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SYNOPSIS

The present work covers the degign of Nuclear
Reactor Control System with tight feedback, The design
uses the modified form of the Sequential Return Difference
(SRD) nmethod, The SRD method 1s modified to reduce compu-
tational work and, hence, make the algorithm faster,

Sequential return difference method gives a
satisfactory closed-loop linear system via a sequence of
single loop designs, The stability of the resulting system
may be checked by classical techniques such as Routh Hurqgitz
Criterion, Nyquist Criterion or Root locii. Here, as the
number of eguations to be checked for stability is very
large, Routh Hurwitz criterion is utilized. In the Ist
Chapter return difference and return ratio natrices are
discussed, and how these are useful in the synthesis
is given as a background for the SRD method, Second Chapter
describes the SAD method, Modified transfer function
matrix achieved from the SLED method is checked for step
input, &1l the output are given in the end.

The SRD method is found to give good ccentroller
designs using only single-input single-output classical
(well established) desiscn techniques in the freguency
domain, This poverful method can be fruitfully used to
design complex systems if inter-active computer graphic
terninals are available, In this work, however, only

IBM 1620 with puached output facility was available and
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inordinately long CPU time ( this computer is very slow-

50 times slower than IBM 360) was involved.

for
(a)
(b)
(c)
(d)
(e)

(£)

Computer programs in FORTRAN II were developed

Sequential Return difference algorithm

Routh  urwitz criterion ( SUBROUTINE )
Ensuring tight feedback

Nyquist criterion

Step response with subroutines of Polynomial

nultiplication and polynomial summation

Determining the Iaplace inverse and generation

of time response curves for three output.
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CHAPTER-T

INTRODUCTION

Design of Control Systems has seen rapid progress
in recent years, «ith modern developments in design tech-
niques, complexities in the controller structure are also
increasing at the same rate, For this reason, designers
now have startcd to look for design of multivariable systeus
using the old classical techniques. It has also been brought
up to the practical stage by few designers, The present. work
is based upon the views of such control Engineers. The work
of' a control engineer is not to just formulate and analyse
the control problem but ultimately he has to be involved
in the design of total control systems which is a complex
subject in itself,

A design problem has never a unique solution. &
given set of specifications may be satigfied by a number
of transfer functions., More-over leaving technical speci-
fications, the requirements of Weight, size and cost may
introduce extra constraints. Here the considerations for
weight, size and cost has not been taken into account,

The problem hes been tackled only from stability and per-
formance point of view.
1,1, NEED OF TIIZ CONTROL SYSTEM:

In a feedback control system, the requirement of a

controller can in no case be avoided. Whenever the error

signal between desired and actual output is received,



one should be able to control the system to make the
error to coaverge to zero eventuallys In the case of a
Nuclear Reactor on sudden removal of power, fluctuations
will occur at the outputs such as voltage, frequency and
power. These fluctuations have to be damped out in a
reasonable time so that relevant safety regulations are
adhered to. Therefore controlling the output of a reactor
under required specifications becomes a necessity.

1.2+ TOWARDS TIE DESIGN OF CONTROL SYSTEM :

The last few decades has seen an explosion of
knowledge in the field of control systems. Two distinct
classifications may be made viz classical control methods
and modern control methods, The classical methods, which |
allow more insight in the dynamics of the system in the
form of root locus. Bode plots, Nyquist and Polar plots
etc., however, suffer from the fact that they are basi-
cally suited to single-input single-output systems only,
The wodern control theory, on the other hand, gives
powerful tools for the design of controllers for multi-
variable systems, Barring the new techniques of pole
placement etc, modern control methods eg optimal control
etc. suffer from the basic drawback of requirewment of on
line digital controller for control purpose plus the
added disadvantage of trial-and-error schemes involved

in seclecting the weighting matrices,
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With the advent of high speed digital computers,
methods came up which utilize the classical well-known
(well understood) techniques eg. Nyquist Bode etc, for
the design of wultivariable systems, The work of H.H.Rosen-
brock and D.Q. Mayne falls under this class of classico-

modern approach,

1.3, DESIGN CRITERIONS:

Besiles providing a useful theoretical basis,
ROSEIMBROCK described a useful technique based on the
inverse Nyquist array, for designing linear multi-
variable systens, and a similar technique using the
Nyquist array and classical methods are extended by
MacFaralane. In this approach extensions are done by
Dr, D.qJ. Mayne, Here a series compensator is chosen to
transforn the plant transfer function Gp(8), which is
the nx matrix transfer function of the systen
being controlled to G(8) = Gp(8) G,(8) where G(5) is
diagonally doninant, Then m single loop control problems
are considered, choosing Ki(s), i = 1-m.

The design criterions are assumed to be :

i) Performance

ii) Stapility
iii) Security or integrity, the maintenance of
stability in face of cowmponent failure

iv) lLovw interaction,
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Stability and performance are basic criteria,
Security is achieved in practice by a variety of neans
e.g8, Switching to alternative controller, If any component
fails, stability way have to be achieved at the expense
of perfoimence, Hence a design method which ensures stabi-
lity in the cvent of the failure of any specified combi-
nations of N components, should also be flexible enough
to include the case N =0, last is interaction which at
low frequencics is automatically reduced in high performance
systems, and may not be important at high frequencies,
so that, like security, it may not be an important factor
in some designs, Thus in the present case the criterias
for stability and performance have only been taken into
consideration, |

1.4, STRUCTURE OY THE CO:TROLIER:

The plant has the nx - transfer function matrix

G(S), and the controller is represented by an mmm matrix
K(S). The object is to find a suitable matrix K(S) which

will ensure that the closed loop System meets certain per-
formance Specifications.

It will bé assumed that the elements of G(S) and
K(S) are rational polynomial functions of 8, and that
neither G(S) nor K (S) is identically zero, It will
also be assumed that all the zeros of K (S) are in the
open left half plane, because the right half plane zeros

in K (8) G(S) give rise to control difficulties, so that
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there will be no incentive to introduce them in K(3),
Finally it is assumed that the plant from which G(S) arises
is asymptotically stable before control is applied; and
that K(S) ba¢ all its poles in the open left half plane

Since the objective is to design & suitable controller
K(8); it is desirable to krnow wint structure is adequaté
to describe a general K(S)i Any such K(S) cdn be written as
a product.

K (8) = K, K (8) K (8)

where three matrices K 4 K (8) and K (S) has the following
properties, '

The matrix Kg is a permutation matrixi¢ It therefore
represents a preliminary renumbering of the inputs to G(S);
which usually will be done so that the new input i affedts
chiefly the outpiiy. e
The mééfixiﬁbﬁS)whas #teruinant Ky (8) =1 and

represents a sequenée of elementry colunn operations. Iach

/
N

sueh dpe;atién consists of adding, to column j of Q(S)
operated_gﬁi a tultiple ofdij (S) by column i ; Here dij (S)
is a rational polynomial having all its zeros in left half
plane: And where Q(8) & () K(S); Kb(S) is used only to
make the plant transfer function diagOhally dominant or it
accouplishe$ a modification of the interdction in the
planti

The matrix K, (8) is diagonal and its nonzero

entries have all their poles and zeros in the open left



half planc. KE(S) méy,be written as

K,(5) = aiag ( Ky (8) )

KC{S) represent$ m independent controllers. The
m loops which contain the Ky (S) will be called the n
principal loops, The importance of the degonposition of
K(8) into K, K, and Kc'is that the successive application
of Ky K and K, is sufficient to generate the most general
K Satisfying’%he conditions on K, The structure is given
in fige1e2s

In fig.1.2 Ky, K, and Ky are 3 independent con-
trollers, KbCS) is to make G(S) diagonally dominant and

Ka is for renumbering the inputs.
te5. SRD AND INA LIETHODS: A COMPARISON :

Inverse lyquist Array method for the design of
linear multivariable Systems was given by H.H. ROSENBROCK
in his pioneering paper (2). This method was perhaps the
first to design the multivariable systems with classical
teghmiqueé having very puch satisfagtory results, In this
methodé 1t %S @eqesgafy to make the plant transfer function
diagqmélly dominant, Séquenti,al return difference method
given by Dr. D.y. Mayne has some modifications over the
work of ROSENBROCK and has generated a new algorithn
for the design of multivariable systems, SRD method has
its supermacy in the sense that diagonally dominance is

not negessarily needed. Thus for employing the SRD method
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one is not supposcd to choose Kb(S) shown in fig.2.1.
Ké is dependent of number of loops closed., Thus SiD
nethod needs only the proper selection of K4 (8),

The distinguishing feature of SRD method is that
1t calculates at the ith iteration, the exact modified
transfer function of the system with the previous i-1
loops closed, If stability and disturbance attention are
the sole design requirements, the multivariable controller
can be synthesised by this method with good results. In
SRD method compensator may have to be designed, if any
diagonal element of the modified transfer function matrix
18 nomapinimal phase i.e, it has zéros in the right half
plane., Compensator is to cancel the zeros of right half

plane, and the determinant of coupensating matrix must

be 'U.nityo



CHAPTER w II

RETURN DIFFERENCE AND RETURN RATIO MATRICES AND THEIR
UTILITY IN THE DRSIGN OF CONTROL SYSTEMS

The concepts of return differenee and return ratio
are shown to play a fundamental role in the analysis and
synthesis of multivariable feedback control systems, Matrix
trans fer functions are regarded as operators over the
field of rational functions in the complex variables,
The eigen values of such operators are identified as
characteristic transfer functions. The corresponding
characteristic fraquency responses provide a simple
and natural link between classical single loop design
techniques and nultivariable system feedback theory.
These concepts serve as a unifying thread in a coherent
and systematic discussion of wmultivariable feedback
system design techniques. Moreover these concepts have
made the analysis and synthesis very simple.

231; RUTURN DIFFERGNCA MATRIX
From f1g42414

r(8) = mx1 matrix of reference input transforms

e(S) = ux! matrix of error transforms

y(8) = mx1 matrix of plant output transforms

u(S) = rx1 matrix of plant input transfoms

K(S) = rxn matrix of controller transfer functions

G(S) = nxr matrix of plant transfer functions
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K(8), G(8) and H(S) are matrices over the field of
rational. functions in the complex variable S, The
closed loop system transfer function matrix is given
by

R(8) = (I, + G(8) K(8) H(S)>—1 G(S) K(S) ... (2.1)

Now suppose all the feedback loops are broken as shown
in fig.2.,2, and a signal transform vector g (S8) is injected
at point a. The transform of the signal returned at a'! is
then A
- G(8) K(S) H(S)a (8)
and the difference between injected and returned

Signals is thus

{1, +6(8) K3 BB (8) = I (8)&(8)...(2.2)
where 1(s) = {1, +G(8) K(3) H(S)} e (2.3)
T(S) is definecd as the systen return difference matrix,

2.2, RETURN RuTIO MATRIX :

The matrizx

F(S) = G(3) K(8) H (8) eer(2.1)
is defined as the system return ratio matrix, so that
we have

T(S) = Im + F(S) eee(249)
Here T(S) and F(S) both are natural generalisations of
the equivalent scalar concept introduced by Bode, Using

arguments given by ROSENBROCK, it can be shown that
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Iet

T(8) = Closed-loop characteristic Polynomial
~ Open-loop characteristic Polynomial( ‘)
e s e 20

The proof of (2,6) is given in the appendix of (4). This
is the fundawuental equation relating open and closed
loop behaviour in multiple loop control systems.,

2+3, STABILITY iN'TERMS OF RETURN DIFFERENCE MATRIX
FOR MUITIPIL IOOP SYSTEMS:

Lssume that the system is open loop stable, The
open loop characteristic polynomial will then have no
zeros in the closed right half complex plane. Thus it
follows from equation (2,6) that the ¢losed loop charac-
teristic polynomial will not vanish in the closed right
half complex plane if, and only if, @t T(S) doés not
vanish in the closed right half complex plane, Thus it
. is sufficient to check only T(S) instat of closed loop
characteristic polynomial,
2e3e1e Hyquist Twzis of Criterion:

Iet’ D be a contour in the complex plane consisting
of the ' imaginary axis from -jato + ja and a semicircle
centred at the origin of radius a in the right half plane,
Further, 12t @ be large enough to ensure that every zero
and pole of et GK(3) and det R(S) which is in the open
right half planc lies withina D, |

Suppose D maps into a close curve T  in the couplex

under the wapping det T(S),
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Thus the system is closed loop stable if no poiat
within D maps on the origin of the complex plane under the
mapping debt T(S),

Thus the system is closed loop stable if T does
not enclose the origin of the complex plane., If det F(S)-—» 1
as S-» <« , then, taking as arbitrarily large, we can
conveniently refor to T as the locus det F ( jw). This
gives the multiple-loop Nyquist type of criterion for
stability, shown in fig.2.3.

let the eigen values of T(3) be Pj(S) e J=1 ,..m

we then have that
m

det T(S) = I  P.(8) eee (2,7)
j=1 Y

therefore, det T(8) will not vanish for any S enclosed
by D if none of Pj(S); i =1 +...11 vanish for any S enclosed
by D. Iet D maps into J in the complex plane under
Pj(S) s ) = Tesund , then for a stable systen T yi11
not enchose the origin of the complex plane for j=1...i1.
Thus the systenm will he stable with all loops if none of
enclose the origin of the complex plane for j=T1...w.

fundancntal stability property of complex-plane
loci of the rcturn difference matrix eigen values can be
stated as : The system is closed loop stable if all the
eigen value loci Pj (iw) for j=1,..m satisfy the Nyquist

criterion as illustrated in fig.2.4.
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This criterion can equally well be stated in
terms of the return ratio matrix. Since

T(S) = Im + F(S)

The eigen values of T(S) and F(S) are simply related
via the eigen value shift theorem, This shows that if
Vj(S) : 3 =1...m are the eigen values of F(8), then

Poo= 1+ 7, (8) j =1 veum (2.8)

J

In terms of the return ratio matrix, therefore,

H

we simply get a unit shift in the location of the critical
point., The system is closed loop stable if all the eigen
value loci Vj (jw) for j=1,...m satisfy the Nyquist criterion
as in fig,2.5.

The consideration of the behaviour of det T(S)
along the imaginary axis in the complex plane shows that
the old criterion for scalar sSystems is simply extended %o
the multiple loop case,

2.3.2. Bouth Hurwitz Criterion :

.In the casc of return difference and return ratio
matrix, the application of Routh Hurwitz Criterion is very
gsimple. Here if scalar return difference is known before
hands, the stability may be checked by the direct application
of the criterion for each scalar return difference separately,
On the other hands if scalar return ratio is known then
the closcd loop stability may be decided on the basis
of

65(8) =1 +£,(8) eer (2.9)
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Where t. = Scalar return difference

Scalar return ratio

}_ﬁ
H

This is useful, when it is difficult to use the
Nyquist type of criterion because of computation difficul-

ticS,
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CHAPTER -~ III

SEQUENTIAL RETURN DIFFERENCE METHOD FOR THE DESIGN OF
LINEAR MUITIVARIABIL SYSTEMS:

The classical frequency methods for designing
single loop control systems have proved to be so useful
that it is surprising that so 1ittle effort has been devoted
to extending these techniques to multivariable systems. This
may be due to thc development of modern control theory,
which though originally motivated by open-loop trajectory
optinmization problems, yielded useful and elegant results
for linear multivariable control and filtering problens.
The resultant controllers are complex, however, requiring
a dynamic filter or observer of almost the same order of
complexity as the plant or process being controlled, In
order to reducc the complexity of controller ROSENBROCK(2)
redried attention to the problem of extending classical
procedures to multivariable probléms. ROSEBBROCK described
a useful technique using the Inverse Nyquist Array, for
designing multivariablc systems. These methods are extended
by MACFARLLANG (Y4), Based on the work of (%) a method named
as sequential rcturn difference is given by Mayne (6).

Sequential return difference method gives a
satisfactory closed- loop linear system via a sequence of
single loop designs, in which classical techniques such
as Nyquist diagran, root loci, Rotth's Criterion etc. are

employed,
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Stability and performance are the basic criteria
for the design. Security is achieved in practice by a variety
of méans Ceg. Switching to alternative controller. In the
case of component failure, security may have to be achicved
at the expense of performance, Interaction at low frequencics
is automatically reduced in high performance systems, and
may not be important at high frequencies so that, like
security it may not be an important factor in some designs.
Hence in the sequel, a basic design algorithm, consisting
of a sequence of single loop designs, for achieving good
performance and stability is described, In this case dia~
gonal dominance ié not nccessarily required, though it can
be enmployed if it is desired so that increased flexibility
in the choice of the compensating matrix GG(S) is available.
Diagonal dominance (2) however aﬁtomatically provides
security against arbitrary, output transducer failure (6)
and also limits interaction.

3.1, LSSUMPTIONS AND PROOFS OF RESUITS TO BE USED IN
GENERATING THE SRD AIGORITHM :

The system considercd is shown in the fig,3.1
The process to be controlled has mxm transfer function

Gp(8). G,(8) is a mmm compensator matrix and :
K(S) is a mxm diagonal matrix. Assumptions made

arc »

(A1) Neither G(S) nor K(S) are identically zero,
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The matrix return difference T(S8) is defined to be

T(5) = Im + G(S) K(S) voe (3.2)
The system has a state space representation
x(t) = 8X (t) + Be (%) ver (343)
y(%) = CX (%) ver (34)
e(4) = yq (%) - y@&) eos (345)
f.00 X (¢) =Cim BC) X (£) + B Yy (+) cer (3.6)

The expressions )
WQ (S) SI—-A s (307)
We(sS) = SI-i + BC - eee (3.8)

i

are réspectively the open loop and closed loop characteristic
polynomials,

Iet G(8) = G(S) K (8) eor (3.9)
the loop transfer function, and let R(S) denot the closed
loop transfer function relating y(s) to Yda(S). Clearly

T (8) =0 (81-)1 B vee (3.10)
sincc

T(S) G (8) = G(S) T(9) O eee (3.11)

We have

R(S) = T°1 (8) T(8) = G (8) T (8) vvv (3.12)

Wo(8) and We(8) are related by the following well known

result (&), |
T(8) = W,(8) / Wy (8) ees (3.13)

Now we make the further assunption,
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(A2) The, process, with transfer function Gp(8), is open
loop asymptoticallystable. Note that the assumption of
asynptotic stability is made for simplicity in presentation.
(A3) It is also assumed that G,(8) and K(8) have poles and
zeros im the left half plane only and |G,(S)[ = 1 then
Wy (8) has zeros in the open left half plane only,

From cquation (3.13) it follows that closed loop
system is asymptotically stable if and only if the locus
Tm of T (jw) docs not encircle or pass through the
origin, 4nd for reducing interaction, high gain loops are
required so as

1 (gw )~ 1 for  weX INERTS

For convenicnce some extra terms appropriate tc the
condition when the first j loops are closed and the remain-
ing open, i,c, Kj(S) = 0.

jo= 3+l «osm, arc defined

Ki (8) = diag ( kq(8), Jeeenens k| (8),0,0...) (3.15)
Ty (8) =TI +G(8) Ky (9) (3.16)
61 (8) =1-1(8) ®s) (3:17)
for =0..n clearly To (8) = Ip, Gy (S) = G(8)

Gy (S) is the transfer function relating y to v in
fige3.1. when lcop j+1 ...m are open, the scalar return
diffcrence
ti (8) = 1 +ki (8) g (3.18)

wherc gij (8) is the ijth clement of Gk(S).
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Iet 849,84 denote respectively, the ith row and
ith column of G. Iet So denote the open loop state space
representation (&, ByC) of Gp(8) G,(8) K(S) given in
equation (3.3) and (3.4). Iet S, denote the.closed locp
state space representation (i4-BC, B,C) given in equations
(3.3), (3.4) and (3.5). for i= t...m, let 8, denote the
state space representation ( A—Bi C, Bi’ C) corresponding
to the situation when the first j loops are closed and the
repaining are open. Iet W, (S) = 8I -4 +B C dencte
the characteristic polynomial of Si’ Now Ti naps D into

T, and ts maps D into YS. Then

i
I (S) = W)o(S) /Wy (8)
and letg N;, ni denote respectively the no, of ne encircle-.
ments of the origin by Ti and Yi : |
N. = %é; n. (3.19)
.5 K: J

;]:
This is from the theorcem (2), which is
For £ =1 ...

T(S) = 7T 4y(8) (3.20)

1 st

Now sincc W, (S8) has no right half plane roots,
the from c¢q.(3.19) Ni is equal to the number of roots of
W, (8) in the right half plane. Thus the stability theorens
are valid for scalar return difference and Scalar return

ratios also. The proof (3.20) is in (6).
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3,2, SHQUENTLiL RETURN DIFFERLENCE [ LGORITHM:
From the last discussion a design procedure, currently
used in practice, would be to choose k1 so that t1= 1 + k1
gqq 18 satisfactory, calculate G1, choose k, so that
ty =1 +ky gpp 18 satisfactory. Calculate G etc. However
this procedure ignores the fact that cven if Gp (8) has

no right half plane zeros, g.., i=1...m, as obtained above

ii
nay right half plane zeros. The role of Gc’ where}GC(S)]=1
in the basic algorithm which has the objectives; performance
and asymptotic stability. These zeros of right half planc
give " design difficulty " appropriately to the various
loops. The next is a sinple scquential method for calculating
G and &5, 1 =1.vs.wm, which 1s SRD algorittm. The following
algorithnm genorates Gy t,, 1 = 1.4, .m.
(1) Set G (8) = G(9)

Sct 1= 1,

Choose Ky (8)

(11)  Set %, (3) =1 + kj(s) giii-1 (8)

(iii) If 1 = n, stop otherwise

Set ﬁ; (8) =K (8) / t; (8) (3.21)

set 6 (8) = 6+ 1(8) - B (9) g1 () & (s)
* i i

(3.22)

Set =1 =41 + 1
(iv) GO TO (ii)

Proof., For cquation (3.22)
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i

T(S) =T _4(8) + Ky (8) g, (5) g (8)

4 .—1 i "1 @]
= Tj_T(S) L+ K. (8) g (8) g (9)

Heénce using & well known identity to invert the term in

brackets (6).

1 (9) 68 = (1, - B (9) 7o) g71e) | atls) (3.23)

G (o) = -1A G(S)
thus € (8) = ¢ () . K& (8) g=1 (8) git (s)

3.3, MODIFIC.TIONS M.DE IN THL SRD AILGORITHM:

In the last step of sequential return difference

o

algorithm G (S) is calculated. G (8) is the modified trénsu
fer function when first 4 loops arc closed, If 4 is unity
i.e, only one loop is closcd, then only first diagonal
element of transfer function G(S) is going to be change.
and if 4 is two, then only second diagonal element will
change, and samc will be the case for other values of i. 5o
for reducing the computational complexities, only diagonal
clenents of the transfer function G(S), which are podified
are calculated, ofter this is done, another modification
is that for closing cach loop, n values of controller trans—
fer function arc assumed and corresponding scalar return
differences and modifiecd diagonal clements are calculated.
If i =1 «..on, the scalar return difference is taken as
t (i, J), and in the same way the other variables. Thus
the modified algorithnm becomos:

The following algorithm generates £ ;4 i(8), l (8),

J
i:‘}l.Dn’l’ J = 1..-1’1
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sct i= 1
(ii) Choose k., .(8) J = 1...n
i,d
Sot by g(8) =1+ 1i’j<S> . 83(8), 7= 1i.n

——

(iii) Sect K. . (8) = kisj (8) / ti,j(S)’ =1 eeean

. Set g% (S).: gys -K;yj(ﬁ) gi(S) giXS), J = 1eeem1

Sct G, 3 (8) = G(8) with 8i1 (S) as i1 (S),
jJ=1seen
(iv) If 1 = m stop otherwisc

Set i =4 + 1
(v) GO TO (ii)

For the developuent of couputer program the clenments
of the transfor function G(S) arc naned as G11N'(I),
G11D(I), G12N(I), Gy o0 (I) veevees ctc, This is done becausec
the clements of tho transfer function are polynomials in
S, so their cocfficicnt arrays in déscending crder arc
taken for computations, Controller transfor functions are
also polynomials in 5, thus it becones nccessary to read
them as KN (L, I) and XD (L,TI), L stands for the number of
valucs to be taken into account for computations, I is for
the number of cocfficiont in dcscending order for a particular
value of controllcr transfer function. N and D are.for

nuncrator and Jdenominator,



. 22
CHAPTIR - IV

DESIGY OF REACTOR CONTROILIER

The state equations of the Nuclear reactor are
given., For using sequential return difference algorithm,
the given state equations are first converted into the
natrix transfer function, Matrix transfer function is used
in the algorithm described in 3.3, Thus the valuecs of
scalar return differences and the modificd matrix transfer
functions are achieved, Scalar return differcnces are uscd
to check the stability. Out of the stable set'of systens
under consideration, few are checked for transient responses
to step inputs, |
4,1, TRANSTFER FUNCTION OF THE NUCIEAR REACTOR :

The state cquations for the nuclear reactor are

given as
W - -

3{1 -0.188 0,0  0.227 Fxf-f 100] !-U;
&é - 0.0 0.0 1.0 X |+/0 10 ; U5
R ~2.138 ~0.587  -0.550] | X3 | 10 01 | U3

: ——— " [ .
ol - g

State vectors, X1,Xé and X3 are

X1 = Ihom.f,
Xé = rate of chan;¢ of rotor angle
X3 = rate of changc of angular velocity

Uqylp and uy arc step inputs.

in the above riprescentation
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' -0.188 0.0  0.227 } 1.0 0
b= 1 0.0 0,0 1.0 |B=1010

I

| 2138 -0.587 —0.55q} 00 1

b e —~4

Plant transfer function GP(S) = (SI—A)"1 B

6(8) = Gp(8) G, (S)

et G(8) = [100

‘ 010

| 001
Then, G(8) is calculated as : .

Gy, =5°40.5505+0.587, 611D=s3+o.73882+1.17428+o.111

Gyl = = 0,133 G12D=s3+o.738s2+1.17uzs+o.111
Gy3 = 0,227 8 G13D=s3+o.73882+1.17428+o.111
Goqll = 2,138 G, D=5340,7388°+1, 1742840, 111

Gl =5240.738540.5872 G22D:s3+o.738s2+1.17428+o.111

Gpali= 540,188 G23D:s3+o.73882+1.17428+o.111
631N'= 2,138 | G31D=s3+o.738sz+1.17428+o.111
Gyl =-0,587(8+0.188) G32D=s3+o.73882+1.17uzs+o.111
G35 = 5(8+0.1888) G33D=s3+o.73882+1.1742S+o.111

4,2, CONIROLLER TRANSFER FUNCTIONS ASSUMED AND RESULTING
SYSTEMS :

Por controller transfer functions, five values for

.each feed back loop have bhecn assumed. The table is given

below @ ‘

Table 4,1,
Loops 1 2 3 H 5
K, 5/8 700 20 10 5
K, . " ) 1t l
KX
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These values arc given in the form KN(IL,I) and KD(L,I),
I=1..2, L = 1.,..19, The computer program for scquential
return difference algorithm is given in Appendix 4. Thus
using above fiftcen values we may arrive at many controllers,
as three valucs are to be chosen for one controller, These
controllers have tc be checked for stability.

4,3. FINDING OUT THE STABILITY OF RESULTING SYSTEMS USING
SCiLlLR RETURN DIFFERLNCE:

From thc results of computer program given in
Appendix-f, the values of scalar return differences are found.
These scalar return differences are used to check the
stability by Routh Burwitz criterion. The Sub-Routine for
Routh's criterion is given in hppendix-A. For ensuring the
tight feedback, a computer program is given in Appendix-B.

In checking the feedback, again scalar return differcnce
has been utilized which has bheen achieved from the results

of sequential return difference algorithm.

Table L,2 ’

S1, No, Lo WHEN FILOT PRBRDBAGK LOOP IS GLOSAD
CONTROLLL, STLABILITY NAT OF FLBDBLCK
TRLNSFER FUNCTION

1. 5/8 UNSTLBIE T IGHT

2. 70. STABIE TIGHT

3. 20 STABIR TIGHT

L, 10 ST4LBIER TIGHT

5 o 5 ST4LBIR TIGHT

S1, No. B.  WHGRN SEGOND 100P IS8 CILOSED

_Sui SLME SAME

1 %05 SR SAMR, SaMR

S1.No. C. WHEN THIRD IOOP 18 CILOSED

SLME “SLME SAME,

1 tc 5 SLME SAME SIME
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From Table 4.2, it is clear that out of fiftecn
chosen values of controllers transfer functions, the systen
is stable only for twelve values. Thus we are getting four
controller transfer functions for each feedback loop for
a stable system, '
L.k, PERFORiLICE

Having found out the values of controller transfer
functions for which the system is stable, it becomes necessary
to check which one gives good performance and with which
feedback loop, Here, as in the present problem the order of
the modified elements of modified transfer function matrix
riscs too much. Because of this rise in the order, it is
very difficult to check the transient response of all the
systems with modified transfer functions. S0, here the
Nyquist plot of all the systems are given, Thus relative
stabllity is giving the measure of better performance. Pro-
gram for Nyguist criterion is given in appendix-Ce.

4.4,1, Step Response Calculations 3

The values of controller transfer functions for
each feedback loop giving best performance out of the
choosen values of controller transfer functions for which
system is stable, are X (1,2), K (2,2) and X (3,3). The
respective modified matrix transfer functions may be
achieved from the results of the program given in Appendix-ii.
These becomes the data for the program of step respon;e
given in wppendix-D. 4s the result of step response, three
polynomials of around thirty three order numerator and

denominator are obtained, For comparison in transient
09672
CENTRAL LIBRAPY URIMTRSITY OF ROOR'ED

A PToM A



Ist output

I.5p
.OF
o.5f
O 1 1 L 1 [ 1 1 _J
0] 2 4q 6 8 10 12 19 16
Time in secs.
_ a2nd output
3.0r o
2.0r
I.OF
O 1 1 1 1 | Il 1
0 2 4 6 8 10 12 14 16
Time in secs.
50r
3rd output
40r e
30} |
2.0k
1.0
o 1 1 1 1 1 ] 1 |
0 2 4 6 8 10 12 14 16

Time in secs.

1G.5.7 TIME RESPONSES WITHOUT FEEDBACK.



2.01

K| =5
1.65 4--~
1.5 1
1.01
0.51
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Time in secs.
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1.0
085,
05
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1,O 1 K| = 7Q
0.5-( :
0 1 1 1 ] I
0} 2 4 6 8 10

Time in secs

FIG.5.4 TIME RESPONSES FOR FIRST LOOP CLOSED.



Ko=5

1.854:-- >
1.5
1.0+
051
0 1 | 1 1 J
0] 2 4 6 8 10
Time in secs.
1.51
K2 =10
b%f
0.5+
o PR 1 1 1 ]
o) 2 4 6 8 10
~Time in secs.
1.5
1.0 K2 =70
05
L 1 L A
0O 2 4 6 8 10

F1G.5.5 TIME

Time in secs.

RESPONSES FOR SECOND LOOP CLOSED.



1.O 1 Kz=5
0.85
0.61(’\
0.5
! 1 1 L J
OO 2 4 6 8 10
Time in secs.
1.5
L0 Kz =10
0.
0.5
5 2 2 6 8 0
Time in secs.
1.O1
K3z=70
0.54
O.45‘(
OO é 4 é 8 10
Time in secs.
FIG.5.6 TIME RESPONSES FOR THIRD LOOP CLOSED.
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responses, the controller transfer functions K(1,3),
K(2,3) and K(3,3) arc also considered for step responses.
4. k.2, Pertial Fractions of the Step Response :

Before going to partial fractions, all the roots
of the denominator of each response are determined. Thé
program for roots is given in hppendix-E. These roots
and the numerators of the responses are used in the program
for partial fractions given in Lppendix-F,

4,%,3, Transient Response :

The roots of the denominator of each responsc and
their respective residues are the data for the program of
"laplace inverse and time response generation., This program
is developed to give three sets of transient responses and
each sct giving two curves ( for two values of controller
gain ) for one output. The open-loop response of the systen
with step-input is calculated and is shown in fig.5.7.

The closed~loop respense of the plant is found
for different controller settings, with the help of ihalog
Computer 0 20, The reason for using the fLnalog Computer
is the unusual high time required by the digital computer
in finding the roots of the high-order polynomials that
are generated in the SKD algorithm,

48 seen from the closed-loop response from
Figs.5e4y5.5,5.6, the response is very fast with no
overshopt ( compared with the sluggish response of the open-
loop system). It must be, however, emphasised that the

closed loop response has large steady-state error, This is
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due to using very simple controller dynamics i.c. a single
gain term only, With a single gain term in the feed back
path such high values of steadywstate errors are expeccted.
To do away with this error in the response obviously one
has to include further terms adde? !'n the feedback

like integral terms and derivative terms. This was not
tried in the presenf work only due to noneavailability of
a fast digital computer.,

The closed=-loop response was also found using the
computer program developed, However, these results show
high magnitudes ( of the order of 103) for a step input.
The reason is that on the application of SRD algorithm, the
order of the modified diagonal clements rises upto 27. 4is
a result some zeros of the modified diagonal elements happen
to be in the right half plane and makes the element non-
-minimum phase, This is a disadvantage which is inhercnt
with this algorithm,

These right half plane zeros of the modified
diagonal elements may be cancelled by proper selection of
compensating matrix G,(8). The value G,(8) should present
case, the selection of GC(S) becomes difficult. Here, the
order of modified diagonal elements is very high, and a
number of zeros are in the right half plane.-For-céncelation
of these zeros, the structure of ‘compensating matrix will
also be complex, i method to systematically determine

G,(8) is given in beSa
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GE NERAWS XED ‘ »
4, 5,A NEW GERERGTED ALGORITHM FOR DESIGNING THE COMPENS,.TOR-

GC(S) s | '

For designing the compensator first onc has to
know the number of zeros coming in the right half plane,
of the diagonal elements of modified transfer function
matrixe. In the present work the order of the numerator and
denominator polynomials is about 27. IBM 1620 takes 25 to 40
minutes for finding out the real and imaginary roots of such
a polynomial under the accuracy of 0.01. Pirst consider the
case of a three input three output system. If first diagonal
element has the zeros & and B in right half plane, second
diagonal element has the geros C and D in right half planec
and the third diagonal element has the zeros B and F in
right half plane; then compensator has to be designed such
that, it should have the poles at the locations of zeros
in the respective diagonal element, The necessary condition
is that the G,(8) = 1. The possible compensator for the
present problem w hat the author could think of is

C () - ~?"(s.,gx)Jl(s;B) 0 -1

¢ ° oy ! |

i -1 BSOS DNERNET) (BB [

then Gy (S) =1 B

This is the case of three input threc output system
and with two zcros of cach diagonal elecment in the right half
planc. But in actual cases the problem may be some what
dif ferent. Thus, there should be a generalized method for the

design of compensator. & possible generaliged matrix for the
design of compensator is presented below 3
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Iet A1(I) = No.of pole locations for first diagonal
element of the compensator
LAN(I) = lNo. of pole locations for Nth diagonal ele-
ment |
123
X3) = I (8- (J,1I))
1=1
Where
J 21 ce e N

N is the number of inputs and outputs
IZ(i) is the number of zeros in the right half plane

for j+h diagonal element

Thus I7(4) .

(1) = I (8-i(q,I))
I=1
17(2)

X(2) = I (8-4(2,1))
I=1
IZZN)

X(N) = I (S-4(N,I))
I= 1

Now compensator may be given as

?’ 1 ' "”1
! X(']) 1 0 000.0....0 ¢ ’
i i
? 1
!} O X(2) 1 Oooo-.oooO O l
! 1
G,(8) = ? ? X3y 1 Oueee O 9 |
. » A :1 ;
0 0 0 ‘KF%?TT |

1 1
-1 0 0 X(N=1).X(N)  X(N) ’

boeee JURE
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G,(8) =1

nathepatically
G.(3,3) =1/%3), J=1,N
G, (J,3+1) =1 , j= 1,81
G (Ny1) = -1
Go (N, N=1) = 1/X(). X (N-1)

Thus, obtained compensating matrix is to be multi-
plied with modified transfer function matrix to provide
phase minimality to the diagonal elements of the modified
transfer function matrix.

But in the present case the order of the numerator
and denomihator is very high, and- computer involved in the
work being IBM 1620 which is very slow. Thus lot of computer
time at this computer will be wasted only in checking the
right half plane zeros. Lfter that again finding the roots
of the denominators of compensated diagonal elements and
finding difficult to get the transient responses after com-
pensation with this computer. The method is very useful
after cmploying the algebraic operations for reducing the
order of the poiynomials which is at research level upto
now. 90 performance is decilded on the basis of relative

stability by NYQUIST.
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CHAPTER- .V
RESULTS 4ND DISCUSSION

The results of sequential return difference algorithn
and of other programs are given in the end. For the values
of controller transfer functions with which the system is
stable, Nyquist plots are given. Three sets of plots are for
three output of the reactor5 and each set is having four
curves for different values of controller transfer functions.
The best value of controller transfer function from each set
of four curves is gelected on thg basis of relative
stability.

These zeros of modified diagonal element coming
in the right half plane introduce " design difficulty "
which comes across only at the time of checking the transient

résponse,
5.1, BRIEF INTRODUCTION TO COMPUTER PROGRAMS

First program is for sequential return diffcrence
method where it is made to recad the original transfer
function matrix element wise i.e. first it will rcad numerator
of first element then Jdenominator of the same and procecis
to the next eloment of first row, and same is for the
remaining rows. Gontroller transfer functions are read in
the same way., Subroutine of Routh Hurwitz criterion is called
in the program to check the stability. Subroutine takes the
return Jifference polynomial in the array of the coefficients
of a polynomial in descending order., If some starting

coefficients of the array are zero, then arrangement to
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repove them and to reduce the order accordingly is made in
the subroutine, ..fter algebric operations employment, the
progran will work with little modifications according to
the opcerations,

Insuring the tight feedback is sccond program where
nuncrators and denominators of scalar return difference ray
be given in arrays 4(I) and B (I), hrrangement for rermoval
of initial zeros in the arrays is made here glso,

Nyquist plot program also excepts the arrays as in
the progrom of tight feedback. Here if some wants to gct
polar value i.c, r and Q, he can have by getting punched
M and A,

For step response, first the modified diagonal
clements will be supplied, then the remaining ‘elements of the
transfer function matrix. Subroutine PMULT is for polynonmial
nultiplication and subroutine PSUM is for pplynomial summation;
This program gives in first iteration numerator, denominator
for all the threc outputs. «nd again in the second iteration
gives all the things for second set. Note that this progran
rcads matrix transfer function elencnts cxcept the Jdiazonal
clements in another way. Such as for any element it will onc
coefficicent from the numerator coefficients array and then
one from denominator cocfficients array and so on,

In the case of finding the roots, Bairstraw method
has been cnploycd, Here also you give the polynomial array

in descending order.
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Partial fractions may be obtaincd by proviling
the nuacrator polynonial array; array of real roots, array
of imajinary roots and root multiplicy array. Hore provision
is wmade to preparce the Jata for the prégram of transients
response. Thus in result alternate. cards will be the data
for the prozram of transicnt response.

Transient r&sponse program reads o(I), B(I), C(I),
D(I) which are rcal part of root, real part of residuc ab
this root, imazinary part of‘thé root and imaginary part of
the resilue, E(I), F(I), G(I), H(I), are the same things for
next polynomial of the same output. This progrdm will give
the transient responsc of the eutput with which the above
two polynomials ar: associated. If you want transicnt
responses for first output, give the value of L = - 1, for

second output L = 0, an? for third output L = 1.

iR FROPO&LD FOR TTHs RELCTOR:

5.2. CONIRGCI
On the basis of results of sequential return ;ifference

algorithm, Nyguist criterion and after ensuring the tight

feedback, three valucs of controller transfer fuactions

KqyK5 and K3 for all the three feedback loops are 70,70

and 7@ rcspectively. These controller fransfer functions

provide three . tight feedback loops and a stable system for

better perfoymance out of the chosen controller transfer

functions. The Nyqguist plots for all the three controller

transfer functioans are given in fig.5.1,5.2 and 9.3

respectively.
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5.3. SCOPLE OF FURTHER WORK :

In the present work, the order of Polynomials of
the diagonal elements in the modified transfer function
matrix rises too much., Someé work has also been done to
reduce the order by algebraic operations (3). Further
work is possible in many branches of this 61&ssico~Wodern‘
technique, such as finding the optimal sequence of loop
closure considering the probability of failure of all the
loops. Considerations of input, output transducer failure
may be included as a part of the present algorithm, Inclu-
sion of checking the phase minimality of modified diagonal
elements and the design of compensator accordingly may give
the compact and self sufficient algorithm. Further, the
algorithm may be extended to optimal design as a iterative
method., Lfter all the above inclusions, the méthod reqguires
the use of very fast computers with interactive graphic dis-
plays. Further work needs to be done in implementing the
algorithm given in 4,5. PID type of controller transfer

functions may also be incorporated.
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CONCIUSION

In the prescnt problem, the sequential return
difference method has been applied which gives rise to very
high order of mmerator and denominator polynomials of the
diagonal elements of modified transfer function matrix., This
high order has given computational difficulties, Because of
the slow computer used, at this stage it was very difficult
to develop one more program for compensator and then to
achieve the time rosponse. wctually after some algebraic
operations for reducing the order of polynomial, this method
utilizing the compensator also will be very much useful, and
the computational time may be reduced tremendously. This
metﬂod is also capable of including the cases of transducer
fajlure, which will increése the flexibility of the design
methoz,

Interactive graphic display systems, if available
along with & moderately fast computer, would make the design
procedure feasible for higher order industrial systems.

Reliability consideration may also be included. The
feedback loop which is moSt probable to transducer failure
should be closed in the last. However, much work needs to
be done for finding the optimal sequence of loop closure.

Had the computational time been small, all the programs
could have been used as the subroutines of the first progran.
This way the design procedure would have becomé very simple.
One would have rcquired only to change K1,K2 and K,, and

would have obtained the responses,
CRITRAL Limo s ooy Of (Ut
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APPENDIX « A
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1

SeK oy SHARMA SEQUENTIAL RETURN DIFFs ALGOR9THM

FIRST DATA CARD CCNAINS THE ORDERS™

AFTER FIRST NEXT NINE CARDS ARE TO READ THE TRANSF.
ELEVENTH TO TWENTY FIRST DATA CARDS ARE FOR CONTROLLOR Kl
TWENTY FIRST TC THIRTIETH DATA CARDS ARE FOR CONTROLLOR K2«
THIRTY FIRST 7O FORTIETH DATA CARDS ARE FOR CONTROLLOR K3,

READ1sNsMsN1e¢M1
FORMAT (4110)

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

M IS THE ORDER oF THE DENOMINAT. OF THE ELEMENT OF TRANS. FUNCT« MVy)

N IS THE ORDER oF THE NUMs OF THE ELEMENT OF TRANS.

N1 IS THE ORDER OF THE NUM. OFTHE CONTROMLOR

M1 IS THE ORDER UF THE DENOMINAT. OF THE CONTROLLOR .

DIMENSION GLIN(4)sGl1D(4)sGL2N(4)9GI3N(4)sGl3D(4)sG1l2D(4) s
G2IN(4)sG21D(4) 9G22N(4) sG22D(4) sG23N(4)9G23D(4)»G3IN(4)sG31D(4)

DIMENSION RD(27)sGN(27)sGD(27)sSPNI2T7)sSPD(27)sZN2(27)

DIMENSION ZD1(27)sANZN(27)sANZD(27) sRN1(27)sRN2(2T)sRN(27)

DIMENSTION XN(27)sXD(27)sYN(27)sYD(27) 9ZN(27)52D(27)+2ZN1(27)

DIMENSION G32N(4)9G32D(4) sG33N(4)+G33D(4)

DIMENSION KN(60gs2) sKD(60Gs2) s SM(27)
IF(N=M) 9£385988,989

IR=M4+1

GO TO 99vu

IR=N+1 -
READ23s (GLIN(IVsI=1sIR)s(G1LD(I)sI=1l,IR)
READZ2s (GL2N(I)s1=1sIR)s(G12D(I)s1I=151IR)
READZ2s (CGL3N(I)sI=1eIR)s(G13D(1)sImlsIR)
READ2s ({G2IN{IYs1=1sIR) 2 (G21D(1)sIm1sIR)
READ2s{G22N(I)s1=1sIR)s(G22D(I})sI=15sIR)
READZ29{G23N(1)s1=1sIR)s(G23D(1)sI=1sIR)
READ2s (G3IN(I)s1=1sIR)s(G31D(I)sI=1lsIR)
READZs (G32N({1)eI=1oIR}Y s (G32D(I)sI=lsIR)
KEAD25s (G33N(I)s1=1sIR}s(G33D(I)sImlsIR)
IFIN1=-M1) 99159915992

IT=M1+1

GO TO 994

IT=N1+1

DO 987 L=1515

READ2s (KN(LoI)oTI=1sIT)s(KD(LosI)sI=1sIT)
FORMAT (8F10.3)

IXN=N+1

IXD=M+1

IYN=N1+1

[YD=M1+1

DO 110 L=1,15

IF{(L=6) 1125113,113

DO 114 I=1,IXN

GLINC(I)=G22N (I

)
Gl1D(1)=G22D(1)
G3IN€I)=G32N(I)
G310(I)=G632D(1)
G13N(I)=G23N(I)

SRD
SRD
SRD

SRD-

SRD
SRD
SRD
SRD

SRD

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

SRD

SRD
SRD
SkD
SRD
SRD
RHC
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

000.
000

000-
000Q:
000.
000
000.
000

001:
001.
001.
001.
001"
001

001

001"
001

001.

002

002

602
002.
002.
002.
002
002
002 .
003
003
003.
003
003.
003,
c03
003"
000
03
004
004
004.
004
004.
o6e
069
004.
004 .
005
005,
005,
Q05 .



G13D(1)=G23D(1)
IF(L-11) 112,1165116
DO 117 I=1sIXN
GLIN(I)=G33N(I)
GLID(I)=G33D(1)
G2IN(I)=G23N(1})
G21D(1)=G23D (1)
GLZN(1)=G32N (1)
612D(1)=632D(1)
CONTINUE

DO 15 I=1sIXN
XN(I)=GLIN(I)
XD{I)=G11C (1)
DO 16 I=1,IYN
YN(I)=KN(LsI)
YD(I)=KD(LsI)

FINDING THE SCALAR RETURNE DIFFEREI

IF (IXN*¥IYN) 43445
IZnN=0

GO TO 9

IZN =IXN+IYN .
Do 6 I=151ZN
IN(1)=Cou

DO 8 I=151IXN

DO 8 J=1sIYN
Kel+d=1

INTK) =XNII)*YN(g)+ZN(K)

CONTINUE

IZN=1ZN-2

IF(IXD*IYD) 10+10511

1Z2D=0

GO TO 14

12D=IXD+1YD

DO12I=1512D

LD(I)=Uou

DO 13 1=141IXD

PO 13 J=1,51YD

Kasl+J-1

LD(K)=XD{I)*YD( J)+ZD(K)
CONTINUE

12D=12D~-2

MXN=TZN+1

MYD=I2D+1

ND=MXN

IF (MXN «MYD) 19518918

ND=MYD

IF (ND) 19519920

DO 21 I=19ND

IF (I~-MXN)22,22,23

IF(I=MYD) 24924525

ZNI(I)=ZN(I)+ZD(I)

GO TO 21

IN1(1)=2D(1)

GO TO 21

ZINL(I)=2ZN (1)

SRD
SRD
SRD
SRO
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SKRD
SRL
SRD
SRD
SRD
SRD
SRU
SRO
SRO
SRD
ERO
SRU
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

003
069
005.
005 .
005.
006
006.
00§.
006.
006:
006.
006.
00g"
006..
006
007.
007
007.
007.
007.
007.
007
co7"
007
007
008
008,
008.
008
008.
008
cos8
008
008
00¢&
009
009
009
009
009
009
0065
009
009
009
01C
01¢
01¢C
0lo
010
01C
01C
01¢C
010
01¢



CONTINUE SRD 01:

IZN1=ND-1 SRD 0l.
MD=1ZD+1 SRD 01:
PUNCH 94u SRD 01l:
FORMAT (79 (1H¥)) SRD 06¢
PUNCH 928 CSKD 011
FORMAT (2Xs62HORDER OF SCALAR RETURN DIFFERENCE OF NUMERATUR AND DSRD 011

L1INOMINATOR) : SRD 0li
PUNCH 150sIZN1,120 SRD 011
FORMAT (2110) SRD 011
PUNCH 929 _ SRD 0lz
FORMAT (2Xs22 (1H=)) . SRD 0l
PUNCH 93wy SRD 01z
FORMAT (2Xs63HSCALAR RETURN DIFFERENCE NUMERATOR AND DINOMINATOR RSRD 0Qlx

LESPECTIVELY) SRD 01lc
PUNCH 1515(ZN1(1)s I=1sND)s(ZD(K)sK=19sMD) SRD 01z
FORMAT (8F10.3) ' SRD 01:
PUNCH 931 A SRD 01z
FORMAT (2Xs7u (1H¥*)) SRD 01z
MSN=TZN1 : SRD 06¢
DO 801 I=14IZN1 SRD 06¢
SM(I)=2ZN1(I) ‘ SRD 06¢
CALL IROUTH(ZN1,1ZN1) ‘ SRD Cle
PUNCH 827 SRD 06¢
FORMAT (79 (1H#*y) SRU 06¢
IZN1=MSN SRD 07¢C
DO 802 I=1sIZN1 SRD 07C
ZN1 (I)=SM(1) SRD 07C
FINDING THE MODIFIED TRANSFER FUNCTION MATRIX SRD 012
MXN=TIYN SRD 0©1:=
MYN=IZD+1 SRD 01z
IF(MXN*MYN) 27327528 SRD 01z
MZN=0 SRD 01:
GO TO 31 SRD 01:
MZN=MXN+MYN SRD 01:
DO 29 I=1sMZN SRD 01z
ZIN1(I)=Us0 SRD 01:
DO 30 I=1sMXN SRD 01z
DO 30 J=1sMYN SRD 01:
Kel+J=1 SRD 01¢
INT(K)=ZNI(K)Y+YN(I)*ZD(J) SRD 01¢
CONTINUE - SRD 01«
MZN=MZN=-2 SRD Q1¢
MXD=1YD ‘ SRD 01
MYD =IZN +1 SRD 01¢
IF (MXD¥MYD)32s232533 SRD 01¢
MZD=0 SRD 01¢
GO TO 36 SRD 014
MZD=MXD+MYD SRD 01¢
DO 34 I=1,MZD ~ SRD 01¢
ZD1(I)=Cov SRD 01%
DO 35 I=1,MYD SRD 01t
DO 35 J=1yMXD SRD Q1%
Kel+J-1 SRD 01¢
ZDL{K)=ZDL(K)+Yp(J)*ZN(I) SRD Q1%

CONTINUE ' SRD 01¢f



MZD &MZD=2 SRD
DO 39 I=1sIXN SRD
YN(I)=GLlIN(I) SRV
DO 48 I=1sIXD SRD
YD(I)= G11D(I) SRD
LYN=N+1 SRY
LYD=M+1 ‘ SRD
LIZN=2 SRL
L1ZD=2 SRD
DO 157 I=1sLIZN SRD
ANZN(I)=U,0 SRD
DO 158 I=1sLIZD SKRD
ANZD(I)=1.u SRD
1$=1 SRD
IF(IXN*¥LYN) 4ustgstl ’ SRD
1ZN1=0 SRD
GO TO 44 SRD
IZN1=TXN+LYN SRD
DO 42 I=1sI1ZN1 SRD
IN(I1)Y=0.3 SRD
DO43 I=1sIXN . SRD
DO 43 J=1sLYN *SRD
Kel+Jd~1 SKD
INCKY=XNCTY®YNCgY+ZN(K) SRD
CONTINUE . SRD
IZN1=T1ZN1=2 SRD
IF (IXD*LYD) 45,4546 SRD
1Z2D1=v SRD
GO TO 51 SRD
1ZD1=1XD+LYD SRD
DO 49 I=1,12D1 . SRD
ZD(I)=Uou - SRD
DO 50 I=1sIXD SRD
DO 5C J=1sLYD ) SRD
Ksl+Jd=-1 SRD
ZD(K)=XD(I)*YD(J)+ZD(K) SRD
CONTINUE SRD
12D1=12D1-2 SRD
1ZN1=1ZN1+1 . SRD
1ZD1=12D1+1 ' SRD
IF (LIZD¥IZN1) 120s12U5121 , SRD
IRN1=U : . SRD
GO TO 124 ' SRD
IRN1=LIZD+IZN1 ‘ SRD
DO 122 I=15IRNL SRD
RN1(I)=U,u SRD
DO 123 I=1sL1ZD SRD
DO 123 J=1,12ZN1 SRD
Kl+d-1 SRD
RNL(K)=RN1(K)4ANZD(I)*ZN(J) : SRD
CONTINUE SRD
IRNI=IRN1-2 SRD
IF(LIZN*IZD1) 12551255126 ' SRD
IRNZ2=u SRD
GO TO 129 SRD
IRNZ2=LIZN+12D1 SRD

0l
01.
0l
01l
0l.
0l
01l

01«
01«
01¢
01l¢
0lc
0l¢
01°
01"

ol°
0l
ol
ol
ol
o1
01"
01
01.
0l.
01
01
01
01
0l
01l
01
01
01
01
01
01
01
01,
01
oL
0l
02:
02:
02:
Q2¢
02
Q2¢
SpAN
02«
02¢
02¢
02:
021
02.



128

129

130
131
133

135
137
136
138
" 134
132
139
140

141

56
57

6l
59
60

55

DO 127 I=slsIRN2
RN2 {1} =040

DO 128 I=lsLIZN
DO 128 J=1s12D1
Kel+J=1 '

RN2 LK) =RN2 (K)+ANZN (1) *ZD(J

CONTINUE

IRN2AaTIRN2=2
KXN=IRN1#1
KYN=IRN2+1

ND=KXN

IF(KXN=KYN) 13057215131
ND=KYN

IFIND) 13251325133
DO134 1=14ND
IF(I=KXN)135,1555136
IF{I=KYN)13751375138
RNCT)=RN1(I)+RN2 (1)
GOTO134

RN(I)=RN2(1)

GOTO134

RN(I)=RN1(I)
CONTINUE

IRN=ND=1

CIF(LIZD*1Z221)13951395140

IRD=v

GOTO143
IRD=LIZD+1ZD1
DOlal I=15IRD
RD(I)"_‘OOU
DO1421=1,5LIZD
DO142J=1+12ZD1
Kel+d=1
RDIKI=RD(KY+ANZD (L)Y *ZD(J)
CONTINUE
IRD=IRD-2
IMN=IRN+1
IMD=IRD+1
D052 I=1,IMN
ANZNL{I)=RNtI)
DO 53 I=1sIMD
ANZD (I} =RD(I)
LIZN=TMN
LIZD=IMD
IS=15+1
1F(18~2)554556555
DO57 I=1eIXN
XNEL)=G12N(1I)
DC61I=1s1IXD
XD(IL)=G12D(1I)
DO 59 I=1sLYN
YNCEP=G2IN(I)
DO 60 I=1,sLYD
YD(I)=G21D¢t1)
GO TO 58
IF(IS+~3)62s63+62

)

 SRD

SRD
SRD
SRD
SRD
SRD
SRD

SRD

SRU

SRD
SRD
SRD
SR
SRD
SRU
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SR
SRD
SRD
SRD
SRD

ogg
0
cé}
02}
cey
02
0R
03®
02
021
c2d.
033
028
Udg.
rys
022
028
023
02y,
023.
02).
023.
023.
023
023"
623
023"
024.
624
024.
02&
024
C24.
024
024
024.
024
025°
025
025;
625
025.
025,
€25
028
025
025
Q2€¢
02€:
026,
G2€.
Q2¢€.
C2e!
C26¢
026"
026



63
64

65

66
67
62

68

69

70
T1
72
" 13

T4

75

76
77

78

79

80

82

84

85

86

DO 64 I=1sIXN
AN(I)=GL3N{I)
DO 65 1=151XD
XD(I1Yy=6130(1)
DO 66 I=1sLYN
YN(I)=G31IN{I)
DO 67 I=15LYD
YO(I)=G31D(1I)
GO TO 58

DO 68 I=1sIMN
GN{I)=ANZN(I)
XN(T)=GN(I)
DO 69 Is1sIMD
GD{I)=ANZD(I)
XDI1)=GDI(I)
MZN=MZN+ 1
MZD=MZD+1

PO 70 I=1>M2ZN
YN{I)=ZN1(1)
DO 71 I=1sMZD
YD(I)=2D1(1)

IFCIMN*MZN) 72972573

162=0

Go TO 76

[SZ =IMN+MZN
DO741=1s1SZ
SPN(I})=0.0

DO 75 I=1s1MN
DO 75 J=1sMZN
Ksl+J-1

SPN(K)=SPNIK)+XN(T)*YN(J)

CONTINUE
ISZ=152-2

IF(IMD*MZD) 77577578

17T2=0

GO TO &1 .
ITZ=1MD+MZD
DO 79 I=1,1TZ
SPD(I)=ust

DU BU I=1,IMD
DO 80 J=1,1MiD
Kel+d—1

SPD (K ) =SPD(K)+XD(1)*YD(Y)

CONTINUE
[TZ=1TZ=2
DO821=1sIXN
XNCT)y=GLINCT)
XD(1)=G11D(1)
[Z3=1SZ+1
[24=1T2+1

DO 84 I=15113
YN(T)=SPN(T)
DO 85 I=1,1Z4
YD(I)=5PD(1)

IF(IXN*¥IZ4) 86586587

[ZNI=0
GO TGO 90U

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

SRD,

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
5RD
SRD
SRD
SRD
SRD
SRD
SKD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SKD
SRD
SRD
SRO
SRD
SRD
SRO
SRD
SRD
SRD
SRD
SRD
SRP
SRD
SRD
SRD

02€
027
027
027
027
027
027
027
027
027
027
02¢8
028
02€
028
U2
028
028
028
028
028
029
c29
29
029
029
029
029
029
029
029
030
030
030
030
030
030
030
030
030
030
031
031
031
¢31
031
031
031
031
031
031
032
032
032.
032
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87

88

96
97
99

e
oo
W

102
104
100
g8

105

108

943

109
152

1

[ZN1=1XN+1Z4
DO 88 I=15IZN1
ZNI(I) =00

DO 89 I=1sIXN
D0 89 J=1s1Z4
Kel+J=-1

ZN1(K)=ZN1 . K)Y+XN(I)#*YD(J)

CONTINUE
IZN1=s1ZN1=2

IF (IXN%IZ3) 91,91+92
1Z2N2=0

GO TO 95
IZN2=TXN+1Z3
DO 93 I=1sI14N2
ZN2 (1) =08

PO 94 I=1sIXN
DO 94 J=1o143
Kal+J=1 '

ZN2 (KY=ZN2(K)+Xp(T)*YN{J)

CONTINUE

IZN2=1ZN2~2
IX=1ZN1+1

IY=1ZN2+1

ND=1X

IF(IX=IY) 96597,97
ND=TY ‘

IF (ND) 98,98599

D0 100 I=1uND
IF(I=IX) 1015107+102
IF(I=IY) 1U391039104
IN{T)=ZNLI(])=2Np (1)
GO TO 1vu

CEIN(I)==ZN2(1) .

GO TO 1Uu

IN(I)=ZN1(I)

CONTINUE

IZN=ND~1

IF(IXN#IZ4) 105,1055106
12D=0

GO TO 109

IZD=IXN+124

DO 1u7 I=1,1Z0
2D(I)=Vou

DO 108 I=15IXN

DO 108 J=l;1Z4

K=l+Jd=1
ZD(K)=2D(K)+XD(1)*YD(J)
CONTINUE

12D=12D=2

17D1=1ZD+1

IZN1=1ZN+1

PUNCH 943

SRD

SRD -

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

SRD ¢

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

SRD O

SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD
SRD

SRD 0

SRD

FORMAT (2X562HORDERS OF THE NUM:. AND DINO. CF THE MODIFIEL UIAGUNALSRU

ELEMENT)
PUNCH 15251ZNs12D
FORMAT (2110)
PUNCH 942

SRO
SRD

SRE o
SR

03:
03



942 FORMAT (22 (1H),
FUNCH 944

944 FORMAT (2Xs61HNUNM - AND DINO. OF THE MODIFIED DIAGONAL ELEMENT RESPE

1 CTIVELY)

PUNCHL53y (ZN(5 ), [=1:IZN1)Ys (AD(I)sl=151201)

153 FORMAT (8F.0 3)
110 CONTINUE
PUNCH 941
941 FORMAT(T79 (1ip*):
STOP
END

O R g AR o o b o O I o o o Sl (e o (o b T b o o L S R e o o

*3
SUBROUTINE IKCUTH{A.NL)
DIMENSTON A(27),3(27s27)98(27)
C N1 IS THE ORDER OF THE POLYNOMIALS
N=N1+1
K=1
105 IFCA(KY)Y 10U1.1029101
102 N=N=1
v0 1063 I=1sN
103 ACT)=A(TI+1)

G0 TO 105
101 DO 3 I=19N
f B(I)=A(T)

Ss(=1)¥%%N
IF(S) 4usbus41
4y N2=(N+1)/2

GO TO 44

41 N2=N/2

44 DO 4 I=1,f2
Jd=1
LL=2%I=1

4 X(JJs T)y=BiLL?

T={—=1)%*N
IF(T) 42:.42:43
42 N3=(N-11)/2

GO TO 45
43 N3=N/2
45 DO 5 I=1:.N3
JJ=2
MM=2%
5 X(JJsT)=p(MM)
IF(X(251)) 91+92:91
92 GO TO 8
91 DO & JJ=3eN
KaN3=JJ+2

IF(K) 80,81:81
80 KK=K+2
GO TO 9V
81 KK=K+1
90 DO 70 T=KKsN3
70 X{JJdsI}=u-U
IF(K) 51550:49
50 K=K+1
49 DO 6 I=14K

<

SRD
SRD
SRD

SKD

SRD
SkD
SRV
SRD
SKP
SRD
SR

LAY an
*eK 2

SRD
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RH

RHC
RHC
RHG
RHGC
RHC
R=C
RHC
KHC
R~C
al®
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
KHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RRC
RHC

Co¢
00(
56
GO
00(
o0
G0t
GO¢C
S0.
001
005
00z
001
Q1
201
001
01
001
302
20z
-02
LGz
cG2
¢Ce
(vl
(G2
‘(2
W
(L3
(C3
)
{u3
(L3



9

10

11
15

13
100

Xy DY =X {Jd=25 141~ {X(JU=2o L} ¥X(JJ=1s I+1 )}/ X(JJ=151)

DO 7 JJ=1,N

IF{X(JJdsl)) 85757

CONTINUE

GO TO 9

PUNCH 13

GO TO 10u

DO 10 I=15N

IF(X(151)18:11:10

CONTINUE

PUNCH 15

GO TO 100

PUNCH 13

FORMAT (15X ;6H5*STEM: 10K, 2HIS, 10Xy 6HSTABLE)
FORMAT (15X :6HSYSTEN " UX:2HIS 10X s BHUNSTABLE)
RETURN

END

RHC
R C
RrC
RHC
RHC
RHC
RHC
RHG
kHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC
RHC

%3 3 3 3 3% PR VIRV R VI (R VARV VAR VA VA VARV (A TSV VA VAR VAL VAL VAR VAR VAR VA VIR VISR VIR A VISRV VIR VAV VA VAR VAR v . VRRVIRYRY) A ALMCAL N AL AL AL A L
O R R Ll o A L ol o Al O o e e S e L o T o B e T o S D o o T A o o s o S o T3

RYA
N

333
(3¢
03"
5I3¢
¢3¢
(&G
104
04¢
00§e
{04
CO4¢
COBE
004"
004¢
004¢
008¢
00bi
* e



APPENDIX =~ B
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SA AL AL A TARTAN VARV AN AR TN VAR Y] AL AL 4, M - . v
R 36 36 76 3363 3 36 36 33639 3 3 369 o 3333 2 % 39 30 3 3098 300 36 336 96 I 3 36 36 363696 3 I 36 3 3696 K I3 3 0K WK e KKK

S.K,SHARMA PROGRAM FOR ENSUKING TI1GHT FEEDBACK
SUBROUTINE TIFB(AsBsnsM)

THIS SUEROUTINE ENSURES THE TIGHT FEELBACK

A(L) 1S THE RUMERATOR OF SCALAR RETURN DIFFERENCE
B(I) 1S THE DINQMINATOR OF SCALAR RETURN DIFFERENCE

" N~1 IS THE ORDER OF NUM. AND DINO. /F SCALAR RETUREN DIFFERENCE

M IS THE NUMEER OF SYSTEMS TC BE CHECKED

DIMENSION A(10),8(1u)

READ 1sNsy

FORMAT (2110)

NN=N § KK=1 3$iN=N

DO 2 Il=14M

READ 35 ({A(I)sl=1sN)s(BII)sI=lsN)

FORMAT (8F10.3)

IF{ALKKY)Y 75547

N=N~1 $ DO 6 I=1sN

AlL)=A(I41) $ Go TO 4

IF(B(KK}) 1uUs8s7V

NN=NN=1 % DO 9 I=1sNN

B(I)=B(I+1) $ Gpn TO 7

W=30, $ AR=0G., $ AI=0. % BR=0s $ BI=0. $ DO 11 J=1sN $ L=N=J
IFCA(J)) 25511925 :

IF{(=1)*%L) 15515512

IF({=1)%%L/2) 13513514

AR=AR-A(J)*(wk*xL) v GC TO 11

AR=AR+A(J)* (W% ) $ GO TO 11

AI=AT+A L) #* (Wr¥k)

CONTINUE $ TN=SGRTF(AR*#24AI%%2) $ DO 16 J=1sNN $ L=NN-J
IF{B{J)) 26516526

JK=(=1)y**L $ JL=(=1)%%L/2 $ IF(JK) 20920517

IF(JLY 18518519

BR=BR-B{J)* (WX¥* )} $§ GC TQO 16

BR=BR+B(J)* (W**_) $ GO TO 16

BI=BI+B(J)* (W) '

CONTINUE $ TD=SQRTF(BR*3:2+8I%%2) $ X=TN/TD $ X=1lo+X $ Y=1o/X
N=MN & NN={4N

IFIY=1o) 21521522

PUNCH 23511% GO TO 2

PUNCH 24511

FORMAT (16HTHE FEEDBACK OF sI13916H SYSTEM IS TIGHT)
FORMAT (16HTHE FEEDBACK OF $13+20H SYSTEM IS NOT TIGHT)
CONTINUE & STCOP & END

TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
TIF
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00¢(
00t
00(
00C
Cco¢
00¢
001
001
001
001
001
001
001
001
001
001
c02
¢02
002,
c02
002
502
502
002
c02
c02
{03
03
;03
U03
203,
003:
003:
C00.
003"
003.
003
003"
004
004,
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% NuwT 00
C C S.Ko.SHARMA PROGRAM FLR NYQUIST PLOT GENERATION NQT of
READ 1yNsh NGT 08§

1 FORMAT (2110) N&T 0d
DIMENSION A(1U),5(10)sX(200)sY(20() NGT 00
KK=1 $ MN=N & Nn=N , CONGT 06
PUNCH33 $ PUNCH 34 $ PUNCH 35 $ PUNCH 33 NaT 80

33 FORMAT (8C(1H=)) NUT QC
34 FORMAT (&4 (1H% 53X s 2HX= 54X, 1H* 53X s 2HYmy4X) ) ' NQT 00
35 FORMAT {8(1H3#>SHCORDINATE)) NQT 0
DO 21I=1sM NGT 00
READ 3s(A(I)sI=1sN)s(B(J)sJ=1sN) - NGT 90,

3 FORMAT (8F10,3) NQT ¢f.
4 IF(ALKK)) 73557 NQT 00:
5 N=N=1 § DO 6 I[=71sN NQT 00
6 ALL)=A(I+1) $ GO TO 4 NQT 00.
7 IF(B(KK)) 10,8470 . NQT 0Q.
8 NN=N=1 $ DO ¢ I=1sNN NGT 00.
9 B(I)=B(I+1) $ GO TO 7 ~ NQT 09.
10 W=0o 8 DO 27 IJ=1520 o ' NGT 00.
AR=0, $ Al=0, $ BR=0, % BI=0, $ DO 11 J=1sN $ L=NeJ NGT 00
JK=(=1)**L $§ Jl=(=1)%%L/2 $ IF(A(J)) 2551125 NGT 00.

25 IF(JK) 15515,12 NQT 00.
12 IF(JL) 13513514 QT Q0.
13 AR=AR-A{J)*(Wx¥*_) $ GO TO 11 NGT Q0.
14 AR=AR+A(J)* (W¥¥_)$ GO TO 11 NGT 00.
15 AI=AL+A(JI)* (WxH| ) NQT Q0.
11 CONTINUE $ TN=SQRTF(AR¥¥2+AI%%2) $ DO 16 J=1sNN $ L=NN=~J NGT Q0.
IF(B(J)) 26916526 NaT 00

26 JK=(-1)#*L $ Jl=(=1)%%L/2 $ IF(JK) 20920517 NQT 00
17 IF(JL) 18518519 NQT 00
18 BR=BR-B(J)*(W*¥*_) $ GO TO 16 NQT 00
19 BR=BR+B(J)*(W¥*_) $ GO TO 16 NQT 00
20 BI=BI+B(J)% (Wex) : _NQT 060.
16 CONTINUE $ TD=SQRTF(BR¥#2+BI%%2) $ XM=TN/TD $ XA=ATANF(AI/AR)~ATANNQT 00
IF(BI/BR) $ X(IJ)=XM*COSF(XA) & Y{(IJ)=XM*SINF{XA) - NQT 00
WaW+,5 NQT 00.

27 CONTINUE $ PUNCH 28s(X{IJ)sY(1J)slJd=s1e20 ) NQT GO
28 FORMAT (8(iH#*sFg.3)) NQT 00
N=MN $ NN=MN NQT 00

2 CONTINUE $ STOP $ END NQT 00

A S I K IR AN K 30509 I I I3 S H e 3 66 I 3 I3 I I I I I KK
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DO OO OO OO O kR

* STR U4S
C SoKo SHARMA STEP RESPONSE OF REACTER WITH CONTROLLOR 5TR u49

N IS THE ORDER OF THE NUMERATOR OF THE ELEMENT OF TRANSFER FUNCTIOVT*AT&49

M IS THE ORDER OF THE DINO. CF THE ELEMENT OF TRANSFER FUNCTION MAXs*AT50

N1 1S THE ORDER OF,  THE NUMERATGR OF THE STEP INPUT : Xo¥ T50

ML IS THE ORDER OF THE DINCMINATOR OF STEP INPUT Xs% T50

XNy XDs ARE THE NUMERATOR AND DINOMINATOR OF STEP INPUT RESPECTIVEXs* T50

L IS THE NUMEER OF ITERATIONS Xs% T50
FIRST ITERATION IS FOR K{(1s3)5K{253)s AND K(353) Xs% T50
SECOND ITERATION IS FOR K(L1s4)sK(2s4)s AND K{(3s4) Xs% T50
THIRD ITERATION IS FOR K(1519)sK(2519)s AND K{(3519) Xs#* T50
FOURTH ITERATICN IS FOKR K(19520)3K(2520)s AND K(3920) Xs% T50

Xls X2 AND X3¢ ARE THt OUTPUTS OF THE NUCLEAR REACTER Xs% T50
READ 1sNsMsNLorisl Xs¥ T51

1 FORMAT (5110) Xs* T51
DIMENSTION GLIN(4940)sGLlID(4540)sG22N(4940)9G22D(4s40) 9G33N(4s40) X% TH51
DIMENSION G330(4340)sGIN(40)sGLD(40) sRN1(40)sRN2(40)sRN3(40) Xe¥ T5]
DIMENSION RD1(40)sRD2(40) sRD3(40)9ZNL(40) sZN2(40) sZD1(40)sYN(4D) Xo¥ T5]
DIMENSTON YN1(40)sYNZ2(40) sZN(40)sZD(40)sG12N(40)sGLl3N(40)sG12D(40) Xs% T51
DIMENSION G13D(40)5G2LN(40)sG21D(40)s6G23N(40) 9G23D(40) sG3IN(40) Xs% T5]
DIMENSION G31D(4U)sG32N(40)sG320(40)sXD(40) 9 XN{40) Xs#* T51

IR=¢4 ‘ Xo¥ TH1.
IXN=N+1 _ Xs* T51.
IXD=M+1 Xs¥% T52
IYN=N1+1 52
IYD=M1+1 52
BEUD=s (L (RI((*(1%#(GUID(JsI)sI=1sIXN)sJ=1sL) 52.
READ2s ( (G22N(Js1)sG220(JsI)sI=1sIXN)sJ=1sL) : STR (52-
READ2s ((G33N(JsI)sG33D(JsI)sl=slalXN)sd=1sLl) STR ¢52
READ 29 (G12N(I),G12D(I)sI=1sIR) STR 052
READ 25 (GI3N(I)sG13D(I)sI=1sIR) STR 952"
READ 25 (G2IN(I)4G21D(I)sI=1s1IR) STR 052,
READ 25 (G23N(1),623D(1)sI=1sIR) - STR 052.
READ. 25 (G3IN(I),G31D(I)sI=lsIR) STR 53
READ 25 (G32N(1),G32D0(I)sI=1sIR) -STR 053
READ 25 {XN(I)sXD(I)sl=1sIY¥YN) ' STR 053.

2 FORMAT (8F1uU,3) STR (53.
DO 101 J=1,L : STR 053

DO 16 I=1sIXN STR ©53:

16 GIN(I)=GLIN(Js1I) STR uH3.
DO 17 I=151XD STR 053

17 G1D(I)=G11D(JsI) STR 53
[S=1 STR (53,

100 CALL PMULT (RN]1sIRNIsGINsIXNsXNsIYN) STR U54
CALL PMULT (RD19IRD1sGLlDsIXDoXDsIYD) STR 054
CALL PMULT (RN2sIRN2sGL2NsIRsXNsIYN) STR 054
CALL PMULT (RC29IRL29GL2DsIRaXDsIYD) STR 054.
CALL PMULT (RN3sIRN3sGL13NsIRsXNs IYN) _ STR 054
CALL PMULT (RD3sIRD35G13DsIRsXDsIYD) STR 054
IRNI=IRN1+1 STR 254,
IRN2=IRN2+1 STR Ub¢4
IRN3=IRN3+1 STR 054.
IRD1=IRD1+1 STR 54
IRD2=IRD2+1 STR 055.
IRD3=IRD3+1 STR b5,
CALL PMULT (ZN1sIZN1sRDL1sIRD1sRN2sIRN2) STR 055

CALL PMULT  (ZN2sIZN2sRN1sIRN1sRD2sIRD2) STR 0565



70

21

73
262

26
T4
272

27
24
29

75

CALL PMULT (ZD1sIZD1sRD1sIRD1sRD2sIRD2)
[ZN1=TZN1+1

[ZN2=1ZN2+1

[ZD1=12D1+1

CALL PSUM (YN, ISNsZN1sIZNL1sZN2sI1ZN2)

CALL PMU-T® (YN1s1YN1sZD1»IZD1sRN3sIRN3)
ISN=1SN+1

IYNL=TYNL+1

CALL  PMULT (YN2sIYN2sYNsISNsRD3sIRD3)

CALL  PMULT (Zp»1ZDsZ01s1ZD1sRD34IRD3)
IYN2=1YN2+1

CALL PSUM  (ZNsIZNsYNIsIYNLsYN2sIYN2)

[ZN3=TZN+1

1Z203=120+1

ITRAN=U

PUNCH 7UsITRAN

FORMAT (1uXsOHITERATIONS1OXs6HNUMBER » 10X s2HISs5X s 14)
[F{I5=1)2u,21520

PUNCH 7151ZN

PUNCH 72512ZD

PUNCH 222 A

PUNCH229 (ZN(I)sT=lsIZN3)

PUNCH 232

PUNCH235 (Z0(1)sI1=1512D3)

FORMAT (10X s5HORDER s LOXs2HOF s THXNL (1) =55X514)
FORMAT (LOX s 4HNUM: 55X 9 2HOF s 5X s 5HFIRST 95X s 6HOUTPUT s5X s 3HX1 095X s
L 2H1Ss5X35HGIVENsSXs3HAS, 55 X)

FORMAT (8F10.3)

FORMAT (10X s 5HORDER s LUX92HOF s LOX s 7THXD1(T)=95X s 14)
FORMAT (10X 55HDTINOc 95XsZ2HOF 95X s 5HFIRSTs5X s 6HOUTPUT 55X 9 3HX1 695X s
1 2HISs5Xs5HGIVENSSX s 3HAS . 54X) .

FORMAT (8F1003)

IF(IS=2)32525524

PUNCH 73,5IZN

PUNCH 74s1ZD

PUNCH 262

PUNCH26 9 {ZN(I)sI=1sIZN3)

PUNCH 272

PUNCH275(20(1)s1=1512D3)

FORMAT (10X s5HCORDERSLUXs2HOF s TOXs 7THXNZ2 (1) =s5Xs14)
FORMAT (L1UXs4HNUMG»5X s 2HOF 95X s 6HSECOND 95X s 6HOUTPUT 95X s 3HX206 55X
1 2HIS»5Xs5HGIVENS5Xe3HAS s 94X)

FORMAT (8F1lu.3)

FORMAT (10X 5HORDERs 1UXs2HOF 10X s 7THXD2(1)=35Xs14)
FORMAT (10X s5HDINCos5X92ZHOF 95X s 6HSECONDs5X s 6HOUTPUT 95X 93HX20 55X 9
1 2HISs5X35HGIVEN»5Xs3HAS s3X)

FORMAT (8F10,3)

IF (1S=3)325295701

PUNCH 7551ZN .

PUNCH 765120

PUNCH 3u2Z

PUNCH30 s (ZN(I)s1=1912ZN3)
"PUNCH 312

PUNCH31s (ZD(I)s1=1,12D3)

FORMAT (10X s5HORDER s 1UX92HOF s LOXs THXN3 (1) =95Xs14)

STR
STR
STR
STR
STR
S5TR
STR
S5TR
STk
STk
STF
STR
STk
STR
STR
STR
STR
STR
STk
STR
STR
STR
STR
STR
STR
STR
5TR
STR
STR
STk
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR

STR

STK

0

¢!
0%
0.
0L
0
0L
0!

0
0}
03¢
G
0!
)
Gf
Gt

Ul
i
e
ot
Ct

Tl
0=
018
G



o2 FORMAT (10X s4HNUM< 35X s 2HOF 9 5X»5HTHIRD s 5X 9 6HOUTPUT 95X s3HX3 095X STR 168

1 2HISs5Xs5HGIVEN5X93HAS, »5X) STR 461
30 FORMAT (8F1043) ' o STR cél
76 FORMAT (13IXs5HORDER» 10X s2HOFs10XsTHXD3 (1) =s5Xs14) STR ©6l
312 FORMAT (10Xs5HDINOos5Xs2HOF s5XsBHTHIRD5X s 6HOUTPUTs5Xs3HX3095Xs  STR 0§61
1 2HISs5Xs5F GIVEN9DHX93HAS, s4X) STR 061
31 FORMAT (8F1u,3) STR 06}
32 15=15+1 STR 061
IF(15-2)55655 STR 06}
6 DO 7 I1=15IXN STR 063
7 GIN(I)=G22N(Js 1) STR (6l
DO 8 I=1,IXD STR 062
8 GID(I)=G22D(Js1) ' STR 62
DO 9 I=15IR STR 062
GL2N(I)=GzIN(I) STR ¢62.
Gl2D(1)=Gz1D(1) STR 062
GL3N(I)=G23N(I) STR 062
9 G13D(1)=623D(1) STR 062
GO TO 10uv STR 062
5 [IF(IS~3)101s11s101 STR 062
11 DO 12 I=1sIXN STR 062
12 GIN(I)=G33N(JsI) STR 063,
DO 13 I=151XD STR 063
13 GID(I)=G33D(Js1) STR 063,
DO 14 1=151IR STR. 063
G12N(I)=G31IN(I) STR 63
G12D(1)=G31D(I) STR 163
GI3N(I)=G32N(I) - STR 63
14 G13D(1)=G32D(I) STR (63
GO TO 10w STR (63
101  CONTINUE STR 063
18 STOP STR (64
END . STR Gb4
36936 3 36 3T 963 30 03 3 303030 5330308 3030096336 30 30 90 3630330 3 630 I 933 363 9 K336 36 36 36 36 3500 33050 S S SN
*% - STR 164
SUBROUTINE PMULT (ZsI1Z5CsICsDsID) , STR 164
THIS SUBROUTINE PERFCRMS THE MULTIPLICATION OF TWO POLYNOMIALS STR 064
DIMENSION Z(4G),C(40)sD(40) STR 064
IX=1¢C STR 064
Iy=1D STR (64
IF(IX*¥IY)IB5055ur5l : STR (b4
50 12=0 STR (64
GO TO 54 ‘ STR 065
51 [Z=IX+1Y STR w65
DO 52 I=1,1Z _ STR 065
52 Z({1)=u,v STR 365
DO 53 I=15IX STR 65
DO 53 J=1slY ¢ STR 065
Ksl+d-1 STR 065
ZIK)=Z (K)+C(I)*D(J) : STR 065
53 CONTINUE STR (65
12=12-2 STR 065
54 RETURN STR 066
END STR 066

R R L R RS S S e L S e S S L N

* % STR ©66.
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SUBROUTINE PSUM (ZsIZsXsITsY51S)
THIS SUBROJTINE PERFORMS THE SUM OF TWO POLYNOMIALS

DIMENSION Z(40),X(40)5Y(40)
IX=IT

IY=1S

ND=1X
IF(IX-1Y)55456456
ND=T1Y
IFIND)BT55745¢8

DO 59 I=1s0D
IF(I-IX)6Us6.961
IF(I-1Y)62562563
LED)=X (I +Y (1)

GO TC 59
Z(1)=Y(1)

GO TO 59
Z(I)=X(1)
CONTINUE

IZ=ND~1

RETURN

END

STR
STR

8TR
STR
STR
STR
STk

STR

STR

STR
STR
STR
STR
STR
STR
STR
STR
ST
STR
STR
STR
STR

J6¢
o6t

88t
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U6t
06¢
06¢
06¢
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06°
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06t
06¢
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Q6¢
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* %
C

C
C
C

105
102

103
101
12
151
14
16

17
13

C

10

SoKoSHARMA FINDING THE ROQTS OF A POLYNOMIAL
N IS THE TOTaL NUMBER OF COEFFICIENTS IN THE POLYNOMIALS
Pl AND Q1 ARE THE STARTING VALUES OF THE RQOTS
E IS THE ACCURACY OF THE ROOTS
DIMENSION A(1006)sB(1u0)sC(100)
READ 10UsP1sQlsEsN

READ 1u6s{A(I)sI=1sN)

K=1

IF(A(K)Y) 10151825201

N=il=1

DO 103 I=1y4N

AlI)=A(I+1)

GO TO 105

N=N=1

DO 12 1=1,N

ACT)YSACI+1) /A1)

LL=N

DO 17 K=1loN

IF (A(LL)) 13514513

PUNCH 16

FORMAT (3HONEs 2X s4HRCOT 32X s 7TH=0.,0000)
LL=LL~-1

CONTINUE

LZ=K-1

NaN=-LZ

P=P1

W=Q1

GO TO 75

B(Ll)=A(1)~=P

B(2)=A(2)=P*B(1)=G

DO 6 K=3N

BIK)sA(K)=P¥E (Km1)=G*¥B(K=2)
IF(N=3) 9159155

L=N=-1

C(1)=B(L)=-P

C(2)=B(2)~P*C(1)~Q

DO 7 J=3sL '

ClI) =B (J)=P*C(J=l)~u*C (=2}
CBAR=C(L)=B(L)
ONR=(C(N=2) ) %% 2CBAR*¥C(N=3)
IF(DNR) 1555uGs15

.\'. P=P+1,

d=Q+1.,

Gu TO 10
DLTP=(B(N=1)%C(N=2)~B(N)*C(N=3})/DNR
DLTQ=(B(N)*CIN=2)=B(N=1)*CBAR)/DONR
P=P+DLTP

Q=Q+DLTQ

ABP=ABSF(DLTP)

ABQ=ABSF(DLTGQ)

XM=ABP+AEQ

PRT
PRT
PRT
PRT
PRT
PRT
PRT

PRT
PRT
PRT
PRT

PRT.

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRET
PRT
PRT

PRT

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT

00¢
00«
Q0C
00t
Q¢
00¢
00«

0Q:
00:
00.
00.
00.
00.
00:.
00:
00!
00
00:
00.
00,
00,
v
00.
00,
¢C.
910}
00.

00.

Q0!
0

00.
¢o

00!
¢o.
00.
00

CG.
00.
00.
Co.
00-
U

00-



IF (XM=E) 50550510 PRT 0C

C COMPUTING ROOTS GFQUADRATIC EQUATION PRT 0GC

50 DCRN=P#P=4,%Q PRT 0C

IF(DCRN) 52553954 PRT 0C

52 ABD=ABSF(DCRN) PRT 00

ABSQ=SQRT(AED) PRT 00

XR=P/2. PRT Q0

XIM=ABSQ/2. PRT 00

PUNCH 206 ¢XRsXIpm PRT 00

206 FORMAT (18HREAL PART OF ROOT=3F1006s2Xs15HIMAGINARY PART=5F10.6} PRT 00

GO TO 70 PRT 00

53 X=P/2, : PT 00

PUNCH 20UTsX PRT 00:

207 FORMAT (12HEGUAL ROOTS=5F10c6) FRT 00«

GO TO 70 PRT 00

54 ABSQ=SQRTF (DCRN) PRT 00

X1==pP/2 ., 2*ABSQ/2, PRT Q0

X2==P/2.+ABSQ/2, PRT 00

PUNCH 20U9sX1sX2 PRT 0O

209 FORMAT (11HFIRST ROOT=3F1C.6512HSECCND ROOT=sF1066) PRT 00.

70 N=N=-2 PRT 00

DO 71 K=1sN PRT 00

71 ALK =B (K) _ PRT GO.

75 IFIN)99599576 PRT 00

76 IF(N=4)77577510 ©PKT 0O

77 GOTO (80550910510) 9N PRT 0O

80 X==A{1) PRT 00

PUNCH 205,X PRT 00

GO TO 99 ) PRT 00

g1 Cll)=B(1)=P PRT 00

C{2)=B(2)=P%C(1)=Q PRT 00~

CBAR=C(L)=BI(L) , PRT 00"

DNR=(C (N*=2))**2aCBAR PRT 20"

IFIDNR) 6ulsT7UG460U0 PRT 00.

700 P=P+1. - - PRT ¢0.

Q=Q+1, ’ : PRT G0

GO TO 91 PRT 00t

600 DLTP=(B(N-1)%C{N=2)-B(N))/DNR _ PRT 00.

GO TO 9 ' PRT 00

100 FORMAT [3F10.5513) PRT 0O:

205 FCRMATU{L11HLAST RCOT= +F10.6) PRT 20«

106  FORMAT (8F1C,3 ) PRT 00:

99 STOP PRT 00¢
END

L s .
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*#

OO OO OO OO

995

222

199

805
802

803

801
200

7000
7001

7002

T mivwe mopy 1

C S¢K.SHARMA PARTIAL FRACTION EXPENSION

NNM' 15 THE ORDER OF THE NUMERATOR OF THE FUNCTION TO BE PARTIAL
FRACTIONED

IT IS THE NUMBER OF ROOTS WHICH ARE DISTINCT

NM IS THE TQTAL NUMBER OF FUNCTIONS TQ BE PARTIAL FRACTIONEU
MA IS THE CRDER OF THE NUMERATOR PLUS ONE

A(KsI) IS THE NYUMERATOR POLYNOMIALS MATRIX

M(KsI) IS THE ROOT MULTIPLICITY MATRIX

CRIKs1I) IS THE REAL ROCTS MATRIX OF THE POLYNOMIALS

CI{KeI) IS THE IMAGINARY ROOTS MATRIX OF THE POLY NOMIALS
RESR{KsI) IS THE MATRIX FOR THE REAL PART OF RESIDUES
RESI(KsI) ISTHE MATRIX FOR THE IMAGINARY PARTS OF THE RESIDUES
DIMENSION A(2940) 9P (4G) sD(40)sDX(40)sM{2:40)9Q(40) sDXX(40)
DIMENSTION SZ2(40)sANS(4u) s AX{40)sP1(40)sP2(40)s31(40)
DIMENSION RESR(4058)9RESI(4058)sCR(2:40)9CI(2+40)
READ1YNNMyIT sNMaMA

FORMAT (411u)

DO 995 K=1,NM

READ2s (A(KsI)sIxlsMA)

READ2s (CR(KoI)gI=1sIT)s(CI(Ksl)sI=1sIT)

FORMAT (8F13.3)

CONTINUE

READ 2225 ({MI(KoI)sI=1oIT)sK=1sNM)

FORMAT (8110)

DO 1001 K=1hM

DO 199 I=1,MA

D(I)=uo,0

. P(I)=UQU

G{I)=u,0

DXX(I)=0.0

DX(1)=0¢

DO 4 L=1sMA
AX{LY=A(KsL)

KK=1

IF(AXTKK)Y) 8ulsgu2s801
MA=MA—-1

DO 803 I1=1sMA
AX(IT)=AX{II+1)

GO TO 805

NNM=MA=-1

DG 30 I=151IT

DO 5 L=19MA

PLL)=AX(L)

P2(L1=040

DO 6 L=1sIT
SLILY=CR{KsL)
S2(L)=CI(KslL)
CALCULATING THE VALUE OF NUMERATOR POLYNOMIAL AT IsTH ROOT
YR=0o -

YI=UO

DO 7 J=1sMA

L2=MA=J ,
YR=YR+APL(J)#(S1(I)%%L2)
L3={=1)%%L2

IF(L3) 743034570039 70GU
L= (=1)%*([3/2)

IF(L4) 7001970071, 700G2
YR=YR-PL(J)* (SL(T)#%L2)
GG TC 7
YR=YR+P1(J)*(S1(I)*%*L2)
GO TO 7
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PRF
PRF
PRF
PRF
PRF
PR

PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF

PRF

PRF
PRF
PRF

PRF ¢

PRF

" PRF

PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF

PRF
PRF |

PRF
FRF
PKF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
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10
20

35

36

51

53

54

55

56
57
59

62
64

60
o8

65
€6

67

IF(IQ1*%ID1)1Uslps20
IDX=0

GO TO 50
IDX=1IQ1+1ID1

DO 35 I=1,1DX
DX(1)=0.0

DO 36 I=1,1Q1

DO 36 J=1,1D1
Lal+=1
DX(L)=DX(L)+Q(I)*D(J)
CONTINUE

[DX=1DX~2

D(L)=CI(KsJU)#CT Ko dJ)HCRIKsJJ ) #CR (K9 JJ)

D(2132%#CR(K,JJ)
D(3)=1.

[D=2

IP1=IP+1
ID1=1D41
IF(IPL*ID1)51951952
IDXX=U

GO TO 55
IDXX=IP1+ID1

DO 53 I=1sIDXX
DXX(I1)=0.C

DG 54 I=151IP1

DO 54 J=1s1D1
L=I+J=-1

DXX (L) =DXX{L)+P (1)*D(J)

CONTINUE
IDXX=IDXX~2
IS=1DX+1
IDX=IDXX+1

ND=18§

IF(IS~IDX) 56557957
ND=1IDX
IFI(ND)S58+58559

DO 60 [=1sND
IF(I=IS) 61561562
IF(I=1DX)63¢63964
P(I)=DX{I)+DXX(1}
GO TO 60
P(I)=DXX(I)

GC TO 6V
P(I)=DX(I)
CONTINUE

IP=ND-1

IR=IQ+1

1Y=1D+1
IF(IR*¥1Y)65465566
IX=U

GO TO 69

IX=IR+1Y

DO 67 I=141IX
DX{I)=vuu

DO 68 I=1,IR

DO 68 J=1slY
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7003 YI=YI+P1l(J)*(S2(I)*%*L2)

7 CONTINUE

C FINDING THE RESIDUES AT DISTINCT ROOTS
PI=\J0
IMI=M{KsT;
PR=1e

IF(IMI)30s30539Q
390 DO 31 U=1,1IT
IF(I=J)32531932
32 IMI=M(Ks J)
IF(IMJ)31931933
33 Al=CR(KsI)=CR(K,J)
Bl=CI(KsI)=CI(KsJ)
DO 34 L=1sIMJ
A2=PR*A1=PI*R1
B2=PR*B1+PI*Al
PR=A2
PI=B2
34 CONTINUE
31 CONTINUE
DIV=PR*PR+PI*PI
RESR{IsIMI)m(PR¥YR+PI*YI)/DIV
RESI(IsIMI)s(PR#YI=PI*YR)/DIV
PUNCH 5283RESR(IsIMI)sRESI(IsIMI)
528 FORMAT (4HREAL, 1X94HPART9lX92HOF91X99HREDIDUtb~7El4 8
1 9HIMAGINARY s 1X 35 4HPART 51X s2HOF s 1Xs9HRESIDUES=9E14.8)
SK=S81(1) '
SS=521(1)
SKA=RESRI{IsIMI)
SA=RESI(ISIMI) .
PUNCH 70055SKsSkAsSSsSA
7005 FORMAT(4F15.4)
30 CONTINUE
C FINDING OUT THE RESIDUES FOR THE ROOT MULTIPLICITY
DO 300 I=1,IT
[FIMIKsI)=1)3004300,5301
300 CONTINUE
, GO TO 205
301 JJd=u
DO 40 I=15MA
Q(I)=Uoo
P(I)=0,0
40 CONTINUE
IQ=0
[P=0
Q{l1)=160
42 Jd=JU+1
ICH=M(KsJJ)
[FCICH)429%25422
422 IF(CI(KsJJ) 143545543
43 D(1)=—2c*¥REST(JJYsICH)*¥CI(KsJJ) ™2, ¥RESR(JJ s ICHI¥CR(KsJJ)
D(2)=32¥RESR{JJ, ICH)
ID=1
IQl=1Q+1
IDi=ID+1

FRF
PRF

FRF

PKF
PRF
PRF
PRF
PRF
PRF
PRF
PRF
FRF
PRF
PRE
PRF
PRF
PRF
PRF
PRF
PRF
FRF
PRF
PRF
PRF
PKF
PRF
PRF
PRF
PRF
PRF
PRF
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20

35

36
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51
52

53
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55

56
57
59

64
60
58

65
66

67

IF(IQ1I*IDL)1Us1gs20
IDX=0

GO TO 5u
1DX=1Q1+1D1

DO 35 I=151DX
DX{I)=0c ¥l

DO 36 [=1,1Q1

DO 36 J=1s1ID1
Lal+J-1

DX{L)=DX{L)+Q{I)*0(J)

CONTINUE
IDX=1DX~2

D(L)=CI(KyJU#CT 1Ko JI)I+TR(Ks JJ)HCR (K9 JJ)

D(2)=2. %CRI(K5JJ)
DI3)=1.

ID=2

IPl=1P+1
IDLl=1D41
IF(IP1*ID1)51551552
IDXX=u

GO TO 55
IDXX=IP1+ID1

DO 53 Is1lsIDXX
DXX({I)=0Lol

DG 54 1=151P1

DC 54 J=1¢ID1
LsI+J-1

DXX(L)=DXX{L)+P(I)*D(J)

CONTINUE
IDXXsDXX=2
1S=1DX+1
IDX=IDXX+1

ND=1S

IF(IS-IDX) 5635%7+57
ND=1DX
IF(ND)B383558559

DO 60 1=14ND
IF{I=IS) 61961542
IF(I=IDX)}63563564
P(IV=DX{1)+DXX(1?
GO TO 60
P(I)=DXX(I)

GO TO 66U
P(I)=DX(1I)
CONTINUE

IP=ND~-1

IR=IQ+1

IY=ID+1
IF{IR*¥IY)65465566
IX=u

GO TO 69

IX=IR+1Y

DO 67 I=1s1IX
DX{I)=Vouvu

DO 68 I=15IR

DO 68 J=1s1Y
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01z
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68

69

70

45

76
761

77

78

79

81

T4

82

83
84
86

87
89
88
90

91
85

L=I+J~1

DX(L)=DX(L)+Q(I;*D(J)

CONTINUE
IX=1Xx-2
LL=IX+1

DO 70 I=1slL
Q(I)=DX(I)
I=1X

Jd=JJ+1
IFCIT-JU) 7175402
D(1l)==CR(K.,JJ:
D(2)=1,

ID=1

DO 74 IN=1:ICH
ID1=ID+1
IP1=IP+1
IFCID1I*¥IDL)75:75:76
IXX=0

GO TO 79

IXX=0
IXX=ID1i+1IP1

DO 77 I=1:1XX
DX(11=0.

DO 78 I1=151ID1
DG 78 J=151P1
Lal+d-1

DX{L)=DX(L)+D(Iy*P(J)}

CONTINUE
IXX=IXX=-2
LL=IXX+1

DO 81 I=1skL
P(I)=DX(I)
IP=1IXX

CONTINUE
IQP1=1G+1

DO 82 IXX=.,1QP]

DXX{IXXYI=RESR (1 TCH)*Q{TXX)

CONTINUE

IK=1IP

IK1=IK+1

1Ql=1Q+1

ND=IK1
[FOIK1=-1G1)83s8::5%
ND=1Q1

IFIND) 85585486

DO 91 I=1sND
IF(I-IK1)874587:38
[IF(I-1Q1)89,895c¢
P{I)=DX(I)+DXX(7}
GO TO 91
P(I)=DXX(I)

GO TO 91
P(I)=DX(I)
CONTINUE

IP=ND=1

DG 49 IXX=1,ICH
IX=1D+1
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92
93

94

95
96
97

49
71

98
99
101

103
105

104
106

102
100

107

501

701
502

702

504

IY=1Q+1
IF(IX#1Y)92+92593
IKX=u

GO TO 96

IKX=IX+1Y

DO 94 I=1s.KX
DX(1)=ue

DO 95 I=1s1IX

DG 95 J=1lsIY

L=I+Jd-1
DX(L)=DX(L)4D(I)y*xQ(J)
CONTINUVE

TKX=IKX~2

LL=IKX+1

DO 97 I=1sLL
QUI)=DX(1I)

IQ=1KX

CONTINUE

IX=NNM+1

Iy=1P+1

ND=1X
IF(IX=1IY)S8499599
ND=1Y
IF(ND)10Us100elpl

DO 102 1=19ND
IF(I-IX)19349103,104
IF(I-1Y)105,105,106
ANSHI)=AX(I)=P({1)

GO TO 102
ANS(I)==P(1)

GO TO 1lou2
ANS(T)=AX{T)
CONTINUE

IANS=ND-1

LL=TANS+1

DO 107 I=1sLL
AXCI)=ANS(I)
NNM=TANS

TOL=0,001

I1=0

I=]+1]1

[IF(I=IT) 701570715200
IF(MIKs 1)) 5¢1s5015502
M(KeI)=M(KoI)=1
IF(CI(KsI))5.755045507
DUL1)=CRIKsI)*#CR{KsI)+CI(KsI)*CI(Ksl)
D(2)==2e%CR (Kol
D(3)=1,

ID=2

I=T+1

IF(I=IT) 702,7025505
M(KsI)=M(KsI)=1

GO TO 505
D(1)=~CR(KsI)
D(2)=1,
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505
508
510
511

991
520
9990
521
523
524
522
$25
526

10601
205

v By 2, 3 YA 5 . N
R R e Y s T S L L S 2T

ID=1

IX=NNM+1

IY=1D+1
IF(IY)5095509,510
IF(ABSF(D(IY))=TCL)5115511+509
Iy=1Y-1

GO TO 58
IF(IY)51255125513
IANS=zIX=-1Y+]
IF(IANS)5145515,516
IANS=0

[ER=U

GO TO 525

IER=1

GO TO 525

IX=1Y-1

IA=TANS

IT=1A+1X
ANS(IA)=AX(I1)/n(IY)
IF(IX) 99G129905991
DO 520 L=1,1IX
LL=L~1+1A

AX(LL) =AX(LL)Y=ANSCTIAY*D(L)
CONTINUE

IA=1A-1

IF{IA) 52155215516
IF(IX)52255229523

IFCABSF(AX(IX))=TOL) 52455245522

IX=1X-1

GO TO 521
IANS=T ANS=1

GO TO 515
LL=TANS+1

DO 526 Ib=1sLL
AX{IB)=ANS(IE)
NNM=TANS
IF(I=-IT)50142GU4200
CONTINUE

STOP

END
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APPENDIX = G
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*%
c c

97
*%

4002
4006

4004
4007
96
229
232

230

[S%
W

231
234

105

101
301
401
201

SoKoSHARMA TRANSIENT RESPONSE CALCULATIONS AND PLOTTING
DIMENSION XINE(120)9X13(120)9X14(120)

DIMENSION A(40)45(40)sCI40)9D(40)sE(40)sF(40)5G(40)sH(40)
READ 1sBLANKsDOTsXsSTAR

FORMAT (4A1)

READ 25 TMAX s XMAX sNoMsL oKL

FORMAT(2F1)6354110)

[F{L=2) 9651205120

DC 4006 JK=1sKL

READ 40025A(UK) ¢B1JK) sCIIK) sD(IK)
FORMAT (4F15 . 4)

COATINUE

DO 4007 JK=1sKL

READ 400458 (JK),F (JIK) 5G{IK) sH(IK)
FORMAT (4F15¢4)

CONT INUE

IF(L) 22992305231

PUNCH 232

FORMAT (10X99HTRANSIENT91X99HRESPONSES§1X93HFOR91X95HFIRST91X96
1 HOUTPUT)

GO TO 95
PUNCH 233

FORMAT (1UXs9HTRANSIENT s 1Xs 9HRESPONSESs1X93HFORs1Xs6HSECOND s 1X 56
1HOUTPUT) '

GU TC 95
PUNCH 234

FORMAT (1UXs9OHTRANSIENT 9 1Xs SHRESPONSES s 1Xs3HFORs1Xs5HTHIRDs 1X96
THOUTPRUT)

IF(TMAX) 955120,95
JMAX=2#N+1

DO 1us J=1oJMAX
XINE(J)=DO7

PUNCH 35 (XINE(J}sd=ls IMAX)
FORMAT (1H¥*sT79A71)
DO 105 J=1yJMAX
KINE(J)=BLANK

T=0 ol

RM=NM

RN=N

DELT=TMAX/RM

DO 110 K=1lg¢M
T=T+DELT

[F(L=2) 101+120,120
[F(LY 29153015401
XMAX=2Z o * XMAX

GG TO 2vl
XMAX=3 5% XMAX
X13R=0,

X13I=uo

DG 4001 JK=1,KL
RX3EXPF(A(JK)*T)*(B(JK)*COSF(C(JK)*T)“D(JK)*SINF(C(JK)*T))
X13R=X13R+RX

RY=EXPF(ATJK)*T)# (D (JKI*COSF (CLUK)*¥T)+B(JKI*¥SINF(C(JIK)*T))
X131=X131+RY

TRS
TR
TS
TRS
TRS
TRS
TRS
RS
TkS
TRS
TkS
RS
TRS
TRS
TRS
TRS
TRS
TRS
TRS
TRS
RS
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TRS
TRS
TRS
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00
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X13 (K)=SQRTF(X12aR*%2+X131%%2) TRS
TRS
TRS
DO 4003 JK=1,Kk TRS
RZ=EXPF (E(JK)#* Ty (F(IK)*COSF(G(JK)#*T)=H{JK)*¥SINF(G(JK)*T)) TRS
X14R=X14R4RZ TRS
SZ=EXPFECJIK)#Ty* (H(IK)*#COSF (G (JK)*T)+F (JK)*SINF(G(JIK) *T)) TKS
4003 X141sX141+52 TRS
X14(K)=SQRTF (X14R*%2+X141%%2) TRS
501  RI=RN%{XL13(K)/XMAX) TRS
SI=RI+1o TRS
XT=RN® (X14(K)/XMAX) : TRS
Z1=XI+1o TRS
IF(SI=T79.) 25525926 TRS
25 [=S] TkS
XINE(I)=X TRS
GO TO 29 TRS
26 [=N+1 TRS
XINE(I)=BLANK TRS
29 [IF(ZIm79¢) 27527928 TRS
27 [1=21 TRS
XINE{IT)=STAR TRS
GO TO 75 TRS
28 [=i+1 RS
XINE(1)=BLANK TRS
75. PUNCH 45 (XINE(J) sd=19JIMAX) TRS
4 FORMAT (1H*379A71) : TRS
DC 179 J=1sJMAX TRS
179 XINE(J)=8LANK TRS &
1106 CONTINUE TRS ¢
PUNCH 21 , TRS
21 FORMAT (7S (1He)) TRS ¢
IFIL) 20523524 TRS ©
20 PUNCH 22 TRS U
22 FORMAT (5Xs LuHMAGNITUDES s 1XsSHXPLOTTED s 1Xs5HCURVE s 1Xs BHTHE s 1X 5 TRS
15HFIRST 51X s6HOUTPUT) ' TRS
PUNCH 2215(X13(1)sI=1sM) . TRS ¢
221 FORMAT (8Elu.3) TRS
PUNCH 222 TRS
222 FORMAT(5Xs 1OHMAGNITUDES 91X s 2HOF s LX s9H* o PLOTTED s 1X s5HCURVE s 1X 9 3HFCRTRS
191X s3HTHEs 1X . 5HEIRST s IXo6HCUTPUT) TRS
PUNCH 221s(X14(1)al=lsM) TRS
Go TO 120 _ TRS

23 PUNCH 224 : TRS
224 FORMAT (5X5 LHMAGNITUDES s 1Xs 2HOF s IX s 9HXPLOTTED s 1Xs5HCURVE 91X 93 RS

IHFORS 1X s 3HTHE s 1 » 6HSECOND s 1X s 6HOUTRPUT ) TR
PUNCH 2215 (X13(1)sl=1sM) TRS
PUNCH 226 . TRS
226 FURMAT (5Xs9HMAGNITUDEs 1Xs2HOF»1Xs9H* o PLOTTED s 1XsSHCURVE s 1X s 3HFORTRS
11X 3HTHE s 1X 9 6HSECOND 9 1X 0 6HOUTPUT) TRS
PUNCH 2215 (X14(1)sI=1sM) TRS
GU TO 12u TRS
24 PUNCH 227 TS
227  FURMAT (5Xs9HMAGNITUDE Y 1Xs2HOF 91X s9HXoPLOTTED 1X s5HCURVEs TkS

1 IXs3HTHEs1Xs5HTHIRD s 1Xs6HOUTPUT) TkS
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PUNCH 221s(213(1):1=15M) ‘ TRS €1}
PUNCH 228 TS ¢l
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