ . H T T T T T
5.000 0.4996 1.0000 1 > . ! ! ! [ ! H
. 6,250 U,4997 1.0000 I - . H : ! ! ! H
T.500 U.4998 T.00uv I v . T T T T T T
9.7%0 0.5000 1.0000 1 + . H ! 1 [} ' !
: 10,000 0.9401 0.9200 I ol ! ! ! [ ! !
T1 250 123701 U.9700 I . LIy T R T T
12.500 1.2412 0.9200 b . +y : i H H L
13.750 0.967% 90,9200 [ Y ! ! ! ! 1 !
15.000 T.6719 U.92u0 I v PR T —T T T T T
16,250 0.4006 9.9200 I * . 2 } : ! ! ! L
17.500 0.2108 v.9200 L - « ! { ! l ) { 3
9. 750 T.1285 UL 9200 T+ PR T T T T T T
20,000 U, 1448 0.9200 I + o ! 1 ! 4 ! 3
21,250 U,.2405 0.92v0 I + . 4 ! ! | t v :
Y500 T.J7Ts5 0.5200 T 3 . T T T T T T
23,750 0.5141 0.9200 b¢ » o4 ! H ) ! ! !
{ 25.000 V.22 0.9200 I +* . !} ! L ! H ! !
756,250 U.0d16 T.9260 T ¥ P T T T T T T
27.5v0 u.6911 Q.9200 e + P t . ! : : t-
. 28,750 V.6560 0,9200 L * o ! | ! ! [ ! H
ED TR IR EL) CEEX TR + . o . . T 13 L .
31,250 0.5235 0.92u0 1 * . L B ! ! : ! H
¢ 32,500 U613 u.9290 L * o L i ! ) 1 ! !
EEFRED] Uencly T.9200 I ¥ . 1 T T T T T T
35,000 U,4071 v.Y200 I + . ! ! H ! [ ! !
. 36,290 U.4loU 0.9200 I + .4 ' ! 1 [l ! !
37,500 [TV U 9400 ) ¥ PR T T R R T T
38,750 u.475§ 0.9200 I + * . ! ! : ! X ! !
1 10.000 u.5080 0.92u0 I + . ! B ! ! ! H
11,250 G.3743 V.9200 I + . 3 T T T T T T
42,500 0.5448 0.92v0 I + . ! Voo : : : H
{ 43.790 U, 5440 0.9200 1 - o ! ! ! ! ! ! !
43,000 U.5347 0.9¢u0 I =~ + P T T T T T T
46,250 0.5191 ° 0.9200 I + . ! ! : 1 ! ! L
. 47,500 0,5044 0.9200 I + . ! ! ! ! H ! !
48,730 U.4d85 0.94200 T * T T T T T T T
Su.0uY U, 4800 v.9200 I » . : : : L H :
51,450 O.4776 0.9200 I + ot ! H L .- t B
32.500 U. 800 0.9700 T 0 T T T 1 T T T
53,7%0 0,4874 0.9200 I + .t : : ! ! . :
55,000 U,.4950 v.9200 1 + . b 3 : 3 : { :
26,256 U.5031 6.9200 I * . 1 T T T T T ¢
97.5u00 V.2045 0.9200 I * . § { ! ! ! ! !
58,750 V.510Y V.9200 L r . ! : L ' H : :
b0, vl0 v,51va VY I'T] T + . © T T LB H 13 T
61.250 0.5077 0.9200 1 * .t ! ! ' s i 1
52,500 0.5038 V.9200 1 * P ! : ! ! H L
03,759 0.4999 0.9200 I * N . ! 4 H | S | ] !
65,000 TRy 0.9200 41 * . d ! ! ! B i !
0b,23V 0.495¢° J, 9240 1 » . ! H : ! H ! !
( 61,200 U.a940 IEFTT] I * . ! : 1 B B T !
8,750 U.49%  '0.9200 I * . L 1 : ! ! o,
- 10.900 0.4913 u.9200 1 - . B ! ] ! i !
71,250 [RTTE Ve 9200 1 » . 1 ! ! 1 : B
L 72,500 U.5010 0.9200 I N ol : : : 1 : :
73,759 u,5us2 u 49200 I + . L ] ! } ! ! !
( 15,u00 J,2020 Je Y200 1 * . ! : B B B B 2
~ 76,250 U.5024 0.9200 I + M) [ ‘ ! H i [ S
17,508 v,541 Y, 9200 1 : + ¢t ! H H H : 5 8
74,750 V.50u7 U.Y2u0 1 ., . ! [ ! ! t ! 1
80.uul (VIR 2Y: ] Ue.9200 IS * . 4 H H H : H 1
¥y,250 Y,avyl U, 9200 1 + . ! ' : ' ' ! :
LY PEDTY FIYTH Y.v200 1 . . . ! ! [ ! [ ! B
33,750 V.4947 Ue.%20u0 I + . ! ! ! ! ! [ B
25,000 U, 4990 v,92vy I + . ) ! A t \ ! ! H
00,250 UL 4994 v.y2u0 I * . ! ! [ [ [ ! i
97,500 0. 4999 V.9200 I + .l ' ! ! / H ! 4
4,790 w,bhyQd va¥eve I 3 e |} ! 4 H H H !
Y. 000 w.3000 v.9200 I, + . 4 [ [ [ L P :
91,490 VL5006 Ve92uy 1 + . ! H ! ' ! ! !
92,5uy v.50u0 9.vdvy I + . 4 ! ! 3 ' 4 :
3,790 U, 50ud L .9200 I v . ! ! f f B ! [
¥9,.uu0 [VI-TITTR ) [V AV} Iy + .2 H H H H H H
Yn, 2599 V. 4999 v, 92vy 1 v o ! ! : ! ! : i
Y7.500 [PIYTT] v.92u0 I - . H B H H -— :
98,750 UL 4997 V9200 1 + . ) ! ' ! JI IP !
N ] Sttt bt Attt dnleet et Sttt il St it St et R L T
. N
Wit r? L. . =




= FEEDBACK CONTROL

(With time delays added to disturbance
and measuring element)

&



il Lol )

——— - r e e s e e e e e e e mmwamta 4 e mmamim. e et s s A Sma e PR

[ . 30-AUG=1983 17318:37
\-/ . 36-AUG-1983 17:18:29
»

T ]

0001 , PROGRAM HEATEX

0002 DIMENSION T(470), CM(479),TM(470),T0O1(470), LO(470),T5(470),TT(5,400)
\ 0003 » DIMENSION T02(470) ,U(a70),KCCL),XKIC1),KD(1),DEL(L),ER(C470),Fw(47u)
[ 0004 DIMeNSION T1(470), X(470),X1(470),YC470),11(470)

0005 REAL INTER, INTUD,INTUD!,INTOD2,INTMD,KC,KI,AD,KV,KP,KDIS,KM,KS

0006 DATA K¢/3./,K1/6,5/ ,KD/9,5/ ,DEL/0.25/

0007 C PARAMETERS AND VARIABLES

0008 C CUNTRULLER: KC=PROPORTIONAL GAIN ;

0009 [o KI=INIEGRAL TINE (SEC,) ¢

0010 C <D=DERIVATIVE TIME (S5kC.)

0011 C CM=CONTROLLER UUTPUT (VOLTS~RANGE 0=10V)

0012 C CBAIS3 CONTROLLER BAIS

0V1l3 C VP,VI,VD=PRUPURTIONAL,INTEGRAL,DERIVATIVE PARTS OF

0014 c CONTROLLER OUTPUT

0015 o ~

ou1l6 C  VALVE ¢+ THv= VALVE TIME CONSTANT (SEC,)

0017 C KV=VALVE GAIWN ((L&./HR)/VOLTS)

0018 C ‘ ‘

0019 C EXCHANGER : THP=PROCESS TIME CONSTANT (SEC.)

002V c KP=PROCESS GAIN (DEG. r/(LB./HK))

0021 C /

0022 C  DISTURBANCE: THD=UISTURBANCE TIME CONSTANT (S&C.)

0023 C KD1S=DISTURBANCE GAIN (DEG, F/(LB./HR))

0024 c ’

00725 C MEASURING THM=MEASURING ELEMENT TIAE CUNSIANT (oEC.)

0u2b C ELEMENT ! KM=MEASURING ELEMENT GAIN (VOLTS/LEG.F)

0027 C )

0024 C  UIHERS : TS=SETPOINT TEMPERATURE (DEG. F)

0029 c KS5=S8SETPOINT GAIN (DEG. F/VGLTS)

Qu 3 c TIN=INPUT TEWPERATURE (VEG. F) .

G031 C TO=CVERALL ODOUTPUT TEMPERALIURE (DEG., FJ

0032 C TO1=0UTPUT TEMPERATURE VUE TU PROCESS (DEG. F)

0033 C TO2=0UTPUT TEMPEHATUKRE DUE TCU DISTURBANCE (DEG, F)

0034 C FW=WATER INFLOW RATE (Lo./HK)

0u35 C . ’

00 3b TYPE 13

FIVEX 13  FORMAT(1d1,10X,'8.=- FEEDBACK COwIROL',7,10X,20('='),7,10%,

0034 + '(ALTH TIME DELAYS ADDED 1U DISTURBANCE & McASURING ELEMENT)',

0039 + //) '

0040 C CONSTANTS & PARAMETERS N

004l TIN=90.

0042 THY=2.

V043 Kv=151,3334 N

ova4 THP=4,0% )

0045 KP=0.09691 )

~0uv40 THL=0,5

0va7 KD1S=0,011 ‘ . \

0048 THM=3, -

VU9 K=0,04 B

OIVEY) RS=0.,04

dus1 CwA LS5=7.5 N

0092 Tf¥e 12,6CCL17,KI(1), s0CIY

VU5 3 12  FURMAL(10X, 'PROPOKTLONAL GAIN OF CONTROLLER IS SEY =',Flu.3,/,

oVS4 + 1UA, 'INTEGRAL TIME OF (dE CUNTROLLEx IS oEL =',Fiu.3,/,1uX,

PEE) + TUEAIVATIVE TIWE GF [AE CONTROLLER IS SET =V, ¢10.3,7)

v0Se DO 99 JK=l,2
\_vus7 IF(JK.EQ.2)GO TO 14




e

el e e e e e e om - o

: b+ 4

(REATEX : —3U=AUG-1983 1 7:18:37

30-AUG~1983 17:18:29
0058 fYPE 15
0059 GU TO 16 ‘
\  0ubBu 14 TYPE 17 - - :
[ ou&k 17 FURMAT(1H1,/,9%, 'REGULATUR (LUAD CHANGES)',/,10&,24C7+-"),/])
0V62 15 FORMAT(/,10X'SERVU=MECHANLISM (SETPULNT CHANGES)'/,10X,34('="'),/)
uu63 C INITIAL CONDITIONS
0064 16 ER(59)=v, b
< 006% u(59)=1135, ' -

0066 Fw(59)=10000, .

0067 INTEK=S0, - :

00638 TU(59)=200,

0069 TO1(¢59)=200.

0070 TG2(59)=110.

Go71 TM(59I=TA(S9)*KM

0072 TS(59)=200, _

uu73 CM(59)=7.5

oui4 . INTUD=1135.

0075 INTMD=8,

0076 INTUD1=200, |

0077 INTOD2=110,

0078 T(59)=0,0 i®

0079 DU 98 JJ=4a9,59

0080 98 X1(dJ)=TM(59)

0081 DU 97 JI=1,59

00b2 97 X(JI)=110. .

0083 DU 2 1=60,461
0084 11=1-1 -

ouss I1=I=59 . .

0086 12=I-11

0087 C SETPUIYT CHANGE

0043 FW(L)=tw(ll)

0089 IS(LY=TS(L1),

L) IF(JK.EQ.2)GU TU 23 -

0091 (F(1.E0.99) I (1)=TS(I0)+10.

0092 23 Y1LI)=X1(¢12) . .

0093 C The THREE MUDE CUNTROLLER ’ “ "
00Y4 ERCI)=TSCI)*KS5=-11CL) *

0095 C PRUPURTIONAL

0090 . VESKE(1)4ER(I)

0097 C INTEGRAL

0098 - . VISINTER* (KQ(1)/KI(L))

0099 C DERIVATIVE

0100 VU=(KC(L)*KD (1) )X (ER(L)=ERCL1))

9101 c P+I1+D

0162 CM(L)=VP+VI+VD+CBAILS

0103 I (CM(1).6T.10,000)CA(L)=10.0

0104 C  VALVE ; , -
0105 UD=(KVECM(L)~U(LII) )/ LHY ' '
Viub G(I)=InTLD : .

vio? C HEAT EXCHANGER .

0108 PUSKP$UCL)+TIN

0109 TUuI=(PU=-TULI(LI) )/ ThP

Oltu TUL I)=INTODL - . L.
0111 1f(JK.,EW.2)G0 TU 20 . .
0112 TOCL)=TUL (1) ”’
0113 C MEASUKING ELEMENT

L vlld 22 THD=(KM*TU(I}=TM(II))/THM : :

. t B"2



. &
( AEATEX ~ >N ; J0=A0G=1983 17:1%:37
' ' ' ¥ -30=AUG=19Y83 17:18:29
0115 TMCL)=INTHMD
Q116 X1C(I)=TM(I)
L o117 GU TO 21 .
( 0118 C DISTURBANCE UR LOAD CHANGE
0119 20 TS(L)=TS(59)
0120 IFCI.EQ.99)FW(I)=FW(I1)=~800, N
0121 TODZ=(KDIS*Fw(I)-TO2(I1))/THD
0122 TG2(I)=INTUD2 -
0123 X(I)=TO2(1)
0124 . YC(I)=X(L1) ' R
0125 TOCI)=TOL(I)+({TO2¢(59)=Y(I)) .
0126 GO TO 22 - .
0127 C k
0128 C EULER INTEGRATION -
0129 21  T(I)=T(II)+DEL(L)
0130 INTER=INTER+ER(I)*DEL(1) n
0131 INTUD=INTUD+UD*DEL (1)
0132 INTOD1=INTUD1+TOD1*DEL(1) N
0133 INTUD2=InNTOD2+TUODZ*DEL(1)
0134 ' INTMD=INTMD+TMD*DEL (1)
0135 C
0136 2 CONTINUE .
0137 TYPE 18 . § “
0138 18 FORMAT (15X, 'T' 14X, "FW',10%, 'CM',10X,'U',10X%,'T0", 10X, 'TS*,
0139 + 11X,'TM',/,10X,83('='}),/)
0140 IK=59 o
0141 00 5 I=1,81 ‘
01a2 '1‘1(/1)=TLIK)" .
0143 TT(1,1)=TO(LK)/10,~19.5
0144 TT(2,1)=TSC(LIK)/10.=19.5
0145 IF(JK.EQ.2)TT(2,1)=FW(IK)/10000, ,
0146 TyPE 11,TC1K),FW(IK),CM(IK),U(IK),TOCIK),TSCIK),tM(IK) .
0147 14 FORMAT(IX,7F12,3)
0143 IK=LK+5
0149 5  CONTINUE
yls0 1F(JK.EQ,2)G0O TO 90
0151 TYPE 24
0152 24 FORMAT(1H1)
Q153 LYIPE 15 .
0154 i PYPE 91 , ! .
0155 91 FORMAL(10X, '"THE ACTUAL VALUES UOF (TU) & (TS) ARE GIVEN BY:'®
0150 +  /,20X,'CUT0) UR (TS) + 19.5) X 10.0',/)
0157 GU TO 92 \
0158 90 TYPE 17
0159 TYPE 93
0160 93 FURMAT (10X, 'THE ACTUAL VALUES OF (ITU) & (Fw) AKe GIVEN BY: T
V16l + /,20X,'(C(TO) + 19.5) X 10.u AND ? (Fw) X 1U0Q0,.U',7)
0162 92 CALL PLUT1(f1,TT,81,2,JK) e ,
0163 + 99 CUNEINUE
0164 END

o




8.- FEEUBACK CunTROL

(W1TH TIME 'DELAYS ADDED Tu DISTURBANCE & MEASUKRING LLEMENT)

L PRUPURTIOUNAL GAIN UF CUNTROLLER IS SeT = 3,000 p
([ INTEGLRAL TILME UF 18E CUNTRULLER IS Skl 3 8.500 N
DERIVALLVE TAME OF I[HE CUNTRULLER IS SET = 9,500
SERVO-BECHANISM (SETPOINT CHANGES) .
T Fw ~ Cn u QA 10 s ™
meewemm— e pen - ——————— J - -——— - [,
o
0,000 10000,000 7.500 1135.000 200,000 200.000 $.000
1,250 10000,000 1,599 1135,000 199,998 200,000 8,000
2,300 100U, VU0 7.500 1135,000 199,997 00,000 3,000
3,750 10000,000 7.500 1135.001 199,996 200,000 8.000
2 5,009 10000,000 1,500 1135,017 19,995 200,900 3,000
5 16,250 10000,000 7.501 1135.041 199,995 200,000 ° 5.000
7.500 10060,000 7.501 1135.007 199.996 200,000 8.000
8,150 100095000 1,501 135,089 Tyy, 997 200,000 5,000
10,000 100uu, 000 10,000 1135.1008 199 .999 210,000 8,000
11,250 10000,000 8,932 1255,981 201,814 210.000 8,007
12,500 10000,000 y,162 1316, 480 205.428 210.000 3,034 .
13,750 10000.000 9.316 [ErYPEY 3 209.506 210.u00 s.l142
15,000 100V, 000 9.17% 1384,304 213,459 210.,u00 8,259
16,250 10000.,u00 4,895 1377.105 216.531 210,000 5.387
11.300 10000,000 R s.5406  133d.115 ilb.2490 210,000 s.904 D
18,750 10000,000 gt 8,192 1305,331 218 . 401 210,000 8.594
20,000 10000.000 1¢ﬁgh7.904 1258,600 217,349 210.000 4,643
21.25%0 10000,000 § &, 7.724 1217,.266 215,291 219,000 3.050
22,300 10000.000 7.606 1187,.958 212,798 210.9000 8.020
23,750 10000,000 - 1,720 1174,00S 210,378 210,000 8.563
25,000 10000,.000 7.455 1175.251 20%, 445 210,000 B8.493
26,2590 10000.00v 8,029 1198,.654 107.202 . 210,000 4.425
27.500 10000.000 ¥w,202 12u9,.368 200.4893 210,000 3.371 "
28,750 10000,000 5,339 1231.950 207,246 210.000 3,330
30,000 100u0.000 4,420 1251,69% 203,107 210,000 84323
31,250 10000.000 5,439 1265.090 209 .204 210,300 5.431
32,200 10000,00V 8.401 1270,621 410.270 210,000 bed92 *
33,750 1000V,900 8,326 1268 .502 2411.091 210,000 9.380¢
35,000 1000v, 000 8,234 126V,646 211.544 210.000 B 4UB
36,250 10000, 000 s.140 1249 ,.465 211,600 210.000 0.429
31.500 10400,v00 8,080 1237,.826 211,314 210,90V 4,941
38,750 10000.000 4,045 1228,131 210,802 210,000 3.442
40,000V 10000,900 5.042 1221.99¢6 210,205 219,000 3.3435
41.250 10000 . 000 8.064 1220,053 409,057 210,000 3.421
42.500 10000,.9000 B.111 1221,995 209,260 210,000 5,405
43,750 10000,000 5,162 1226,.796 209,009 210,000 5,390
45,000 10V00,000 8,207 1233,03% 209,087 210,000 8,.38¢
40,250 1000Q.000 v,241 1239,248 209.279 210,000 3,375 &
47,500 10000,.000 ¥.257 1244,2106 09,577 210.000 0375
48,750 100V0.v0U 8,255 1247,176 209.906 210,000 8.380
50,000 10006,000 4,240 1247,886 410.196 210.000 5.388
51.2%0 10000,000 s.210 1246.5¢0 210,398 210,00y 8,397
52,500 1uQuY VUL 8,189 1243.879. 210,488 210,000 8.405
y 53,750 10UV0. 000 8,166 1240.530 210,466 210,900 8,411
55.0U0 100UV, 000 d.150 1237.310 410.3506 210,000 B.ald
S6.25v 100UV, 000 8,143 134,832 210.195 210,000 8.413
37.5uv 100V ,.000 8,145 1233,457 210,024 210.000 d.4l10
58,750 10000,000 3,154 1233,.26w 203,977 210,000 8,405
50,000 10000.000 8.167 1234.099 209,780 210,000 8.401
61.250 10000,000 4,181 1235,614 209,744 210,000 4,397
( 62,500 1000V ,000 6,193 1237.,39% WY, 764 210,000 4.3%4
63.73v 10000,.00v s.zox//r 1239.046 2v9,328 210,000 8.393
55.000 1V0UL . VU0 8,203 1240.262 Uy . 9LS 210,000 4.394
60,450 1uy00.000 8,202 1240.478 210,004 210.000 8,395
67.500 100UV, 0U0 6,190 1230.873 210,074 210.uuv 4.398
L o, 750 10UUL, 00U ¥,1H69 1240,354 210,123 210,000 8,400
4 Tu.0uv 10000.000 .18 1239.50Y 2104137 410,000 9.402
. 71.250 10Uu0,000 4,176 1238,.502 ¢lu.121 210,000 8,403
12,50 100UV, 00U 4,172 1237.710 21V,084 219.009 5. 404
73.7%0 10U0V . UL 4,171 1237120, 210,037 210.000 8.403
75.vv0 10000, uu0 4,172 +1236.3851 209.990 210.0u0 4,402
70,25 10000, 0300 8§.170 1236,906 209,.9%4 £10,00U 3.401
7i.3u0 1LUUVL VLU 4,179 1237.21y , PR EY £10,000 3. 400
| 78.7%0 10000 ,000 s.183 1237.084 \5& 209 .92 £10.0U0 8,399y
M 40.v0u 10UV0, U0y, delbo 1238.1v4 4VY.934d 210,00 3,398
HWled5V 10vuv.uuu 4,188 1238,015 2UY , 959 21v,u00 FRERT]
82.50v 10000,vuv 4,180 1438,903 dvy.985 21u .00 4.398
wi,75u 10uv0.u00 8.187 1239,ul0 210.009 210.00v 3,399
dY,.Vuu 1uyov ,0LL s.180 1234,.900 210,027 4£1lU,0vY 3,40V
40.2%0 10UVL, 00U ¥.184 1234,770 210,.u37 210,000 4,40V
37.500 LUOVY V0O 5.162 1238.522 410.u38 2190,0v0 5,401
— R 100vV.0uL . 8.1¥0 1430, 400 210,031 210.,00U .4Vl
Yu.uou 1UY00,u00 3,179 123u,04) dlv.ul9 210 .0uv ¥,401 B-4
91,254 1UYUY,0uo 4,179 1237.9u0 21U, Uub i1J.uu0 CPR LAY
L X111 LUuvuU ,uVy ¥.,180 1237 ,d03 dUY .93 219,000 4 ,%U1
Y3.75v JRUIVIVIVARGTITY] ¥.181} 1437.945S duy.984 21V ,00U B.4V0
¥5,00u luvuu.uuy 8,182 1438.010 209.940 210.uu0 8. 4U0Q
90,45V l0uvu,vuu d.ibJ T 138,148 LUY B U 210,00V 340U
97.500 LOVOL JuuL 3.144% 1234 .285 209 .984 210, uuv d.399
J8,75u 100Qu . uwu . ldd M. 14dlu, 394 209,991 L1V, uun 5,399



o

SERVO«MECHANISH (SETPOINT CHANGES)

THE ACTUAL VALUES OF (TO) & (TS) ARE GIVEN BY:

Y

((fu) UR (T3) + 19.5) X ,14.0

v o 8 R " -

o w -

rumecee

2 {UUTPUTS SCALED BY ,30UE+01)
(X INDICATES MURE THAN Une VARLIAOLE nAS 1THE GIVEN VALUE)
' Q + 3=HZBI> »
0,00 0,25 0,50 0.7?S 1,00 $1.25 1,50 1,75 2,00 2.2 2,50
T LfU(+) TS(e ) + + + +~ - -+ * + pemcactaneens
0,00 V.2000 0.5000 b X ! ! b3 [ ! [} ! !
1.25 0,49v8 0.5000 1 X ! ! ! ! ! ! ! !
1.50 0.4997 0.5000 1 I3 B B ! ! 1 .1 ] 1
3.7% 0.a996 0.5000 I - X ! H [} ! ! ! H i e
5,00 0,4995 V,3000 1 X 1 ! H H i 4 ! !
0.25 0.4995 0.5uv0 1 ¢ 3 : : : B ! R B !
7.50 0.4996 0.5000 I X ! ! H 4 H 1 ] !
8,15 0,4997 0,5000 1 £ 3 ! i ! ] H ! !
1u.00 0.4999 1.5000 L + N 0 B [y B
11.25 U.6814 1.5000 I + . ! ! [ 2 ]
12,30 1,0428 1.,5009 1 * 3 1 H H ]
13.75 1.4500 1.5000 I ., . [} $ H
15.00 1.3459 1.5000 1 . . [ ! !
16,25 2.1531 1.5000 1 . . » 3 i
17.50 2.3240 1.5000 [ . . f— + 1
18.75 2,3461 1.5000 1 . + !
20,00 2,2349 1,5000 I . . . + !
21.25 2.0291 1.5000 1 . > -4 B
22.50 1.7798 1.5000 1 . * L . s
23.75 1.5378 1.5000 1 ot ! ! ! !
25,00 “1.3448 1.5000 I 'S . B B T 3
26.25 1.2262 1.5000 I + . ! H ! !
27,30 1,1893 1,5000 I + o 4 i ! !
28.75 1.4240 1.5000 I - R : T B !
340,00 1.3107 1.5000 I * . S i H :
31,25 1,4204 1.5000 I + ! ! H !
32,50 1.327¢ 1.5000 1 o+ B i B !
33.7% 1,6091 1.5000 1 . + ! H ! e 1
35,00 11,6544 1,5000 b - .+ ! ! 1 }
36,45 1.0600 1.5000 I . + ! ! ! i,
37.50 1.6314 1.5000 i . o2 ! H '
38,79 1.5802 1,5000 1 .+ H ! H ]
40,00 1.5205 1.5000 1 X ] [ [} B
41.25 1.4657 1.5000 1 +e H ' H i
42,50 1.8260 1,5000 1 + . ! :/ [ !
43,75 1.43009% 1.5uv00 1 + . 1 y H T
45.00 1.4087 1.5000 1 + . ! 3 !
46.25 1.4279 1.5000 1 ’ . H ! ! !
47 .50 14377 1.5000 T *, T T H T
4d.75 1.4906 1.5000 1 X ! H 1 !
S90.00 1.5196 1.5000 1 X ! ! H H
S1.25 1.5398 1.5000 [ oF T T T T
52,50 1.5448 1.5000 1 o ! ! ! !
53,75 l,5466 1.5000 1 4 o+ ! ! ] H
55,00 1.5356 1.5000  ( o, T T T T
58.2% 1.5195% 1.5000 1 x ! ! ! i
L 57.50 1.5024 1.950uy I > X ! ! H !
EEYE) 124677 1.5000 1 " X T T T T
60,00 1.4780 1.,5000 1 +. ! ! H !
81,23 1.4744 1.5000 I +. ! H 1} !
62.50 1.4704 1.5000 I +e i ! ! !
53.7% 1.4828 1.5000 1 X i ! 13 H
65,00 1.4915 1.5000 1 X ! ! ] !
CEIYE] 1.3500U4 1.30uyd 1 S T H T T
87.50 1.5074 1.5000 I X ' ! 1 !
64.75 1.5123 1.3000 b X B 4 3 3
Tu.00 1.5137 1.500y 1 X 1 ! T B
71.25 1.5121 1.5000 1 A H H H i
L 72.50 1.5044 1.5000 1 X : ' ! :
a 731,75 Y EEE L.5000 I A B B : B
75.00 1.4990 1.5000 I b3 i ! 1 1
76,25 1.4954 1.50690 1 I3 L B H i
77.50 1.4932 1.5600 1 X : B [ [
T14.75 1.4928 1.5000 1 I3 ! H ! !
80,00 1.,4938 1,50u0 1 X i ! 1 i
wla.dS 1.495%9 1e5vuy 1 A ! B B B
d2.50 1.4985 1.5000 i A ! ! H !
33,15 1.50u9 1,500 i X ! ! ! :
. FFR.D 1.5027 1.5000 1 . - X B [ B ’
80.25 1.5037 1.5000 1 X ! ! : '
87,50 1.3u38 1.50UG I L St ! 4 {
88,75 1.5031 1.5000 1 X oo [ ! '
: J0,uU 1.3u19 1.5000 I A : : t ¢
91429 L.90ub 1,%0vu 1 A ! : H !
92,50 1.3993 1.50v0 I X ! ! B !
33,7 1.4984 1.5000 A : v ! ' !
95 ,u0 1,490y 1,500u I A ¢ ! _R-=if L
Yo.2> 1.4900 1.5uvv I A ! B : B
97.50 1.3944 1.500u 1 A [ ! . L
98,73 1.4991 1.500V L A : [ ! !
100,00 Loav98 1.ouvg { A : : : !
1 + .




[ T
REGULATOR (LUAD CHANGES) Ca
T Fu (o] U T0 TS ™™
L - - - - - 2 L LT T Y Y P P Y I T T T P P L Y T L
[ . .
0.000 10000.,000 7.500 1135,000 200,000 200.9000 8.000
1.250 100v0,.000 74500 1135.000 199.998 200,000 8,000
24300 10000,000 74509 1135.000 199.997 200.9v0 B 4VUY
3,7%0 Id000.000 7.500 1135,0401 199.996 200.0400 8,000
. 2.000 10000,.0u0 7,500 1135,017 199,999 200,000 8,000
.40 [TV YIRS s Y] 7.501 1135,.4941 199,995 4v0,0069 8 ,VV0
7,500 10000,000 7.501 1135,.007 199,996 200,000 8,000
¥.759 10000 .990 7,501 1135.0689 199,491 200,000 8,000
19,000 9200,000 7.501 1135.10¢6 199,999 200,000 7 ¥.000
250 3200 .000 7.501 1135,.113 200,000 200,000 8.00
335 Y 290,90 200,000
13.750 9200.000 T.501 1135.104 200,002 2490.000 4,000
15,000 9200.,000 74500 1135,092 2Qu,002 200,000 4,000
19,359 9400,900 7,500 1135,079 200,002 290,000 8,000
17.500—— 9200,u00 7.%00 1135,064 440,001 200,000 8,000
14,750 9400,000 7.500 1133,000 2Q0,001 200,000 8,000
29,000 _9290,000 74900 1135,050 400,900 200,000 8,000
21,25 9200,000 7.500 1135%,0%7 199.99Yy 200,000 3,000
22,300 9200,u00 7.500 1135,061 199.999 200,000 8,000
23,75 92v0,000 7,501 1135,067 199,999 200,0ud 8,000
25.000 920V .000 7.501 1139.074 404,399 20V.uu 3.0V
. 20,250 9200,000 7.501 1135,079 208,300 200,000 8,139
27,500 92v0,000 7,501 1135,083 2Ub,937 200,000 8,210
28,750 9200,000 6,207 1085,349 204,552 200.0uy 8,209
30,000 9200,000 6,392 1019,047 206,308 200,000 3,205
31,250 9200.000 6,214 983,340 203,348 200,009 3,454
32.30v 200,000 65,213 958,142 200,342 200,000 8,108
34.750 9200.000 6,381 953.967 197.72% ‘200.000 8.104
35,000 9200,000 6.597 967,757 195,980 200,000 ¥,017
30,450 92vV.,0v0 0,83 99%.961 195.270 200,00y T.943
37.50v 9200,000 T.044 1023348 195,549 200,000 7.493
38,750 9200,000 7,185 1052,175 190,598 200,000 T.872
40,000 9200,v00 74244 1074,030 194,077 200,009 7,479
41,250 9200.000 7.224 108%,976 _ 499,032 200,000 7.90%
42,300 9200.000 7,143 1087 .42 ~ 200,948 200,000 7,945
43,750 90U, VU0 7.024 1079.9062 201,915 20U ,000 71,946
45,000 9200.,0Q00 8,907 1066,513% 202.140 200.000 8,022
40,250 J2uv,0uY 0,805 1051,117 201,973 200,000 8.040
a7,500 920,00y 6,740 103a,.87s 291,422 4W0 U0V 3,v55
48,750 9400,000 6,717 1026,530 20u,072 200,000 ¥,051
. 50,000 9200,0u00 5,735 1021.,473 199,909 200,000 8,037
51.25 9200 ,000 o,/8] 1021,813 199,788 200,000 9,017
52.5%00 9200,000 a.446 1026 504 194,911 400,000 7.997
53.750 9200.,000 6.910 1034.052 198.812 2u0,000 7.981
95.00u 9200.000 6.961 ivaz, 319 199,300 20V .00 T.971
S6.25%0 9400,000 6,991 1U4Y,. 002 199,299 200,000 7.968
S7.50u 9200 ,000 6,999 1054.625 199,710 200,000 7.972
59,750 92vu.ubu 0,Yd0 105,775 200,120 200,000 7.981
a4 ,0u0 9400,000 6,954 1u56.,.111 20V ,435 200,000 7.992
61.25v 9200.,000 6,924 1053,2136 2v0,012 200,000 4,003
al,.394 320u.000 5,891 1049 ,085 <00, 040 200,000 s, ulZ
63,750 9200.000 0.86%5 10444,701 200,538 2‘)0.000 4,016
L 65.00u 9200,000 6.951 1040,.975 200,349 200,000 8.017
YT FLdvu. oLl o.u4Y IPELTEE) «VUU,. 174 200,000 8,0[9
67,500 9200,000 6,857 1uld7,638 199,913 200,000 S 4,010
638,75%0 9200,000 6,973 10348,204 199,756 200,000 8,003
70,000 9200,000 0,49} 1u39,.867 199,074 200,000 7,998
T1.25%0 92u0,.000 o.908 1042,115 199,670 200,000 T7.994
72,200 200,000 0.921 1ua4_,406 199,732, 200,000 7.991
- T3IJUTOU 3200.000 6.927 TU%6.4278 199.837 ZU0d, 00U T.991
75,00V 9200 .00V 0.927 1047 ,.435 199.95¢6 200.VV0 7.993
* 76,250 Jsuu L0 6,922 1ve7.770 200,063 400,000 7.996
T7 300 320G . uvd -XE2 %] 1047.,35% 200,130 200,000 T.999
74,750 9200,0U0 0304 1U46,.402 20V,176 204,000 8.uve
L 8V.v00 Y9IV, VLV 6,899 1045,19b 200.171 2u0,000 b,004
( d1,.450v 9200,00U CYELE] 1043.5%d 4vw0,.133 PEIICTT] 9 .UUS
82.500 9200 ,000 1 6.480 1043 ,.003 200,070 200,000 8,0Ub v
. Ad,.750 9200 ,0VY 6.386 142,524 200,013 200,000 4,944
#5.000 9200 .uUv0 0.3890 108,419 199,958 200,000 4,004
80,250 IV, VUL 0,594 102,09y 19YY.941 2UQ.uuu ¥.0U0
87,20u 32u0,u0V 0.90y 1u43,239 199.905 200,000 7.99Y
84,50 Ye0u.0uv 0,904 lveld, eyl 1¥9.911L 49U ,uuu 1.39%8
90,00y Y200 ,0u0 0,907 L044,507 199,934 200.0u0 7.997
91.4590 YLul. 000 0,904 ludea,971 199,906 =~ 2400 .v0v 7.999
92.50u Yy200.000 b.%08 1045,2148 199,99y 200,000 7T.9%9
93.750 9200, 0u0 0.Yu06 Luad,23h PAVIVINT LY 200,000 1.99y
Y3.000 J2vUu. vy CH,903 luasS.v59 200,044 2U0 ., vuU 4,000
Yo0,420 LPTTIVINTIVIT) a,.90¢ 1044 .750 PXCIVIRIVETT) 2ul vy 3.,uvl
97 .5u0u JeUUUuUY v,89% luda, 408 LVUU,U4ed 400, v0U 8 ,ult
YY .75y $2uv,Quu 6,097 1044 ,u¥2 VU Lv32 2U0,vuo 5,001
10V ,9u0 94uU . VUU 0,390 1043.0b5 4Uu.uld 200,004 ¥,uul
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. ) REGULATOR (LOAD CHANGES)
- " IHE ACTUAL VALUES OF (T0) & (Fw) ARE GIVEN BY:
oL ((T0) + 19.5) 4 10,0 AND (FW) X 10QV0,0
>
. (OUTPUTS SCALEU BY ,1UUE+01)
(X INOICATES MORE THAN UNe VARIABLE HAS THE GIVEN VALUE)
0 + ZzZmEI> . N
0,00 0.25 0,50 0.7% 1,00 1,25 1.S0 1,75 2,00 2,25 2,50
T TO(+) TS(,) B o e e Tt L St et el Seuvaibutins
0.00 0.9000 1.0000 1 M - . ! 1 7 1 7 :
1.28 00,4998 1.,0000 I * . ! I ) s ! H
¥ . 2,50 0. 4997 1,0000 I + . : ! ; t : ¢
3,75 0,499 1.0000 I * . 1 [ ! 1 [ P !
, 5,00 0.4995 1.0000 I + . | ! ' ! ! !
6,25 0,4995 1,0009 I L s : L ' H H H
7.50 0, 4990 1.0000 I - . ! [ [ [ [ [
8.75 u,4997 1.0000 I . . ¢ ! t ] ! H
10,00 0, 4999 u,9200 I * 2t ! ! } ! ! !
11.25 0,5000 v.9200 I * . b ! [k [ : [ B
12.50 0.50u4 0.9200 I . + 4 i ! ! ! ! 1
. 13,75 Y, 5002 09,9200 I - ot ! [ ! i 4 !
15.00 0.5002 0.5200 | * .t : : 1 : ! :
16.25 0.5002 0.9200 I + ol ! : ! ! ! !
17,50 00,5001 0,9200 1 + , ! ! ! ! ! { H
14.75% 0.5001 0.9200 I + . ! ! 1 ! 1 ! P
20,00 0, 5000 0.9200 I * ot ! ! ! i : !
' 21,25 v,4999 0,9200 I + o ! ! : ! : H !
22.50 U.4999 0,9200 I + . ! ! [ | ! [ !
23.75 V.4999 0.9200 I . L | { ¢ t t H
( 25,00 0,939y V,920u 1 R ! ! ! ] ! :
206,25 1.3400 v.9200 I . + ! 1 : :
27.50 1.3937 0.9200 I . . . 8 ! ! ! !
24,75 1.3552 09,9200 1 . L S ! : } H
30,00 1.1301 0.9200 I . + ! [ . B : :
31,25 0,3348 0.9200 I + .1 ! [ ! t ! !
_32.% v,3342 0,9200 I - = ! ! ! : ! !
33,78 0,272 V.9200 I - .t ! B ) : [ :
35.00 V,uYl v.9200 I + ) ! ! ! ! H H
36,25 Qav270 249200 I+ ! ! ! ! ) ! !
' 37.50 0.0549 0.9200 I+ Lt . [ ! ! [ :
38,79 0.1596 Q9200 1 * o) I ! | ! ! {
40,00 V,3077 0,9200 1 » ot ! s ! ! : ]
41,25 0,.4632 0.9200 1 - . ! ! ! 1 [ [ 1
42,50 0.5944 0.9200 [ * od ! ! ! ! ! !
N 33,75 0.681% 0.9200 1 * oL 3 s ! : : !
43,00 0,714 0.95200 1 * . L ! 1 - T 3 i !
46,25 J.0973 0.9200 I * ] ! : ! : : s
( 41,50 0, 6422 0.9200 I L) ! ! ! ! ! !
24,75 0.5672 0.9200 I + . 7 T 1 Y T T T
50.00 0.4909 Q.9200 [ + ! ! ! 3 : ! !
51.25 0,428y 0.9200 I + L L | i | $ : !
52,50 0.3911 0.9200 [ * . ¥ T T T T T T
53.7S u,3812 0.9200 I + - .t ! 3 ! [S T ]
95,00 0. 4906 0.9200 I * .l ! : ! ! ! A
56,25 0.4299 0.M200 I I3 . ! ! T 1 [ T T
$7.50 v.4a716 0.9200 I + b I L ! ! l t
L 58,75 9.5121 0.9200 I + R [ ) ! i 3
GU0,00 U.35435 0.3200 1 - PR} {r’ T T T T T
61.25 0.9612 0.9200 I + ) H $ : ! ' :
( 62.50 0.5840 0.9200 I - L { ! ! ! : .
03.7% 0.5538 0.9200 I + . ! ! ! i ! H
65,00 0,5349 0.9200 I -* ol H ! i ! : !
06,25 u.5124 0.9200 I * ] ! [ ! ! 1 !
. 5 7.50 U.4913 U.9200 T ¥ T T T T T T T
64475 0.475%0 0.9200 I . o ! ! ] ! ! ! !
_ 10,00 U.4074 0.9200 I * o 4 ! 5 ' . B B
1,73 U.4670 0.9200 1 v T T T T T T T
2.50 U.a732 0.9200 ¢ + . ' H ! ! i !
N 73.75 v, 4837 0.y200 1 + - ! P! ! ! :
- 75.30 U.4956 V.9300 [ 3 P T T T T T T
76,25 u.sued 0.9200 I s ! ! t T B ! !
77.%0 U,514y V,.9200 I - .} H ! ! [ ! !
76,75 U.a175 U.9200 [ + . s T T T T T 3
8u.uy v.5171 0.9200 I - Ll ! : H : ' '
81,25 v.3143 v.y2ue I . . ! ! ! ! ! !
34,30 Veould JeI2ul 1 + . s . RS . H M 4
d43.75 9.5013 ve9200 I » o | ! ' ! ! !
85.0U 0.495Y 0.9200 I + L ! : ! ] ] t
65,25 0.4921 V.9200 1 ¥ T T T T T T T
¥7.50 0.4908 Qe9200 1 + . 4 ! i ! ! B :
. 84,75 ¢ u.4913 0.y200 [ * L d ! ] s 3 ! :
EXCD] (EYED) "IN Iy + . 1 o T 1 T ! T
Y1.25 V. 906 V.v200 I * 4 ! . ! ! ‘ !
Ll 921,50 0,499y 0.9200 I + ! ! : : | ! :
935.75 U.3Ulb V.920U I + . ! T T B I T
95,00 U044 V.00 [ + A ! : ! ! 1 H
£ 98,25 v, 5050 v.92w0 I + o : L ! . B37 ]
97.50 u.5043 v,v200 L * . 1 ! - Ll T H H
94.75 ¥F.ou32 V.920y + [ * P ! H ! ! H .
. LUy, Uy u.5015 0.9200 1 * . ot : : ! : ! !
/r [ St besind Sutninininh dndedhnind el £ il Aafedededel St e el D T
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s * , : I0=XUC=19¥3 T7:52:3%9
. 30~-AUG~1983 17:52:25
0001 PROGRAM HEATEX P ,
0002 DIMENSION T(410), CM(410),TM(410),T0(410),TS(410),TT(S5,400)
L 0003 DIMENSION U(410),DELC(C1),Fw(410),42N(410),CLL(410),T1(410)
[ 0u04 DIANSION TU1(410),T02(410)
0005 REAL INTUD,INTOD1,INYTOD2,INTMD,KV,KP,KM,KS,KFF,KDIS
0006 DATA DEL/0,25/
Q07 C PARAMELIERS AND VAKRIABLES . :
00038 C CONTROLLERS CP=HEAT CAPACITY OF WATER (BTU/(LB.DEG. F))
0009 [ HS=LATENT HEAT OF ,STEAM (BTU/LB.)
0010 C KFF=CUNIROLLER GAIN
0011 C CM=CONTRULLER QUIPUT (YOLTS=RANGE 0=10V)
oul2 C CLL=DYNAMIC COMPENSATION TLRM
0013 .C THI=LEAD TIME CONSTANIN(SEC.)
V014 o TH2=LAG TIME CONSTANT (SEC.)
0015 C .
0010 C  VALVE : THV= VALVE IlMt CUNSILANT (SEC.)
0017 C . KVSVALVE GAIN ((LB./Hr)/VOLTS)
0018 c oo )
0019 C LEXCHANGER 3 THP=PROCESS TIME CONSTANT (S&C.)
0020 C KP=PROCESS GAIN (DEG. F/(LB./HR))
0021 C
0922 C DISTURBANCE: [HD=DISTURBANCE TIME CONSYANT (SEC.)
0023 c KDIS=DISTURBANCE GAIN (ueG, F/(LB,/HK))
0024 - C ' ~
ou2> C MEASUKING THM=MEASURLING ELEMENT TIME CUNSTANT (SEC.)
TR C ELEMENT : KM=MEASURING ELEMENT GAIN (VOL13/DEG.F)
0027 C ; ,
0028 C UlhERS T I5=SETPUINT TEMPERATURE (DeG. B)
0029 C KS=SETPUINT GAIW (DEG. F/VULYS)
0030 C TINSINPUT TEMPERATURE (DEG, F)
0031 C TOSOVERALL OUTPUTL TEMPERATURE (DEG. FJ
0032 v C TO1=0UTPUT TEMPERATURE DUE IO PROCESS (UEG, F)
0033 C T02=C0UTPUT TEMPERATURE DUE TU LDISLURBANCE (DEG. F)
0u34 C FN=WALER LNFLUW RALE (L3./HR)
V35S C ’
0036 TYPE b n
0u37 ) FURMALT(IR],//,10X, 'C.~ FEEDFORWARD CONIROL',7,10X,23( ' ="),77)
0u3y C CONSTANDES & PAKAMETERS .
0039 HS=970v,
040 Ccr=1,
0041 T1IN=90.
0042 Thv=2, .
0043 Kv=135.9605 i —
0044 THP=4,05
0045 KP=0,09709
0046 THM=0.5
0047 « KM=0,00083333
004Y KDIS=0.01}
004y THD=U .5
0050 K3=0,04
guSl [ti2=1.5
WEY Th1=27.5
10053 bu 98 JuE1,2 !
QuS4 DU 9B Jk=1,2 v
WEE) Iw KDEU.ZJGO TO0 7
0uSo IF 7EG.2)TY(PE 25
L,oos7 25 FORMAT(1HL,/7) /




~ HEATEX JU=aUG~1983 17:52:3¢9
- ~ 30=AUG=1983 17:52:25
00549 =~ TiPE 8 ,
0059 8 FURMAT(10X, 'SERVO=-MECHANISM (SETPOINT CHANGES)',/,10X,34('='))
0060 GO I0 9 . .
0061 7 TYPE 10
0062 10 FORMAT(1H1,//,10X, 'REGULATOR (LUAD CHANGES)',/,10X,24('='})
0063 9 IF(JJU.EQ,2)GO TO 12
O0Vo4 TYPE 14
00685 14 FURMAT(L0X, 'WITHOUT DYNAMIC COMPENSATION',/,1UX,28('='),/)
0066 GU TO 19 -
0067 12 TIPE 15 | ) P
00638 15 FORMAT(10X, 'WITH DYNAMIC COMPENSAT1ON',/,10X,25('="'),/)
0069 INITIAL CONDITIONS e
0070 19 Uc1)=1133. ‘ s
0071 FW(l)=10000,
0072 TU(1)=200. : .
0073 TO141)=200,
0074 TO2(1)=0Q.
6075 7 TM(1)=FW(1)*KM
0076 TS(1)=200,
0077 CM(1)=8,3333
00738 / KFF=HS/(TS(1)=TIN) ’
0v79 Zn(L)=TMLL)
ougo ~\CLL(1)=ZN(1)
0081 INTUD=1133,
0082 INTOD1=200.
0083 INTOD2=110.
0084 INTMD=8,.3333
IEE T(1)=0.0
ou8b DO 2 1=2,401
0087 Ii=(-1 .
IEE TS(I)=TS(II)
0089 IF(JK,EQ.1)G0 TO 20
__009v FW(I)SFW(LX)
MOTER IF(1.EQ.100)FW(I)=FW(II)=800,
" 0uv2 Gu TO 21 ) 0
0093 20 IF(L.EU,1U0)TS(I)=TS(II)+10.
0094 FW(I)=Fw(l)
0095 MEASURING ELEMENT -
__0u9Ysb 21 TMDS (KMFFN(I)=TM(II))/THM
00Qy7 TA(L)=SINLIMD ,
0094 IF(JJ.EW,2)G0 Tu 22
0uYy FEEDFORWAR CUNTROLLER WITHOUT DYNAMIC COMPENSATIUN -
010V CMCI)=TM(L)*KFF*(CP/nS)*(LS(LL1)=TIN)
0101 Gu £0 23
0102
0103 272 AA=TM(II)=-2N(II) ]
0104 ZN(I)=L(DEL(1)/TH2)%¥AA)+ZN(L1I)
01us CLLCI)=SC(LH1/TH2)XAA)+LN(LIT)
01Ve FEEDFOHWAR CUNTHRULLER wLlfH DYNAMLC -COMPENSATLION
0107 CACL)=CLLUL)*KFt®*(CP/HS)®(LS(II)=TIN)
0104 VALVE
010y 23 GU=(KVXCM(I) = U(Ll))/THV
o11v v(I)=INTUD
0111 HEAT EXCHANGEK
0112 PusnP*U(L)+T1N
0113 TuD1=(PU=TUL(LY))/ IHP
0114 TUL(I)=INTUD1

—~—
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—HEATEX \ ' ' J0=AUC=1993 17357738

30=-AUG=1983 17:52:25
0115 IF(JK.EQ@.2)G0O TO 17
0116 . TOCI)=TO1(1)
L, 0117 GO 70 18
0118 17 Fuz(1)=110, ‘
0119 TOD2=(KDIS*FW(I1)=TO2(II))/THD i
0120 « TO2(I)=INTUD2
oL TO(I)=TO1(I)+(T02(1)~-TQ2CL))
0122 C .
0123 C EULER INTEGRATION o
0124 18 T(I)=T(L1)+0EL(L)
0125 INTUD=INTUD+UD*DEL (1)
0126 INTOD1=INTOO01+TUD1*DEL(1)
0127 INTOD2=INTOD2+TOD2*DEL (1)
0128 INTMD=INTHD+THMD*DEL(L)
0129 2 CONTINUE
V13V TiPE 16
0131 16 FORMATCL19X,'T',9X, 'FW', 124, 'CM*10X,'U"', 11X, 'T0O", 10X, .
0132 + '*TS',/,10X,70('1'),/)
0133 IK=1
0134 Du S5 I=1,81
0135 I1(I)=T(IK)
0136 TT(1,1)=10(IK)/10.~19.5
0137 TT(2,1)=Fw(IK)/10000,
0138 IF(JK,EQ, 1) TT(2,1)=TS(IK)/10.,-19.5
0139 TYPE 11, TCIK),FWCIK) ,CM(IR);UCIR),TOCIR) ,TSCIK)
0140 11 FORMALC(TX,6F12,3)
0141 IK={K+5 -
0142 ) CUNTINUE -
0143 IF(JK.,EQ.2)G0 TO 90 ’
0144 .o CTYPE 24
0145 7% FORBRATUIRT)
0146 TYPE ¥
0147 TIPE 91
0148 91 FURMALT CluA, TTHE ACTUAL VALUES UF (I0) & (IS) ARE GIVEN Br:s!
0149 + /,20X,'((T0 OKR (TS) + 19,9) X 10,0',/7)
. 0150 » GO TU 92
0151 30 TIPE 10 -
0152 TYPE 93
0183 93 FUR4AT(10X, *THE ACTUAL VALUESLQF (TO) & (Fw) ARE GIVEN BY:*
0154 + 7.20%x,7C Cf0J + 19.5 ) X 1u.0 AKD (FwJ X 10000.07, 77
0155 y2 CALL PLOT1(T1,TT,81,2,JK)
0150 99 CUNTINUE P
0157 - 949 CONTINUE = l
0158 END : —
\_
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Co~ FEEDFOKWARD CUNTROL

{
SERVU=ALCHRNISN {SEIPOINT CHAWGES]

WLTHUUT DYNAMIC COMPENSATION

T Fu CM U TO TS
v, 000 1000 ,000  ______b.333 1133,0uu 200,000 200.000
. 1.43¢ 100Cu vov 4,333 1133,000 400,007 - 400,000
2.500 10000.000 8,333 1133,000 200,001 200,0v0
3,75y 10000 ,00U o334 1134,000 200,002 400,000
S.000 10000, 000 8,334 1{33,000 400,002 200,000
6,250 100u0,.000 8.333 1133.000 400,002 200,000
7.500 10000,000 8,333 1133,000 200,003 200,000
8.750 f00%0.000 ¥,333 1133000 100,003 200,000
10.000 100V0.000 8,333 1133.0v0 200,003 V0,000
( 11,250  10000,000 8,333 1133,000 200,003 200,000
12.500 " 10000, ulv 4,333 1133,000 400,003 200,000
13.7%0 10000.000 8.333 1133,000 200,003 200,000
15,000 10000,.000 4,333 1133,000 200,003 200,000
16.450 10000, 000 9,333 1133,000 200,003 200,000
17.500  10000,000 4,333 1133000 200,003 40,000
. 18.75¢0 10000.000 ¥.333 {133,000 200,003 200,000
20,000 1000V, 000 8,333 1133,000 200.9003 ~2V0,000
21.25¢v 10000,000 8,333 1133,000 200,403 200,000
22.500 10009 . 000 4,333 1133,000 200,003 200.000
23.750 10000.U00 4,333 1133,000 200,003 200,000
25.000 10000,000 9,091 1133,u00 200,003 210,000
26,2590 10000 .000 9,091 1187,.920 200,717 210,000
27.500 10000.000 9.091 1214717 "202,406 210,000
‘o 28.75%0 10000,000 9,091 1226,131 204.153 210,000
Jv.000 10000,000 9,091 1231,.528 205,642 210,000
31.250 10060 . 000 3.091 1233971 206,812 210,000
32.500 10000,000 9.091 1235,082 207,094 210.000
33,750 10000,000 9,091 1235, 504 204,343 210,000
35,000 10000,0v0 Y. u9l 1235,4811 208,845 210,000
36.250° 10000 .00V 9.091 1235,914 209,156 210.000
37.500 10000,000 9.091 1235,961 209.399 210,000
38.750 10000,000 9.091 1235,982 209,573 210.0v0
40,000 10000,000 9,091 1235,992 209,697 210.v00
41,230 1000V, 000 9. U91 1235,990 209,786 210,000
+2.500 10000 ,.000 3.091 1235,9%% 209,949 210,000
43,750 10000 ,000 9.091 1235.999 209,493 210.000
45,000 10000,000 9.u91 1235.99¢9 109.925 210.000
46,250 10060 ,u00 9.091 1235,999 209,948 410,000
47.500 1094 0.900 9.091 1235,999 20v,964 210,000
48.750 ' 10000.000 Y,uYl 1235, 99y 209.975 210,000
50,000 1000V .00 9,091 1235,.999 209,993 410,000
51,250 10000,000 9.091 1235,999 209,949 210,000
52,500 10000,000 ¥.091° 1235,.999 209,993 210,000
93.750 10000,000 Y.U91 1235,999 V9,996 210,000
35,000 10000 ,000 Y.091 1235,999 209,998 210,000
. 56.250 10000,000 9,094 1235,999 210,000 210,060
57.5u0 100G0,000 9.091 1235.399 210,001 Z10.000
Se.75¢0 10000,000 9.9091 1235%,.999 210,001 210,000
6u.000 10000,000 Yy.u91 1235,999 410,002 410,900
51,250 10000.000 9.u91 1235,999 210,002 210,000
82.500 10000,000 ¥.091 1235.999 210,003 210,000
. ©3.750 10000,000 9,091 1235,999 410,003 210,000
F‘ 05.0V0 T0U00.000 EFRE2 TZ35.399 710,003 710,000
0t , 23V 100G0,000 ¥,091 1239,99Y 210,003 21v.000
_ 67,500 1000V, 00v 9,091 1235%,999 210.,90) 210,000
6B, 75 fovvo.0vY 9,094 235,993 210,003 210,040
70.000 10000, vy 9.091 1235.999 210,003 © 210,000
v L 71.250 10000 ,U00 9,094 1235,999 210,v9) 210,000
- T2I.50v ToGuo.0uu §.091 T235.999 JIv,0u3 210,000
73,750 10000.090 9.091 1235,999 21u,.003 210,900
. 75,000 10000,000 9.V91 1235,999 410,003 210,000 -
75,250 10000,000 9,.0%1 . 123%,999 Z21V,u0d 210,000
77.500 1000V . 00U v.091 1235,94%Yy 210.,v03 210,009 ( »
\ 78,75V loudu, uuo ¥,0Y1 1235.999 21v,.0ud 210.V0vV
8v.000 100vu,000 Y,091 1235.935 ~210,007 210,000
81.25v 10000, 2060 9.091 1235,999 210.u03 210,000
. 82,500 10000,000 YUYl 1235.999 21V,0u3 210,000
4 83.75¢ 100uu,dul 9.091 1235,999 d10,.uvd 210,000
CE T 10GUY vy Y,u91 1235,999 410,003 210,000
o 86,250 100v0,uvy Y.u91 1235,999 21V,003 210,000
d7.500 1ouov, VLY 9,09} 1235799y 10,0V AL
¥4 TS5u [QVIVIVE) RV IVIH) 9.V91 12435,999 div,vul 21v.vl0
90.u0U 100V0 .U 9.091 1235,999 £19.903 410,000
I1.25u 10000, 000 9,091 1235,999 210,vu7 <10,000
92.50u 1uduu,v0u 9.vY¥1 1435,999 219,003 41v,vvu
. Y3.75% 1000V .Uy 9.uY1 135,999 2iv.0u] 219,U00 ~
. ¥3.v0U 1uduu, Juu CEDD 1435,999 213,004 ZI0U.Uu0 €-4
, 96,250 lvuvu,uuu 4.091 1235,999 2T ISR 41V ,0uu
. 97,500 LUVOU, YUy 9.U91L 1235,999 410,003 210,000
Jb8.T00 10uvu, DU 9091 1¢35.999 210,003 210,000
100,00y JREIVE YOI 9TT] Y,u91 1235,999 21U.0V3 £lu,000

e = .



[ SERVO-MECHANISM (SETPOINT CHANGES)
N
h TRe ACTUAL VALUES GF (iU} & (%3) ARE GIVEN mV: N
(¢I0 OR (TS) + 19,%) X 10,0
‘v \
j - N TOUTIUYS SOALED 3Y .100E+01)
(X INDICATES MORE TuAd Oned VARIABLE HAVE THE GIVEN VALUE)
0 + mzz2E>
0,00 0,25 0.%50 0,79 1.00 1.2% 1.50 1.75 2,00 2,235 2.3¢
T T0(+) T8¢.) P + ' + -y re remcnvycacnassanaupevaney
V.00 0,500 0.500 I X [ ! ! ! ! ! [ [
123 V.300 0,500 I A 1 I B [ T B 1 [
2.50 0,500 0.500 I X ! ! ! H ! H ! H
3.75 0,500 0,500 I X : 1 ! $ ! i ! !
5.00 0.500 0,500 I A i B 4 B 13 1 3 $
6.25 0.500 0.500 I_ X [} ! H H [ H ! !
. 1.50 04500 0,500~ ) X H i ! ! ! [ 1 i
B.75 0.300 0.500 I A 1 [ T 1 T 7 T B
tu.vo 0.500 0.500 I X ! ! ! ! ! 1 t !
11.25 0,500 0,500 1 X { ! : 3 ! H ] H
12.50 0.500 0.530 I A 1 1 1 1 3 B T B
13.75 V.500 0,500 I X [} t 4 ! ! ! ! :
15.00 0,500 0,500 I A ! ! : ! ! ! ! !
10.25 0.500 0.50u I F3 . B ! T ! i { i
17,50 . 0,500 0.500 £ X i 1} ! ! ! H $ i
{ 19,75 U.500 0,500 X ! H : ! ! [ ! »
20.00 0.500 v.500 I £ ! ! ! ! ! B T B
41.25 0.500 0,500 I X ! H ! ! i ! : s
22.50 0,500 0.500 L A ] 4 ! 3 H 13 i !
23,78 0.500 G.500 T * T 19 T 1 T T 14 1
1%.00 0.300 1.500 I T . H ! ! H
26.25% 0,572 1.500 1 + . H ! : B
27,30 o741 1.500 [ + . : 3 1 :
28.7%5 0.919 1,500 I + . ! ! ! !
30,00 1,064 1.500 1 + . ! ! ! !
J1.25 1.1v1 1.500 I + . ! i : .
32.50 1.269 1.500 1 * . 1 t [} !
. 33.715 1,334 1,500 I + . ! ! ! !
35.00 1.382 1.500 I + 1 [ 1 i
36,25 - 1.410 1.%00 1 + . ! H ! !
37,50 1,440 1,500 I v, ! i ! $
38,75 1.457 S50 I . 1 1 T )
du.00 1.470 1,500 I ‘. [ 1 t !
41,25 1,479 1,500 I v, ! : { !
12.50 1.485 1.500 I X - 1 T T 1
43.75 1.489 1.500 I X ! ! ! !
45.00 1,493 1,500 I A, [ ! ! !
40,25 1.495 1.500 I X 1 T : :
47,50 1.496 1.500 1 X : ' : 1
43.75 1.498 1,500 I © X i ! ! !
50.00 1.493 1.500 I X 1 T 1 T
S1.25 1.499 1.500 I X ! B ! !
52,50 1,499 1,500 I X ! ! ! !
3.7 1.500 1.500 I X T T I .
35.00 1.500 1,500 I A ) H : ¢
/ $6.25 1.500 1.500 1 % : ' : :
51.50 1.500 1.500 i X 1 ! ! 1
58,73 1.560 1.500 I X ! : ! :
_ - 80,00 1.500 1.500 I X [ ! ! !
- 0l.2% 150U 1.500 | 3 L 1y : T
64.50 1.500 1.500 I b3 ! H { H
. 583.7%5 1.500 1.500 I X ! { ! L
65,00 1.500 1.5 I X [} ! ! !
60,25 1.300 1.500 I X ! 1 1 [
67.50 1.500 1.500 I X ! ! i !
- CERRE] 1.5vu 1500 L A 4 T 1 T
10.00 1.500 1,500 X X ) ! ! !
- 74,25 1,500 1.500 1 - £ ! ! ! :
7250 1.500 1.500 i A 1 ! ! i
73.75 1.500 1.500 I X ! L ! !
L 75,00 1.500 1,500 I X ! ! ! !
([ To.25 1.500 150 1 £ i T . T
77.50 1.500 r.500 I X ' ! ! !
. ' 78,75 1.500 1,500 1 A : ! [ !
90,00 12500 1.300 ; F{ T T T T
81,23 1.300 1.%0w 1 ' X ] H H H
. 32,30 1,500 1,500 I A ! ! ! :
CEPRES 1.500 1.500 1 A T T T T
35,00 1.5uu 1.%0 I X ! : i !
' 30,2 1,500 1,500 I A ! ! ! !
47,50 1.500 1,590 )4 A 1 B . T
84,79 1.5v0 1.50¢ 1 X H ! { H
.. 90,00 1.500 1,500 I X L 1 L X
, g 91.45 1.50u 1.30V 4 A . 1 : T
94430 1,500 1500 I X s [ ! !
93.75 1.500 1.500 [ X ! ! ! !
Y5.u0 1.500 1.5y I3 X H T { T
99.25 1,500 1.ov0 X ! N .
9/.50 1,500 1.500 1 X ! i '
94,75 1,30y 1.50u 1 A T T H A
10u,u0 1.500 1.500 1 x ! ! ' b
B D e el e T R X P puipy
)




—— e ——————

POIVIRYIVE]

AN

e
REGULATOR (LUAD CHANGES)
WITHOUT DYNARIC CUMPENSATION
| ceamamone
[ Ll
T (4] CM '] 10 18
0,000 10000,000 8.333 1133.000 200,000 200,000
1,250 100V0,.0u0 8.333 1133,000 200,001 200.000
FEEIT) 1000V, 000 8,333 1133.000 42U .0l 200,000
3.750 10000.000 8,333 1133,000 200,002 200,900
5.000 1000U,000 8,333 1133.000 200,002 200,000
6.250 10000,000 4,333 1133.000 400,902 200,000
- 7,500 10000,000 8,333 1133,000 200,003 200,000
8,15u 10000,000 8,333 1133,000 200,003 490,000
10.00v 10000,40v v,333 1133,000 40V.0v3 49Q40V0
11,250 10000,000 8,333 1133,.000 200,003 200,000
12,500 10000.,000 8,333 1133,000 400,003 200,000
13.7%0 10000,000 8.34) 1133,000 200,003 200,000
15,000 10000,000 ¥4.333 1133,000 200,003 200,000
16,254 10400,000 8,333 1133,000 200,003 200,000
17.500 10000,000 4,333 1133.000 200,003 200,000
14,750 10000,000 8.333 1133,000 200,002 200,000
2u,000 10000,U00 3,333 ' 1133,000 400,003 200,000
21.250 10000.000 4,333 1133.000 200,003 200,000
22,509 100040,000 8,333 1133,000 200,003 200,000
23,750 10000,000 8,333 1133,.000 200,003 200,000
25.000 9200,0u0 44000 1133.v00 204,303 200,000
26.250 9200.000 T.667 1081,572 208.240 “«300.000
27,500 9200,000 71,056 1061.453 206,826 200,000
26,150 9¥200,000 71,069 1050,737 203,108 200.000
30,000 9200,000 T.0606 1046,182 203,824 200,000
31,250 9200,000 1,601 1044,093 202,801 200.000
34,500 9200.000 T.067 10435.144 202,020 20000
33,750 9200,000 7.667 1042.715 201,457 200,000
35,000 9209,000 7.607 1042,921 201,042 a00.000
36,250 9200.900 7.667 1047.433 200,745 200,060
37,500 9290,.000 T.667 1042,393 200,532 200,000
38,75%0 9200,000 71.067 1042,37% 400,379 200,000
40,000 9200,000 7,667 1042,367 200,270 2V0.000
41,250 9200,000 7.667 1042,363 200,193 200,000
44,500 9200,000 7,067 f£T082,.361 2uu,138 200,000
43,75 9200,0u00 T.ob7 1047,300 200,099 200,0u0
45.000 9200.000 71.667 1042,360 200,071 200,000
46,250 9200.000 7.067 1042,300 200,051 200,000
47.500 9dul,0ul T.007 T032.380 200,037 100,000
48,750 92v0,000 7.667 1042,360 200,027 200,000
90,000 9400,000 7.607 1042,360 200,020 200,000
51,25y $200,000 T.0d7 1042,360 400,415 200,000
52.500 9200.000 1.607 1042,360 200,012 200,000
53,75v $200,000 7.667 1042.360 200,009 290,000
95,000 Y200, 000 T.067 1042,360 290,007 200,vuu
564250 9200,000 7.067 1042,360 200,006 200,000
57,500 92v0,.000 T.067 1042.,3690 200,005 200,000
Sd. 7130 9200.0UV 7.067 1042,360 400,004 290,000
60,000 9200.000 T.667 1042,.360 200,004 200,000
\_ 61.250 9200,000 7.067 1u42.360 400,004 400,000
0d.dVV 9duu.uvu Teoo? 1042.360 400,003 400,000
63.7%0 9200.000 7.667 1042,360 200,003 200,000
05,000 ¥24V,000 T.667 1042.300 200,003 200,000
66,250 9200,u00 T.b07 1042,300 “0u.003 200,000
67.500 9200,000 ’7.697 1042.360 200.003 200,000
0d,75v 9490,900 T.067 1042,360 200,903 200,0v0
r* Tu.00u 94UV .00 Te00/ 104, 30v 400, uU3 4U0,Uvy
71.250 9200.000 7.667 1042,360 200,003 200,000
12,506 9200,000 7.067 1042,360 200,u03 200,000
73.75%0 9400,000 7.b07 1042.360 200,003 200,000
7%.000 9200,000 7.667 1042,360 200,003 - 20QyV00
L 710,25u 9400,000 1,667 1042,360 200,903 2008000
- 17,30y 94u0. 000 1,007 1044.300 200,003 299,v00
78.75%u 900,000 7.607 1042,300 200.003 200,000
Bu, U0 9200,0090 71,067 1042,360 200,003 200,000
31.250 92u0.000 7.607 1042,360 200,903 2UV.000
52,500 9200,vu0 7.607 1042,360 200,03 200,900
83,75vu 92UV, VvY 1,067 1ueZ,36V 400,003 2u0.0U0
ad,vuv 9200.,90v 1,067 lual. 36U 20U,u03 2u0.,UV0
46,250 9400,000 7.607 1042.360 20u.003 200,000
47.500 F4UU 0V 7,007 1V42.300 40V,003 2v0,4v0
'TIREY) 92Vu,00V0 71,007 1Us2.300 4U0,003 200,000
90,000 32u0,000 7,667 1042,300 200,003 200,000
91,259 94uu,000 1,067 1042,300 20V,003 200,009 "
92,20u EFTTR Y T.007 1u42.360 4UU. UV s 40U 0U0
93.75u 92uy,v00 7.6067 1042.360 200,003 200,000
Y5,0uu Y4uy,u00 1,007 1U44,460 200,903 490,000
Yo, 250 94UV V0u f.007 104dsd0v PRIV IRV ) P IT)
97.500 200,000 T.007 1U42,360 400,003 200,000
94,15y 9200,000 J,06/ 1VsZ,3649 20u.vu3 4Uv. 0V C-6
1uv.vU0 9200.0u0 1.067 1044.3bv PRI
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REGULATO® (LUAD CHANGLS)
IHE ACTUAL VALUES UF (TO) & (Fv) ARE GIVEN BY:
\__ ( (TO) *+ 19,5 ) X 10,0 AND (Fw) X 10000,0
>
(QUTPUTS SCALED BY .100L+01)
(X INDICATES MORE [HAN uUNe VARIABLE HAVE THE GIVEN VALUL)
0 ¢ 333>
0.0V 0,25 0.50 0,7% 1,00 1,25 1.50 1,75 2,00 2.2% 2.50
T 0Le) FW(.) PP PP G + - * -
V.00 0.500 1.000 I > . : : { ! [l !
1.25 0.500 1.000 I - . ! ! ! .. ! !
2.50 V.500 1,0v0 I » . ! : ! ! ! !
3.78 0,500 1,000 I + . 1 [ 1 [ 1 1
5.00 0.500 . 1.000 I + . ! ! ! ! { '
5,25 0,500 1,000 1 * > ! ! ! ! ! !
7.50 0.500 1.000 1 + . ) ! ! ! ! B
8,75 0.500 1.000 } G + . ! i | ! ! !
19,99 0,500 1,000 14 » . ! ! ! 1 ! !
11.25. 0,500 1,000 I * . ! ! [ ! [ !
12.50 0.500 . 1,000 I + - . { i ! ! § !
13,73 0,300 1¢Q00 I » . ! ! ! R }
15.00 0.500 1.000 1 Y N ! [ [ : 1 i
16,25 04500 1.000 { + . ! ! } ! t !
11,50 0,500 1.000 I + . : [ ! ! [ [
18,73 0.500 1,000 I + . 1 1 [ ! [ i
20.00 0.500 1,000 z + R 1 : ! : : !
21,25 0,500 1,000 I + N ! ! ! ! ! !
22,59 0.500 1.000 1 + . ) [ 1 ) [ 1
23.78 2.500 1.000 1 + - . ! ! ! ! { )
25,00 0,940 0,920 1 R ) ! ! ! ! H
26,25 1.324 0.920 1 . * [ ! 1 ] [
27.50 1.183 0,920 4 . + ! ! ! 1IN !
28,75 1,011 0,920 1 .+ ! : ! ! ! !
30,00 0.883 0,920 I . 4 [ 1 1 1 [ 1
31.25 0,789 0.920 ¢ + .4 ! H : ! ! :
32.50 0.703 V.90 1 + L ! ! ! [ !
33.75 0.646 0.920 I + . s [ 1 1 [} 1 !
35,00 0.604 0.920 1 + ] ! : ! ! ! !
36,25 0,575 0,920 i * . 4 ! ! ! ! ! 2
37.50 0.5%3 0.920 I + . 1 1 I ! [ ! T
38,75 0.538 0.920 1 + . ! ! ! ! ! ! !
40,00 0.527 0,940 I + . 4 ! ! ! ! ! }
41.25 0.519 V.920 1 * . S 1 [ B { B !
42.590 0.514 0.920 I + o ! ! ! : : ! :
43.75 0,510 0,920 1 » < ! ! ! : ! !
45.00 0.507 7320 T v . 1 T H T T 1 T
46,25 U.50% 0.920 i + . ) ! ! ! ! ! !
47.590 0.504 0,920 X + E : ! 4 ! ! !
EY: P k] J.%03 0.3%0 1 g * PR T T T T ! T
50,00 0,502 0,920 I * . H 1 H ] ¢ ]
51,25 0,502 0,920 I + . ! ! ! ! 1 ! !
32.30 LT 0,920 — I + . 3 4 H H M ! RS
$3.75 u.501 0.920 I + .8 ! t { v, s
55,00 0.501 0,920 { + v, ! ! ! } | ! !
56.25 0.3u1 0,320 I * . T T T T T T T
57.50 0.500 0,920 1 + . b !, : ! : ! :
e 53,75 0,509 3.920 e + o 3 ! : : } ! :
50.00 U.500 0.370 T ¥ PR T T T T —T T
61.25 0,500 0,920 L + .4 ! ' ! ! ! !
62,50 0.500 0,920 I + . ) 1 ! ! ! ! !
63,75 0.500 0.920 1 - M ! : ! 1 ! !
65,00 0.500 3,920 I + . L ! ! ! ! ! !
50,25 0.500 0,920 b » .t ! ! ! ! ! !
(~ 57.30 ¥.500 0.520 T 3 . 1 T T T T T T
68,75 0.9500 0.920 1 +* o ! ! ! ' : ! !
70,00 0.500 0.920 X + . b [P | ! ! ! !
T1.258 0.500 0,920 T ¥ . 3 T T T T T RS
72.50 0.509 0.920 1 * . ! ! : ! H : !
L 73.7% 0,500 0,920 L . .4 ! 1 { ! ! !
(" 7T5.00 0.500 G.320 [ + . 1 T B T T 1 T
70.2% 0.500 0.920 I + .l : s ! X : :
77.30 U.500 0,920 I + .« ! ! ! t 3 t !
18.75 U.500 0,920 I * . ! ! ! B 1 { ]
Bu.0v 3.500 0.92v I * o ! B : H : ! ] .
dl.295 2.5uu 0,929 I + o ! $ [ i ! ! !
3d.50 [ I-YTI) V.920 L * . o B B 3 ; 1 .
83,75 v.500 0,920 I + .} ! ¢t : t :
39,00 U.500 0,920 I v . 1 ! L [} ! i
86,25 0.500 v.920 I —F . 4 i ¢ f : : B
¥i.50 0.500 0,920 X . .t ! L ! $ t :
88.75 0.500 0,920 I + . ! H ! $ ! ! !
90U, 0U V.50 V.92V I * . ! : B ! ! [ [
Y1.45 0.500 \ V.Y I - P ! H ! H ! !
92.50 0,500 Y 0,920 I - .t ¢ : ' : H :
93.7% ¢.500 % 0,920 I v . ! i 1 1 [ T [
¥5.00 0.5v0 N oo.vev I . .t ! ! ! ! i 1
Yn.25 0.500 veyeo I - .t ! ! g ¢ Cr7
97.50 U.500 0.929 R + . & s : 1 : ! 1
Y. 7% U.500 0.920 I - .t ! ! ! ' ! !
1uo.ud u.dU0 0,920 L * . ! ! ! ! ! ! :
[-----,-----,-----*-—---q-----,-----.-----,-----*-----,-----.’
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SERKVU-RLTHANION (SETPUINT CTHANGRS T

@ 1TH DYNAMIC COMPENSATION

wf*

T Faf cH u ‘10 s
I
0.u03 10000,000 8.333 1133.000 200,000 200,000
1,450 10009,00V 8,333 1133,000 iUV, uvl 200,000
2.500 10000,000 8.333 1133,000 200,001 200,000
3.750 10000.000 4.334 1133,000 200,002 200,000
S.00v0 100V0.u00 | v,333 1133,00v V0 VU2 200,000
6.250 19000,000 6.333 1133,000 200,002 290,000
7.500 10000,000 8,333 1133,000 200,v03 200,000
4,750 100V0 . uuo ¥.333 1133.0uu 2V, 003 200,000
10,000 10000.000 9.333 1133,000 200,003 200,000
11.250 _ 10000.000 8,333 1133,000 200,003 200,000
12.500 10000,000 8.333 1133.000 200,003 200.000
13.750 10000,000 d.333 1133,000 400,003 00,000
15,00v 10000,00u 8,333 1133,000 200,003 200,000
16,250 10000,000 8.333 1133,000 100,u03 200,000
17.500 104u0,000 3.333 1133,900 200.003 200,000
18.750 10000,00v 8,333 1133,000 4u0,0u3 204,000 -
20,000 10000.000 34,333 1133,.u00 100,003 200,000
21.250 10000.000 ¥.333 1133.000 20V.003 400,000
22,500 100U0,000 38,333 1133,000 2v0,0u03 200,000
23.7%0Q 1U000,000 8,333 1133,00u 200,003 200,000
-~ . 75.000 10000.000 3.091 1133,000 200,003 210,000
S 26,250 10000,000 9.u91 1187,920 200,717 210,000
27,500 10000,000 9.091 1214217 202,306 210,000
28,.7%0 10000,000 9.091 1226,131 204.153 210,000 .
30,000 10U00,000 9,091 1231,528 205.642 210,000
31,256 1000u,000 9.091 1234,97a 206,812 210,000
32.500 10000,000 9,091 1235,082 207,694 210.000
33,75 10000,000 9,091 1235.584 ‘208,343 210.000
35,000  10000.000 9,091 123%,911 208,815 210,000
36,250 10000,000 9,091 1235.914 209.156 210,000
37,50u 10000,000 9,091 1235,961 209,399 210,000
B ¥8.150 10000,.900 9.091 1235,.9w2 209,573 410.0u0
40,000 10000,000 9.091 1235.992 209,697 210.000
41,250 10000,000 9,091 1235,996 209.786 210,000
42,500 10000,0U0 FUYL 1235,9%99 209,549 T 210,000
43,750 10000,000 9,091 1235.999 209,393 210,000
45,000 1090v,000 9.091 1235.999 209.925 210,000
46,45V 10000.000 9.091 17357999 09,940 ZIU. 000
47.500 10000,000 2,091 125,999 209,964 210,000
48.7%0 10060,000 9,091 1235.999 409,975 210,000
50.00v 10uul,0ul g.u91 T235,.999 20y ,983 210,000
51,250 10900.000 9,091 123%,.999 209,989 210,000
$2,500 10000,000 9.091 1235.999 209,993 $ 210,000
« 53.750 T00UJ. 000 g.u9 1 T735.599 U9.996 71U, 000U
§3.000 10000,000 9,091 1235.999 209,996 210,000
56.250 10000,000 9,091 1235,999 21v,000 210,000
57.500 TU0U0.000 F,091 1735.999 710,001 ZI0.GG0
58.750 10000,000 9,091 1235,999 210,001 210.000
\ 58U, 00U 10909,000 9.091 1235.999 210,002 210,000
BI.4250 T 100G00.000 5051 1235.999 110,002 7I0. 700
04.500 10000,000 v.091 1235.999 210,003 210,000
63.750 109VV. 00U 9.091 1235,999 210,003 210,000
65,000 10600,000 9,091 123%,999 210,903 219,000
66.250 10000.00 9,091 1235.999 210,003 210.000
67.50u 10000.000 9,091 1235,999 210,0u3 210,000
ad, 19V AGUVU vl U AR I PELXrIY AL 41U UV didaVvUV
70.000 10000,00U0 ¥,091 1235.999 210,003 210.000
71.2590 10000.V00 9.091 1235.999 210,003 210.000¢
TZ.50v ., Y1u000.000 9,091 TZ35,999 I0.uUs  Z10,.GGU
73.7%0 10000.,000 9.091 1235,999 210,003 210.000
L 79.000 10000.000 9,091 1235.999 210,v04 210,000
s T5.<5v T000v. 000 —9.U9) T735.959 710,003 7V, 000
77.500 10000,000 9,091 1235,999 210,003 210.000
78,750 1uuu,u00 9,091 1235,999 210,003 210,000
80,00V TJ0U0,.0u0 9,091 1235.999 210,003 ZIT. 00U
31.25¢  10000.000 9.091 1235,999 210,003 210.000 <
84,500 . 10000.u00 9.091 1235.999 219,003 210,000 .
d3. 15 100U . 00U 3,091 1235.999 Z1V,u03 210,009
45.0uu 1000U,.VuY © 9,091 1235.999 21u,003 210,000
86.250 Luudu, veu 9.u%1} 1235,99% 21v,003 210.000
— 87.0ul, 10uvQ.uUD XTI 1235.993 2lu,u013 410,000
34,750 10000,0V0 Yeuy1l 1235,99y 210,003 210,000
Ju, 000 10UUV . VU 9,091 1235,999 4lv,uul 2410.yvu
91l.45U 10uG0.000 Y.uyl 1235,9vy 2lu,uud 210.0u0
vd.950u 1uulu.vUU Y,U91 1235,999 410,009 210,000
33,759 10000.000 J.U91 1235.999 21v. 003 ¢10.000 +
95,000 160vu.uu0 9,091 1235.999y 410,003 210,900
95,45V 1000V, V0V 9.091 1235.999 21v.0u3 210.9U0
97.50vu 100UV . VUL Y.u91 1245.999 21v,9003 219,000 C=-8
Yd,750 Ludvu. vV EICERY 12435, 9yy 410,003 div,uvo
100.QUU 1000V .0U0 9.091 1235.999 wiv,0ul 210,400
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(P
SERVO=-MECHANISM (SETPOLNT CHANGES) N
h TAE ACTUAG VALGES uF (T0) « (IS) ARE GIVEN BY?P
. (¢(TO OR (IS) + 19.5) X 10.0
' Lﬁ TIUTPUTS SCALED BY .I00E+0I)
(X INDICATES MORE THAN ONE YAKRIABLE MAVE THE GIVEN VALUE)
Q + =a===>
.00 0.25 0.50 0.75 1.00 1.45 1,50 1.75 7,00 2.25 4,30
. T ro(+) T3¢,) fomemepmmmmepemmmapmm e —tn N + + + +
0.00 0.500 0.500 1 X ! : i ! ! ! ! t
1.25 U.500 0.500 I X ? T T, ! : T 1 :
2.50 0.500 0.500 L X ! ! ! ! ! ! ! !
- . * 3,15 0.500 0.500 I X ! ! : ! } ! ! [
N 5.00 0,500 0.500 I X ! ! ! [ [ 1 [ [
6.25 0.500 0.500 b A : ! : : : ! : :
7,50 0,500 0,500 I X ! ! ! ! ! ! ! !
3.15 0.530 0.500 I I3 1 ! L : B [ [ !
> 10.00 0.500 9.909 b % : : H ! : : s H
11,25 0,500 0,500 1 X ! ! ! ! ! ! ! !
- - 12,50 v.500 0,500 1 X ! : ! ! 1 1 1 1
13.78 0.500 0.500 1 . £ t ! : ! ! ! ! :
15,00 0,500 0 {Ruo I X ! ! ! ' : ! ! :
16.25 ' 0.500 0.500 I X [ [ B ! R [ T [
17,50 0.500 V.500 I X [l ! ! ! : ! ! !
189,75 0,509 0.500 1 X ! [ ! ! ] ! ! :
20.00 0.500 U.500 I I3 [ P : [ 1 ! i :
21.25 u.500 0.500 1 X ! 1 ! ! ! i 1 !
22,50 03500 0,500 1 X ! ! ! ! ! ! ! !
23,75 0.500 0.500 1 A : : : : . 1 B s
R 25.00 0,.5v¢0 1,500 I * . I I ! {
- N 26,25 0.572 1.500 I * .- ! ! ! !
27.50 0.741 1.500 I + . ! [ 1 1
28.75 0,915 1.500 1 ) * . ! A ! ]
Ju,00 1,064 1,500 I + . ! o } :
! 31.25 1.181 1.500 1 + . B [ B !
32.50 1.269 1.500 be + . ! ! t !
33,18 1,334 1,500 1 + . [ : !
35.00 1.382 1.500 1 v . . i [ [
. 36.25 1.416 1.%5uY I + ! ! ! !
37.590 1.440 14390 I s } H - :
313.7% 1.457 1,500 1 .. 1 [ [
49.00 ‘ 1.470 1.500 1 ,. ! ! ! !
41,35 1,479 12500 I - .. ! ! ! !
42.50 1.485 1.500 I . X ! ! : [
- 43,75 '1.489 1.500 be X i Tt ! H
200 1,493 1,500 1 X ! ' ! !
46.25 1.495 1.500 T X [ T T T
47.50 1.496 1.500 L X : ' [ :
48,75 1.498 1.500 1 X ‘ ! : !
50.00 1.498 1.500 I X [ T T T
51.25 1.499 1.500 1 X : H : [
52,50 1.499 1.500 1 X ! : ! '
B 53,75 1.300 1.500 i X . . H .
-~ 55,00 1.500 1.5u0 1 X ! ! 1 !
50.25 1.500 1,500 I X ! ! [ !
’ " 87,50 1.500 1.500 1 X T ! H i
54415 1.5u0 1,500 I A : ! [ !
_ 50,00 1.500 1,500 I X ¢ ! ] !
01.49 1.300 150 I S H A H .
62.50 1.500 1.500 I X [ 1 ! '
N 03,75 1.500 1.500 I X ! ' H !
65,00 10500 1.500 1 s be [ ! : L
66.25 1.500 1.500 I X ' ! : !
07.50 1.500 1.500 I gy X ! : ! '
r 53,75 & 1.5u0 T.500 T T T T T T
7v.00 1.500 1.500 1 X . ! : !
. - 71,45 1.500 . 1.500 I X ! ! ! )
TZ.50 1.500 T.500 T A T T T T
73.75 1.5u0 1.500 1 x ! i [ :
L 75.00 1.506 1.500 1 X : ! ! N
[ T6.25 1.3500 -1 Iy A : M H T
77.50 1.500 1.500 L A ! H $ :
74,75 1.500 1.500 1 < x ! [ ! !
“ 1 30,0V T 1.500 1.500 v [ X 3 T T 1
81.25 1.500 1.500 1 £ ! ! ! !
82.50 . 1.500 1.500 I X ! ! ! !
33.7% T.590 T.500 T x H T T T
35.uU0 1.5v0 1.500 1 , x ! ! ! !
96,25 1.5u0 1.500 1 P x ! ! !
g7.50 1.300 I.§007 T x T T T T
94.7> 1.500 1.500 I X : : T )
90.00 1.500 1.500 1 ) X ! ! ! !
I1.45 1.300 T.5uv { X T T T T
92.50 1.500 1.5y 1 It ! [ ! '
. 93.7> 1.5uu 1,50V 1 X : . : !
| Y5 .00 1.5uV l.500 L X . ! : H
. 90.25 1.3Vv 1.500 I . A ! H H H
. 97.50 1.500 1.500 1 X ! ! i !
Jo.75 1.500 1.300 1 ; x T ——C=9 T
10V,00 1.3y 1,500 ¢ A [ S| [ i
B L R R P Y Ll el Ll D TR T P NP P P P P S PPl
. . R
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{ ‘
e REGULATUR (LOAD CHANGES) ) .
T Y TP T rrr g e
WITH DYNAMIC COMPLNSATION
[ . [ ——.
r sT Fw (o] . u T0 TS
' v
. 0,009 10000.000 8,333 1133.000 200,000 290,000
\ 1.250 10000.000 8,333 .1133.000 290,001 200,000
2.500 Tovbo.0u0 | 8,333 1133000 200,001 100,000
3.5 10000,900 8,333 1133.0v0 200,902 200,000 —
$.000 10000 .00V 8,33) 1133,000 ~ 400,002 290,000
0,250 10000, VU0V ¥,.333 1133,000 200,002 2qg.000
7.500 10000,000 ¥,333 1133,000 200,003 200,000
8.750 1YY00. 000 8,333 1133.000 200.003 200,000
. 10,000 10000,0uVV 4,334 1133,000 4uu,003 400,000
> 11,250 10000,000 8.333 1133,000" 29v,003 200,000
\ 12.500 10000,000 HeJ333 1133,000 200,003 200.000
13.75u 160uv.000 8,333 1133.000 U003 U0 .00V
1%.000 10000,.Q00 9,333 1133,.000 . 200,003 200.90v0
! 16.250 10000,000 84,333 1133.000 200,003 200,000
17.500 10000,00U0 ~ 4,333 1133,000 2Vu,uul 200,000
18.750 10000.9v0 4,333 « 1134,.000 490,903 200,000 -
R 20,000 10000,000 8,333 1133.000 200,003 200,000
31,430 10000,000 4,333 *1133,000 200,003 200,000
22,300 10000,000 ¥.333 * 1133.000 200,003 209,000 .
A ‘ 23,750 10000,000 34333 ‘1133,000 - 200,003 200,000
25,000 ¥400,000 d.313 1134,000 404,403 200.000
26,250 92V0. 000 6,039 9%2,927 207,331 200,000
27.500L 9200,000 7.150 941,974 202,347 200,000
28,750 9200 ,0u0 ! T.484 J68.4884 198.989 200,000
40,000 9200,.000 7.5813 9%9.01 197,623 200,000
8 31.250 9200.000 7.535 1018,507 197.337 200,000
' N 32.500  9200.000 T.o54 {1029.865 197,545 700,400
33.750 9400,000 7.001 1036.024 198.014 200,000
35,000 9200,000 7.665 1039.217 198,454 200,000
36.250 9200 ,.000 T.0606 1040.827 198,435 200,V00
37.500 9200,.000 7.006 1041,621 199,141 200,0v0 T
¢ 38,750 9200,000 1.066 1042,.007 199,378 200,000
10,00V 92v0,000 7.667 °  104d.193 199,349 200,000
41.25%0 9200 .uv0 7.667 1042,281% 199,677 200,000
. ! 42,500 9200,000 7.067 1042.,323 ' 199,770 200,000
43.75%0 9200,00U T.667 1042.343 199,836 200,000
45.000 9200.000 7,667 1042,352 199,484 290,000
. 45,250 9200,000 7.6061 1042,.356 199.918§ 200,000
47.300 J2uv . 000 T.007 MWad, 357 199,943 290,000
' 44,750 9200.,000 T.607 *~1042,358 199,96V 200,000
50.000 9200.000 1.b067 1042,.35%9 199.972 200.000
S1.25v 9200,000 7.001 1042,359 199,981 200,00V :
$52.500 ¥200,000 7.607 1042,35y .199.987 200,000 ’
t 53,750 9200,000 1.0667 1042,359 "199.992 200,000
. , 55,000 9200,000 7,007 1047.359 199.995 200,000
’ 56,250 9400.000 7.0067 1042.359 199,997 200,960
: 57,590 9200,000_~ 7,667 «-1042.3%9 199,999 200,000
Sd. 750 9200,000 7.667 1042,359 200,000 200,000
50,000 . 9200,U00 7.007 1042,.39%9 200,001 200,000
_ 61,250 9200,000 7,067 1042,359 200,001 200,000
0d.5008 92ud,000 1.607 1024,.359 00 w0l dUUe,uuu -
63.750 9200,000 7.067 1042,.359 200,002 400,000 -
- - 65,0V0 ~9200,000 7.667 1042,.359 200,002 200,000
66.4250 9200.000 4 7.6061 1044,.359 40U, 002 200,000
67.500 9200,000 T.007 1042.359 400,002 200,900
; 6d.75v $200,000 7.067 1042,3%9 200,002 , 200,000 ©
4 TU. U0V FIv0,000 T.607 V42,359 00,003 ZUU.uU0 > 7
71.25v 9200,00v 7.667 1042,35%y 200,003 200,000 \
. 72.500 ¥200.000 7.667 1042.359 200,003 200,000
- T3.750 $5200.000 T.067 1042.3%9 Z0u.0ul 200.000
. 75.000 9200,000 7.067 1042,35Y 200,903 292,000 .
L 70.250 %200.000 7.067 1042,35y 200,02 209,000
[ TT.90v LTI IIY T.o07 1u«42,359 40U, 003 2U0.000
79,759 9200,000 K 7.007 1042,.3%9 £00,003 200,000
v 40.0u0 9200.000 J.0061 1042.35Y 200.003 200,000
N ¥l.250 940u,00u 7 Te067 1V42,357, FPEIICTE) «v0,uly
42,500 Y¢00.000 7.607 1042,.3%9 404003 200,000
. i 43.750 ¥200,000 1.667 1042.35y 2004003 200.000
45.00v 9duvl,uuu T.007 1042,.35% 2Uu,0u03 200,000
du,.25v 9200,u00 7.007 1042,359 200,903 260,000
d7.500 9200,000 71.667 1042,359 20U ,003 200,000
. dd. 750 300,000 T.067 1val, 359 Vi, w03 200,000
u,0uL 9200.0uu 7.007 1042,.359 2Vu,u03 20,000
. IT. 250 9200,000 7.007 1042,359 200,003 4V0,000
Yv2i.50u T T T T.0b87 lusd 359 PO ISYITR ) 400,000
33.750 920v.Vv0v 7.007 1vad, 359 | 2400,u03 200 ,uu0
’ 9S.J00 9400 ,000 7,067 1042,35Y 200,003 200,000
Ja,25v EX IR T Te.o07 1UeZ,399 40vu,vvd 40 . UV0
47.5u0 92VU0.00V0 T7.067 1042,359 2UVY, 003 LUV L,UOU
Ye.750 Yeiul,0vu 7,067 1u42,359 200,003 2V0.000 ~_ 1N
' YT Y40V VbV l.00] ITEYPREEE] PRI IO LY A =
. . )
- ™ B
o . — L .
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O REGULATOR (LOAD CHANGES) o .
) v N 7
) " - THE ACTUAL VALUES OF (T0) & (FW) ARE GIVEM BY: b
L ( (I0) + 19.5 ) X 10.0 AND (Fw) X 10000.0
—
5{ (QUTPUIS SCALED BY .100£+01)
(X INDICATES MURE [HAN ONE YARIABLE HAVE THE GIVEN WALUE)
0 + ==z===
0,00 0,25 0,50 0,75 1,00 1.25 1.50 1,75 2,00 2,25
T to ( 0) Fh( - ) f--"--?”--‘-?"--"-9"-‘-0‘-‘--"-----Q--‘--Q-----Q“‘-‘-'.----‘
, 0.00 0.500 1.000 1 re . 1 [ T i T
- 1.25 0.500 1.000 1 +* . : ! ! 1 s
2.50 0.500 1.0U0 I + . ! : ! X ]
3.75 0.5u0 1.000 I + . . i ! ! H
5.00 0.500 1.000 I - . : H ! [ H
, 6,25 0,500 1.000 1 + . | i ! [ [
1.50 v.5u0 1.000 1 + . 1 T 1 7 1 1
5 4.7% 0.500 1,000 I - . 3 ' I . 1
10.00 0.500 1.000 I - . [ ! L/ ] :
11,28 0,500 1.000 T , + . 1 1 T 1 T
12.50 0.500 1.000 I + . . : . ] t
{ 13,75 0.500 1.00¢ 1 - . ! ! ! [
¥ 15.00 0,500 L.000 L R . T 1 T T T
16,25 0.500 1.000 I + . : 1 3 ' 1
17.50 0.500 1.000 1 + . ! L L L L
14.75 G.500 1.000 T ¥ . T T T 1 T
/ W .u0 a.500 1.000 I »* . . : H ) )
21.25 0,500 1,000 I +* . ! H L H 1
212.50 0.300 1.000 I + . T T 13 1 !
23,73 0.500 1,000 I + . : : . s :
» 25.00 0.940 0.920 1 .l ! s ' 1 1
¢ § 26425 1.233 0.920 I . + ? T H <
. T 27.90 0.73% 0.920 I + .2 1] ! t ) 1
24.7% 0.399 0.920 I + . ! ! ! t ] 1
~ J0.00 V.204 0.920 1 v . ¥ T 3 T T H
. Y 31425 0.234 0.920 I * ) ! ] ! [} [N
32,50 0.259 0.920 I + .t . : ! ! .
33.75 0.301 0.920: 1 ¥ P [ T T 1 T
35,00 0,345 0.920 1 + . ! ! : | i 3
’ 36,25 U384 0.920 I + . ! ! ! ' ! :
37.50 0.414 0,920 i * . : B i [l : i
39.75 0.437 0.920 I * . ! ! ! ' ! i
e Auiive 0.455 0.920 I + . ! L gy [ H
.25 0.468 0.920 1 + . ! T 3 T T T
42.50 0.477 0.9120 1 + . ! { ! ] [ !
{ 43.75 0.494 0.920 I - . ! : L ' 1 1
45.00 G.488 6.920 1 ¥ - i T T T T T
‘ 46.25 | 0.492 0.920 I * o4 : H t : H -
( 47,90 0.494 0,920 1 * . ! ! ! s !
et 48,75 . U.496 0.920 1 S . T 1 T B {
$0.00 0.497 0.920 I * . . L ! [ [ ! :
‘ $1425 0.498 0.920 1 . . L ! ! ! ! i
52.50 0.499 0.920 1 ¥ P T — 1 T T T
53.15 0.499 v.920 I R b L X : ! :
59.00 0.499 0,920 1 * o ) ! | ! ! ! .
58425 0.500 9,920 > . L { 1 T 1 B !
L 57.50 0.500 0.920 ﬁ . v \. ¢ ! ! ! ! ! !
. 53.75 0,500 0.920 %1 + . L ! t ! ¢ B ;
by.00 [T U,.920 1 3 . & . H H { H 1
‘81,25 0.500 0.910 + . L : : s ! ! 1
: 04.50 0.500 0.920 + . ! ! ! ! : : !
. 03,15 0.500 0.920 - o L L ! ' ! 3 :
05,00 0.500 v.920 +* . L . : H . H !
' 29420 u.500 0.920 » o t ! 2 X 1 !
57.50 0.3500 0.920 I * I T T T T T 1
o 68,75 0.5p0 0.920 1 s .t ! ! 1 ‘, A} ! .
kS Tu.00 0.509 0.920 I * .t ! ! N L et
L T T1.25 0.500 V.920 T * . T : T T I/ 3
4 74430 0.500 0.920 I + .t : : : ! ] !
\ 13,75 0.500 0.920 1 - L4 [ [ ! [l !
[ 795,00 U.500 0.9%20 1 * . & 1 T S [ L3 B
) 16,28 0.500 6.920 I . .t 1 ! ! ! ! '
{ 77.50 U.5u0 0.920 I - .t ! ¢ ! : ! fl
- 74,73 0,300 [ PEFTY] 1 + . ! B i 4 B H 1
90,00 9.5v0 G.920 I v o ! : : ! ' ! :
. 81.2% 0.5v0 v.920 1 +* . ! . H ) ] 4 !
“54.50 v-300 0.920 1 + P T T T T 13 T
, 83,75 0.500 vu.920 I » . ! ! ! ! ! 1
. 85.00 + 0.500 0.920 I + . L ! 1 : 2t :
80,25 " %-T'T] [PV 1 * . B : 3 ! B S
87.50 0.50u v.920 I - .t ! : : . : .
. 34,75 u.50v V.92u I + ot : ! ! ! ! :
J0.00 U.3500 0.920 I v P ) T g T T T T
— 91.25 v.500 Vv,92v L * . ! H { 1] i i i
4 94,90 U.5u0 0.920 I L+ .4 L P ! ! L !
~53.75 v-500 U.920 1 P A 1 3 T T T T T
95.00 0.50u v.920 I v I //' 1. : : : !
95.2%  U.Su0 v.920 I -, ot ! i : L 3
ST.50 W@, 500 5.920 1 ¥ T B T T T G :1 1 T
s 1 yd.15 u.5u0 0.920 1 e Y . ! : " ! ! ! !
k 100.u0 0.50u V.92 L v ( .t : : : ! 4 !
L—o-:-9---¢-¢--——-v~----9-"—\--«r-----v~-~°-v----—v-----v-----v
° 1
p}’ .
- o
LY
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, FEepFoRWARD CONTROL

(With time delays added to the disturbance). e
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(" J0-AUG=1933 18:08:27
30=AUG=1983 18:06:13
0001 PROGRAM HEATEX .
0002 DIMENSION T(470), CM(470),TM(470),T0(470),TS(470),TT(5,405)
L 0003 DIMENSION U(470),DEL(1),FW(470),ZN(470),CLL(470),T1(470)
 0o004& DIMENSION TOL(470),T02(470),X(470),7(4707
0005 REAL INTUD,INTOD1,INTUD2,INTHD,KV,KP KM, KS,KFF,KULS
0006 DATA OEL/0.25/ ’
0007 C PARAMETERS AND VARIABLES \
0vo8 C CONTRULLER: CP=HEAT CAPACITY OF WATER (BTU/(LB.DEG, F))
Vo009 ¢ HS=LATENT HEAT UF STEAM (BTU/LB.)
0010 C KEF=CONTROLLER GALN
0011 C CM=CONTROLLER OUTPUT (VOLTS=RANGE 0=10V)’
0012 C CLL=DINAMIC COMPENSATIUN TERM
0013 C " THL1=LEAD TIME CONSTANT (SEC.)
0v14 C X TH2=LAG TIME CONSTANT (SEC.)
0015 C . .
0016 C  VALVE : THV= VALVE TIME CUNSTANY (SEC.) '
out7 o KV=VALVE GAIN ((LB./HR)/VOLTS)
0018 c . ,
0019 C EXCHANGER : THP=PROCESS TIME CONSTANT (SEC,) /j
0020 c : KP=PROCESS GAIN (DEGw F/(LB./HR))
0021 ¢ ‘ 3
0022 C DISLURBANCE: THO=DISIURBANCE TIME CONSTANT (SEC.) : ~
0023 C KDIS=DISTURBANCE GAIN (DEG. F/(LB./HR))
0024 C .
0025 C MEASURING THM=MEASURING ELERENT TIME CUNSTANT (OSEC.) .
0026 C ELEMENT : KM=MEASURING ELEMENT GALN (VOLIS/DEG.F)
0027 C /
0028 T OTHERS T ISSSEIPUINT TEAPERATURE (DEG. F) )
0029 C TIN=INPUT TEMPERALURe (DG, ) !
0030 C TO=OVERALL UOUTPul TEMPERATURE (DEG. F)
0031 C TO1=0UTPUT TEMPERATUKRE DUE TU PRUCESS (DEG, F)
0032 o TOZ2=0UTPUT TEMPERATURE DUE TU DISTURBANCE (DEG. F) -
0033 o Fw=WATER INFLOW RATE (LB./HR) ‘ .
0Q34 C . =
0035 TYPE 6
0036 o FURMAT (LHL, /7 ,1u&, 'D.~ FEEDFORWAKRD CONTROL',/,10%,23('=*),/,
0037 ¥ 10X, (wWilH TIME DELAYS ADDED TU TAE DISTURBANCE)',/7)
0038 @ CONSTANTS & PARAMETERS -
0039 H5=970.
V040 CP=1.
0041 TLN=90.
V042 THV=2,
00443 KV=135,.9005 N
0044 ThP=4.05 \
0045 Kr=0,09709
0v4n . FHM=0,5 T
0047 ° KM=0,00083333 ’ \‘:>
0u48 KDIS=0,011 ’
004y InbD=0.5% v
0050 TH2=13.
0051 TH1=3, .
Qus2 bu v7 JI=1,5Q’ ) =
0053 97 LWJIy=11u,
0054 L0 98 Juzt,?2 .
0055 DO 99 JKZL,z
005s (F(JKLEN.2)GO TO 7 Ce
L ous? : IF (JJ.Eu.2) TAPE 25 : * i
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(— HEATEX 30-AUG~1983 18:08:27
30~AUG=1983 18:08:13
0058 25 FORMAT (1H1,//) N
0059 TYPE 8
L 0060 8 FORHAf(lOX,'SERVO-MECHANISH (SETPUINT CHANGES)',/,10X%X,34("'="))
[ Oubl ' 60 TO 9
0062 7 TYPE 10
0063 ™ 10~ FORMAT (1H1,//,10X, REGULATOR (LOAD CHANGES)',/,10X,24('='))
0064 9 IF(JJ.EQ,2)G0 TU 12
0065 TYPE 14
0066 14 FURMAT (10X, 'WITHOUT DYNAMIC COMPENSATION' ,/,10X,28('='),/)
0067 GO TO 19
0068 12 TYPE 15
0069 15 FORMAT (10X M WITH ODYNAMIC COMPENSATION',/,10X,25¢'='),/)
0070 INITIAL CONDITIONS )
0071 19 U(59)=1133,
0072 FW(59)=10000,
0073 TO(59) =200, “
0074 T01(59)=200.
0075 702(59)=0,
0076 TN(59)SFW(59) KM
0077 TS(59)=200.
Qu78 CM(59)=9,3333
0079 KFF=HS/ (T5(59)=TIN)
0080 ZN(59) =TM(59)
0081 CLL(59)=28(59)
0082 NTUD=1133,
0083 INTGD1=200,
0084 INTOD2=110,
0v85 INTAD=8.3333
0086 T(59)=0.0
Quus7 DO 2 1=60,461 :
0048 II=i=1 %
0089 I1=L(~59 } 3/
009U TS(I)=TS(LI)
0091 IF(JK.EQ.1)GO TO 20 . ;
0092 FW(I)=FW(LI) ’ '
0093 IF(1.EQ.159)Fw (I)SFwW(II)~800.
0094 G0 TU 21
0095 20 IF(I.EQ.159)TSC(I)=TS(II)+10.
0096 FW(I)=FW(59) ) .
vu97 MEASURING ELEMENT
0098 21 TMD= (KM *w(I)=TM(II))/THM
0099 TM(I)=INTMD
0190 IF(JJU.E@.2)GU TO 22
0101 FEEDFURWAR CONTROLLER,K wITHOUT DYNAMIC COMPENSATION
0102 ~ CM(I)= TH(I)*KFF*(CP/H»)*(rb(II)-IIN)
v vl03 GL TU 23
0104 DYNAMIC COMPENSATION(LEAD/LAG)
0105 22 AASTM(II)=ZNCII)
0106 e (1) =C(DEL(L ) /THD®AAI FZN(IT) P
0107 CLLCL)=((THL/TH2)*AA)+2ZN (1I)
0108 FEEDFURWAR CUNTRULLER WITH OYNAMLC COMPBNSATIUN
0109 Cr(I)=CLL(I)*KFF*(CP/HS) * (IS Iy =T1IW)
0110 VALVE . _
0111 23 UDE(KVECM(L)=UCIL))/THV .
0112 U(LJ=LINTOU :
0113 HEAT eACHANGEK : \
\__J114 PUSKP*U (L)ATIN
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( REATEX - J0=AUG=198 3 I8708:27
- 30=AUG=1983 15:08:13
0115 TUDI=(PO=-101(1L) ) /1AP
0116 TO1(4)=INTOD] -
L 0117 IF(JK.EQ.2)GO TO 17
(0119 TU(1)=T01(1)
0119 GO T0 18
0120 17 T02(59)=110.
0121 TOD2=(KDIS*EW(I1)=T02(L1) ) /THD
0122 T02(1)=INY0D2
0123 C TIME DELAY ON THE DISTURBANCE
0124 X(1)=102(1)
0125 Y(I)=X(I)
0126 TO(I)=TOL(I)+(TO2(59)=Y(1))
0127 C EULER INTEGRATIUWN -

0128 18 T(I)=TCIX)+DELCL)
0129 INTUD= {NTUD+UDXDEL (1) .
0130 INTUD1I=INTUVI+TOD 1 ¥DEL (1)
0131 INTOD2=INTOD2+TUD2*DEL(1) } '
0132 INTND=INTMD+IMD*DEL (1)
0133 2 CONTINUE
0134 TYPE 16
0135 16 FORMAT (15X, 'T',9X, 'Fu', 12X, 'CM'10X,'U', 11X, '[0',10X,
0136 + ITSY,/,10X,700'a"),/)
0137 IK=59
0138 a0 5 I=1,81
9139 TI(I)=2TCIK) ‘
0149 TT(1,I1)=TOCIK)/10.=19,5 '
0141 TT(2,I)=Fw(IK)/10000.
0142 [ (JK.EQ.1)YT(2, L) =15(1K)/10.-19,5
0143 TYPE 11, TCIK),FW(LK),CM(IK),U(4K),TO(IK),TS(IK)
0144 11 FURMAT(7X,6F12,3) . i
0145 IK=2LK+S
0l4b 3 CUNTINUE /
P 0147 IF(JK.EQ,.2)GO TU S0
0148 TIPe 24
0149 24 EORMATC(1HL) '
0150 LYPE 8 .
0151 TYPE 91
0152 9] ™~ FURMAT(10X,'THE ACTUAL VALUES UF (TQO) & (TS) ARE GIVEN BY:'
0153 +  /,204,'C(TO) OR (I3) + 19.5) X 10.0"',/) '
0154 GU [0 92
0155 90 TYPE Lo
Q156 "LYPE 93
0157 93 FORMAT(1UX, TRE ACTUAL VALUES UF (TU) & (rw) AKE GIVERN b1:'
0158 4 /,20K,'CCTOY + 19.5) X 10,0 . AND Ckw) & 10000,0',7)
0159 92 CALL PLOT1(T1,T1,81,2,JK)
Oloy 99 CuNlInUE
0l6l 93 CONTINDE
* 01bl

END —ﬁ _
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D.= FEEDFORWARD COUNTROL

(WITH TIME DELAXS ADDED TU THE OISTURBANCE)

Y

SERVU=MECHANISM (SETPOINT CHANGES)

=TTAOGT GIRAAIC CURPENSATIUN

— A |
A3
L tw [} [ {c 18

¢.000 10000.000 8,333 1133,000 200,000 200,000

1.350 10000 ,000 c 9,333 1133,000 200,001 200,000

2.500  10000.000 g,333 1133.000 200,001 200,000

3.75% 10000 000 9,333 1133,000 200,002 200,000

5.000 1000V .000 8,33} 1133.000 200,002 200,000

: 6,250 10000 ,000 8.333 1133,000 400,002 200,000
7.500 10000,.000 49,333 1133,000 200,003 200,000

8.750 10000.000 4,333 1133,000 400,003 200,000

10,000  10000,000 8,333 1133,000 200,003 200,000

11.450 10000 .000 Q9,333 1133,000 200,003 200,000

* 12,500 10009,.00v 8,333 1133,000 200,003 200,000
13,750 10000.000 8.333 1133,000 200,003 200,000

15.00v 10000.000 FPREE) 1133,000 200,003 200,000

16.250 10000V,000 8,333 1133,000 200,003 200,v00

17,500 10000 ,0090 84,333 1133,000 200,003 200,u00

18.750 10000.000 3,333 1133.000 200,003 200,000

20.000 10000 ,000 9,333 1133.000 400,003 200,000

. 21.250 10000 ,9000 8¥.333 1133,000 200,003 200.000

22.2500 10000, 000 9,333 1133,.600 200,003 200,000 N

23.750 1000Q¢v00 8,333 1133.000 200,003 200,000
25,000 10000,000 8,333 1133.000 200.003 210,000 -

26,450 10000 .u00 Y,091 1179.072 200,431 210,000

~ 27.500 1000V V00 9,091 1210.479 202,040 210.000

28.750 10000 .00 9,091 1224,438 204,819 210,000

30.0Q040 10y00 U000 9,091 1230,761 205,369 210,000

. 31.250 1000V .u00 9.091 1233,626 206.602 210,000

‘ 32.500 10UV 0,000 9,091 1234.924 207,538 21v,u00
33.7%0 10000,000 9,091 1235.512 209,229 210,000

35.000  100LLLUUY 9,091 123%,779 408,733 210,000

! 36,250  10000,.000 9.u91 1235%5,900 209,096 210,000
R 37,500 10000 L 0V0 9.0yl 1239,.954 2UY,337 210,000
34,.7% 10000 .000 9,091 1235.919 209,543 210,000

[ 40,000 10000 000 . 9,091 123%,990 209,676 210,000
41,250 10000,000 9.091 TZ35.995 209,770 210,000

42.500 1000V .00 9.091 1235,.998 209,83 210,000

43.75v 10000 ,000 9,091 1235.999 209,080 210,000

- 495.000 10000 ,000 9,091 1235.999 209,920 210,000
46.250 10000%000 9,091 123%5.999 209,944 210,000

47,50 1000V, 000 9,091 1235.999 209,961 210,000

4d. 750 10000 .000 9.091 1235.99) 209,373 210,000

50.000 10000,.,u00 9,091 1235,999 209,942 210,000

51,25 10000 .000 9.091 1235.999 209,984 410,000

52.500 100U0.000 9.091 1235.999 209,992 210.000

53,150 10000 .0V0 9,091 1235,999 209,996 210,000

_ 595,000  10UvuU.UL00 9,091 1235,999 209,998 210,0u0
Se.250 10uDU.000 3.091 1235.3% 209,393 I10.,0v0

$7.500 10Uv0.000 9.091 1235.999 410,000 210,000

{ 58.75% 10U0U 000 9.091 1235.999 210,004 2104000
60.000 10000 .000 9.091 1235.999 410,002 210,000

64.250 1000V LUG0 9.091 1235.999 21V,002 219.0v0

62.500  1000u, 9,091 1235.999 210,002 210,000

( 63,750 10000.000 . J.091 TZ35.99% ZLG,0ud 210,000
63,00u 10000 ,.000 9,091 1235.999 210,v03 210,0W0

- 656.250 10000.000 J.091 1235,.9%9 210,004 210,000
67.500 {0u00 ., 000 Y.091 1235.999 210,003 210,000

64,79  10QUU . QU0 9.091 12357999 210,903 41v,u00

T 70.000__ 10600 . 0V0 v.091 1235.99y 210.003 210,000
[ 71,250 10000,000 Y, U9l 1235.999 210,903 210.u00

. 72.200  100V0.000 9.u91 1235,999 430,003 210,000
‘73,180 1050LV 000 9,091 1235,999 210,004 210,000

T3.000  1U000 . VWY 9,091 1235.999 210,003 210,000

76,450 10000.,000 9.091 1235,999 21v,003 219,000

. 77.500 19uUQ . U0y 9, uyl 1435,999 210,003 210,000
73,75 10000 004 Y091 1255.999 21U ,0u) 210,000

Yu.v0v 100UV ,0U0 9,091 1235,999 d1u,003 21V,00v

N d1.450  10u00.,000 9,091 1235.999 21u,003 210,000
d2.59v  100u0 000 94091 123599y 210,003 210,000

33,750 1uQLV L YUL 9.u91 1239,.99Y 210,003 210,uuy

- 85,000 1u0Uu . yuU 9,u91 1235,999 41u,00) 210,000
EERPED) 1000V L VLY 9.091 1235.99y 410,Vu3 £10,000

¥7.%v  10uV0.Juy 9.u91l 1239.999 410,003 210,000

3o, 150 1y00u , uuYy Y,091 12135,99y 210,003 219,0vu

90,000 1u00O ,uuy ¥.091 1235999 210,003 216,000

91.450 10000 .00V Y.u91 14357999 410,003 210,000

92,590 10900 , uul Y,u91 1239 .99y 2iu,uld 210,000

LZNET] 1000V QD0 Y0yl 1235.99y <1V ,003 219 ,ulv

99,000 1000V uUy Y.u91 1245.999 410,003 41v.uuy D~4

96.25  10UUU VYD W, u9l Q235 Yyy 2105001 210,000

97.500  1uguo . 000 J.091 133,999 210,003 210,000

98.,7%0 1000V ,uoL 9.v9L 1433.99Y 41V, 00] 410,00V

) 1oV .00u  100uu VLY Y.u9l 12345,99y 219,003 210,vuy

U . .
W :'0,.-1
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SERVO-HECHANISH (SETPOINT CHANGES) ‘

"THE ACTUAL vaALukS ue (TU) & (TS) ARE GIVEN aX3
(CI0) OR (TS) + 19.3) X 10,0

; COUTPUTS SCALE L 3Y . TuuE«d1)
(X INDICATES MORE THAN UNR VARIABLE HAVE THE GIVEN VALUE)
0 + Exmuz)

0,00 0.25 0,30 0,75 1,00 1.325 1.5 1,73 2,00 2,23 2.5V

T TOC(+) T8(.) + - * -+ tecommmy + -+ * * *

0,00 0.500 V.300 I X 1 | $ ! ! 3 ! :

1.45 0.500 v.500 I X 1 1 [ ) 1 : ! 1

2,30 0.500 0.%u0 I ’ X ! 1 i ! rory : !

3,78 0,500 0.500 I X : ! ¢ : : ! : 3

T.00 0.500 0.500 . [ x 1 1 1 1 [ 1 T 1

6,25 04500 0.500 I X t ! . ! ¢ ' ! !

7,50 9,500 0,500 1 A $ | . { ! ! } :

¥.15 0.500 0.500 1 A 1 1 1 ' : : 3 3

10.00 0.500 0.500 1 x s ! : ! $ $ ' ¢

11,38 0,500 0,500 I A 3 3 : 3 3 } $ $

12.50 04500 0.500 1 F1 1 b1 ) [ 1 1 1

13.75 0.500 v.500 I X 1 1 ! ! ! ! ! !

15,00 0.500 0,500 1 - A 4 ! : 1 $ ) 3 4

10.25 0.500 0.500 1 x 1 3 T T t T 1 T

17,50 9.500 0.500 I X H 3 : ' $ ! ' !

18,78 0,500 0.500 1 X $ ! 1 $ { { ! L

20,00 0.300 0.500 I A T T T 1 T T T T

21,28 0.500 v.%00 I X 1 1 ' t ' t ! t

22.50 9.500 0.500 1T X ! ! ! } ! ! § 1

43.7% Q9 .500 0.500 I ° X L ' [ [ i : ! :

25.00 0.500 1e300 1 + . ! ! Lo

26415 0.548 41,500 I + . ! i ' L

27.50 0.705 1.500 I FS = 1 ! T T

24,73 0.842 1.%500 1 > + . l ! ! !

30,40 1.037 1.500 I » . ' 1 ! !

31.25 1.160 1.500 1 + . T T T T

32.50 1.254 1.500 I -+ . ! ! ' '

33,18 1.323 1.500 1 + : 3 3 :

35,00 1.313 1.500 1 . v . : ! i T

36,35 1.410 1.500 I o + . ' 1 ' $

37,50 1,436 1,500 1 + . H H i H

39,715 . L.494 1.500 1 . I 1 T T T

40,00 1.408 1.50u I +, ! t 1 !

41.75 1,877 © 1.500 1 . ! ! 1~ 1

4250 1 .454 1.500 1 X H T 1 {

43.75 1.489 1.500 L ‘ X ! ! ! !

45.00 1.492 1.500 I X l 1 ! {

36.15 1494 1.500 T ; X T T T T

47,50 1496, 1.500 1 X : t ! !

BN 48,75 1.4970 1.5u0 'I . X 1 ] ' t

Y‘, 50400 14941 1.500 T . X H T T H

\ § 81,28 1.499 1.500 I . X : ! ¢ :

. 52,50 1.499 " 1.300 I X ' ! : !

SI.TS 1.300, 1.500 T X T T T T

» $5.00 1.500 1.500 I . X l ! $ 1
'5\ 50,28, 1.500 1.500 1 % ! ! ' : .

57450 1.500 1.500 T X T T T T

l\ 56,78 1.500 1.500 I X ! : : !

" 50 .00 1.500 1.50u I X ' ! ! :

w 51+45 T.300 WS- TV R x T T T T

\ 52.50 1.500 1.500 "1 X { ! ! !

\1‘\ 63,75 1.500 1.500 I X ! ! ! !

& 55,00 1 .500 1.500 I . X t ! ! !

| 60.25 , 1.500 1.500 I X : 1 : !

W 07.50 L .500 1.500 I X ' : oo

s 58,75 12500 To5uu I X T T T T

i\ 70,00 1 .500 1.500 | X : ! ! :

[ 71.25 1.500 1.500 I A ! | t

}:{‘ 72.50 1500 1.500 | A : i { )

3\ 73.1% 1.5u0 1.500 I X H B ¢ L

. 75,00 1500 1.500 1 . A L ! ! }

16,45 1 .500 1.500 i A i i [ 4

77.30 1.500 1.%00 I X ! L ! '

78.78 1300 1.500 I A ! ! 1 !

! 30.00 1.500 1.500 1 X T T : T

41.258 1.500 1.500 ¢ X ! ! : :

32,50 1,500 1.500 i ! ! ! !

PYRSE) 1.5v0 LeS0u [ A [ H ! B

85400 1.500 1.50 I X ! ! ! !

4b25 1.500 1,500 | X ! ! ! :

B7.50 1.300 1.5600 [ A [ ' | 1

38,15 14500 1.%00 X : ' ; :

9u, 00 150y 1.500 1 X : : ] 3

91,25 1.500 1.5v0 1 A ' 1 y 1

97.%0 1.500 1.500 I It ! 1 ! !

93,15 1.500 1,900 1 P ! ! } $

EEYY 1 .5u0 1.500 I A B ! ! Q

¥6.25 14500 1e5u0 x t,ot ! !

97,50 1,500 1.500 X ! : ! ¢

99,18 1 .50 1.500 1 X : t D=5t :

100,00 1.500 1.5 I X ' ! ! !

[eanmmy pucm——y . Bt D T s O A S Y

———— e - ’
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REGULATOR (LUAD CHANGLS)
[ WITHOUZ DInAMLIC COKPENSATION
—

T Fw [« ] 7} H{Y] T8
0.000 10000.000 d,.333 1133.000 400,000 200,000
1.259 mmoo 8,333 1133,000 200,901 200,000
2.5v  1006GV,.000 9,333 1133,000 200,v01 299,000
3,750 10000,000 8,333 1133,000 200,002 200.000
5,000 10U0UV,000 8,3)) 1133.9000 200,002 200,00V M
&4250 10000,000 d,333 1133,000 200.(002 200,000
7.500 10000,000 8,333 1133,000 206,003 200,000
8,7% 10000,000 $w,3133 1133,000 290,903 290,000

10.000 10000,000 3,333 1133,000 299,003 200,000
8 11,35 10000,000 8,333 1133,000 200,003 200,000
12,500 10000,000 3,3)) 1133,000 200,003 200,000
ri. 150 100u0,.000 8,333 1133,000 . 200,003 200,000
15.000 10000,000 .33 1433,000 200,003 200,000
19,325¢ 19v09,999 8,333 11233,000 400,003 400,000
17,500 10000,000 ¥,.333 1133,000 200,003 200,000 o
18.75¢ 10000,000 8,333 1133,000 200,003 200,000
20,000 10000,000 8,333 1133,000 200,003 290,000
. 21.2%) 10000.000 5,333 1133,000 4Qu,003 200,900
22,500 100Q0,000 8,333 1133,000 200,003 200,000
23,130 10000,000 P IREE] 13133,000 200,v03 29V,u00
25,000 9200,000 a,.,433 1133,000 499,008 200,000
26.2%0 9200.000 7.583 1090.512 199,047 200.000
27,300 3200,000 7,667 1064,648 199,207 200,000
24,750 9200,000 7,004 10352.126 196,534 200,000
30,000 9200,000 T , bbb 1046,333 195,269 200,000 N
31,250 9200,000 s T,061 1044,369 194,185 200,v00
32,500 9200,000 7 .06] 1043,274 193,464 200,04v
33,750 9200.000 7.567 1042,776 192,157 200,000
35,000 9200,000 7,661 1042,548 193,315 200,000
36,150 92V0,000 7,067 1042,443 191,997 200,000
37.500 9200,000 T b617 1042,399 191,769 200,000
34.1%¢ 9200,900 7,061 1042,377 191,606 200,000
40,000 Y200,000 7,007 10492,369 195,099 400,000
41.250 9200,000 ' 7.667 10432,363 200,206 200.000 .
42,509 9200,000 7,061 1042,3681 200,285 200,000
43.7% 2 £00,000 7.607 1044,301 £490.,u7) 200,000
45,000 9200,000 7,667 1042,360 200,080 290,000
46,250 9200,000 7,667 1042,360 200,085 200,000
47,500 200,000 7,007 10a2,380 400,04V 200,000
44,75 9200,000 T.007 1042.,360 200,029 200,000
50,00 $209,000 7.667 1042,360 200,021 200,000
51.250 92u0,000 7007 1042,380 200,016 200,000
52,5309 9200,000 7.607 1042,3600 200,012 200,000 .
$3.7%0 9200.000 7,607 1042,360 200,009 200,000
EENTITE 9204u,.0u0 7.08] 1oe2,300 LUV, 007 200,000
56,250 9200,.000 7,067 1042,360 200,000 200,000
57.50v 9 2VV,00Y T.667 1042,.360 400,005 £V0,040
Sy.75%0 9 200,000 T,067 10472,J80 4£00,0u4 299 ,J00
6d.yoy 92U9.000 7.067 1042,360 200,004 200,000
L 61,250 9 200,000 7,067 1042,300 200,004 400,000
6,500 Y ZuU.000 T, 587 M OLY FELT Z00.,003 POV RD)
63,750 9200,000 T 067 1042,360 200,003 200,000
65,000 9200,u00 7,087 1042,360 200,004 200,000
66,259 9200.00¢C 7.667 1042,360 200,003 200,000
67.300 9200.000 7.007 1042,360 200,003 200,000
64,15V 9200,00v 7.067 1042,360 400,003 200,000
- Tu Uiy LLICLLS ~T.6a7 TUXZ.380 P LY ES <UU,TUT
71.250 {3200.000 7,667 1042,36Q 400,003 200,000
T2.500 200,000 7,087 1042,360 490,003 290,000
EETRED] Y 4ul,000 T.007 1087, Jc0 420V, 9J3 20U,U00U
75.000 Q200,000 7.0867 042,380 200,903 200,000
76.250 9 200,000 7.067 LU%2.360 200,003 4U0.uu0
TT e300 Y L0, 000 74007 NPEY 2211 PLTITTE) r L
78,750 9200,000 7.567 1042,380 400,003 200.900
80.000 9200,000 7,067 1042,360 2v0,003 260,000
91,é5u 9200.000 7,067 1044,.300 PI T INT'R ) 200,900
82,500 QL0 uu0 7.067 1042,360 200,003 400,000
83.7% 9«0V, 000 T.o07 10«d, 300 £UV.,003 200.000
33.0uv ¥ 4VV, 00y T.o0l 1uad,jov 4VV,V03 PIRISTH
48,250 . 9 200,000 7.067 1042,300 400,003 200,000
87,5U 9200V.00y T.067 1U%2,300 400,003 204,000
38, TS50 Y LUV VY T obT 104,360 «V0,003 204,000
90,.00v 9200,000 T.067 1042.360 200,003 400,000
91,250 QR00,90u 7,067 1042.460 200,v03 200,000
vi.500 Y200,0uu 7.007 1 ued, bl 49u,u03 2490,0uu
23./5 9 £L0v,000 7.007 1042.360 400,003 200,000
935,009 920U,000 T.607 L044,360 209,003 200,000
Yo0,450 9 20U, vuy ~ T.onl 1ual, by PITVIGTYR 290,000
97300 92u0,000 T,0087 1044,360 490,003 290,000
94, 75v 9 2uy,duy ?.007 luald,day LUV, UY3 2Y0,duu D=6
100,u0v 9 LUV, VL T.ool LU«d,300 2V00,0v3 PV




Ry P T RO ST

. (OUrTPUTS SCALED BY
(X INDICATES MORE THAN UNE YARIABLE HAVE THE GIVEN YALUE)

Al REGULATUR (LUAD CHANGES)
SHE ACSUAL YALUES OF (TU) & (Fw) AREL GIVEN BY:
\ ((TO) + 19.5) X 10.0 AND (Ew) X 10000.0
—

«~ 1000+01)

CSERZT = 0 ¢+ IXTRIR)

©1.00 =0.00 =0.60 =0,40 =0.20 0.00 0.20 0,40 V.60 0.80 1,00
‘ T TO(+) Fw(,) * + -+  dindadients shnd + hd hd d pom-w g
., 0.00 0.300 1.000 : ) : [} B { * .
1.29 0.500 1,000 H ! 3 ! : 1 + .
2,50 0.500 1,000 3 i : ! H I + .
3.75 v.500 1.000 : [ i [ B I + .
' 5.0Q 0,500 1.000 : ! H ! H I - .
0,25 0,300 1,000 3 L H i ) I + 2
1.50 0,500 1,000 . { 3 i : T + .
9.7% 0,500 1.000 . $ : ! : I + .
i 10,00 0,500 1,000 ' Vo ! } H 1 . . !
11.25 0.500 1.000 $ 1 1 [ I - « /
12.%0 0.500 1.000 . ! 1 \ H b » . /
[ 13,75 0,390 1.000 H ! $ H s 1 * PR
15.00 0.500 1.000 . 3 : 1 . 1 + . |
16.25 0.500 1.000 : ! s ! : 1 + . L
11,50 0,500 1,000 : } 3 1 ] 1 + .
19,79 0.500 1.000 t B : [ ! I + . l
20.00 0,500 1.000 H i ) ! i 1 * e
21425 0,500 1,000 ! ! ! ! ! I . PN S
22.50 0.500 1.000 B 1 1 ! 1 3 + . |
23.78 0,500 1.000 1 : : : ! 1 + .
25,00 9,500 0,920 ! ! H : : I + . 4
26.2% 0,469 0.920 [ [ L [ . 1 * .
27.50 0.321 0.920 ' t : ! S I + « 4 .
28,15 0,164 04920 H 1 ! | 1 I * PR ;
30.00 0,027 0,920 : ! : ! ! I+ .« 3
31.25 =-0,002 0.920 4 ! H : H { « 4
14.30Q =9,164 0,920 P i $ } st I P )
33.7% 0,224 0.920 H ! [ B + I . 4
35.00 ~0,2649 0,920 H ! ) ! * 1 . 4
{ 10,25 =0,300 0a920 i [ : { .t 1 2t
37.5%0 =0,323 0,920 [} [ 1 1 e I . 4
3¥.75% =0.339 0.920 ! H ! [ I . 4
{ 40,00 0,049 0,929 H : H H : i PR
41.25 U.521 u.920 B [ ! t 1 1 +* . &
44.50 0.529 0,920 : } : ] H 1 .
{ 43,75 0,501 9,929 : : : ! [ 1 + . 4
45,00 0,508 0,940 B T T -1 T 1 * . v
16425 0.508 0.920 [} t ! L t 1 + . !
¢ 47.50 0.504 0,920 ! ! H i [ 1 + . 3
48,79 0.303 0.940 T B! T T T T 0 . 3
50.00 0.502 0.910 1 { H ! 3 I + . &
51.25 0,502 u.94u ! ! L | 4 1 + . 5
52350 04501 Veval B 1 B T ) T ¥ . s
93,75 U.501 0,920 [} { 1% ! ! 1 + . 4
55,00 0,501 0.920 ! ! ! i i 1 + .8
Ste2b 0.501 044939 i 1 i ! T 1 * . L
57.50 0.501 0.920 ‘ ! [} ! [} 1 * . 3
54,75 0.500 0.970 ! t ! } t 1 » !
BU+00 Ua500 T.970 ! 7 T T T T ¥ . 1
51.25 V.500 0.920 ] H 1 § H 1 . « ¢
{ 02.50 0.500 0.920 t ! H ! : 1 v . L
63,75 0.500 0.920 H 3 ¢ ! : 1 * o 2
59,00 0.500 0.920 ¢ ' : t : 1 + ]
hoe2S 0,500 0,920 i 3 1 [ ] 1 + . 4
. 57+50 0,500 920 ¢ R T R T T 3 PR
b8.7% 04500 0.920 : } H t ! 1 * .8
R 70,00 9,500 V.90 & ! : ! 3 S + . 3
71.25 0.500 0.520 ¢ 1 T T T T - PRI
72.%0 0.500 0.920 ! ! ! ! L 1 - A
e 73,78 0,500 0,920 ! ! ! } [ 1 + . L
(- TS.v0 3,500 U929 1 T T T T T v .
ks 70,25 0,500 0.920 & ! : t : I + iy
77,50 0,500 0.920 : -4 H ! 1 1 + 3
78,75 0,500 0,940 ¢ ! B B 7 e + . L
80.00 0,500 0,920 ! ! t ! ] b4 » . 4
. 61.25 9,500 0,920 ¢+ -t [} ! ! ! * . L
84.50 0,500 9v.910 B 1 1! i i ) - . L
83.75% 0,500 0.920 i ! ! ! H 1 + PR
. 95,00 0,500 0,920 ¢ ! ! { i 1 » + .t
56.25 0. 500 0.92u { T T T [ T v’ .
87.50 0.300 0.9t ! ! 3 { L 1 * . L
; 38,75 v,500 ve920 & ! ! ! ! 1 v . )
YU, U0 0,300 V.YV ! L 4 [l 4 i v + « 5
91445 0.500 0.920 ! H ! ! 1 I |
92.50 V. 500 0.920 ! ! ! ! s L + . 3
v3i.78 0:500 v,.92u [ [ 3 [ B I T % . ¢
95.00 .50 V.90 [ 3 L 13 i ¢ L + . ¢
Yo, 29 PI-IY) 0,92y M ! ! ! H L 13 . 19
91.50 0.300 UL ' L 3 B L I + . s
98.75 0,500 0.920 ! ! s ! ! I * D-7 .
10,00 J.990 9.9 ! ! H ) ! 1 v . L
[evwaayesnvapmmacey “fmwmoay bl A LI P R LD
J ¢
.:.:..:I. ™ -t = - ” : -
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. 2
b
SERVU-RECHANYSN (SEIFOINT CHARGES) .
- WITH DINAMIC COMPRLNSATION -
' S =
T i CM '] y*) 18
9,000 10000,000 8,333 1133.000 200,000 200,000
1.450 10U00,uu0 [PEEE] 1133,000 PRI Y vy
2.500 10000,000 9,333 1133,000 200,001 200,000
3. 150 10000,.000 8,333 1133,000 200.002 200.000
* 3,000 Tu0do,vou 4,333 1133,000 20v,002 400,000
6,250 10000,000 4,333 1133,000 200,002 200,000
7.500 10000,300 ¥,333 1133,000 00,003 200,u00
4,730 10000, 000 ¥,333 1133000 200,003 200,000
\, 10.000 1000v.000 8,333 1133,000 400,003 200,000
11,230 10000.,000 8,333 1133,000 200,003 200,000
12,300 10000,000 4,333 1133,0u0 100,003 200,000
13,750 10000,000 84,333 1133,000 400,003 200.000
{ 15,000 10090.000 d,333 1133,000 200,003 200,000
\, 16,450 L10uyU,uuy d.333 1133,000 {00, uva W 0ov
" 17.500 10000,000 8,333 1133,000 200,003 200,000
18,750 10000.000 9,333 1133.000 200,003 200,000
20,000 10000,000 4,333 1133,000 200,003 200,000
21.25%0 169000,000 8.333 1133,000 400,003 200,000
: 22,500 10000,000 8,333 1133.000 200,003 200.000
24,150 1000u,000 [TREE) 1133.,000 400,v03 200,000
25.000 1000v,000 8,333 1133,000 400,003 2190,0v0
26,250 10000,000 9,091 1179.672 200,451 210,000
21300 10000,000 J.091 1210,479 204,040 210,VV0
208.150 10000,000 9.091 1224.438 203,849 210,000
30,000 10000,000 9,091 1230,761 205,369 210,000
31,4230 1000u. V0V 9,091 1213.620 406,602 210,000
12,500 10000,000 9,091 1234,924 207,538 210,000
. 33.780 10000,000 9,091 1235.512 208,229 210,000
35,000 10000,000 9,091 1235,779 208,733 210,090
J6.250 10000.000 9,091 1238,.900 409,090 210,000
( 37,500 10000,000 9,091 1235,954 209,3%7 210,000
38,75v 10000,000 9.091 123%.979 209,543 210,060
40,000 10000,000 9,091 1235,990 209,076 210,0u0
§ 41,450 10900,900 9,091 1235, 995 209,770 210,000
42,500 °  100U0,000 9,091 1235,998 409,438 210,000
43,750 100vv,00V . 9.091 1235,999 209,846 210,000
( 43,000 10000,000 9.091 1235, 999 209,920 210,000
46,250 10000,000 9,091 1235,999 109,344 210,000
47,300 10000.,900 9,091 1235,.999 209,961 2iv.000,
{ 48,730 10000,000 9.091 1235.999 209,973 210,000
20,009 10900.000 9,092 1235,99y ¢09,98% 210,000
$1.2%0 10000,000 9.091 1235,999 209,984 110,00v
' 32,500 1000, 000 9,091 1235,999 209,992 210,400
53.75v 1000V, 000 9,091 1235,999 109,990 219,000
55,000 10000,000 9.091 1235,999 09,994 %.000
56,250 10000,000 9,091 1235,999 209,999 10,000
57,900 10000,00V 9,091 1233,999 210,000 210.0u0
58.7%Q 14000,000 9.,u91 1235,999 410,001 210,000
\_ 50,000 1000V,000 9,091 1235,999 210,002 210,000
61,45V 1UGUV,. 0V 0 J.u91 1435.999 410,002 710.0vu
62,500 16900,000 9,091 1235,999 410,002 210,000
i 83,750 10000.000 9,091 1235,999 210,003 210,900
[ 63.00v 10000 .000 9.091 1235,999 21,003 210,000
bbe Sy 10000,0Vv 9,091 1235,99v 210,003 210,000
7 81,900 100v0,000 9.091 {235,999 210,003 210.000
' CEREX] 10000, 000 T.091 IVEEI 'L L] 710,003 0,000
10.,00v 10000.90L 9,u91 1239,999 210,003 210,000
- 11,250 10000,000 Y,091 1245,999 410,003 210,0V0
T2.500 10000,000 y,091 1235,%9%% 210,003 710,000
13.7%0 10000,0vQ 9.091 1235,99Yy 10,003 210,000
\ 75,900 10000,000 9,091 1235,999 410,003 210,000
{ (XY 100vu,0lhu §.091 1235,99%9 Zlu,uul 210,uvu
17,500 10000.000 Y.091 1235.999 210,003 210,000
. T8,750 10000,000 9,091 1235.9%9 210,003 210,000
qU. V00 10000,00u Y.u¥i 1235,9%9 2iv,vul 210,040
81,250 1000y ,000 9,091 1235,999 210,003 210,000
33,9500 10000,0v0 9,091 1235.999 410,003 210,000
LEIRED] 10v00.. YL ENES) 1235,9599 dlv,uud ’ld.0vu
~ 83,00u 10000 ,uv0 9.091 1135,.999 lu,uu3 410,0u0
46,45V 1000V, 000 Yy, V¥l 123%.999 {10003 210,000
474500 LI 9,091 1235,599 410,003 210,000
' 33.7%¢0 10y00,.0u0 9.091 1245,999 410,003 40,9y
¥0.,00U 100UV, V00 y,U91 1235.999 410,003 210,0U0
Yl.25v Luovu,vud y.uY1) 1233,999 div,u0d dlu,uuo
92,500 10000,000 y,uv1 1235.999 410,003 410,690
93.7%0 10000.000 9.U091 1235.99y 2109,u03 210,000
EELY 10000,000 4,091 1235.99%9 RYNLE 10,000
cor 96,250 190000,v00 Y.,091 12435,999 PRT O IVR) 210,0v0
97.50u 10000,00u y.u9tl 1235,999 21V,003 210,000
[TLET] tuviv.0ve $,0Y1 1433,999 YHTE ¢lu.ouu D-8
10v,0uv 10000,000 Y.uY1l 1245,999 dlv,uud 414,000
-
- *
J
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SERVO-NECHANLSM (SETPOLNT CHANGES)

ThE ACTUAL VALUES OF (TQ) & (TS) ARK Glves 8Y:
CCTO) UR (TS) + 19.5) X 10.0 T T T e L

!

(WULPUTY SCALew BY ,l00Evvl)
(X INMDICATES MUKE [HAN UNE VARIABLE HAVE THE GIVEN VALUK)

Q0 ¢ sx2x=TE> .

0,00 uadd 0,50 0.73 1,00 1.25 1,30 .15 1.00  2.25 1.50
T TOC+) 15(.) et L e el i atabd * -+ +
9,00 0.500 0,500 1 X H ! H H ! { [} !
1,425 0.300 0,500 I X ' ! : ! ! ! [ !
2.5¢ U.5G0 ¢.500 1 £ 13 \ L ' ! 1 ) H
3,75 0.5v0 0.500 1 & H : ! 4 ! ! !
5.00 0.5u0 0.500 [ X : Lt ! B ! i !
5.25 0.%v0 0.500 I X H ! ! ! ! ! i !
7,50 V,500 0,5v0__ 1 b H 1 3 | ! : H !
8,75 v, 500 0.500 1 A ! ! B [ B [ s 1
10.00 0.500 0.500 1 X ! ' ! ! 1 t ! !
11.25 0.5v0 0.500 1 X ! ! L ! H ! ! i
12,50 0.500 0.500 1 X 1 [ 1 } : B 1 i
13,75 0.500 0,500 1 X 1 ! ! ! [ ! ) ]
15,00 0.500 V. 500 I X [ ! : ! ! ! 3 !
16,25 0.5u0 0.5v0 I X 1 [ T : T ! 1 [
17.50 0.500 0.500 I X : ! H ! H ! H !
18.75 U.500 0.500 I X ! i i { ! ! 1 !
20.00 0.S00 0.500 1 X : T B ' T 1 T 3
21425 0.500 0.500 I X . ! ! § 2 ! 3 !
22.50 J.500 u,Suvo 1 X- H ! : } H ! 1 !
23,75 0.S00 0.500 T X 1 1 . 1 L 1 [ 1
25.00 V.500 1.500 I + . H ! 14 !
26.25 0.545 1,500 1 + . L ! H !
27.%0 0. 7uS 1.500 I B 1 1 ] 1
28.75 v.882 1.500 1 . L ! [3 1
30.00 1.037 1.500 1 * . 1 ! ! {
31.25 1.100 1.500 T ' 1 ] 13 {
32.50 1.254 1.500 I + . [} ! ! !
33.15 1.323 1,500 1 . : i ! !
35,00 1.373 1.500 1 ‘f:; . s ! B ]
30,28 1.410 1.500 L * . H t H }
37,50 1,436 1,500 1 + . ! ! ! !
38.75 1.454 1.500 I - *. 1 B 1 1
40,00 1.404 1.500 I *. 1 ! H i
43,25 1,477 1,500 b ts L i H H
42.50 1,484 1.500 1 X B ! T 1
«3.18 1.489 1.500 I x L ! 1 t
45.00 1.492 1.500 1 A 1 ) : H
40,25 1.494 1.500 1 X L i T 4
47.50 1,490 1.500 I X : ! 3 t
) 44,75 1,497 1.500 I X H | : !
20 .00 1.498 1.500 T b{ B T T T
51.2% 1.499 1.500 1 b : ! H !
S2,.5 1,499 1.500 I X 3 ! : )
53.75 1.500 1.500 T X i 7 3 .4
55,00 1.500 1.500 I . by ] ! t l
So.1% 1.500 1.500 I X ! ! ! !
$7.50 1.500 1.50u 1 X ! 1 B !
5d.75 1.500 1.500 I A Tt ] H !
_ 60,00 1.500 1,500 I X L L ] !
bl.25 1.500 1,500 )3 X T T 13 T
502450 1.500 1.500 be X : t H t
53.75 1.500 1.500 1 X : ! : !
55.00 1.500 1.500 I X . 3 L !
06 .45 1.500 1.500 I o H ! ] !
67 .50 1.500 1.500 I 3 ! Le oy ! !
[ CEPRE) 1.5u0 1.500 [ X T T T T
70,00 \le500 1.500 1 - A 1 i : t
71 .45 1.500 1.500 1 X ! ! 3 !
T2.5 1.500 1.509 )3 < X ] : T '
73.7% 1.500 1.500 I X 3 ! ) !
\ 75400 1.506 1.500 1 A N ! 4 !
{ To .25 1.5v0 1.5u0 I At B H [
77.50 1.500 1.500 I A [} ! H , 4
7o .75 1.5vu 1,500 1 X ‘ ! H !
BQ QU 1.30u 1.5uU0 I A y B ! [
81 .45 1.500 1.500 I L A B ! : H
d2.5y L.5u0 1,500 )i Rind Lo, b ! : !
03.75 1.50v 1.500 3 x- T T B !
85,00 1.500 1.500 i : A : ! : !
46 .25 1.5u0 1.500 b A : ! ¢ !
87 .50 1.5vu0 1.500 I X ! B 3 1
84 .75 1.5v0 1.500 I I : ! ! !
30,90 1,500 1.500 1 X ! ! ! }
EXYYE) 1.5u0 1.5vu 4 X ] ! I '
92,50 1.590 1,500 1 £ : ! : !
,93.75 1.50u 1.S0u A ! : N
35 .00 1.5u0 1.500 1 s X 1 ' i l
70-%5 1509 1,900 1, £ ! ' t !
97 .30 1.30vV 1.500 1 A ! D9 '
s .7S l1.2u0 1.530u L M A . ! i 1
[RVEV IR 1} l1.5vu 1.,5V0 1 A ! H ! B
lemevepmmrmetrrerapmmanvetcn s e e n v e jens e m mm N e an v m ey
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L I
D REGULATOR (LOAD CHANGES)
wITH DINAMLC CUMPENSATION
\ -
[ ,
T Fu CM ] 10 13
\
0,00v 1000v,000 4,333 1133,000 200,000 200,300
1,250 10000,090 9,333 1133,.v00 200,904 200,000
- 24500 10000,0U00 0.333 1133,000 20u,001 200,000
3,750 10000,vu0 9,333 1133,000 200,002 200,000
5,000 100u0,000 o333 1133,000 200,002 2u0,0u0
9.250 10000,000 ¥.333 1133.000 200,002 200,000
7,500 10000,000 8,333 119,000 200,003 200,000
4 8,750 30000,000 9,333 1143,000 200,004 200,000
dV.00u 1Q000.000 4.333 1133,000 200,003 - 200,000
11.2% 10000.000 4,433 1133.600 200,003 200,000
12,500 10000,000 4,333 1133,000 200,003 200,000
13.750 10000,000 8.333 1133,000 200,003 200,000
5 13,000 10000,000 9.333 1133.000 200,003 200,000
{ 19,25V 10000,000 8,333 1133,000, 200,40 200,000
17.500 14000,000 4,333 1133,000 200.0%# 200,000
18,7%0 10000,000 8.333 1133,000 200,00 200,000
' 29,000 10000,000 8,333 1134,000 200,003 ~ 200,000
21.250 10000,000 ¥.333 1133,000 200,003 200,000
22.%0¢ 10000.000 8.333 1133,000 . 200,003 100,000
1 23,1750 10000,000 4,333 1133.000 200,003 .2v0.000 *
25.uv0 9400,000 . 3,433 1133,000 200,004 200,000
26,250 9200,000 - 8.114 1125.639 199,973 200,000
27,500 $200,000 3,110 31114.,191 199.61% 200,000
28,750 9200,000 d.085 , 1106,205 199,105 200,000
. 30,000 9200.000 9.028 1099,723 198,534 200,000
\ \ 31,250 9200,000 1,995 1094,1306 197,957 200,000
32.500 9200.000 Te964 104Y,222 197.398 200,000
- _v,\ﬂ 33,750 9200,000 7.937 1084,830 196.870 200,000
N . 35,000 9200,000 - 71,912 10¥0.87% 196,376 200,000
\ 365,450 9200,000 7.889 1077.300 195,918 200,000
37.500 9200,vu0 7,868 1074,062 195.497 200,000
( 38,150 9400,940 1,850 1071,120 195,110 200,000
4V .000 200,000 7,833 1ub6.463 199.150 , 200,00V
41,250 9200,000 7.817 1006,048 203,232 200,00V
{ 44,500 920U,0Uy 7,804 1003.85%6 203,074 200,000
o 43,750 9200,000 Tel91 1061.,¥87 202,634 200,000
45,000 OZOg.ooo 1.779 1060,062 202,428 200,000
L 16,450 9209,000 1,769 1059424 202.201 200.000
41,500 3200,000 7159 {056,938 201.99% 200,000
48,75 9200,000 7,751 1055,549 401 .414 200,000
50,000 9200,000 1.743 1054,365 2017047 400,900
51.250 9200,000 * T.130 1053.25%4¢ 201,492 200,000
52,500 920v,000 7.730 1052,246 401,357 200,000
93,15 9200,000 1.724 1051,331 201,232 200,000
A 55,000 9200,000 7.718 1050.501 201,119 200,000
56.25V 92v0,000 7.714 1049,748 201,015 200,000
! 57,500 9200,000 1.709 1049,.064 200,922 ° 200,000
54,750 ¥2005000 7.705 1048 ,444 200,837 200,000
60,000 9200,000 1.702 1047.881% 200,760 200,000
[ 51,230 9200,000 71.099 1047,370 206,630 200,000
62,500 9200,000 T.090 1046.907 IU0,0db 200,000
{ 63.750 9200,000 7.693 1046486 200,588 200,000
- l 65,000 9200,000 7.690 1046,104 200,510 200,000
, 66,250 ‘9200,000 7.683 1045.7%7 200,469 200,000
67.500 9200.000 7T.080 1045,443 200,420 200,000
N 68,750 9400.000 7.684 1045,158 200,380 209,000
-~ L4 ~ 10,00V 900,000 T.033 104,999 200.J51 200,000
71.250 7 9200,000 7.681 1044,664 200,319 200,000
- . 72,590 9200,000 7.080 1044.451 200,249 200,000
73,750 9200,uu0 Te019 o 10442537 200,203 200,000
75,000 9200,000 7,674 1044,082 200,239 200,000
\ N 76,250 9200,000 7,677 1043,922 200.217 200,000
( 774500 YZuyu,.Vu0 “l.010 103,778 200,197 200,000
- T8,.75¢ 92v0,.0uY 7.675 1v43,647 200,179 200,000~
i 49,000 92v9,000 71.674 1044,528 200.103 200,000
. 31.25¢ 9200,00V T.o0l3 1uald.q20 400,148 200,0U0
892,500 94UV ,V00 7.073 1043,321 400,135 200,900
33,350 92u0,000 1,072 1u4d, 242 200,122 2400,u00
85.Ulu 9200.000 T.012 10a44,152 - 20V.111 200,000
46,250 Y200,000 7.071 « 1043,078 400,101 4v0.000
82,540 92vv,009 J.074 1vad. 012 200.09¢ 200,00
. 8a.790 920U, 00U T.010 1042.952 200,084 200,000 ~
. 90,v0u 9200,.0uv 7.070 1ua2.897 200.u76 200,u00
' 91 .45 9290,0u0 7.870 1042,947 200070 200,900
92,500 940U, 000 T.aby LYY} PTINTY) 400,040
93,75v 9200,0u0 s T.069 1042,.761 400,058 200,000
95,96y 92094000 - 7.08Y9 1U42.72¢ 40U ,us3 299,900
3 Yo .250 9200,000 7.00Y 1042,990, 200,04% 200,000
. 97.50 920,000 T.069 1042,660 400,044 2uV, VY
98,7150 Y290 ,Quy 1,600 Loa2,632 dVG . 0av 200,000
190 vuy 92uy,uul T.obd lual. byl 200,037 204,.900 D-10
5
J —




Q] REGULATOR (LOAD CHANGES)
THE ACTUAL VALUES OF (TO) & (FW) ARE GIVEN BY: * .
S T\ $CI0) » 19.5) % 10,0 AND (Fw) X 10000,V
( (QUTPULS SCALED BY ,1UUE+01) :
: (X _INDICATES MUWE T[HAN UNE VARIABLE HAVE THE GIVEN VALUE)
~ . : 0 + ZXXXI) ]
‘ 0,00 0,10 0,20 0,30 0.40 0,50 0,60 0,70 0,80 U,90 1,00
! T TOC+) Fw(.) e + - * - s + Py v penasad
- 0.00 0.500 1.000 I + o
) 1.29 0.500 1.000 I . o
! . 2.50 0.5%500 1.000 X v .
3,78 Q.9500° 1.090 L + .
3.00 0,500 1.000 I . + .
. Ue23 9,500 1,000 1 hd s
- 7.50 0.500 1,000 I + .
. 8,78 0.500 1.080 I * . .
£ 10,00 0,500 1,9 I + .
- 11.25 0.500 1,000 I * .
.- 12.50 0.500 1.000 I + Y.
, 13,75 9,500 1,000 I * PR
3 5,00 0,500 Lt.000 L - .
23 0.500 1.0u0 I +* o
17,50 0,500 1,000 1 + .
. 18.75 0.500 1.000 I > + .
. 20,00 9,500 1,000 I » .
21,23 2,500 1,000 1 + .
. 22,50 0.500 1.000 I - + .
23,75 0.500 1.000 I \ v .
: 25,00 0.500 0.920 1 . !
26,28 0.497 0.920 I I » . 3
: » 27,50 0.462 0.920 1 * ' . !
. . 28,15 0,413 0,920 X + 2 :
30,00 0,353 0,920 I ° + . !
31.25 0.496 , 0,920 I * . t
{ 32,50 0,240 0,920 I * . 1
“ 33,75, 0,197 0.920 I + N L
35,00 0.138 0,920 I +. . !
. 36,25 v,09¥2 0,920 1 * . ]
37.50 0.0%0 0.920 I+ o [}
> 34,78 0.011 0,920 I+ . {
4U§0y U.416 v.,920 I s . !
\ 41."7\3 0.823 0.920 1 v ¥ . I
42.5 0.807 0.920 I . * . {
. 43,78 0.763 0.940 1 + . 3
45.00 0.743 v.920 1 + . T
46,25 0,720 0.920 1 + N ]
{ 47,50 0,700 0,920 1 + . !
43,75 0.681 0.920 [ ¥ . I
50,00 0.665 0.920 I * . :
- 51,25 0,850 0.920 1 - + . !
$2.50 Q,0do 0,920 I + . 1
54.75 0.623 0.920 I » 1 . i
55,00 0,612 0.920 I + . 3
56425 0,602 0.520 I ¥ . T
& - 57.50 0.592 '0.920 I * . t
__ 98,73 °  0.S84 0,920 1 I + . i
~ 50,00 0.576 0.920 I L . T
s 61,25 3.969 v.920 4 . - + o 1
. ( 62,50 0.503 0.920 I . . [l
' 03,13 0,357 0,920 I + . . :
- 65,00 0.552 0.920 1 + . !
60.2% 0.547 0.920 I . + . !
) . [ 67 .90 U.533 ¥.520 T * . 3
648,75 V.539 0.930 1 + . !
_ 70.u0 0.%535 . 0.920 I + . :
~1.2% 0.532 0.920 [ + . I
72.50 v.529 0.930 I + . !
A 73.75 0.526 0.920 I v . !
( IRED 9.524 0.920 I, + . 1
76,25 0.322 0.920 1’ P + I . !
77.50. 0,520 0,920 1 + . . !
- 768,78 0,518 0.920 I v . 1
80.00, 0.516 0.v2v 1 + B !
81,25 0.515 0.920 I + . . !
44,50 V.513 0.920 1 - . 1
, 43.75 0.512 0.920 1 . . !
. 85,00 0,511 0,920 1 . . t
46,23 V.510 v.920 I - R 1
. ° 47,50 V.509 0.920 1L + . 1
R . 24,198 0,508 ¢ va92v I + . !
~ U, 0V 0.504 0.y20 I * . {
91.25 0.507 0.920 1 * . !
93,50 0,506 4,929 L - . !
- 93.75 U.50b 0.920 I - . :
99.00 Vedus V.920 . I * . !
9;,1.2: Da2v9 ve920 } 2 * s $
97.50 u.304 0.940 i * .
v 94,175 U.5u4 0.920 I N * ,D‘lél
1Uv .00 0,5v4 V.920 4 * . 1
7 1"-F"O-"‘-‘f"-""P-----Q“-"'#-‘-'-ﬁ"-’-# : L d -»
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- IG=AUG-1933 18133337
- ’ / 30 AUG-1953 15'33 23
0001 PROGRAM REATEX
0002 DIMENSION T(410), CM(410),TM(410),TD(410),T5(410),TT(5,410)
L 0003 DIMENSION U(410),0EL(L),FW(410),%N(410),CLL(410),T1(410) .
(o004 DIMENSLUN Tu1(410),ruthlu),fsr(410),CMlng073TM1L41u),x(&lo),¥k410)
0005 DIMENSION X1(410),¥1(410)
0u06 REAL INTUD, INTOD1, INTGD2, INTMD,INTMD1,KV,KP,KM,KS, KEF KC,KM1,KDIS
0ua7 DALA DEL70,25/7 i
0008 C PARAMETERS AND VARIABLES
00069 C FEEDFORWARD CP=HEAT CAPACITY OF WwATER (BTU/(LB.DEG. F))
0010 C CUNIKOLLER: HSZLATENT HEAT OF STLAM (BTU/LB.) .
0011 c ‘ KFF=CONTROLLER GAIN
0v12 C ” CM=CONTROLLER OUTPUT' (VOLTS=RANGE 0-10V) °
. 0013 C CLL=DYNAMIC COAPENSATION TERM
0014 C TH1=LEAD TIME CUNSTANT (SEC,)
Qu15 C TH2=LAG TIME CONSTANT (SEC.)
T 0016 c -
0017 C FEEDBACK KGSPROPORTIONAL™ GAIN
0018 C CUNTROLLER: CM12CONTROLLER OUTPUT .
0019 C CBALS=CONTROGLLER BALS i
0020 C
0021 C  VALVE : THV= VALVE TIME CONSTANT (SEC.) “
0022 C KV=VALVE GAIN ((LB./nR)/VOLTS) o~ . 7
0v23 C -
ou24 C EXCHANGER : THP=PROCESS TIME CONSTANT (5EC.)
0025 C KPRPROCESS GALN (DEG, 67 (LB./HK))
0026 C - 1
0u27 C DISTURBANCE: THD=DISTURBANCE TIME CONSTANT (SEC.)
0028 C KD1S=DISTURBANCE GAIN (DEG, F/(LB,/HR))
0029 c .
0030 C MEASURING THM=FLOW MEASURING ELEMENT TIME CONSTANT (SEC,)
0031 C ELEMENTS : KM=FLUW MEASURING ELEPENT GAIN (VOLIS/DEG.F)
0032 C THMISTEMPERATURE MEASURING ©LEMENY 1lMe CONSTANT (SEC.)
0033 C KM1=tEMPERATUKRE MEASURING ELEMENT GAILN (VOLTS/DEG, F)
ou34 C
VL3S C UTHERS® : TS=SETPOINT TENPERATURE (FrEUBACK CONTROLLER) (DEG. F)
0036 C TS1=FEEDFORWARD CUNTRULLER SETPOINY (DEG. ¥)
00137 C KS=3eTPOINT GAIN (DEG, .F/VOLTS) .
0038 o TIN=INPUT TEMPERATURE (DEG, F) -
L9039 c : TU=0VEKALL QUTPUT [EMPERATURE (DEG. r)
\ 0040 C TO1=0UTPUT TEAPERAIURE DUE 10U PRUCESS (UEG. F)
0041 C — TO2=UULPUT TEMPERATURE DJE 70 DISTURBANCE (DEG. F)
VuU42 G FW=WATER INFLOW KATE (LB./HR)
V043 C ) , ;
0044 TYIPE o
0045 b FORMAT(1H1, // 10X, 'E.~ FEEDFGKWARD=FEEDBACK CUNTRUL',/, 1ox,,
V040 + 31('-') /. 10X, " (NU TIME DeLATS ARc LiCLuve)?,/7,10X, '
0047 + '(FEEDBACK CONTROLLER HAS PROPURTIGHAL counkub MOLE ONLY)',//)
V048 C CUNSTANTS & PARAMETERS
VU4Y $=97v., a
Quso «P=1. )
0051 ~f TLN=90,
! IEY] [HY=2,
0053 K¥=135%9605 o ‘
0u54 /IHP=4,05) : / , -
0u5% 7 KP=0,0970L9
0056 rnn 0.5 f . -
0057 =0.00083333 < a
’ E-1 .
[}
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- HEATEX » , ‘ 30-AUG-1983 18:33:32
(» 30=AUG=1983 18:33:23
™~
0058 THM1=3.
L 0059 KM1=0,0416665 ‘
0060 KDIS=0,011 ' $
{f 0061 THD=0,5 / 4
0062 KS=0.0416665 ,
‘I 0063 CBAIS=8.3333 7
0064 "KC=1.0 . / .
¢ 0065 TH2=4,
0066 TH1=7,
0067 Du 98 JJ=1,2
0068 DO 99 JK=1,2
0069 IF(JK.EQ,2)GO TO 7 .
0070 T IFC(uJ.EQ,2)TYPL 25 -,
0071 25 FORMAT(1H1,//) .
0072 TYPE 8
0073 8 FORMAT(10X, 'SERVO=-MECHANISM (SETPUINT CHANGES)',/,10X,34('=d))
0074 GO- T0 9 %
0v75 7 TYPE 10
0u76 10 FORMAT(1H1,//,1uX, '"REGULATOR (LOAD CHANGES)',/,10X,24('~"))
0077 9 IF(JJ,EQ.2)G0 TO 12
0078 TYPE 14 .
0079 14 FORMAT(10X, 'WITHOUT DYNAMIC CUMPENSATIUN',/,10X,28('='),/)
: 0080 GO IO 1Y . ' ’
0081 12 TYPE 15
0082 15, FORMAT(lUX,'wITH DYNAMIC COMPENSATION',/,10X, 25('-') 7)
0083 C INITIAL CONDITIONS
‘0044 19 Cu(1)=1133, -
0085 Fw(1)=10000, ' ;0
0087 01(1)=200, | . - :
0088 TO02(1)=0, ,
008Y TMCL1)SFH(1) #KM A T
0090 $S$€1)=200, : : e .
0091 TS1(1)=200., - )
0092 CM1(1)=8,3333 .
0093 CM(4)=8,3333 /
0094 RFF=HS/ (1S(1)=TYN) - .
0095 TM1(1)=8,3333 ' . -
¥ 0096 : AT TSN - :
0v9? CLL (1)=2N(1)
0098 . Y1(1)=8.3333
0099 d INTUD=3133, ¥ N
o1ov ., | INTUD1=200, N .
0101 ; INTUD2=110. “
0102 -, INTMDE8,3333 - N ' ‘
= o103 T INTAD1=8,3333 ‘ ; —ig p
0104 ) T(1)=0,0 , .
0105 DO_2 122,401 y . o
0106 N II=[~1 5
0107 TS(L)=TS(I1)
V108 IF (JK.EU.1)GO TU 20
0109 FW(I)=FW(ILl) -
0110 IF(I.EQ.100)FW(I)=Fw(II)=~400,
0111 GO TO 21
0112 20 © 1F(1.20.100)13()=Ts(I)+10.
0113 Fa(l)=FW(1)
. o114 C AFEEDBACK CONTRULLER

. . ° E-z



PR OTRETETARE T L e T R T

- TR T T AT

(~ REATEX JU=AUG=1983 1873334
30~-AUG=1983 18:33:23
0115 - 21 ER=TSCIT)¥KS=THITLIY
0116 CM1(1)=KC*ER+CBAILS
L 0117 TS1(I)=CM1(L)/KS
U118 C MEASURING ELEMENT
orr9 TMDS (KMXFW(I)=TM(II))/THM
0120 TM(I)=ININD R
0121 IF(JJ.EQ.2)00 TO 22
0122 C FEEDFORWAR CUNTRULLER WITHOUT DYNAMIC GCOMPENSATION
9 0123 CM(I)=TMCL)*KFF*(CP/HS)*(IS1(II)~=TIN) .
0124 GO T0 23
0125 C DYNAMIC,COMPENSATION (LEAD/LAG)
0126 22 AASTM(LII)=2NCII)
0127 ZN(I)=C(DEL(1J)/THZ)*AA) +2ZN(I])
0128 CLLCI)=C(TH1/TH2)*AA)+ZN(LI)
0129 C SEDFORWAR CONTKROLLER WITH DYNAMIC COMPENSATION
0130 CA(L)=CLL\I)*KFE*(CP/HS)*(ISL(I1)=TIN)
013t , C VALVE
0132, 23 uo= (KV*CH(IJ-U(II))/THV
0133 . 7 U(I)=INTUD
0134 * C HEAT EACHANGER \\\i
0135 PO=KP*U(I)+TIN -
0136 TUD1=(PO=1G1(L1))/THP ~ - ) D
0137 TO1(I)=INTOO1
0138 IF(JK.EQ,2)G0 TO 17
0139 Tl =1Tui D) R
0140 G{'w 18 ¥
g14t 17 T92(1)=110.
0142 TOD2=(KDL1o*FA(L)=1G2(LX))/THD
0143 TO2(1)=INTOD2 ' - N
0144 TOCI)=TO1 (1)+(T02(1)=-102(1))
0145 C TEMPERAIUKE MEASURING ELEMENT
0146 18 TMD1=(KM1¥TO(L)=TM1(IL1))/THML )
0147 TM1(I)=INTMDL i v
0148 C !:.UL.I:.R INTEGRATI1uUN " i Y
0149 §  T(L)=T(II)+DEL(1)" . ol
0150 LNYUD=INTUD+UL*DEL(}1) s f
0151 -INTOD1= INTOD1+TODL*DLL(1Y' i
0152 INTUD2=INTOD2+TUD2*VEL (L) - , -
0153 INTHDSINTMD+TMOADEL (L)
V154 INTMOL=INLMDI+TMDLI*DEL (1)
0155 2 " CUNTINUE
0156 TYPE 16 ' .
0157 16 FORMAT(1SX,'T"',9X, 'Fw',11X,'CM1°*,9X,'CM 10X, 'u',11X,'T0'", 10X,
0158 + 'TS8',/,10X,84('=%),/)
0159 4 LK=1
016U DU 5 I=1,81 -
0161 TI¢I)=T(IK)
0182 TP(1,I)=r0(IK)/10,.=19.5
0163 TT(2, L)=Fw(lK)/10000,
0164 IF(JK.EQ.1)IT(2,I)3TS(IK)/10.~19.5
0165 . TYPE' 11, T(IK),Fw(IK),CM1(1K),CM(IK),U(IK),TUC(IK),TS(IK)
O0lob 11 FURHAL (TX,7¢12.3)
0167 In=1 +5 *
0164 5 CUNTI -,
0169 1t (JK. Eu 7760 T0 90
ui79 LYPE 24 4
L 0171 24 FURAAT C1H1) C .
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a HFATEX 30-AUG=1983 14:33:32
. 30-AUG=1983 18:33:23
0172 TYPE §
0173, ’ TYPE 91 ‘
L 0174 ., 91 FORMAT (10X, 'THE ACTUAL VALUES OF (TO) & (TS) ARE GIVEN BY:!
(0175 ¥ 7,20k, 'CCTU) Ur (1S5) + 19.5) X 10,07,7)
0176 GO TO 92 )
0177 90 TYPE 10 ‘
V178 TYPE 93 - )
0179 93 FORMAT(10X,'THE ACTUAL VALUES OF (T0) & (TS) ARE GIVEN BY:'
0180 + /,20X,'C(TO) + 19,5) X 10.0 AND (Fw)/ X 10000.0',/)
0181 92  CALL PLOTI1(T1,TT,81,2,dK)
0132 99 CUNTINUE ~
0183 98 CONTINUE
0184 END
- N ’ v
PROGRAM SECTIONS .
NAME " BYTES ATTRIBUTES
LY Fy ”
vV $CUDE - 1437 PIC CUN REL LCL SHR EXE RD NUW!
1 SPDATA -~ 603 PIC CUN REL LCL OSHR NOEXE  RD NUW!
2 $LOCAL 39536 PIC CUN Rel LCL NUSak NOEXE ' RD  w
TOTAL SPACE ALLOCATED 41576
. '7‘\}
EJdTRY PUINTS
AUDRESS TYPE NAME ‘ -
= 0=00000000 "MEATEX . . ‘
VARFABLES
. . 'ADURESS TYPE WAME . ADDRESS 'TYPE NAME ADDRESS TYPE
2-0U0UYA3C K*¥4 AA 2-00009A18 R*4 CBAILS "2-000099FC  R*4
2=0U00Y9F8 R*a HS 2-00009A2C I*a I 2=00009A30 Ix4
2-000u599D0 R¥3  INTMD 2-000099D4 K*a JINTMD1 2=000099C8  R%4
2=000099C4a R¥4 LNTULD 2=00009A24 1*4 JdJd 2=-U000YA28. L*4
2-000099F4 Rxa «&DIS 2-000099e8 K*4 KFF ( 2=000099E0 K*4
2-000U9YDC  Kx4 KP 20000994 KX4 " &S 2=00009908 K*4
2-000U9A20 k%43 Ld1 2-00009A1C h+*4 TIR2 2-00009A1d r¥*4
. 2=0000YA10 - k¥4 THM1 2-00009YA08 K*& THP - 2-U0009AU4 x4
Z=000U9A33 K%x4 TMD 2-00009A50 R*4 TMD} 2-00009A48 R=a
2-00009A40 K%4 ' UD '
[k
- .




ﬁ \‘ 4
~ . '
Ce= FEEDFORWAKD=FEEDBACK CUNTROL i ;L
(NO TIAE DELAY3 ARE INCLUGED)
\ (FLEOBACK CONTROLLER HAS PROPURTIONAL CONTRUL MODE QNLY)
- R ; i § )
SERVU=MECHANISH (SETPOINT CHANGES)
#ITHQUD DYNAMIC COMPENSATION N
e cmmow 1("‘\,‘,‘
j
T Fu THy Ch U T0 L3
0,000 10000,000 $.333 8,333 1133.000 200,000 209,000
©1,2%0 10000,000 d.333 8.333 1133,000 200,001 200,000
2,500, 1oguu, Ul B.333 3,333 1134.999 200,001 200.000
3,7%0 10000,00Q0 4.333 3.333 1132,997 200,002 200,000
5.000 10000,.000 8,333 8,333 1132,993 200,002 200,000 -
0,42V 10000,000 8,333 4,333, 1132.9% 400,002 200 ,U00
7.500 10000,000 8.333 8.333 1132,.980 200,002 200,000
8,750 10000,000 9,333 8,333 113¢,.984 200,002 200,000
10,000 10uv0 040 4,333 4,333 1132.942 200,001 200,900
11.290 1090Qu,000 8,333 8,333 1132,.961 400,002 209,000
12.500 10000,000 4,333 9,333 1432,.982 200,001 200,000
13.75¢ 10004, 000 6,333 8,333 1137,.982 200,v01 200,000
15,900 10000,000 84433 8.33) 11323,.983 200,001 200,000
16,250 10000.000 8,333 8.333 1132.984 200,001 200.000
17,3500 10000.000 8,333 ¥.333 1134.9v4 d0U,0ul 200,000
14,750 1090G,000 4,333 3,313 1132,.%04 200,001 200,000
20,000 10000,000 * 3,333 8.333 1132,904 200,001 200,000
21.250 100008.000 8,333 »,333 1134.984 205,001 200,000
22,900 10000,0V0 8,333 9,333 1132.94¢ 200,001 400,000
23,750 10000,000 8,333 8.33) 1132,98% 200,001 200,000
29,00V 1000V, V00 8,750 4,333 1134.904 <00,u01 410,000
16,250 10000¢,000 8,7%0 9.091 1179.650 200,450 210,000
27.%00 10000,.000 3,731 9.076 1210.193 202.043 210.000
28,75y 1000V ,000 4,703 9.021 1421.b6170 203,768 210,uv0
30,000 10000.000 8,656 ¥,9348 1221,784 205,208 210.000
31,459 10000,0090 9,609 g, 846 1215,233 b 206,130 210,000
32,500 10000,000 8,501 8,702 1405,004 200,559 410,000
33,750 100V0,000 4.329 3.6949 119%,017 200,544 210,000
35,000 10080.000 8.509 8,559 1187,092 206,338 210,000
36,250 10000,000 8,502 §.040 1180,977 205,945 210,000
37.500 100006,000 8,503 8,641 1177.497 209,527 210.000
g, 750 10000,000 4,511 0.653 1170.355 205,161 210,000
{¢.00u 10000,000 5.541 5. 571 T{70.902 T04. B850 210,000
41,250 1000v,000 8,331 8,690 117¥.630 404,729 210,000
42,500 10000,000 9,540 8,706 1180,724 204,667 210,000
43,730 10000,000 ¥.540 ¥, 718 T182.750 704,082 210,000
45,000 10000,000 4,549 4,728 1184,399 104,746 210,000
46,250 10000,000 4,550 v.727 1185.490° 204,832 210,000
T7.500 TO00U,000 de049 9. 726 11%6,063 reEYS2%a ZIU, 000
9,750 10000.00v0 8,547 8.743 jlve.174 204.988 410.000
$0.0V0 10000,000 3.545 8.719 118%,965 205,03y 210,000
51,250 100ud, 400 8,543 4.71% I185,570 205.0b64 213,000
954.5v0 10000, 000 3,541 8.712 1185,134 405,072 210 ,0vu
L $3,750 10000,000 8,540 ¥.,710 1184,730 205,065 210,000
59.Uuu ; JU00UU,uUU T,.540 gL 70Y TIBE.T0 <US,USY ZIULU0U
Yo0.15¢ 100UL,000 8,540 3,709 1184,224 205,031 210,000
$57.500 10000,000 8,540 9,709 1184,13 205,014 210,000
58.750 10000,0Q0 8.540 8,710 1184,139 05,001 210,000
00.,J0V 10009Q,000 8,541 3,711 0.1184,197 204,992 210,0uV
61,450 10000,000 8,541 8,711, " 1184,284 204,948 21v,000
( LY PELD] TGUUU,. 000 CPLLY [PRY 4 TI¥X. 378 703,987 ZIU,. 000
63,759 10000,000 8,542 8,712 1194,455 204,989 210,00V
65,000 10000,000 4,542 a,7113 11v4.512 204,993 210,000
88,450V TOuUu, 00 CIELY] V713 TT83.5%0 703,996 ZI0, U0
87,500 10000,.000 1,542 8.713 1104,5538 205,000 210,000
L 64,750 10000,000 8,542 8,712 1184,.553 205,002 210,000
s TO. 00U T00UU.uuu ¥.534 9.2 TId4.53% ZUS.u0d 21V, 00v
T1.25% 100U0.uv0 8.542 $,712 1184,540 2035,0us 410,000
72.500 100u0.000 ¥.%542 9,742 114,501 205,004 210,000
13,730 100UJ, U0V 44241 -4 Y 11dse, 485 203, uve 21u.90y
75.v00 100v0,000 3,541 9,712 1184,47% 205,003 2190.v00
76,250 100v0,000 4,541 B.712 11d4.4b6Y 05,002 21v.00u
11,300 1YUUU,0uv 1Y) d.714 ITua,sb8 403,002 410,000
78,750 19wy 0.,.900 4.542 ¥.712 11va.al0 205,001 210.0u0
80,000 100900,000 3,542 Fe712 1184,47) 205,001 210,000
81,49 10v00,.000 4,544 ¥.712 11d4.477 205,001 PETECIT
844500 10U0U, VUV d4.542 3.712 1184,38 4Ud,001 410,000
33.75%¢ 109090,000 5,542 v,712 1184.484 105,001 2iu.0uu
3%.,v0u T d.542 8,712 1104,480 PIERCT 210,000
96.2%0 10000,00v v.542 e, 712 llwa 4¢? 205,001 410400V
37,500 10000.000 y.542 9.712 hluww.ad? 4VU5,00¢2 21v. 000
48,75y 1u0uu,uvu ¥.542 4,714 Tida, 480 205 ,uvl 410 ,0vu
30,V00 1vovy,uvu 8,342 8,732 live,eub 205,0vd 419 ,uvvu
9,250 1udug, 99y o.542 8.,71% 1194,.484 4V5.,002 210,000
EY T 1LUvuU,uuu [PELY] v.ild 11d4.444 4Ud .UVl dlu.vuu
93.750  LUuLO,uu0 6,542 u.714 11¥a. evs 29,002 210,000 E=D
935,00V 1000y ,ulv ¥.544 s.712 lida,4us 205 .uud 210,000
Yo.4d5% LTI VP I Be242 de70d 1ldd4,4d4 2Vd,uvd 410 ,0vV
97.500 100Qv vuY i.542 $.712 1loe.4909 208 ,uv2 PRYVIRTITIT]
94,15V 100vd,.0u0 4,342 3.712 11e4,.499¢ 4v5.00¢ 210,000
' 10U,000  1lwuvu.ulu 8,542 4. 714 TIvaaes _Zu5.ovz ~ITu. u0u




SERVO=AECHANISM (SETPOINT CHANGES) b

(T0Y & (TS) ARE GIVEN BY:
(CIQ) uR (IS) + 19,3) X 10.0

CULTPUTS 5CALEY BY 10Ue+01)
(X INDICATES MURE [HAn UNE VARIABLE HAVE THE GIVEN VALUE)
0 + zmuz=>

23

0,00 0.2%5 0,50 0.75 1.90 1,45 1.50 1,75 12,00 3,35 2,50
T TA(+) T5(,) et e e e it el et 4 + + +
[ 0.500 0.500 1 X 1 ! ! ! ! | ! !
1.25 0,900 0,500 1 A 1 1 i [ 1 1 1 !
2.50 0.500 v.500 1 X t 3 " ! § 1 i H
3,78 0,500 0,500 1 X ! ] ! H ! ] ! !
5.00 0.500 0.500 I X ] 1 [ ! 3 B ! 1
6.29% 0.500 0.500 i A H H ! H H s H i
1,59 04590 0,%00 I X ! H ! H : : ! !
8,7% 0,500 0.5%500 I X N B B 3 ! ! B B
10.00 0.500 0.5v0 I X i L § H : ! H 1
11,29 9,300 0,300 I X ] : ! H 4 ) ! ]
12.50 0,500 0.500 1 3 [} B B B ! B [} )
13.7% 0.500 0.500 1 A 1 i ! ! ] 3 ! t
15,00 0,500 0,500 I X 4 H { { 3 H ! !
16,25 0.500 V.50 i A 3 [} t [} [} [} [} [}
17.50 0.500 0.%00 1 X ! ! ! : ! H ! !
14,78 9.500 0,500% I X | ! ! ! ! 3 ! i
20,00 0,500 0,500 ~ I I3 ! ! ! 1 { i ] {
21.2% 0.500 v.500 1 X | ! i [ ! d l !
22.50 055090 9,500 I X ! | SO l ! ! ! H
23.7% 0.500 V.500 i F3 i B B [} 3 B ! 3
15,00 0.500 1.5u0 I + . ! H ! 18
20,25 0,545 1,500 I - + . ! ] ] !
27.50 V.04 1.500 1 . . B B ! [}
28,75 0.879 1.500 1 » . H ! 3 !
39,00 1.02% 1259V 1 + . ! } ! !
31.25 1.113 1.500 I - . ! 1 B 1
3¢.50 1.156 1.500 1 * . ! 3 ! )
33.175% lad2¢ le300 1 * . : : i }
35,00 1.134 1.500 I + . ! [} [} [}
36.25 1.095 . 1.500 1 * . H H H :
11,50 1.0583 1,500 £ hd N H H I ]
39,75 1.016 1.500° I + . [ : ] o
40,00 0.949 1.500 1 * . ! ! { }
41.235 U973 1.500 1 L4 . ! H ! !
42,50 0.967 1.500 I ” . [} } 1 I
43,75 V.968 1.500 I + . ! ! ! 1
45,00 0,975 1,500 } * . ! ¢ { !
46,25 0.9463 1.500 L + . i [} i 1
47.%0 0.992 1.500 1 * . ! ! ! !
44,175 0.999 1.500 I *+ . H 3 ] ]
50.v0 1,004 1.50v I3 * . i 1 : v
51.25 1.006 1.500 1 . . ! 1 ! !
52,50 1,007 1.500 I - . H [} i :
53.75 1,006 1.500 I v + . 13 14 T 7
55,00 1.008 1,500 I . * . ! ! { [}
50,25 1,003 1.500 1 + o ! ! ! !
57,50 1.001 1.500 I - . T H T B
58.75 1.000 1.500 I + . i { { H
60.00 0.999 1.500 )¢ * . ! ! 4 ]
61,25 0.999 1.500 T - « T T T T
02,50 0.999 1,500 1 v A { t ! l
03,7% 0.999 1.500 1 + . ] 3 H !
83.0U 0.999 1.500 b¢ + N ! ! H ‘
86,25 1.000 1.500 1 * . l 1 t 4
07,50 1,000 1,500 1 + . ] ! 1 ¢
b8.75 — 1.000 1.500 T + . T — 1 T T
Tu.00 15u00 1.500 I * . B 1 H :
71428 1.000 1.500 1 . + . ] i ¢ H
TI750 —Y.0uD T.500 T ¥ . T T 14 T
73,78 1,000 1.500 I * . Col ! H 1
L 15,00 1.000 1,500 1 +* . 'y ! ] !
r Ta .25 — 1.000 T 500 T * . I T T T
77.50 1.000 1.500 1 + . H H ! :
14,75 1,000 1.5y 1 » . { 4 ! !
U, 00 T.v00 1.500 I + . T T H 1
841,45 1.000 1.500 I * . ! 1 ! 1
54,30 t.0UY 1.500 1 * . 3 H ! $
33,75 T.000 T.5300 T + . T T T T
85,00 1.0u0 1,5u0 I . . ! i 8 :
40,25 1,000 1,500 I * . ! L L i
67,50 1.000 17500 I ¥ o H T T T
¥s,7% 1,000 1,500 I . . . : : ! H
Ju. U 1,000 1.500 1 + N ! H ! !
91,45 T.uv0 1,500 T 3 M T T T T
92,50 + 1,000 1.500¢ 1 * . ! [} i t
¥3.79 1.000 1,500 I - . 1 ' ' i
EEICL) 1,000 1,500 1 T’ A 1 T T T
96,5 1.060 1.500 [ . N . ! : ( Y !
97.50 1.000 1.5uu 1 - . ' i i I
EERYE) 1.000 1.50u 1 +* - T 1 E—ﬁ T
1uv.u0 1,000 1.500 3 - . il 1 ! ’
'1-----.-----o-.-.—Q-..--oc-.--.-----,----..----\-...-----..-----,
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REGULATOR (LOAD CHANGES)
#ITHOUT DYNAMIC CUMPENSATIUM +
L craeem————
{ -
T (] Chl CH v T0 18
0,900 10000,0400 8,333 4.333 1133,000 200,000 100,000
1.2%50 1000U.000 8,333 8,333 1133.000 200,001 200,000
2,300 10000,0u0y de433 ¥,333 113¢,999 200,001 200,000
3.7%0 10000,000 B.333 8,33 113¢2,.997 299 ,uvl 00,000
5,000 10000,000 8,33) 8,333 1132,993 200,002 200,000
5,250 13640,000 8,333 8,333 1132.990 240,002 100.0u0
7.500 10000,000 s+ 8,333 8,334 1132,.940 200,002 200,000
8,750 10000,000 ' ' 8,33 8.333 1132,984 100,002 200,000
¥ 1u.000 1000U,000 d.333 3.933 1132.994 200,0U2 200,000
11,250 10000,000 8,333 9,33 1132,.981 200,002 200,000
12,500 10000,.000 9,333 . 8,333 1132,962 200,001 200,000
13.7%0 10000,000 8,333 ¥,343 1132992 200,001 200,000
13,000 10000,000 8,333 8,33 1132,943 200,001 200,000
10,250 10000,000 , 8,33) 4,333 1132,994 200,001 200,000
17.500 10000.000 d.333 ¥.333 1132.948 200,001 200,000
18,750 10000,000 ¥.333 8.323 1132.994 200,001 200,000
20,000 10000,000 ¥.333 9,333 1132,904 200,001 200,000
21,2507 10000,000 333 §.333 1132.994 ~ 200,00] 700,000
24.500 10000,000 8.3)3 9.333 1132,984 200,001 200,000
23,7%0 10000.000 4,333 8.33) 1132,964 200.001 200,000
45,000 94uV.000 4,333 4,000 1132,9¢84 204,401 200,y
26,250 9200.0Q0 , 8,217 T.528 1079 ,.844 208,236 209,000
21.500 9200,000 . d.137 7.344 1043,355 206.5602 200,000
28,750 92¢0,000 d.116 1.305 tut?.214 204,249 1u0.000
IV 9200.0u0 ¥.138 7.329 1U04,408 102,100 100,000
31,250 9200,.000 4,195 7.40% 1002,104 200,423 200,000
32,500 9200,.000 ¥.439 T.491 1007,227 199.417 00,000
33.75%0 9200,000 8,290 7,579 1uie, 297 199,.5%7 200,000
a 35,000 9200,000 8.331 7.661 1020,.411 199,360 200,000
36,250 9200,000 8.357 7.700 1U35,be4 1987499 200,000
37.500 9200,0G0 4,374 T.727 1042,781 198,433 200,000
39,7%0 932Qu, 090 32374 . 1,735 1047,375 199,243 200,000
10,000 9200,000 9.369 7,749 1049,.562 199.b34 200,000
41,25 9200,000 3,360 7.71% 1049818 199.950 200,000
42,390 9200,000 4,350 7,699 1046, 0y 200,165 200,000
43,750 9200,000 d.340 7.681 1U47,036 200,279 V0. 0VY
45,000 9200,000 8.333 7.668 1045,139 200,304 200,000
456,250 9210,000 8,328 1.660 1Ual, 444 200,473 200,000
47,300 9200,00V 8,346 7.655 1042,150 200,213 200,000
49,750 9200.u00 8.320 T.054 1041 .34 200,13> 200,000
YV, 000 9200,0L00 34327 7,655 1U40,977 200,063 400,000
4 51,250 9400,000 v B30 7T.658 1040,.959 200,008 200, 0V0
52.500 9200.,000 8.330 7.661 1041,.174 199,968 400,000
53,750 9200,000 d.332 7,664 1041.505 199,948 200,000
$5.0u0 9200.000 B.333 T.6606 1udl.e58 T 199.744 2l 00V
56,250 9200,0uy 8.334 7.669 1042,.169 199,951 200,000
. $1.500 9200,000 9,335 7,069 1042.401 199.903 200,000
54,750 9200,000 ~ 84335 T.009 1042 ,544 199,979 200,000
sy ,000 920V,u00 8.334 T.0069 1U82,005 199.991 2UV,000
\ 61,250 9200,000 8.334 7,668 1042,0603 200,001 200,000
8d.50V 92u0,U00 a.l34 Ta.084 1V44.080 400 U0 ITILLIT]
63,750 9200,000 8,333 7,007 1044.497 ‘200,012 200,000
65.0v0 9200,000 8,333 T.607 10494.431 200,012 200,000
50,4590 9200,000 9,333 7,666 1042,374 200,ul} 200,000
27,50u 9200,u00 3,333 7.066 1042,332 2Vu0,u08 200 .00
ol.750 .9200,000 4,333 7,000 1042,.307 200.0vb 200,000
(. T 9200,000 8.333 T.000 luad. 2y 400,003 400,000
T1.25%0 9200,000 8,333 " 1.666 1ua2,.29Yy 200,001 V0. 0W0
72.500 3200,000 3.333 7.666 1042,307 200,000 200,000
73, T8 9200.0uv0 - 8,333 T.0068 Tvaz 319 199.99y 20V, 000
75,000 9200.000 8.313 7.607 1va2,331 199,999 20V VUV
L 76.25v . 929v,000 4,333 T.007 LueZ. 42 200 .U0L 20U OuD
- TT.500 FI00,u00 .33 T.067 10324349 200,000 00,000
14,750 ¥200,u0u 3.333 7,667 102,354 100,001 100,000
. By, 0Ly 9200,000 8.333 7.687 1042,355 200,001 200 ,0uu
41,450 92u0, 00y d.333 T.687 1042,355 200,907 200,000
s/ 82,500 9200,000 v.333) 7,007 1U92,.3%3 200,002 1Vv.0uL
83,739 92u0, V00 §,333 1.667 1042,351 200,002 200,000
¥3,0Uv $200,00G 3,333 T.607 I CEYIRLT 400, VU 200,000
80,450 92u0Q,000 ~B.333 7.667 1044.347 300,002 V0, uwu
81,50u 92UV,000 8,33) 7.607 1044 ,340 200,0u 200,v00
Bu./l5v 940U,000 8,333 T.007 1042,.345 09,002 2uu 000
“ 9u.00u 9200,000 64,333 7.007 162,348 200,001 2U0 000
91,45 Y49V, 00u 3.333 T.067 1042,34% 200.u01 20V ,0uv
32,500 Y200,000 8,333 T.667 ludd . 443 200,001 00,900
93,75V 940w, uuY 3,333 7.6067 1Ue2,345 i0v,uvi 40V, 000
99,0vu 92U0,0u0 4,333 T.607  1042.34 VU UL 4v0.00v
o 98,250 Y20UU,Ju0 B,333 T.087  T1udz, 345 "200,0u] 40U VUV
97.5v0 + 9200,0uv 4,333 7.607 1ued, 345 PRIV RRVITHY 20V ,vuu
98, 75v Y439,000 0,333 7,007 1042,34) VY. vol 200,000
LUV, vuv CP LTI B.3)3 Teoo®] [TEYPELYL) ' AT dUv, V00

BE-7




REGULATO® (LOAD CHANGES)

THE ACTUAL VALUES OF (TQ) & (TS) ARE GIVEN BY:
. ((TO) + 19.5) x 10,0 AN ;(Fw) X 10000.0

(OUTPULS SCALKD BY .100K+03%)
(X INDICATES MORE [HAN UNE VARIABLE nAVYE THE GIVEN VALUE)

0 ¢ sxzmR3>

0,00 0,25 0,50 0,75 1.00 1.28% 1.5 1,75 2,00 2,2% 2.%0

T 2O(+) Fw(,) it Sudednistu Suirtedaint Stndutedat. detuiutntud. utatutiiad Swhebnhbnh +* + -
0.u0 .. 04500 1,000 I . . 3 B B ! B B
1.28 0,500 1.000 I N . ! : : t ! t
2,50 0,500 1,000 1 + . ! ! ! ! ! H
3.75 0.500 1.00v I3 + . [} 1 [} 1 3 !
$.00 9.%00 1.000 I + . ! S i i ' L
6,25 v,500 1,000 1 + . ! ! ! ! : !
7.%0 0.5u0 1.000 1 + B I 1 1 T T H
8.75 0.500/ 1.000 I + . ¢ s ! ) ! !
10,00 9,509 1,000 I + N H 3 4 i ! H
11.25% 0,500 1.000 [ 3 . [ 1 i T H 3
12.50 0,500 1.000 I * . ) ] ! ! ! !
13,15 0,500 1,000 I * . ! ! ! ] 3 H
15.00 v, 500 1.000 I * B . : B ! [ H
10,25 0,500 1.000 I + . ! ] $ H ! 3
17.50 0,500 1,000 1 + . ¢ ! ! 3 ! H
13.75 0,500 1.000 I + . T H T [ ! T
.00 0.500 1.000 1 + . H H ! H : H
21.25 0,500 1,000 1 + . ! ! -l 1 ! H
22.50 0.500 1.000 1 - 3 . ! : : [ H .
23.7% 90.500 1.000 I + . ! ] l H H ]
25.00 0.940 0.920 I ot! ! ! H 4 ] !
26,45 T.32d 0.%20 I . + T T T T 7
27,50 1.1060 0.920 I . L H ! ! ! i
24,75 0,925 0.920 I X | [ ! ! 1 3 [
30,00 0,717 0,92V 1 + . 4 : i { 1 1 [
31.25 U.542 0.920 1 » . 4 H ! ! ! : H
32.50 0.422 0.920 I - . L 1 1 3 ! [} 1
33,75 0.356 0.920 I + .« ! [} B B i B !
3%.00 V.336 0.920 I + LR | H H ! H ! !
36,25 9.3%0 0,920 I + , ! i ! ! ! ! !
37.50 v,383 0.920 1 + . 1 [ 3 ! 1 :
39,75 0.424 0.920 I * . L . 3 . H : t:
40.00 0,463 0,920 1 + o 4 ! ! [ ! ! !
41.25 0,495 0,920 1 * . ¢ 7 i 1 B B T
42.50 0.517 0.920 I + P H ] H ! ! !
43,18 9,528 V,.920 L - . 4 4 3 B ! i 1
45,00 Uedal 0.920 T + . 1 T 3 T T T T
46.29% 0.548 0.920 1 * . ! ! ! ! ! ! H)
41,30 0,521 0.920 1 * o ! 3 ! ! ! ] [
48,75 0.514 9,910 1 R * . & 1 T T T 1 T
50,00 0.306 0.920 I + o 4 [} ! ! ! ! H
51,25 0.501 0,920 I + . ! ! ! ! H 3 !
52.50 U.497 0.920 1 3 o § : i 0l B ! ¢
$3.7% 0,495 0.920 1 . . 4 ! § ! i t !
55,00 0. 494 0.920 1 + o 4 ! t ! ¢ B !
950.25 0,49S 0,920 I * . ! B 1 3 ] B )
$7.50 0.496 0.920 I - . ! ! [ . B ! [l
58,75 0.498 0.92v I - . 3 B 1 ! ! ! :
00,00 0.499 0,920 I + . ¥ 7 7 : 3 T T
vl.25 0.5v0 v.920 I ° + o3 L ! ] ¢ ! .
62,50 0.5v1 v.920 1 - ) H H ! ! ! H
63.7% 0.501 0.920 I + o } [l t ! ' H
55.u0 v.501 0.920 [ + .4 ! [} i ! ! .
06,25 v,501 0.920 I » <L i : 1 A :/ !
o/.50 V.01 V.920 1 * . 1 } 1 ' { i 3
08,75 V.50l 0.920 1 + . d $ ] : H 1[ :
10,00 0.500 ¥v,.,940 I + o ! ! ! H H ! !
71.258 0.500 ) 0,940 1 - . ! 1 1 T ! ! {
72.50 0,500 0.920 I . ot H H ! ', 1 H
73.7% 0.5%50u 0.920 1 + o ! ! 1 § ] ! H
15.00 u,500 V.920 L * . S B B ! i i !
78445 0,500 0.920 1 * « 3 ! s 3 [ . I3
77,20 U500 0.920 L + o 4 4 H i H 3 !
T4.78 0.500 v.920 I + . 1 1 T T 1 1 [}
80.00 u.5u0 v.920 I T . ! [ ! ! ! : !
91425 V. 990 0,940 1 + o 2 H i i i ] !
d4.50 0.330 U.920 T - P T v T T T T
84,78 v.5u0 0,920 I . + ot { 1 ! i i 1
45,00 0,500 0,920 1 . ) . ! ! i ! i let !
do, 25 0.500 0.%320 [ * . I B T T T T T
47.50 9,500 0,929 1 +* Y . y IO . .
84,75 '-1'l] U.920 1 + . ) ! ] H N ! !
9U.00 0.500 0.976 1 0 . 1 1 B B B T 3
91.245 0.5v0 v.92v I * . i { 1 H 5 :
¥2.59 9,500 U,940 1 + « 3 ! : ] { ! ]
33,75 7. 500 0.94v 1 v . 1 T T T T T T
99,00 [ I 1V1V] 0.9 1 - .« ! ! ! 3 3 ! !
90,25 0,590 V,940 1 + o 3 ! H [ ! ! L
31.59 0,500 V.92V 1 + P T T T T T T
99.75 0.509 Q.9¢v b3 * .« ! : [ ] ! 8 :
190..00 U,900 V.940 . . ! : Il 1 ' E", 11
P e R T L T e L LT T T




- r~
SERVO=MECHANISn (SETPUINT CHANGES)
L wITH DYNAMIC CUMPLNSATION
(- cene=a
T (4] [%,3 CM u 10 18
v,000 10000,000 8,333 $,333 1133,000 200,000 200,000
1.45%0 10Uyl . 0u0 v.333 ¥.333 113300V 400,001 400,000
2,500 19000,000 3,33) ¥,333 1132.999 200,0v1 204 .0v0
3.7%0 10000,000 8,333 3,333 1132,997 200,002 200,000
5,000 10090,000 6,333 8,333 1132,993 200,004 200.vU0
6.25% 10000,000 3,333 .33 1132,99%0 200,002 200,0v0
1,590 10000,000 8,323 8,333 $132,966 200,002 200,000
d.75%0 10UV, 000 4,33) 4,333 1132,9%e4 200,v04 400,000
10,000 10000.000 4,333 ¥.333 1132,982 200,002 200,000
11,230 10000,000 3,333 9,333 1134,981 200,002 200,000
12,500 10V0U,00v ¥e33) 8.333 1132,9e2 400,001 200,000
13.75 10000.000 3.333 3,333 1132,982 200,001 200,000
13,000 10000,000 8,333 8,333 112,983 200,001 200,000
16.25 100GW,000 3,333 9,333 1132,994 200,001 200,00
17.500 10000,000 9.333 6,333 1132.984 200.001 200.0v0
18.750 10000,000 3,333 8,333 1132,984 200,001 200,000
20.00V 1900V UVY o333 [PEEE] 1132,944 200,001 400,000
21.2%0 10000.000 34333 3,333 1131.994 200,001 200,000
22.500 10000,000 3,333 8,333 1132,944 200,001 200,000
13,750 10000,00V 4,333 4.333 1132.9¢a 200,001 200,00v
25,000  10UQ0,u0V 8,750 9,333 1132,904 200,001 210,000
26,250 10000,000 ¥,780 9.091 1179.656 200,450 210,000
27,500 10000.000 8,737 9,075 1210,193 202,043 210,000
28.73% 10900.000 8,703 9.021 1221,.,670 203,788 210.000
30,000 10000,.000 3,656 3,934 1221,784 208,200 210,000
31,450 10V00,000 9.005 b.548 T215.733 706,130 210.0v0
32.500 100u0,000 3.561 3.702 1209,.004 206.559 210.000
3 33,750 10000,000 8,529 3,698 1195.617 206,304 210,000
35,0uu 1uyoQ.ouy 4,509 8,658 1387,.091 206,33% 230,000
316,250 10u0u,000 3.502 8.640 1180.977 205,945% 210,000
37,500 10000,000 8.503 4,041 1177,4917 205.527 210,00V
38.75 10600,000 4,911 [CER) 1176,.355 295,101 4304900
40,000 10000,000 34.521 3,674 1176,962 204,990 230,000
41,250 10000,000 8.531 4.690 1178,630 204,729 210,000
42,500 10VV0,v00 [FELT s.100 1180,724 T AV4,007 21V, 000
43.7% 100U0.0U0 -~ 3,546 9,718 1182,7%¢ ' 204,682 210,00
45,008 10000,000 H,.549 8,728 1184,399Y 204,746 210,000
40 .450 10000 .0V 8.990 Be747 Ti89.398 204,834 Z10, 000
- 47.500 10600,0u0 3.549 ¥.7206 1186,063 204,917 210,000
48,750 10000,000 3,547 8,723 1186.174 204,948 210,000
50,000 16600,.000 (PR} .19 T135.965 705.03% 2Y0.000
51,250 10000 ,u00 8,543 #.715 1185,578 205,004 210,000
52.500 10000,.00v _ 8,541 3,712 1185,.134 208,072 210,000
53,750 10000,000 8,540 d.710 11ed, 730 —Ju5.005 210,000
55,009 1000000 8,540 $.709 1164.420 205.050 210,000
50,250 10000,000 ¥.540 $.709 11v4,224 203,031 ‘210,000
57.500 1000V 00 ¥,.540 3,709 11d4,138 v, 0l4e YOI
58,750 10000,000 4,540 $,710 11984,139 205,001 410,000
\_ ny.000 10000.000 u,.541 B.711 1194.197 204,992 210,000
6l.450 T T de3d41 deidl 1194, 784 203,598 2V, 00y
62,50v 10uu0,000 9.542 $.712 1184.370 104,987~ 210,000
63,750 10000,.000 8,542 8,712 1184.455 204,989 210,000
83 ,.0uy 10uV0,0uY B.544 8.713 1184,512 204,993 41V,000
60,25V 10UVL, VLY 9,542 8.713 Li84.540 204,996 28V, 000 8
67 .5%00 100u0,000 ¥ ,542 3.713 11¥4,558 205,000 210,000
6d. /750 10G00.u0l ICPYLY! 9.712 1198,.553 — 205,004 ZIV. VUt
A 7v.000 10000,000 w,542 8,712 1184,539 205,004 210,000
—_d 71,250 °  10000,000 3,542 8,714 1184,520 205,008 210,000
T 12.50u 10000,00v 4,542 v.J12 1184501 205,004 210,000
73.7%0 « L00UO,u00 6.541 8.712 1184,84% 209,004 210.000
719,000 10060,000 a.541 8,712 1lde.47% 205,003 410,000
( 764250 1000V,u00 3,541 9,112 11¥4,409 TS Al 21V,.0uU
17.50v 10000,000 8,542 8,712 11de,408 205,002 210,000
18.7% 10000,u00 ¥.541 9,712 1184.470 203,001 210.000
«30,000 10000,000 4.542 W,714 1184,473 205,001 21v,000
91,45 10UV00, V00 3.542 ¥,712 1184,477 208,0v1 210,0uy
g oUy 10000.000 8§.542 ¥.712 1184.481 205.001 210.000
33750 10VVOvuY LY TN EY) 1184,464 ITENTH 210,00y
85,000 100uY,000 d.542 4,712 Llva. 440 203,001 21v,.0uy
§6.25u 10000.000 B8.542 3.712 1184.447 205,001 210,000
d7.5v0 10000,0Qu 3,942 4,712 1184,4987 205,004 21u,00u
49,750 10040, 00V y.542 a7l 114,496 UL TV f1v,.000
yo,u04y 100Vu,0u0 3.542 w712 jlus,ad0 205,002 210,000
91,250 10uuy.uuy d.34¢ 8.712 114,494 FIE TP 21v.uou
Y2edU GO Yod42 8,712 Ll184,.484 LU UL 210,000
¥3.750 1U00U, 00U 4,542 ¥.112 lloa.4b9 w 208,002 210,000
95000 1J0U0,uvu FPEYY] 4,712 1184, 484 203,002 210,000
Y0,2% 10vuY,0uL 9,542 8,712 jRY TN TY Il PRI Y]
97,500 10000,000 5.542 d,712 1184,884 2VS,uu2 219,000
Y, /5 1J00U vwY 6,544 8,712 1lae.484 2ud,00d 419 WU F=
100,vQu 10vuy,0vY CPY-1 Y] v.712 l184,40¢ 2V3,u04 410,000




-~
[ SERVO=MECHANISM (SETPOINT CHANGES) -
TAE ACTUAL VALUES JF (TU) % UTS) ARz GIVEN BY:
| (CI0) QR (IS) ¢ 19.3) X L0.0 * .
[ (UQUTPULS SCALEY BY .10Ub+01) D
o (X INDICATES MURE THAN UNE VARIABLE HAVE THE GLIVeN VALUE)
0 + zm=zz2>
0.00 0,25 0.50 .75 1,00 1,28% 1,50 1.7% 2,00 2,25 2.5V
T TQ(*) IS(.) o samy Y > -> Poacnsnpeas Y > > -+
Vl00 0.500 0,500 I X 1 H 4 H } H $ H
1.45% 0.500 v.500 I X ] ] [} ¢ ] ! L i
. 2.50 0.500 0.500 1 X H H ! H t H ! H
3,18 0,500 Uss00 o A ! ! ¢ : ! ! ! L
$5.00 Vv.500 0.500 I 3 [ ! B H B ! [} B
6429 U500 0.5u0 I X H ) 3 H t H ! '
7,50 0,500 0,500 L X ! ! H 1§ H ] H !
4.7 0.500 0.5u0 L I3 ] [3 ! : i 3 : :
10.00 0.500 0.500 I X ! H ! l 1 [} ! H
11435 04500 0,500 I .y : ) H H ] : ! :.
12.50 0,500 0.5%00 1 A ! ] [} 1 ! 1 ] I
13.75 0.500 V.500 L A H 1 ! H ! 1 ! 3
15,00 v,500 0,500 18 X } ) ! H ! [} ] )
16.4% 0.500 0.500 i A H : : H . H H B
17,50 V.500 0,500 1 X ! t ! ! H t ] 4
. 18.75 0.500 0,500 1 X ! H ! H ! ! 1 $
20.90 U, 500 0.500 L A { 3 ! R} ! 3 1 I}
. 21.2% 04560 0.500 L £ ! ! H H H H ! 1
s 22,50 0.500 Q.500 L L3 ] 3 4 H : $ 3 4
43.175 0.500 v.500 1 X [} B ! ! [} [} ! L
25,00 0500 1500 I * . ! : ! ]
20,25 0,548 1.3%00 1 + - ! H ! ]
27.50 V.704 14500 L . i H ! )
28,75 0.879 1.500 I . ! 1 ! 1
30,00 1,021 1,500 I + . ] ] ! i
31.25 1.1413 1.5w0 1 o Y ! } B}
32.50 1.1% 1.500 L - i 1 ! $
33,15 1,158 1,500 9 . H H ¢ !
35,00 1,134 1.500 I . [} i ! [
30,25 14095 1.500 I + . : H ! !
. 37,590 1.083 1,500 I + . ] H $ !
38,75 1.ule 1.5uv I * . ] B ] B
40.00 4.999 1,500 L . . 13 ! H 4
t 41,25 0.973 1.500 L + . H : H H
42.50 0.907 1.500 I * - 1 3 1 !
43,75 0.908 1.500 L * . H ! ¥ $
! 45,00 0,979 1,500 L + . 1 i [ ]
40,45 V,983 1.500 T * - T T H 4
47,50 U9y 1.500 I , * . ! 1} s :
48.75 9.999 1.500 L + . i } i ]
Su.uv 1.004 1.500¢ T + . H : H .
51.25 1.000 1.500 I * . H ! ! :
T 52.50 1,007 1.500 i + . . t : ¢ $
53.75 1.uvo 1.3500 T * . T 1 T H
55.00 1,008 1.500 I v . H ) H s
56.45 1.003 1.500 I * . ! 1 ! H]
31450 1.9001 1.3500 T v . . T i T
S8.75 1.000 1.500 L * . ! [} ! !
L 60,00 0.999 1.590 I + - ] 4 1 4
0l.45 0.999 1.500 T - Q . 13 T . T T
52.50 0.999 1,500 I * . { | S ! H
i 63.75 0,999 1..500 I * . 1 3 ! S
65.00 0.999 1.500 I * - ! L ! Lo
66.25 1.000 1,500 I * B H ] ! H
67,50 1.000 1.500 I + - 3 ! ] H
( od. /5 LeUuy 1 %L 1 r - H ) 13 H
lv,00 . 1.000 1.530 I * - ] [} 1 H
1 71.23 1.000 1 .50V I + . $ ] ] H
T2.50 1,000 1.500 I3 * . ! ¢ B !
73,75 1.000 1.5v0 I + . 1 11 H L
\ 75.00 1.900 1.500 1 - . i L i 3
[ 16,45 l.uyy 1.50v 1 * . ' L i 1
77.50 1.000 1.50v L * . H H H H
. Ty.75 1.000 1.500 L + o ! 1 ] H
du v levuv 1.500 L + . ! B R H
el.258 1.000 1.500 1 + . t ¢ 1 ]
37,50 1.000 1.300 I * . : [} ! H
83,75 1.uv0 1.5v0 1 - . ] [} : [}
¥9,.00 1.0vQ 1.5 I *a - ! i ! 3
46,25 1,V00 1,500 1 + Py 3 s : H
N 1 81,50 1.uu0 1.500 I +* . R B B
49,15 1.0u0 1.500 I + " . ] ) ! !
yY,00 1,000 1.500 1§ hd Y : 3 H !
91.49 [T 1.500 ] + . 3 [ 1. T
\ 92.50 1.000 1.5u0 £ * . § ! H :
- 93.75 1.090 1,500 1 +* . 3 L ! 1
¥5.00 JWS'I'D] 1.5%00 L * . ! ! ! 0
90,45 1eu0v 1.500 L * . ! ! ' [
¥71,5%0 1.000 1,500 I + N ] ] ' '
Yu .7 1,000 1 .50y I * . [ 1 1 1
100,00 1.uul 1.5u0u 1 L) . ! 1 10 [
I »
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W T E,

REGUUATOR (LUAD CHANGES)

«ITH DINAMIC COWPENSATION

\ : .
—
T Fy CML (4] 1 (1] 38
0,000 10000,000 8,333 8.333 1133.000 200,000 200,000
t.250 10000,000 4,333 9,333 1133,000 200,001 200,000
4.500 10000, 0L 8.333 8.333 1132.99y 2uy,001 40U, LU0
3.750 10000,000 5.333 8,333 1132,997 200,002 200,000
3,000 10000,000 4333 8,333 1132,9939 290,02 40U, 090
9,250 1000V . ULL [FEEE] §.333 1132,99%0 400,002 200,000
7.500 10000,000 $.333 9.333 1132.988 200,002 400,000
4,750 10000,000 4,333 ¥,333 1132,984 V0,902 200,000
14,00V 100v0,000 4333 ¥.333 113,592 200,002 20V,U00
11.25%0 10000,000 8.333 8.333 1132,9901 300,002 20V, 000
12.500 10000,000 $.333 d4.333 1132,942 200,001 200,000
13.75v 10000,00v 3.333 ¥.333 1132,542 200,vv) 20u,u00
15,000 10000,000 8,333 9,333°"  1132,983 200,001 200,000
19,250 10000,u00 8,333 ¥.333 1132,984 200,001 uu. 000
17.500 10000, 00Y 3,333 $.333 1134.984 200.0u1 400,000
18,750 10000,000 8,333 9,333 1132,984 200,001 200,000
20,000 10000,000 9,333 8,333 112,984 200,004 200,900
21,450 10000,v00 8,333 ¥.333 1132.9484 200,0ul yu,Quu
22,500 10000.000 4,33) 8,333 113¢2,984 200,001 200,000
23,750 10000,000 4,333 4.333 1132.984 200,001 Vv, 00U
25,000 9200,000 ¥.333 ¥,333 1132,.984 204,401 200,000
26.250 9200.000 4,216 7.008 1059.465 208.254 100,000
27.500 9200,000 3,149 7.084 1009,.404 205,78¢ 200.000
28,750 9200,000 8,133 T.137 [TTNCEX 204,711 dvo.vud
30,000 9200,000 8.175 7.242 979.970 200,250 200.000
31.250 9200,0u0 8,238 71,384 986,958 199,492 V0, V0L
32,500 9400,0uy 3,303 Te519 1000,557 197,513 200,000
33,7%0 9200,000 8.38S 1.632 1015,234 197,241 200,000
35.000 9200,000 4,390 1,712 1030,726 197,480 200,000
30,2150 9200,0v0 ¥,4807 T.757 1042,09%¢ 190,024 200,000
37,500 9200,000 8,408 7.774 1049,566 198,688 200,000
38,780 9200,000 9,398 71.764 1083,279 199,320 200.000
40,000 9200.000 3.382 T.743 1053.v27 199, 9ay¥  , d0Vu.uuv
41,250 9200,000 8,365 1.7117 1052,464 200,198 200,000
42,509 9200,000 . 8,349 7.692 1049,358 200,497 2uu,000
43,750 $200,000 5,330 T.a71 ° $04n.928 200,459 200,000
45,000 9200,000 8.328 7,657 1044,26% 200,423 200,000
{ 46,250 9200,000 3,324 1.649 1042,210 200,330 200,000
47,500 J20U 000 8.322 T.047 10ag, vebd 00,714 U, Ul
44.750 9200,000 3,324 7.649 1040,25%8 200,302 200,000
{ " 50,000 9200,000 8,326 7,653 1040,187 200,014 2V, 00U
51.450 92uu,000 3.349 T.658 T040,491 199.954. 700, 0ud
52.500 Y200.000 8.331 7.062 1040,992 199.919 200U.000
C 53,150 9%00,009 8,333 7,066 1041,541 199,911 200,000
33,0uv 940U, uvd 8,333 T.00Y 1094,v30 199,941 JUU . JO0U
56,250 $200,000 §.335 1.670 1042.402 199,940 200,000
{ 57.500 9200,000 8,335 7,670 1042,b30 199,962 200,000
59,750 §200.u00 <335 7.070 1LLY ¥RLYS 197,943 0V, 00U
60,000 9200,000 3,335 7.669 1042,740 200,000 200,u0u
L, 91,250 9200,0600 4,334 7.668 1042.084 200.011 200.000
0L.IUV 94000 B.334 S Teb0 7 LURL,WWY dVUL UL/ 4UV, U0V
63,750 9400,Uuu 8.433 7.667 1042,487 200,018 200,000
‘ 65,000 9200,000 8.333 7.666 1u42,397 u0.014 200,000
60,25V 9200,000 9,333 7.660 1042,330 200,012 v, oV
67,500 9200,000 ~%.333 1,060 + 1042,2069 o,vo00 200,000
0d,.7%0 9200,.000 8,333 7.666 1042,271 v, uva 200,v00
{ T Juu I4LUU UUT 3,333 .000 1S L Y ¥YRES AU ,Uv 1 AWU L, UUVU
71,259 9400.00u0 4,333 7,606 1044.28% 199.999 200,000
_ 72.500 9200,0U0 4,333 1.466 1042,303 199,999 U0, 00U
T3.T50 LY DI 8,333 T.587 1U82,34d4 195 . Y9 4UV,uJ0
75.009Q 3200.0040 %.333 T.807 1062,33% 199,999 200,000
L To,250 9200.,0u0V 9,333 7,667 1042,350 199,999 200,000
{ 174309 T 94ul,uuJ ¥,333 Teb07 1UAd, 337 VU U0U A DI
78.7%0 $400,000 -8,333 7.067 1u42,360 200,001 200,000
(TR 9200,000 8.33) 71.667 . 1042,3%9 200,001 UV, U0
XYY Y2yl ,uvu CIRER) T.007 1042.337 200,007 100,000
42,500 9200, 000 4.333 7.667 104,354 200,002 vy, 000
44.150 9.400.000 4,333 7.667 142,350 200,002 20,000
62,00V ¥ 20U .00V 4.333 T.007 1047, 397 T ILY ] PO L]
96,250 9200,000 4.333 7,067 1042,345 200,002 200,009
§7.500 9200,000 v,.333 1,067 1042,344 200,002 100,000
¥d .13V Ek T ¥.33] T.067 1042.343 100,001 —J00,vay
90.,0u0 9Y20u,000 ¥.333 7.667 10A42,344 200,001 200,000,
91,250 Y200,00v 9.333 1,667 1042, 445 290,001 200,000
/94.:00 E2T NI b:d33 7.007 ICLYPREE] 200,.0ul - 40v,0ul
yd. 750 ¥20u.00Y 9,339 7T.007 1044,345 L200.001 400,000
99,00V Y4Uu,.u0u ¥.33) 1,667 °  1uad, las 300,vul LV0,U00
9n,450 CPITATT d,333 T, 067 1val, daeb 200,001 "20u,0v0
97,599 9400.0u9 0.333 T.607 1042,345 200,001 20u. 000"
94,159 92uu,u0v 8,334 7,067 1042.345 dud. w0l 2u0,0uy
1U0.40v ¥400,uvv 9,333 T eal Luad, Jen 00,0vl AUV, UVU
E-11
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REGULATOR (LUAD CHANGES)

THE ACTUAL VALUES OF (TU) & (TS) ARE GIVEN BYs

L ((L0) + 19.5) X 10,0 AND (Fw) X 10000,0
=
. (OUTPUTS SCALEL BY .100KE+01)
(X INDICATES MORL THAN UNE VARIABLE HAVE THE GIVEN YALUE)
0 + =mazza)
0.00 0.2%5 0.,% 0,75 1,00 1.2% 1,50 1,78 2.00 2,2% 2.%0
T TO(+) Fu(,) $oscanss * * * * * * ha * hd
U.00 0,500 1,000 I M * . [ : 13 H s H
1.2% 0.500 1,000 I *., . t - ! s 3 3 !
2.50 0,500 1,000 1 + . ! ! ! ! | !
3.73 0.500 1.000 I + . ! 1 1 1 1 1
5.00 0.500 1.000 I * . t 1 ! ! ! !
6,35 0,500 1,000 I * N } { i 4 ! 4
7.50 0.500 1.000 I - . 1 1 [} 1 1 1
8.7 0.500 1,000 I + . ! 1 ! ! ! i
10,40 0,500 1,000 I * : . } i 3 4 { ‘
11.25 0.500 1.000 I * . 1 ! [} 1 1 [}
12.50 0.500 1.000 I , . . 1 ] 1 i [ .
13,73 0 Su0 1,000 1 * N } i i ! | ]
. 15.00 u.500 1,000 L B N ! 1 A 1 1 [Es
16.28 0.%00 1.000 -1 - . ] 1 s [ ! H
17,50 0,300 1,000 + . . ! ! § i ! ! ;
18.75 0. 500 1.000 I ¥ . ¢ 1 [ ! 3
, 20,00 0.500 1.0v0 I + . t . ! H ! ]
21,28 0,500 1,000 I + s ! H s H ! !
22.50 0.500 1.000 0 [ * N [ i 1 [ 1 1
23,75 6.300 1.000 I + N | ] ) I} 3 s
25,00 0,940 0,920 I g3 [ | ! ! } 1.
26,295 1.325 0.920 I . + ¢ 1 1 1 1
27.50 1.078 0.920 1 . ¥ 4 [} ] ] ! t
28,7% 9,171 9,920 & + 2.1 } | } F} { }
30,00 0.525 V.920 I + . ! 1 [ 1 1 t 1
31.25 0.348 0.920 I N e b r . : ! o 5,
12,59 9,453 v,920 1 + e ] i : 1 } H
33,75 0,224 0.920 I + . ! 1 1 [ [ [ [
-~ , 35,00 0.244 0.920 I * P T ! ‘ : 1 ]
a0 28 - . 0.3uz 24920 L * 2 bl H HE i 4 H H
’ 37,50 v.ou 0.920 1 * .« ! ] [} [ [} [l $
.78 . 0.432 0,920 I + L. ! TR t { ! ! Il
49,00 U, 484 0,920 1 * o} 3 ) 4 1} i !
41.2% 0.520 0.920 1 + . ! 1 3 1 1 1 [
42.%0 ' 0.540 0.920 I , . .t il ! ! ] 1 Il
43,19 0,540 0.920 1 - - s 4 ! ! ! { § {
45,00 , U.542 v.¥20 L + . ! T 1 ooy 3 1
40,25 0.533 -0,920 I + .4 ! 1 { ! : vl
47,50 0,921 0,920 I + . ! ! ! ! t ] i
TRE 0,510 0.920 1 - P | 1 T T T T 1
$0.00 0.501 0.920 I Ce . ! ! ! ! ' ! 1
51,25 0.49% " 9.920 I - + .} ! 3 3 1 $ [}
52450 0,492 0.920 [ -+ . 1 T T T - 1 1 T
$3.75 0.491 0.920 I + . ! ! [} ! ] < !
55,00 0.492 0.920 I + . 1 ! ! 3 ] ! -y
$6.25 @ O.494 0.920 I ; + . 1 T T T T T 1]
- 87,50’ 0,496 0.920 I + . L ! ! ! ! 1 1}
L 54,75 0.498 £ 0.920 [ - o ! ! ! : : t g
80, U0 0,500 LY I o L m— . 1 T T H 1 T T
61,29 0.501 0.920 1 + o} ! ! 3 [l . !
62.50 0.502 o.920 1 + . ! [ s ! 1 ! !
6379 0.%03 ©u.920 I + 7 ol ! ! 3 ' ! !
05,00 0.5302 0,920 ' § + .4 : : ! 3 ' !
66.25 0,501 0.920 I . . ! i ] ! [l {0 3
r S7.50 U501 [VPS ¥ O L PR T T T T T T
. 68,75 0.540 0,920 I + « ! : : ! : . :
70,00 0,500 U.920 1 + . 0 ! ] \ [ t !
< TT.25 . Ve5ul U.9I0 T ¥ PR T T T T T T
12.50 opno V920 ' & * .t ! H ] ol i :
\ 13,75 500 0.920 I + .} ! ! L 3 ! $ 1
- 75,00 J.500 V.970 I r PRI | SRS T T T T
76,29 0.500 ‘0,920 I + .l l ! i L ! %
71,50 0.3500 0.920 I + o 4 i { { ! t ¢
Ta. 75 3.500 U.920 I - . ! T T T T T T
30,00 U.500 v.920 L * R l ! fl ! ! ’
31.2% 9,500 ve92v L » . 4 ! : ! ! ! L
CYPEYY) V.50u V.92V Y . + . 1 T 7 T T T T
#3.75 0.500 u.920 I + o ! 1 ] ! { ] ! -
¥5.00 0.500 0.920 I . + o ! ! ! ! ! ! !
9643 J.500 Ve.yed I v . ! T T — 1 T T 1
37.50" 0.500 0.92v I + . ! ! 1 [l [l [ !
se,7% 0,990 0.,92v I - . L ! t ! { ! 1}
¥0.00 Vedul V94V 1 * . & o 1 H B} . : H
91.25 0.500 U.920 S * o 4 [l ! ! ! { 3
92450 U, 50y 0.¥20 I - . 1 ! [ ! ! ! :
: 33.75 V.50V Ve94u I ¥ PRRE T 1 H T T T
95..00 0.500 0.920 I - .t ! ' ! 1 ! : -
90.45 v, 50y v.94y i - . L ! i 1 ] ! !
97430 VedUY Vevay i * e & ! H H H - -1 .
94.7% 0.500 0.920 4 + . 4 ! ' : s E l? :
10u,u0 V. 500 V.94V 1 * « ! ! ] ] 1 ] H
4 [eeocccgacnmresnaancy Y - * * * ry Ty
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[ - Ta ~J0=AUG=1933 1857703
Y . . - o ¢ 30=-AUG=-1983 18:56:50
* ' . . . &
- 0001 PROGRAN HEATIEX 3 o o
* 0002 DIMENSION T(480), cn(«eo).TN(QSO),10(430),3314303,11(5,4101
0003 DIMENSION U(480),DEL(1),Fw(480),ZN(480),CLL(480),71(480),ER(480) "
(0004 7 - DINENSIOA ) , I51(480),CR1(4807),IRI(460)
0005 DIMENSION X(480),Y(480),X1(%480),11(480) :
0006 REAL Iuruo,xuroo1,xﬂrooz,xuruu,zurnox,xv,xp,xu,xs,éir,xu1,Kols
0007 NEAL INTER,KD,RC,KI ] -
0008 DATA DEL/0,25/ .
.4 0009 C PARAMETEKS ANO VARIABLES
EDFU D CP= ; w TU/CLB.DEG. FJJ ¥
L0011 C CONTROLLER: HS=LATENT HEAL OF STEAM (BTU/LB,) " —
Quiz C . KFF=CONTROLLER™ GAIN
¢ [, 0013 <} CR=CUNTRULLER QUIPUT (VOLTS=RANGE 0~}0V)
v 0014 c CLL=DYNAMIC COMPENSATION TERM \ 5
0415 C TH13LEAD TIME CONSTANT (SEC.) :
16 C =LAG M UNSTANT (SET.)
0017 C .
0019 C FEEDBACK KCSRROPORTIONAL GAIN
D013 C CONTROLLER: KI=IATEGRAL XIME (SEC.) : }
0020 C. - KD=DERIVATIVE TIME (SEC.)
0021 C CM1=CONTROLLER ‘QUTPUT
0022 C CBAIS=CUONTRULLER BAILS
0v23 c : & .
0024 - C VALVE :’ THVZ VALVE TIME CONSTANT (SECl) -
. 0025 o RV2VALVE GAIN ((Lb./HR)/7VULIS) .
0026 ¢ C Y R ‘ o
0027 C EXCHANGER : THP=PROCESS 'TIME CONSTANT (SEC,)
0028 o AP=PROCESS GAIN (DEG. r/7¢LB.7HR)) e
0u29 c \ gﬁ 5ot
0030 C DISTURBAKNCE: THD=DISTURBANCE TIME CONMANT (SEC.) N\
ou3r . ¢C L . KDIS=DISTURBANCE GAIN (DEG, F7(Lb./HR)) i
0032 c . \ .
0033 C MEASURING THM=SFLOW MEASURING ELEMENT TIME CONSTANT (SEC.)
‘ 0034 C CLLAENIS :t KM=FLOW MEASOURING ELELMENT GALIN (VOLIS/UEG.F) )
0039 c THM1=TEMPERATURE MEASURING ELEMENT TIMAE CONSTANT (SEC.)
. DR C KM1=TEMPLRATURE MEASUHING ELEMENT GAIN (VOLTS/DEG, F)
0037 C ! 8 ; -
0038 C OTHERS : TS=SETPUINT TEMPERATURE (FEEDBACK CONPROLLER) (DEG. F)
. UEL) C TS1SFEEDFORWARD CONTROUOLLER S£ETPUINT (DEG. F)
0va0 C , KS=SETPUINT GAIN (DEG, F/VOLTS)
Vo4t c LINSINPUT YEMPERATURE (DEG. F) . ~ ' . »
0042, C TO=QVERALL og%gur TEMPERATURE. (DEG, F) , -
0043 C _.TU1SOUTPuUT TEMPERATURE DUE TO FROCESS (DEG. FJ .
0044 .c TO230UTPUT TEMPERATURE DUE TO DISTURBANCE (DEG. F)
0045 C ; Fw=wATER INFLOW RATE (LB./HR) \ ) \
0040 C ,, K L T X b
| ova7 TYPE 6 v’ L
o4 6 FORMAT(1H1,//,10X,'F.~ FEEDFORWARD=-FEEDBACK CONIRGL',/,10X, ’
0v49 + 32('=1),7/,10X, "(TIME DELAYS AKE ADDED TU DISIUNBANCE & TEMP,'
0050V ' & v MEASURING ELEMENT)',/,)0X, Q\x .
(| . ous: T 4V (FLEDBACK.CONTROLLER HAS P¥I+D COUNTROL MUDES)',//) g
g 0us2 C CONSTANTS & PARAMEIERS : A\
- 0uS3 Hs=970, ! - * SN .
V054 cP=1, . i : . , \
0055 TINS9U, . '
‘ 0056 Tnva2, L B : ‘ .
! 0057, Kv2135,9605 o
'P - . ‘ ' , N , ¢ ¢ , F-l
t o . —— * . ) - .
2' ‘ < ¢ * - ’ \\ﬁ\ v
| - ! A\ '
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( HEATEX R _ 30-AUG=1983 18:57:03
. o , : 30-AUG=1983 18:56:56
o . W ‘, -~
0058 THP=4.05 >
0059 . KP30.09709
{0060 THH=ZU .5
[ 0u61 RA=0,00093333 7 N
. 0062 . TH 13355
Qub3 £0.0416665 . .
0064 nols-o 011 :
. 0U6S THD=0.5 )
0066 KS=0.0416665 ;
0067 , nC=1,25 )
0068  K1=9, / e
0069 KD=10., ' .
0070 CBALS5=8.3333 : L
0071 © TH22S., ) /
0072 - TH1=6, i : - ‘
0073 00 97 J1=49,59
0074 97 - X1(JI)=8.3333 : - #
0075 - DU 96 J1=1,59
0076 96 X(Jiry=110. o
0077 - DO 98 JJd=1,2 . _ <y
0078 DU 99 JK=1,2 :
0079 TF(JK.E0. 2)G0 T0 7
0080 IF(JU.EQ.2)TYPE 25
ousl  * 25 FORMAT (1H1,//) «
0082 TiPE 8
0083 T8 FORMAT(10X, ' SERVO-HECHANISH (SETPOINT ChANGES)',/, 10X, 34('=1))
0ub 4 GU TO 9
0085 T TYPE 10
0086 10 FURMAT(1H1,//,10X, 'REGUUATOR (LOAD CHANGES)',/,10X, 24('=1)) .
0087 9 IF(JJL.EQ.2)G0 TU 12
0088 TIPE 14 -
0089 14 FORMAT (10X, ‘WITHOUT DYNAMIC CUHPENSATIDN',/ 10X,28('="3,/)
0090 GO TO 19
0091 12 TiPE 15 " 3
0092 15 FORMAT (10X, 'WLITH DYNAMIC COMPENSATION',/,10X, 25¢'="),/) ,
0093 C_INITIAuL CONDLTLONS .
0uda 19 U(59)=1133,
0095 ER(59)=0. : -
) Fw(59)=10000, - .
0097 T0(59)=200. : )
wo9s TU1(59)=20u. . .
0099 b TM(B9)ZFW(59)*KM n
0100 TS(59)=200. . = :
01b1 TS1(59)=s200,
0102 CM1(59)=8.3333 : ¥
01u3 Cm(59)=8,3333 p , N
0104 : KFF=HS/7 (15(59)=TIN) - ,
105: TM1(59)=8.3333 . N
01006 ZN(59)=TIM(59) 3 s
0107 . CLL(S9)=ZN(59) “ £ o
0108 -~ INTER=0,
010y IniuD=1133, /
01 . INTUD1=200. - . : .
0111 ©_INTOD2=110, . \
0112 "'\ 1NLnD=8,3333 v ;
0113 INTMD1=8.3333 v ' L yd
__0114 1(59)=03u ¥ ; - !
: ¥ F-2 °

o
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(~ HEATEX S J0=AUG=1983 18:57:03
30=AUG=1943 18:56:56
0115 o DO 2 1=60,461
0116 I1=(~1
. 0117 T1=1=59
[~ 0118 12=i=11
0119 Y1(I)=X1¢12)
0120 TSCIL)=TSCLL) <
0121 IF(JK.EQ.,1)G0 Tu 20
0122 Fu(l)=FW(IlI)
0123 IF(I.EQ,159)FW(I)=FW(II)=-800,
0124 GO 10 21 ¥
0125 20 IF(I.EQ.159)1SCL)=TS(II)+1d.
0126 Fw(I)=FW(59)
0127 C FEEDBACK CUNTROLLER
0128 21 ERCI)STSC(I)®KS=Y1(I) .
0129 VP=KCsER(I)
0130 VI=SINIER*(KC/K1)
013w VD=KC*KD#(ER(I)=ER(II))
0132 CM1(I)=VP+VI+VD+CBAIS
0133 1P (CMICI).GF.10.JCM1(1)=10.
0134 TS1(I)=CM1(II)/KS R
0135 C MEASURING ELEMENT
0136 TRD=CKMSEW(L)=IMC11) )/ InHA
0137 TA(I)=INTMD. .
0138 IF(JJ.EQ.2)G0 TO 22
01339 T FEEDFURWAR CONTRULLER WITROUT DYNARIC CUNPENSATIUR
0140 CM(I)=TR(1)*KFF*#(CP/HS)*(TS1(11)=TIN)
0141 GO TV 23 ° .
0132 C DYNANIC CUMPENSATIUN C(LEAU/LAG)
0144 22 AASTM(II)~2ZN(II)
0144 ‘ ZN(I)=C(DEL(1)/TH2)SAA)+INCII)
0135 CLGUI)=((TRI7THZ)¥AAJ+ZRTITI)
0146 C FEEDFOURWAR CONTROLLER wITH DYNAMIC COMPENSATION
0147 . CH(I)-CLL(I)#KFF*(CP/HS)*(Ibl(II) TIN)
01438 ~C VALVE
0149 23 ,UD= (KV*CH(I)-U(II))/THV _ Y
0150 UCI)=INTUD
0151 T REAT EXCHANGER :
0152 " PO=KPxU(I)+TIN N ‘
- 0153 TUD1=(PU=-TO1(I1))/THP .
0154 W1 (l)=1NTuDl
0155 o IF(JR.EU.2)G0 T0 17
0156 TO(IJ-TU1(14¢ .
0137 _ — GuU 10 18
« 0158 17 TO2(S9)=110, . )
0159 TOD2=(KDIS*KW(I1)=TD2(II))/THD - ‘ \
0lo0 YOZ{I=InTGD2 . x .
0161 X(I)=102(1) ’
0162 _ ¥(l)=xX(I1) ,
0163 TO(D)=TUICI)+{TLZ(53)-1(1))
0164 C TEMPERAIUKE MEASURING ELEMENT : ) °
0165 18" IMOIS(KM1*TO(L)=-TML(II))/THML
Olbb TM1(I)=INTMD] . _, 7
0167 X1(I)=TM1(I) ‘.
‘0168 C EULER INIEGRATION . ' 2
0169 T(HH=T(II)+veEL(1) '
0179 INTER=INTER+EK(I)*DEL(L)
\ 0171 INTUDSINTUD+UD*DEL (1)

[
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(~ HEATEX ¥ 30=AUG-1983 18:57:03
30-AUG-1983 18:56:50
0172 INTUD1=INTOD1+TOD1%DEL(1)
0173 INTOD22INTOD2+TUD2%0EL(1) ;
\__0174 INTMD=INTMD+TMDAUEL (1)
0175 INTMD1=INTMO1+TMDI*DEL(L)
0176 2 CONTINUE
0177 TYPE 16
0179 16 FORMAT(15X,'T',9X, 'FW',11X,'CM1',9X, 'CH'10X,'U’,11X,'TC",10X,
0179 *'TS',/,10X,84('."),/)
0180 1K=59
0181 00 5 I=1,81
0182 T1(I)=T(1K)
0183 TTC1,I)=TO(IK)/10,=19,5
0184 TT(2,I)=Fw(IK)/10000,
0185 IF(JK.EQ.1)TT(2,I)=TS(IK)/10,~-19.5
6 IYPE 11, TCIK) Fw(IK) CMICIK) CMCIK) ,UCIK), TOCIK), rs;xx)
0187 11 FORMAT(7X,7F12.3)
0148 IK=IK+5
0189 5 CONTINUE
0190 IF(JK.EQ.2)G0 Tu 90
0191 TYPE 24 i
0192 24 FORMAT(1H1)
0193 TYPE d
0194 TYPE 91 . v X
0195 91 FURMAT (10X, 'THE ACTUAL VALUES OF (TO) & (TS) ARE GIVEN BY:'
0196 /,20%X,"((TC) OR (TS) + 19.5) X 10.0',/)
0197 . GO TO 92 <
0198 90 TYPE 10
0199 TYPE 93"
0200 93 FORMAT(10X, 'THE ACTUAL VALUES OF (TO) & (TS) ARE GIVEN BY:'
0201 /,20X,'(CL0O) + 19.5) X 10,0 AND (FW) X 10000.0',/)
»0202 92 CALL PLOTI(T1,1I7,81,2,d4K)
0203 99 CONTINUE
0204 98 CONTINUE ,
0205 END
L
.- v
[]
L -
{
— - :
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Yy F.= FREOFOMNARD=FEEDBACK CONTRUL
(TINE DELAYS AME ADLED IO DISTURBANCE & TEMP. AEASURING ELEMENT)
) L (FEEDBACK CONTRQLLER HAS P+I+D CONTMUL MOULS)
—
) SERVO=MECHANISH (SETPOINT CHANGES)
aITHOUT OYNAMIC COMPENSATION .
)
T v cny ! cH y 10 15
)
V.U0u 10000,000 8.333 0,333 1133.000 200,000 0.000
) 1.250 10000,000 $.333 9,333 1133,000 200,001 200,000
T.500 1L LT T 337 e333 133,000 200,001 00,000
3.7%0 10000,000 4,333 1,333 1133,000 00,003 200,000
) $.000 10000,000 $.33) .33 1132,997 200,002 100,000
“8.450  10000.0U0 ¥.J33 V.333 1137.¥ . s
7.500 10000,000 0.333° . 4,333 1132,992 200,002 200,000
) 8,750 10000,000 9,333 ¥.333 1133.97¢ 200,002 200,000
~ 10,000 T00U0,.J00 ¥.333 Ved33 TIITIT0 ~ 400,001 00,00
11.23%0 10000,000 $.333 8.33) 1132.966 200,001 200.000
) 12.500 10000,000 8,333 9.333 1132.964 200,001 200.000
13,750¢ 13000, 000 1333 ¥.337 TTIT. 981 700,007 UV, 000
15¥oo 10000,000 4,133 1.33) 1132.965 200,000 200,000
) 16,330 10000,000 $.33) 9,33 1132.968 200,000 100.000
17.300  T00b0,.u00 E PR D TP | . . -
18.7%¢ 10000,000 4,333 0,333 1132.971 200,000 100,000
) 20.000 10000,000 ¥.333 9.333 1132,973 200,000 100,000
1} 150 T3000.000 ¥.J33 ¥.337 137,973 00,000 00,000
24.500 10000,000 $.332 .33 1132.973 200,000 100,000
) 3.790 10000,000 4,333 $.333 1132.972 200,000 100,000
15,000 10000.790 10,300 1,337 1137371 200, U00 10,00y
20,250 10000,0u9 $.926 9.339 1111, 5006 200,717 10,000 .
} 17.540 10000.000 $.999 9,490 1249,121 201,190 410,000
~ Ju. 150 10000000 J.071 J.042 TTIS. 50 203, v5e PO ITILY
30,000 ptowo.ooo 9.032 9.640 1294.185 208.439 110,000
' 31,250 10000,000 9,960 9,528 1301.041 210,879 210,000
Jd.ouu L004YL, 00y [P ki 9,383 149,473 i14.442 dIU. 004
313.75% 10000,000 ¥, 791 9.227 1274,943 213,051 210,000
) 35,00u 100yu, 000 $,719 9,003 160,753 213,107 210,000
Jo.250 10000,000 $.,072 .78 1i43.009 214,739 210,900
31.500 10000,009 §.652 V.922 1420,720 215,968 210,000
) 38.7%0 10000,000 8,655 9,911 1219.546 241,073 210,000
40,000  1000V.000 $,070 [1$2 1] 1413.453 210,240 0,040
41.25%0 10Vu0 VU9 ¥,707 V,908 ' 111,015 09,0413 210,000
} 42,500 10000,000 $.739 9.048 1421,673 09,240 210,00V
43,750 10000,000 ¥.764 9,104 1224.169% 209,132 10,000
45,000 10000,000 3.797 9,147 1434,.087 09,243 210,000 '
] 4v,250 10000,000 ¥,797 9,172 1240.356 209,501 210,000
07,500 100,000 9.197 Y178 1444,370 09,844 110,000
49,73%0 10000,000 ¥,789 9.168 1246,041 210,139 210,000
) Sv.000 10000,000 4,776 9,148 125,723 210,380 210,000
81,250 10000,000 9,762 7 9,123 1243,894 FEXPEY L MIYITL)
52.500 10000, V00 . 4,150 9,099 1241.192 21U, 5060 210.V00
) 53,750 °  1000G0,puV 4,740 9,079 123¥.271 210,518 210,000
55,4000 10U00,000 [ PkL) $.06% ald33.87% - d10. 399 210,000
50,250 100490,000 3,733 9,061 133,744 230.2%2 210,000
t) $7.5600  10000,000 9,738 9,002 1252,.753 210,103 110,000
Se. 750 10000.000 ¥.740 - 9.068 1232.964 299,979 210,000 N
00,000 10000,000 8,745 9,077 1233,053 209,894 210.000
) 61,25V 10000,000 3.750 3,002 1233,97% 2Uy,853 210,000
[ 64.500 10000,000 4,754 9,095 133,003 V9,834 J[v.00u
63,759 10000,000 ¥.7%0 9.101 1230.089 V9,882 210,000
] 65,000 10000,009 4,757 9,103 1236.877 209,929 210,000
na,450 10000,0ud 4,736 [ TR 137,339 09,991, 110,000
s 87,500 10000.000 V.75% $,101" 1237,466 210,024 L 210,v00
) L £8.750L 1000V, 000 8,753 9,097 1247, 308 410,001 210,000
([ T0 VU 1obou, 000 Vo131 EICEE) 1¢Jo. 950 dlu VT 41V, 000
Tl.ddu 10040,000 6,749 9.09%u 1430,513 20,077 210.,00u
) 12,500 10000,0v0r .74 9,087 1230,077 110,065 21v,u00
73,750 10000 ,v0U H.747 9.080 143%,722 210,048 lu,uuQ
15,000 10000,0v0 d.747 PRI 1135.493 210,022 410,000
] To, 430 10UVU, YUy y, 744 9,080 1435,400 . 410,0U1L 450,000
114509 woou.xo 8.749 9.084d 1233, 429 409,983 110,000
*74.750 10000,.800 V.749 9.089 1135,.%47 209.97% 210,000 -
L 30,0y 10000,000 ¥.750 9,091 1435.714 09,973 210,000
yl.2%0 1000U, U0 ¥.151 v,0¥2 1235.48¥ W9 9TS 410,000
$2.500 1000V, 000 v.751 9,092 14300387 09,942 210,000
) 43,75y LUUUD,0u0 8,751 9,093 1236,141 109,991 21U, 000
43.Vv0 [T V.191 9.092 1436,191 209,999 41V, 0u0
40.2%0 _ 10000,000 v.750 9.092 1236.19¢ 210,006 210,000 “
) 41,500 ®™109uy,U00 8,750 + 9,u91 1430,151 210,010 21U.000
+ CIPEED) luuuy v ¥.150 Y.091 1430, 047 10,012 I L)
U0 10Y0V,Y0v V.5 9,090 - 1236.017 210,011 210,000
) 91.45v 10ULY, 00U ¥,749 9,090 1239.953 210,008 2lv,000 -
Y4300 100L0o,00L [PRET] LIS 14353.¥V0 PIYIETE) YR
» 23.7% 7 10Uv0. 000 .74y J.U90 - 123%,wev " 410,001 i19,00uF=5
v 93,000 ¢ 100UV, 0U0 1,730 YoUPU  , 143%.875 W9,y 210,000
99,429 10d00,0vd ¥.T5v Y090 TTHiaedd 9. 99 210,000
97.50u 1000u.Yu0 ¥.7%0 $.091 1435.911 dvy,.9998 310.uvu
¥ ] I, 1%y 1uuuu.guy * s.150 J. U904 1432, 939 43,996 41V.0V0 .
, 1 100,490 T0JU0, 00 V. 75¢ 7.0 ay.vey 9%e v,
vt > - A NG » .

ra



, SERYO-MECHANISM (SEIPOINT CHANGES)

—

Thie ATTUVAL VALURS oF [TU) & (IS) ARE CIVEs BY:
((I0) Uk (T8) + L9.9) £ 10,0

Y

{OUYTPOTS STALED BY .1UOR®UIY
(X INODICATES MOME THAN Ume VARIABLE HAVE THE GLVEN VAWLUE)
O + aszmas)>

75’ 2.00 2.4 2.50

0,00 0,73 0.30 0,75 1,00 [,43 1.3¢ |

T TO() T3(.) - - - * Lt * - * - * *
0.00 0,500 0,500 I X [ : ! { ! ! ! !
1.45 J.5v0 0.500 1 X | 1 T T T 1 T
.50 v.500 v.%00 I X ! ' ! ! ! [} ! H
3,73 0.500 0.30 I X ! 4 ! ! ! ‘ [ H
3.00 0,590 . 0.300 T X T I T T T T T T
8,28 0.300 u.500 I X t ' t ! ! 1 ! t
7.50 0,500 0.500 I X ! ! ! ! -y [ ! !
[ PWL) V.300 v.s00 I F§ 1 1 T T 1 T T T
10,00 0,500 0.500 I X { Il t ! ! : t :
11.25% 0.300 0.500 I X ! [ t ! 3 . ! !
T2.50 U.3u0 0.300 I X | T T T 1 T 1
13.7% 0,500 0.500 I X 1 ! I ! ! 3 ! !
15,00 0,500 0.%500 I X ! H ! 1 . ! ! =
16,25 0,300 v.500 T X 1 T T T 1 T T T
17.3%0 0.500 y.%00 I £ t ! A L Il 1 l !
14,79 V.500 v.500 I 3 [ : ! ! ! : ! B
5,00 U.300 0.505 I X 1 1 14 T T T T
21.28 0.500 0.3500 I X ! : : ! } ] ! !
22.50 0.500 0,500 I X { L { ! ! ‘ ] %
17,78 T %00 T390 1 T T T T T ¥ T T
25.00 0.300 1.0 I . ’ . 1 ! ! [l
20,29 ‘0,572 1.500 I - . ! ! ! !
750 U1y Y300 T T . T T T T
.79 1.006 1.300 I * . ! : | )
.o 1,344 1,50y I ’ . 40t { Vi o
IT.28 T.567, 1500 I P T T H
12050 1.72¢ 1.%300 I . *i, ) $ .
33,18 1,008 1.5 I . +* : ‘ ]
5,00 .17 | L 111 SR ¢ . <+ 1 1 T
Jo.25 1.774 1.500 I . * ! ! !
37,30 1.697 1.500 1 . .l H ! ]
I0.73 T.007 T.500 I PRERAE S e T T T
;40,00 1.92% 14500 I o* 1 ) H !
41,25 1.461 1.500 1 ., { L ! 1
11.%59 Jew Y1 T.500 1 v . T T T T
43.78 1,413 1.%0 I . ! : ! t
45,00 1,424 1.500 1 + . ! 3 ! !
15,25 T.450 1.500 I - e | T T
47,50 1.482 |, 1,.%0 I X ! ] ! :
44.75 1.51¢ 1.%0 [ X ! ! ! :
.00 1.5 1.5%0 I P’ T T T T
51.25 1.553 1.500 I . ! ! ! !
32,50 1,557 1,500 [ - 5 . } ! ! N
53.75 1.551 i.500 I X T T 1 T
£5.00 1.540 1,500 I o+ ! ! 3 !
56,45 1.53% 1,500  § ot 4 L ! ¢
57.50 1.510 1.500 Y X T T 1 T
53,75 1.498 1.%00 I X t ¢ ! !
86U, 00 1.449 1.500 I X 1 t s !
51.45 1.489 T.500 I X | S T H
644,50 1.485 1.50¢ 1 X H H H ]
63,75 1.494 1.500 I X 4 3 ) i
85,00 1.493 1,500 [ . v X I | s :
66,45 1.499 - 1.500 ¢ I X ! ' L !
87,50 1,503 1,500 I ! X ! ! ! !
YISE) 1,500 1.500, L X 1 1 T I
To.00 1.5u8 1.500 I X ! ! l !
71.25 12908 1.590 ' 1 X 4 [ s !
72,50 ¥ 1,507 1.500 I X B [ : 1
. 73,75 1.90% 1.5%0 L X X ' ! !
L 75,0y 1,502 1,500 1 X ! ! : !
[ T8.23 1.9u0 1 .50 L > EY { 3 : ]
77.%0 1,498 1.500 X ! ! ) !
18,15 1,494 1,500 X X 1 } H !
') 1.497 1.500 I X ! i 1 [
¥1.25 1,498 1.9%98 1 X ! i ! :
B4,50 1,498 1,500 1 X e : [ !
43,75 1.499 1.50v & F 1 1 1 1
83,00, 1.500 1.500 I . A ! ! : !
36,48 L l.5u 1,500 1 X H : : !
87.50 1.501 1.500 1 X [ 1 [ 1
48.7% 1.501 1.%00 I " % { i ! !
99,00 1,991 s l.%v¢ I X : : ! !
91,25 1,501 1.500 I A : [ e :
92,50 J1.500 5 a.s0u X X t ! s !
93,15 1,500 1.5y 1 X ! : ! 4
95,00 1.50¢ 1.%500 1 X [ : 1 m
90,25 14500 1.500 1t : X ! ] e}
¥1,50 1,500 1,500 I X A 4 H {
.15 190V 1.5uu 1 X i [ 1 t
10U, 1.500 “1.500 L \ x F—6 !
D L T e T P e * * > P
[ 8
.- 1 . -

- - . a



s

U Y

[ X
REGULATOR (LOAD CHANGES) ;
WITHOQUT DYNARIC CUNPENSATIUN f
\ l\
f }

T Fw Cny [} '] 10 - 18
Q0,000 10000,000 4,333 9,333 1133,000 200,000 200,000
1.25%0 10000,000 9,333 8.333 1133,000 200,001 200,000
2500 TOU0U. 000 4.333 Ve333 TI3T,000 aV0,ulY 200,00l
3.75G 10090,000 9,313 4,303 1133,000 200,002 200,000
S.000 10000,000 9.33) 9.333 1132.997 200,002 200,000
5,450 10000,000 8,333 8,333 1132.5% 40v,00d 400,000
7500 10000,000 9.333 4,333 1132,992 200,002 200,000
3.75% 10000,000 ¥,33) 8,33 1132,976 200,002 200,000

1J.900 10000, 000 $,33J ¥,333 1134.910 400,001 400,000
11.250 10000.000 9.333 ¥.333 1132,984 200.001 200,000
12.500 10000,000 ¥,333 9,333 11312,964 400,001 200,000
13,750 TUUT0. 0G0 .33 §.333 T137.9:3 400,000 UV, v00
13,000 100Q00,000 .33 0.333 1132.965 290,000 200,000
16,250 10000,000 9.33) 9,323 1132,968 200,000 200,000
17,300 10000000 e.333 $.333 113,970 20U, TG0 200,000
18.7%0 10000,000 9.33) 4,333 1132.971 200,000 200,000
20,000 10000.000 8.333 8,333 1132.973 200,000 200,000
21.25V - [0UU0.Juy v.33J T.333 T137.3573 400,000 407,000
22.500 ' 10000,000 3.333 9,323 1132,973 200,000 200,000
‘23,750 10000.000 9,333 ¥.333 1132,972 200,000 200,000
5.000 Y200.0u0 <~ 44333 ¥.333 TIIZL9TY 00,000 POl LY
26.250 9200.000 8,313 7,503 1090,4904 199,004 200,000
27.500 9200.000 9.33) 7,666 1064,b640 198,204 200,000
29,150 JZ0U,000 T. 335 T.58% TU5Z, 099 195.635 rilrril
3a0.000 9200.000 8,39) 7.713 1047,500 195,204 200,000
31,250 - 9200,000 9,480 7.883 1052,405 194,269 200,000
34500 $200,.000U d.907 T.000 TUGS,. 183 T93.90% 200,000
33,7150 $200,000 ¥, 640 .139 1082,.108 193,890 200,000
35,000 9200,000 9.708 8.25¢0 1099,380 194,431 200,000
Jo 430 ¥200,.000 . 747 ¥, 337 " 1114,9d8 195,43 UYL
37.50v 9200.000 g.7053 8,381 1126,671 196,204 200,000
38,750 9200.000 9,768 9,392 1134,197 197,283 200,000
40, JUu 3200.000 Wel33 ' PRLL] 1Y37.577 202,353 20V, TUV
41,450 92u0,u00 8,738 9,351 1147,543 207,823 200,000
42.500 9200 ,000 8,716 8,319 1135,307 209,209 20, W0
43,750 F200.000 CPEY i T.55% 1178037 1T Ry 3 0T, 000
45,000 9200,.000 9.214 7.510 1064,049 207,433 200.000
40,250 9200,000 8,155 7.387 1035.631 208,511 200,000
37 .900 §200.000 d.14% T-318 TUT5. 038 TUT.AEY 00,000
49.75%0 9200,000 8.1 7.399 1905,720 201,611 200,000
$0,000 9200.,000 $,230 7.453 1005,758 200,093 200,000
51,43V 9200,000 $.4%3 T.557 1013.180 199,112 200,000
$2,500 9200,000 9.3%0 71.659 1038,249 199,074 200,000
53,750 9200,000 8.392 7,741 1036,37) 194,092 200,000
55.00v $200,.000 9. 419 Te794 TUI7T. 00T 13°A ZT'E Y 4 20U, 000
$0.250 9200.000 4.419 7.911 1054.559 © 199,839 200,000
57,500 9200,000 9,408 7.802 1058,451 200,070 200,000
Sd. 750 F200,000 LIRLL) T. 1713 105,960 200,515 PL LT
60,000 9200,0u00 9,364 T.734 1056,544 200,809 200,000
- 61,450 9200,000 3,341 7.095 1052,540 200,930 209,000
04,000 $200.000 3323 T<651 T0¥7.913 Z00.89% "Z00. 000
63,75 9200.000 3.312 7.637 1043,620 200,741 200,000

65,.0vv ‘9200,000 8,307 7,625 10490,272 200,524 200,000 -
00,450 9200,000 9,309 T.623 1038.19% 200,285 200,000
! 67.500V 9200,000 8.314 7.630 1037.422 200,078 200,000
64,750 9200,000 8,321 7,643 1037,740 199,917 200,000
( 70,000 9200,000 4,329 T.055 1N3u,. 813 199,443 200,00y
71.250 9200,000 9,330 7.667 1040,256 199.792 200,000
72,500 9200,000 Y,340 1,676 1041,743 199,811 200,000
73.750 9200.,000 CIRLE) Toebb1 1042,947 199.804 400,000
75,0090 92UV ,000 9,343 T.083 1043,772 199,931 {7V T
\ J10,250 $200,000 8,341 71,681 1U44,154 199,997 200,090
[ 77 .304 $200.000 80,319 74617 1Ua4,135 200,050 208,000
78,150 9200,000 ¥.330 74013 1Ua3. 15 200,083 4V0,0u0
80,000 9200,V00 ¥,33) 1,668 145,323 V0,095 2V0,V00
41.250 $200,000 4,331 7.065 -1042,749 200,089 PITTT)
d2.500 9200, 00U ¥,330 Te062 1042,.312 200,070 200,000
B3,7% 92U0,000 4,339 11,061 1041,960 200,045 £00,000
45,000 Y2uu,uuY 6,330 T.0b1 1041,76} 200,v19 20v,040
do,25%0 92¢00,000 ¥,331 T.002 1041.712 199,990 200.000
¥7,3%00 9200,400 ¥,332 1,664 104,794 199,981 400,000
8d 75V 9490, vl 9,333 7.665 1041,%32 199,972 20v,000

99,00y 920V, POV ¥.334 7.067 142,112 199,971 200,000 -
91,429 480,000 3,324 1.568 106€32,286 199,913 209,000
94,500 ' 940U .0U00 a,33a T.008 1047,424 199,.v83 2YV, 000
93,750 ¥200,000 ¥.334 7.060 1042.011 199,992 200, 00U
9% 00y 92094000 34334 1,668 UL Y11 4904000 290,000
Yo,.45v 9200.UY0 8,334 7,069 1042,534 200,v00 200,000
97.300 . Y4uU, 0UL 4,333 T.o01 1ued, 490 200,009 40u, 000
99.1%9 Y444, 0u0 8,333 1,667 1U43,4J0; 490,040 400,40y
100,00 920V, ubv 4,333 7.b00 1v42,Jo8 200,009y LU0, U0
' F-17




K

C;

' l
\ MGULATUR (LUAD CHANGES)
THE ACTUAL VALUES OF (10) & (TS) AML GIVEN bY: .
L ((10) + 19.9) X 10,0 AND (f¥) X 10000,0
(OUIPYTS SCALEY BY ,100€+01)
CX INDICATES MURL THAY UNE VARIABLE HAVE THo GLVAN VALUE)
(IiBEE = ) ¢+ SERRE)
‘ “2.50 *7,00 1,50 #1,00 «0.50 0,00 0.30 1,00 1.30 1,00 2.30
T T0(+) Fi(,) * == * + i * -+ » * * -
V.00 Ve300 T.000 : 1§ I 1 1 1 - N - i .
1,28 0,500 R seadt : ' ! 1 . . ! : t
1.30 0.500 1.000 ¢ ! ! ! ! 1 - « .3 i ]
775 U500, T.000 T T T 1 T RE - . T T Ry
4 $.00 0.500 1.000 ¢ ! {,z ! ! 1 * . ' ! [
6,29 0.500 1,000 ¢ ! 1 { 1 1 - . : ! :
1490 0.300 1,000 L 1 1y 1 1 1 * . 3 i i
473 0.%00 1,000 ¢ 1 ] ! l t + . : ! :
10.00 0,500 1,000 ¢ ! 1 ! 3 1 - . : ! 3
1T.7S Vo300 T.000 1 T T T T T v . T T T
12.50 0.500 1.000 ¢ ! ] ! : 1, - . 3 ! )
13,19 0.500 1,000 ¢ ! 1 ! l 1 . . . ! 3
N T5.00 7360 T Y T Y ! T T v : T T 14
16,28 0,300 1,000 ¢ ! : ! . S . ' $ :
( 17.50 0.500 1,000 ¢ { ! } 4 1 - . 3 i [
.75 U.500 T 1 T T T T T v . T . 1 T
20.00 0.500 1.000 ¢ ! [l Il [ 1 . . ] ! :
21.25 0.300 1.000 ! { L ! . 4 - . 1 ! [
14.20 0,200 XL 3 i 1 i . 1 * . - It 4
23.75 v.300 1.000 ¢ ! i ! s ] + . : ) )
25.00 v.500 0,920 ¢ ! ! ! : I = * o 1 ! fl
T6.7% 7. %68 P32 U T T T T T v ol 13 T T
11.50 0.320 0.920 ¢ s t $ [l I . ol t ! [}
. 20,18 0.164 0,910 ! ! 1 ] ] I .l : 1 ]
10,00 T.0a7 [ 'Y 1 T 1 T T : T T T T
31.23 -0.073 P 'R $ . $ 1 .l ol s ! :
32.50 -0,120 0,920 ! [l ! 1 ol o L * g 1
TS =V.117 8 1 [ 1 T T T +T Py T T T
18,00 «0,087 0.920 ¢ ! t I 1 +l ol : ! ‘
' 36,295 0,029 0.920 ¢ ! ! 4 : + ol : ! :
IT.50 v.149 .90 1 T 1 T T T o' T T T
N TR IS 0.22% 0.920 ¢ ! : ! ! 1 e ol 1 ! i
) 40,00 0.758 0.920 ¢ ! 1 ! . 1 ol ] i :
.75 T.707 U590 7 T T T T T PR . T T
41.50 1321 0.920 ¢ ! : ! : 1 . v 2 ! :
o 43,18 1.348 0.920 ! { 1 i ' 1 . e ! :
15.00 T.743 P2 LR T T T Y T FRNEE SRES SRS | T
46.25 1,051 0,920 ¢ ! : ! ! I v, 8 ' .
- 41,50 0,849 0.920 ¢ ! : { 1 1 *, ! [ ! :
W TS 0,001 0.940 }4 1 . e M T ¢ + .1 < T H
50,00 0.509 0.920 ! { : t 1] 1 . ol L ) 1
) 51.25 0.411 0,920 ¢ ! : 3 fl 3 . o s ! :
30 'L X V4940 < i 14 i . 1y * ') - 15 19
$3.75 0.369 0.920 t 1 ¢ . I » o . ! ]
) $5.00 0.403 0.920 ¢ ! s T : I - W8 ! :
38,42 “Ue808 0.0 1 i . { T T +* .t o H 1 3
: 37,50 0,87 0,920 ¢ ! : 1 ! 1 + ol : 4 :
L 54,78 9,551 0.920 ¢ ! 1 t : ‘1 . W f ! Il
YUV V.8l X M H L3 H . 9 R4 . - H 14
61.2% 0.593 0.920 ¢ ! : { : 14 - Ll . ! .
) 62,50 0,509 0.920 ! ! ! yoot I + ! | ! 1
63,79 0.574¢ 0.920 I : ! ! 1 + ) . 4 :
65.00 v.582 0.920 1 ) : ! 1 1 + .l 1 1 i
) 66,29 v.929 0.920 § ! : $ ! ! + o L ! '
N o 0130 VeV /7 U74¢ . ' R i t 1 S + . } 35 11 13
.75 0.492 0,920 1 $ ! ! : b + ol : ! .
) 79,00 0,482 v.920 & i . 3 -3 1 - o : ! i
T1.45 7,479 U287 D I T 1 T T T + o ¥ T T
72.50 TN 0.920° ! ! : ! [} 1 - ol : } :
L 73,78 0,446 9,920 ! v ! 1 ‘1 - N 1 ! i
- E V.93 VLS TR 1 T T T T + ol T T T
16,25 04500 090 ! ! ¢ ! : t - ol : ' ¢
) 71.30 04508 N L ) ! ! ! 1 - .1 : 1 :
T6.7% v. 508 0.970 ¢ 1 : 1 1 I - ! T ] 3
.00 0.510 0,920 ! 3 ! : 1 . ol i ! I
) 41,25 0.509 ‘0,920 ¢ ! ] ! i 1 + ol ! ! s
42450 U507 Ueo2u ! ! [} : ! s - Y 0 1 1
83,78 0,505 U} ! s ! : . o ! 1.
) ¥5,90 0,592 0,920 y - ! ! . 1 + ¥ : ! 3
TIE V.300 .90 ¢ T .. 1 1 1 T - Ny 0 1 1
. 17,50 0,499 0.9 ! t il ' $ 1 - ol ) ! :
) 88,7% 0,497 0,940 ¢} ! ! ! ! )4 + b H 1 H
99,00 V97 .90 ¢ 1 T ! 3 1 - N ] 1
91.25 V.98 0.920 ¢ s ! : 1 - ot ' ! :
) 94,50 0,498 9,93v ¢ ! ! oy [ 1 . o} 1y ! [l
© 93,78 'YL 0,920 ¢ f 1 1 1 1 + o 1 1 1
[ 9%.0u uaSUY 0,920 ! ! Il ! t 1 . Wt * 1 :
). 90,25 Ys501 -9y ¢ ! 4 } } § + 2} : ! !
97.,%v J.5u1 V.93V ! ! H ! B L * .t $ [} B
99.7S. . 0.501 TN TR 3 fl ! : 1 + ol ] ! :
) 100,00 9,501 994y ?y : 1 ! ! ' - ol 1 F-81 1
4 [} - - * . - * > . s
, .




C

8 [
‘ =)
[ SIRVUSRECHARISR (ScTPUIRT CHARGESY
——-
L #1TH DYNAMIC CONPENSATION
h -
T Fu CNL [4.) " 10 T3
0,000 10000,000 9,333 1.333 1133.000 100,000 200,000
T.25v 10000, 000 ¥.333 T1.333 TT3T. 000 00,00 % 400,000
1.500 10000,000 4.33) $.333 1133,000 200,001 200,000
3.7%0 10000,00U0 ¥.333 §.333 11J3,000 00,002 200,000
5,000  10000.000 7.333 7.333 TI37.997 700,004 200,000
5,250 10000,000 9.333 ¥.333 1132,99v 200,002 200,000
R ., 1.800 10000,000 $.333 $.333 1132.982 200,002 200,000
. 3. 750 10000300 ¥.333 ¥.333 T1I37.97e 700,00 4 200,000
10.0uQ 19600.000 4,333 1.323 11312,970 200,001 200,000
o 11.250 10v00,000 3,333 1,333 112,966 200,001 200,000
17,500 T0300.000 7.333 8,333 1137.984d U.00Y 00,000
13.750 10000.0U0 .33 1.333 1132.964 100,000 200,000
13,000 10000.000 §,333 0.333 1132,9065 200,000 200,000
[6.450  100p.000 v.3373 1.333 1SR Y PEL Y] WU.0G3a 200,000
17.500 10000.000 9.333 9.333 1132,970 200,000 200,000
. 18,750 10000,000 8.333 1,333 11)2,971 100,000 200,000
70,009 T0000.000 1.337 — §.333 [131.973 300,000 200,090
21.150 10000,000 8,333 $.333 1132,973 100,000 200,000
22,300 10000,000 9.333 8.333 1132,973 100,000 200,000
23,759 1uv00,000 4,333 $.333 113d.972 TP 400,00y
2%.v00 10000,000 10.000 §.333 1132,971 100,000 210,000
26.250 10000,000 4.926 9.359 1211.566 200.717 210,000 -
IT390 T0000,000 .99 7.490 T339.T21 03,130 110,000
29,750 - 10000,000 9.071 29,822 1278.980 208,359 210,000
' 30.000 10000.000 9,032 9,646 1296,185 208.438 210,000
31.239  10000.000 4,980 — 9.548 130T, 047 {0,075 210,000
32,500 10000,000 9,877 9.383 1293,.473 UW2.242 210,000
33,750 10000,000 8,791 9,227 1270 ., 843 213,051 210,000
353,000 10000,000 1.719 J.083 T1e0.753 3. 107 210,000
36,2950 10000,000 8.672 1,978 1243.009 12,735 210,000
' 37,500  '10000,000 9.652 8,922 1228,726 111,965 210,900
; Ju, 730 1ovvd, 0u0 ¥.055 5.911 1219.35¢& 1. 073 710,900
! 40,000 10000,000 $.676 1.938 1215.,853 110,246 219,000
i ' 41,359 10000,000 ¥,707 1.948 1217.01S 209,613 210,000
42,5v0 F 1u000,000 ¥.739 v.oa¥  [IIl.073 109,240 210,000
43,750 10000, 000 1.768 %.10a 1229.165 209,132 410,000
o 45,000 10000,000 4,787 9,147 1234,887 209,243 410,000
40,459 1vvu, UV [PREX Y.174 TItu. 538 W9.501 210,000
47,500 100v0.000 4.797 9.178 1244.370 109,824 ¢ 210,000
. 48,750 10000,0w0 5,789 9,168 1i40,041 210,135 210,000
50,00V 100U, 000 d.776 9.9 ¥ 145,723 119,390 210,000
S1.490 10000 . vu 0 $.782 9.123 1243,894 110,525 210,000
‘) 92.500 10009.UV0 8,750 9,099 1441,192 210,560 210,000
53,750 T000v, 000 e 780 J.079 1dJ8.271 15T X0, 000
55,000 10000,000 3.735 9.000 123,678 110,399 210,000
) 50,450 10000.00V 9.733 9,061 1233.,784 310,252 210,000
' ST. 509 LT I T IPREL) EFLY ] T3, 753 7+ 0,103 10,000
58,750 10000,v00 $.740 9.068 1234.564 209.979 210,000
1y 50,000 10000.000 3.745 9.077 1433.053 09,894 210,000
ol LoV 10000, 00wy . 120 .08 7 1Y EERR AL] NI, 883 410,000
82,500 10000,000 ¥.7543 9.098 1335,065% 209,452 110,000
() h3.750 1000V, 000 4.756 9.101 1236,.u89 W9.882 210,000
65,000 10000 ,0V0U 8,757 $.103 * 1236,877 109.929 210,000
60,250 10000000 8.7%6 5.103 1237.339 W9,.9u1 210,00v
) 57,500 10000.,000 8,795 9.101 1437,.406 110,028 110,000
s Bd. 15U  1U0W0.0UU 'PRAX] T.097 137,308 10.u6l <[00, U00
79.000 10000,000 8.7%1 9,094 1230.950 110,077 210,000 ,
) 71,259 10000.000 V.749 Yy, 090 1236.513 210,077 210,000
13.500 10000, 000 dalad J.087 1338,v77 10, ved 210,0uU
¢ 73,750 10000.000 V. 747 9,086 1235, 722 210,045 210,000
LU 15,000 10000, 004 3,747 9.08606 1235.493 210,022 210,000
([ 76.230 10000, 000G . 3.748 J.0u0 TZI5.400 710,001 I10.J00
77.500 10000,000° L 8.749 9.088 1235, 429 209.9¥5 210,000
) 18,750 10000,000 d.749 9,089 1235,.547 WIPTS 210,000
du.0uLY 100v0,000 i, 780 4,091 1235, 414 WI.973 210,000
91,45V 100V, 000 4,751 9,092 1235.388 109,975 210,000
) 42,500 10000, 000 4,751 9,092 130,037 1iv9,982 210,000
B3. /50 1udv0,. 000 8. 751 "Y.093 12Jo.141 09,991 21u,000
- 85,90V 1UW0, 00U 8.751% 9.092 1¢30. 191 9,999 210.000
) do, 25U 10009, V0Y 4,750 y.092 12304490 10.000 210,000
87,3500 100vu ., 000 4,750 ¥.091 130,151 10.61v 210,000
i 99,759 10000.000 8.750 9.091 1236.087 10.v12 219,000
) J0,0UV 10000, 000 8,750 Y4USV 14I6,017 WY, 011 210,000
91,450 ~ 10U0U,000 ¥.749 9,090 1235,.9983 T210.0Us PR RN
. 92,500 *1lU0UG.uU0 Y. 749 5.090 1235, 908 10,005 210.000
~ ) 94,750 . 10000,uvv b,74Y Y, 090 1235, 880 210.001 219, 0V0.
95.uVv 10v00,0uu 4,750 9. 0%y 1235, 875 09,99 21v, 0uy-
96,430 ' 10000.0U0 ¥.7%0 Y.09v 1235, 988 WY,v90 210.000
) 11,5007  1uyyu,0uy 4,750 YU} 1235.911 9,995 41U. V00
¢ de, 7950 10000,0VV . 7350 9.0W1 1439%.939 Wy .9¥90 210,900 F-
», 10U, 000  10UVVU.0VY $.750 9,091 1439.96% Wy . 9ve 10,000 .9
»
J
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SERVQ-NECHANISN (SETPOLNT CHANGES) ’
T GIVER BY?
(CTO0) OR (TS) «+ 19.5) X 10.0
fL . TUOTPULY SCALeL 8T 10Ukevi)
(X INDICATES MOHE THAN UNK VARIAHLA HAVE ThE GIVEN VALUL)
0 ¢+ saEmmx>
U0 0.25 U.50 UL 75 1.00 1.25 TI.50 I.75 .00 2.25 &30
T ‘[D(’) [5(. ) pocncnpa= +* F Y Y -+ +* > * -* -
0,00 0.500 v, 500 I X H oyl ! H { : !
T.1% U.500 T.500 L X ! "1 T T T T
2.50 0.5%500 0.500 1 X : i : ! 1 ! 3 !
1.7% 0.500 0,300 4 3 3 ! . ! [ ! L !
.00 U.500 V.500 T ) SN T T T T T T T
6.23 3.500 0.500 4 % H § 3 4 [ ! L !
7.50 0,500 0,500 1 A ! ! [ 1 H § H !
%4 T.5G0 U.500 T > ¢ T T B T T T T
10,00 0.500 0,500 I X 1 i ! ! : ! : !
11.2% 0.5u0 v.%500 1 1 3 3 ] 1 H ! 2 1
12.50 7.3500 0,500 1 X 1 I T T T 1 3z T
11,18 0.%00 0,300 1 b3 3 3 13 ! t l H !
15.00 0.%00 0.500 I X ! ! ! ! ! ! ! ¢
18.43 0.500 0.500 T L S ! T H T T ) T
17.5% 0.%00 0,500 1 X ! ! [} 1 t ! ) !
18,73 0.%500 0,500 1 X ! ! ! ! 3 $ ! !
20,00 V<500 U.500 T 4 1 R T T T T T T
21.2% 0,500 0,500 1 X 3 ! H ! 3 ! : $
22.50 ‘0,300 0,500 1 A 3 ! 1N ] ! ! [y !
23T 0.300 0.500 ) S A H 1 : T g ] 1 T
25,00 0.500 1.500 1 * . ! ! ) !
26,28 0.372 1.500 1 ’ . ! ! [3 !
27.50 0.919 T.530 T + . T T T T
29,78 1.088 1.500 1 . . . ! ! {
30,00 1.344 1.500 1 -, * ! ! !
31.45 1.507 1,300 T .+ 4 T T T
32.50 1.726¢ 1.500 1 . el ! ' !
33,73 1,808 1,500 I . - H 3 !
35,00 1.917 1.500 I S - 3 H H
36,29 1.774 1.%500 1 . - ! 3 !
317,50 1,691 1,500 L . -t ! . )
du.18 1.007 1.500 I . * 3 ! i T
40.00 1.528 1,500 1 ot : { 1 4
41.2% 1.461 1.500 1 ., 1 ! ! 1
42,30 1.424 1.%500 T >, : : S 1B
43,75 1.413 1.500 1 + . ! ! ] !
45,904 1,624 1.500 1 + . 4 ! 1 i
d0,.23 1.850 1.300 [ v, H T T T
47.,% 1.482 1.5u0 b A 1 H H 1
48,78 1.514 1.500 I X [} l [} !
50,0V 1.534% 1.500 I ot T 1 T 1
51.2% 1.553 1.500 1 ) ot ! t : !
S2,50 1.557 1.500 -1 . ! ! ! !
3378 1.351 1.500 T - T T T T
55,00 1.540 1.500 I ¢ o : 1 ! !
52,28 1.525 1,500 4 o+ ] ! ! !
57T.50  1.510 1,500 I X T T L T
58.7% l1.990 1.500 1 S ! ! . !
_ 0V ,00 1.489 1,500 1 A : ! ! !
81.15 T-385 T.5u0 T 3 T T T T
52,50 1.485 1.500 1 X ! : : H
63,7% l.488 1.500 1 X 3 ! : !
65,00 1.493 1.500 1 ) X ! ! : :
66.2Y 1.499 1.500 1 X H ! [ !
67.5%0 1.503 1.500 1 X ! ! ! !
- °8.75 1.5ud 1.500 T X T T T T
70,00 1,508 1.500 I A ! t [ !
71,29 1.508 1,500 1 X ] 1 L !
72Z.50 T.507 T.500 I 3 ¥ T T T
73,75 1.505 1.500 1 X ! H ! !
\ 75.00 1.502 1.500 1 x ] ! . !
r 78.%5 [.500 T.500 T 3 T T T T
77.50 1.498 1.500 1 % H ! : H
78,75 1.49¥4 1.500 4 X ! ! ! !
30,00 Tead7 1.500 I L3 T T T T
81.,.2% 1.498 1,500 I - X [} Lot (S
42,50 1.498 ».500 1 X ¢ ! [ "y
83.75 “T.379 500 T X T T T T
a35.0u t.500 1.500 I A [l ! ! !
86,25 1.501 1,300 I X ! ! [} {
d7.50 1,501 1.500 T X T T T T
349,75 1.501 1.50v b4 ; X t L 3 !
90.00 1.501 1,509 I X : Vot i
91,49 T-501 1.300 T X T T RS 1
92,50 1.500 1.500 1 X ! ! ! !
93.7% 1.5u0 1,500 L X . ! 3 s
Y5O0 14500 T.500 T Y 1 T T T
90.4% 1.500 1.500 1 . X i i H 1
97 .50 1.500 1.5u0 i A ! : 4 !
99,15 A 'Y L.5uw Y A : . B3 3
100,00 1.500 (PR 1 X ! tFP=10 !
s .y * PRmmcasetitesuewatjecstaPmmene)sTeselamocay

oy
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REGULATOR (LUAD CHAMNGES
AITH DYNAAIC, COMPENSATION
\
—

T Fu o Cni ° Cm ] TO 18
0.u00 10000,000 8,333 8,333 1133.000 200,000 200,000
1.2% 10000 ,900 9,33) 9,33 1133,000 200,001 200.000
2 <500 10000 ,u00 d.333 <333 TI33.U00 200 4 00T 200,000
3.75% 10000.000 8.3 ¥.333 1133,000 200,002 200,000
9,000 10000.,000 8,333 8,333 1132,9917 200,002 200,000
0,43V 10000, 040 9,333 PREX 1132,99¢ 209,002 400,000
T7.500 1000V ,0LWY 4,33} 9.33) 1132.982 200,002 200,000
8.7% ' 10000.,00v 8.333 8,313 1132.976 200,092 200,000

" lue.UOU 000,00V ~ 8,333 9.33] T132.970 200,001 200,000
11,250  10600,.000 4,333 8.3 1132,966 200,001 200,000
12.50v 10000 ,000 ¥,333 9,333 1332.964 200,001 200,000
13.73%0 10000, V00 9.333 8,333 1134.904 200,000 400,000
19,000 10000,.000 ¥,.,33) 4,33 1134.908 200,000 200,000
16,250 10000 ,000 $.333 8.333 1132,968 200,000 200,000
17.909 10000 . vl 3,333 8,333 1132.,9370 200,000 204,00V
18.7% 10000 ,V00 8,333 ¥.333 1133971 200,000 400,000
29 .00V 10000 ,000 8,33] $.333 1132,973 200,000 200,000
21 .450 109000, 000 §.337 ¥.333 1133977 200,000 200,000
22.300 10000,000 8,333 .30 1132.9713 200,000 200,000
23.750 10000 ., 000 9.33) 8,333 1132,972 200,000 200,000
43 .00 92400 ,v00 d.33) ¥,333 1132,971 200,000 200,000 .
26.2% 9200.00v 8.33) T.35 1096.6%b 199,48 2V0.000
27 .30 9200 .000 $.33) 7.60) 1057,297 198,250 200,000
i PRAD) 9200, 000 4333 7.5 TO&F3.08% 198,47 200,000
30,000 9400 ,000 8,345 T.644 1034,.484 194,880 200,000
31,250 9200 ,00V 9,484 7.810 1043,9%49 193,744 200,000
3. 300 ¥200,000 L1 T.9% TuSY9.337 193,711 200,000
33,750 9200 ,000 8.671 8.149 1079,085 193,333 200,000
35.000 9200.000 $,740 9.285 1099,.411 193,997 200,000
Jo .23 9200,.000 .78] .379 1117.471 195,007 400,000
37.500 9200 ,000 8,799 4.427 1131152 196,144 200,000
38,750 9200, 000 B.798 9,43 ,1139,007 197,344 200,000
40,000 ¥200, 000 @.770 d.41% 113,077 202,753 200,000
41.25% 9200.00¢ 8,751 8.379 1142.,499 207,918 2VQ.000
42,50y 9200 ,000 8,726 4,330 11239.4%06 208,344 200,000
43.75¢ Y400, 000 d,.12% T 564 112v,818 208,011 400,000
4%.000 9200 ,000 ¥.210 7513 ‘1063,727 207.,73% 290,000 ]
40.25% 9200 ,000 W.153 7,386 1036.4106 205,761 200,000
47 .50 9200 .00V 8,125 Te3dd 1017.074 203,00 200,900
.75 9200.000 8.170 7.3% 10055579 . 201,748 200.000
S0,000 9200 .9040 8,231 ‘T.A82 10095,55%8 200,146 200,000
51.25% 9200 ,000 ¥,294 7,559 1013.097 199,174 200,000 7
92 50U 9200,.000 9,3%) T.662 1u24.421 198,717 200,000
53,750 9200,000 d,396 7,746 1036,748 198,729 200,000
35,000 9290 ,0u0 ¥.419 T, 798 147,57 199,072 200,000
56 .25 9400.000 9.42) T.816 10595,2% 199,383 200,000
57 . Suu 9200, 000 8,414 7,807 1059,106 200,12 260,000
S ,.75% $200.000 8,390 241177 159,53 200,373 ~ 200,900
00 .0uy 9200,000 3.360 .70 10597.127 200,308 200,000

\_ 61,450 92vu . 00U 8.342 T.69 ' 1052,976 200,987 200,000
CYPELT JZu0.q0u % .34 7.001 TUA®.211 200,91y 200,000
53.750 9200 ,000 8.312 7.637 1U43,774 200,784 200,000
65,000 9200 .000 $.307 T.024 1040,321 200,95 200,000
b0 ,250 9200 ,.0v0 9,308 . 7,82 1034d.100 200,309 200,000 )
07«50 9200,000 d.314 7.629 1037,3713 200,091 200,000
6d.750 9209 ,000 4,321 7,641 137,890 199,927 200,000
( 7Y < Uy 9200 ,00V $,30Y T .033 103,781 199,829 400,000
71,25 9200 4,000V ».336 7,667 1V 40,253 199,79 200,000
72.3u0 9200,000 ‘3,341 7,676 1041,749 199,414 200,000
73.75 9200,000 a,.34] T.081 1042.939) 199.!37 200,00y
L 75,000 9200 ,000 8.34) 7.68) 1043,8)7 199,935 200,000
0,250 9200 ,000° ¥, 341 7.682 1044,223 200,001 200,000
[ 17 50u 9200 . UVY CIPREE T.ol¥ 1044,.19% 200,055 200,000
18.7% 9400 ,000 $.330 T.073 1043,467 < 200,089 200,000
4V, 000 3200, 00V ¥,333 7,608 1ua3,d60 2V0,100 200,000
g1 ,450 9200 VU0 3,331 T.005 1042,809 290,094 200,00
32.30 9200 ,000 8,330 T.062 1ued,.ilb 200,074 200,000
93,750 9200, 000 4,330 7.661 1041,955 200,044 200,000
39 ,V00 9200 .0V, 4,330 7,001 ITEYSD 200,020 200,000
do,250. 9200 ,0490 8,331 T.002 141,700 199,997 200,000
41,500 9200, 000 8,332 7,064 1u41,172 199,981 20V,000
[TIYED) 9200,.000 CPEER] T .005 141,94 199,971 200,000
90,000 9200 .0U0 ¥.334 7.0667 1U42,109 199.971 200,000
91,25 9200 .04l v,.334 7.66% 1U&2,246 199,978 - 200,000
Ve a0y Y20V .00 8,334 7,008 142,427 199,993 200,000
93,75 9200 .00V 8.334 T .bb8 IO VIR IY) 199,992 200,000
99 . U0V ¥4UU 0UY CR¥EL] 7. 008 1ue2,551 400 ,v00 200,000
90 .25 92VY UV 9,334 7,008 1U42,%39 200,000 YIT I I
97,300 9200 .000 8,334 7 .00? Lus,q94 200,010 200,900 '
9¥ , 1%y 3200, 0uUb A.433 b0l tued, a3 200,011. 200,000
TUV .UV 9400 000 e.53) o000 Tu4d<,loy Xu.vid v o F=XT T




ALGULATOR (LOAD CHANGES) i

s et
ceavseow

INE ACTUAL VALUES UF (T0) & (TS) ARE GIVEN BY3
. C{10) + 19.5) X 10.0 AND (Fw) X 10000,0 Y

Tr’

(UUTPULS SCALRD 8Y ,19uredl)
(X INDICATES MORE THAN UHK VARIABLE HaVe THE GIVEN YVALUE)

(ERRRE o (] 4 ARVUIND

«2,50 «2,00 “1,50 =1,00 0.5V U.00 0.50 1.00 1.50 2,00 2,50

) T TO(+) Fw(,) bomeany * + pmmmavpe * * + -
T.00 — Ve300 T-.000 1 T T T H T * " — 1 T RE
1,28 0.500 1.000 ¢ ! 1} ] ! 1 - . ! ! 1
) 2.50 0.500 1.000 ! oLl i 3 L * , H ! ¢
EPYL] T.300 T.000 T T T T T T ¥ Y T T H
5,00 0. 500 1.000 ! ! ) L t 1 * . ‘ ! ]
) 0,49 0. 5u0 1,000 ! ! t . ! 1 + 5 ! ! $
T30 V<300 1.000 7 T 1 T T T ¥ . T T T
9.7% 0.500 1.000: ! ! [} ! I » . ! ! i,
v 10.09 §.500 1.000 |} ! i { H 1 * . i ! H
11,75 U300 —1.000 1! T T T H T ¥ B T —1 I
12,40 0.500 1.000 ! ] ! ' { 1 * . H ! L -
) 13.7% 0.500 1.000 ! s Lt ! ] I + ' ! [ ]
~1%5.00 RS- T 1.0v0 | T 1 T T T + . T T T
16,25 0.500 1.000 ! ! t 1 ! 1 * . [} ! :
Y 17.50 U500 1.000 ¢ 3 3 3 ] 1 + . ! ! H
BUPRL V<300 1900 ¢ ¢ T T 1 T * . T T T
20,00 0.500 1.000 .} 1 t ] ! 1 . . ! ! !
) 21,18 0.500 1,000 | ! ! [ [ I * . ! ! ]
12,30 T S00 1.000 1 T T T T T '3 S T T
24,78 0,500 1.000 ¢ ! ! t ! 1 * ' ! ! :
) 29.00 0.%00 0.920 | ! ) ! "1 1 » W4 1 ! ]
25.05 B PXY L U Y0 T T T T T T+ o7 1 T T
‘ 27,30 Vo326 0.920 ! ! ! t ] I o+ o [} ! 1
) 29,78 0,168 0.920 ! ' 1 ! 3 I+ © o) : | ]
V.00 =0.017 0.920 ! T T T T + ! T 1 T
31,18 0,126 0.920 ! ! ! ! ! + 1 ol t ! !
6 32.50 “0.179 0.920 | [} | ! 3 + 1 .l ! ! ]
IITS =0.167 V.90 1 T T T T L2 o o7 T T T
35,00 «0.101 0.920 ! ! ! ] : I ol ! ! ]
V) 36,25 0.000 0,920 | ! 3 . { + ol . { 1
IS U.11V U.920 1 T T T T T o1 T H L
38.78 0.23% 0.920 ! ! ] ! t I+ od : ! ]
N 40,00 0.77% 0.920 | : ! ! ! b¢ . . [ ! .
.75 T. 197 U501 1 Y T T T FRREE S O T L
42.%0 1.354 0,920 ! ! $ ! [l 1 . + ! 1 :
) 43,13 1,301 0.920 ! L ! L L I . vl ! 4
35,00 Y AL) D.920 | 1 T T T } G PRI T 4
46,25 1.076 Q.920 | ! ! ! t I . 1 ! t
) 47,50 0.869 0.920 ! [ } ! i I 4.} X ] ]
.S J.8T% 0.340 ¢ T T T T T v o1 T R T
50.00 0.519 0.920 ! ! 4 [ 1 + o 3 ] :
) 51,23 0.4L7 0,920 ! H ! 4 4 I e ol 2 ) !
2.50 V378 0.920 1 T T T T T+ Py T T T
53,18 0.37 9.920 [ ! ! I » o} ) ) !
) 55,00 0. 407 0.920 !} : ! L. [ I + o) [ [ !
5.8 “0.459 U.910 1 T T T T ) SR o3 T T T
87,50 0.542 v.920 ! . A [ 1 + ol ! ! [}
) $8.18 0,957 0.920 | t Lt [ 1 * ol 1 ! s
80,00 U.597 0.%40 ! T T H T T ¥ o T T T
61,25 0.599 0.920 ¢ 1l A 1 1 1 . ol ! i !
) 62,50 0.598% v.920 ! [l ! ! : I - o) t | !
03,73 0.57% V.920 H ) ! ! 1 W ! yoe
65.00 0.55% v.920 @ ¢ ! [ ! 1 + | ] !
) 60,15 0.931 V.920 | ! ! ! ! 1 » ol ! [
- YT 0.309 0.320 1 : 1 1 | AR 4 3 . T T T
84,78 0.49) v.920 ! 3 [} ! I v ol ' ! ]
J 70,00 V.43 0,920 ! ! ! s I + o! ! ] :
71425 - 0.480 0.92v | [ [ 1 ! I + ot 3 i i
72,50 ¢ 0.481 v,920 : 1 1 ' 1 + o) ) ! 1
L 13,18 0,487 0,920 | i ! ] ! 1 o - g} ! 1 :
a 75.00 UetY3 0.920 ! 1 1 1 1 3 + .t [ [ 3
76,25 0.500 0.920 ! : ! : ! b v o ! ! [l
r 71,80 0,508 0,920 | ! i ! Ry -1 + o) ! t H
'NE 0.5v9 0,920 | 1 ! 1 ! I + ot ) [ 1
80,00 0,510 u,920 !} : ! ! ! 1 * ot $ L :
) 81,35 9,599 0,930 | ! ! ‘ b + 2! ! H 4
¥ie20 V.507  ,u.94v | [ [ 1 ! 1 3 ol 1 1 1
43,78 0.505 " u.920 [ $ ! ! I . o : ! [}
) 35,00 " 0,502 0,940 ¢ : ! ! ! 1 * o1 L W P
40,43 V,.500 0.920 | A [ ! ! I <+ o) i [}
97,50 0,49 v.920 | : ! t ! 4 . ot L ! 1
) 84,15 0,497 v,.920 1. 1 ! ! ' 1 [ o} ! ] [
. 90.00 0. 497 V.940 | . [ [l ! 1 . ot [N :
© 91429 0,499 v.920 | k] $ ! ! 1 . ol IO At
i 92,50 0,498 V.90 ¢ L ! t ! I + ob Lo 4 1
$3.7% "X YE] 0.920 ! 1 ! [ [ I + ol i S
95,00 V.300 Vo920 |} X { ' t I . ol ! ' $
) 96,29 Y.5v} v.920 ! 3 ! ! ! I + o ! {0 [
9.0 T v, 920 | 3 ! 3 ! 1 + o ) A
[TIR ) V.30l g.920 |} ! ! : 1 be . ol ! 1 :
' 100,00 0, 35uf ¢ V.920 1 { a4 { { L * ol ! P=R12 L1
j * * L * += * » * * tup
4 v —e R — -
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