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- This is the first formal issue of the user's guide for Batch LCAP2. Numer-
pe% ous examples describing the more common LCAP2 operators are presented.
1_.'1

Batch LCAP2 is an improved version of LCAP, Ref. 1, which was originally

developed in 1966. The major difference in usage between these two programs is

‘g' the FORTRAN callable implementation of each LCAP2 operator which enables the
o analyst to develop code to automate the analysis of complex systems.
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! 1.0 INTRODUCTION i@
\ s
2 \ﬁ'-::
"4 o
’.ﬁf Batch LCAP2 (Linear Controls Analysis Program) is a FORTRAN program which :;:f
'\:i provides the control analyst with the capability to numerically perform clas- }2{;
o) sical linear control analysis techniques such as transfer function e
manipulation, transfer function evaluation, frequency response, root locus, Ny
i inverse time response and sampled-data transforms. It is able to deal with con- T
,i€ tinuous and sampled-data systems, including multiloop multirate digital }':;
Ot systems, using s, z and w transforms. el
b Q .‘ )
o T
LN Ll
Y { - 3
! 2.0 DESCRIPTION NN
N N
A N
Ry AN
s‘i This program was designed to provide the control system analyst with most xaq:
?s; of the classical analysis tools needed for analyzing continuous and sampled-data AN
) systems by transform techniques. A set of transfer function and polynomial oper- T 2
MY ators has been defined in a fashion similar to the instruction set of a -
i: computer. Transfer function and polynomial arrays are defined to be referenced
,:1 with indices so that they may be easily addressed by the operators. The combina-
f@ tion of this set of LCAP2 operators and the form of the data structure provides a
.*{ very flexible and easy to use progranm.
The data structure of the program includes (1) s, z and w plane transfer
X functions desiognated s SPTFi, i=1,2..., 2ZPTFi, i=1,2..., WPTFi 1i=1,2...,
A respectively, and (2) polynomials designated as POLYi ,i=1,2... Operations on
A these transfer functions or polynomials are specified by references to their
ﬁ indices. An arbitrarily large number of transfer functions and polynomials are
available to the user since disk storage is utilized when the number becomes too
v large.
‘.i
;?ﬂ The transfer functions are represented as ratios of polynomials. The user
. can load data into a transfer function using either the coefficient or the root
'53 form representation. Data structures used for the transfer functions and polyno-
-— mials require that the order of the polynomials be less than fifty.
\3 Each of the LCAP2 operators is implemented as a FORTRAN subroutine with a
‘“% minimal number of arguments used to specify the transfer functions or polynomi-
l ‘ als involved. For example, to add SPTFl to SPTF2 and store the results into
ey SPTF3, the FORTRAN statement is CALL SPADD(3,1,2).
Y

A typical use of these operators for a simple system would be to reduce a
block diagram to a single open or closed loop transfer function using the add,
subtract, multiply and divide operators. Then one of the operators used to
implement the classical control analysis techniques can be applied. For example,
if SPTFi is the open loop transfer function, the operator SFREQ(i) can be used
to compute the frequency response so that the system can be evaluated.
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(1 For complex continuous systems, the above block diagram reduction method .
NN, may not be practical to apply. Cramer's method for transfer function evaluation KSR
N could then be used. S
\'.‘.: ‘: :n
t:-::: For sampled-data systems z and w plane operators are provided. Analysis of :j.j..
e small order systems can be performed in either the z or w plane. The analyst may A
prefer to perform the analysis in the w plane since this would allow the use of .-.;.'
V. A the Bode design techniques. However, if the order of the system is high, the .
AN analysis must be performed in the w plane since z plane coefficients cannot be S
:.‘_-:: as accurately represented by the computer. e
’o Multirate sampled-data systems with integer rate sampling can be analyzed e
\ by LCAP2. Two types of sperators based upon Sklansky's frequency decomposition ;:i
BN method are available for this type of analysis. -
A .
o o
2N .
LSRN T
S 3.0 LANGUAGE AND HOST COMPUTER IR
Ad ke
7Y
::-J The program is written entirely in CDC (Control Data Corp.) FORTRAN Caes
".ft: EXTENDED 6 with the exception of one subroutine which is written in assembly K4 ',-:
\‘_':‘.: language. The batch version of LCAP2 runs on the CDC 176 under the SCOPE 2.1 . S
NN Operating system. Batch jobs typically require 140-240k words. Description of SN
. the code for this program is given in Ref. 2. —
n
e "
:'}_‘ An interactive version of LCAP2, Ref. 3, is available using the CDC INTER- T
AN COM which runs on the CDC 835 computer. INTERCOM can also be used to define and -:,._“
1_:—‘ edit a batch file which can be submitted to the CDC 176. t-'_'
. ._-:._-
e
% 3
an 4.0 J0B STRUCTURE NS
] :‘.r: -'.\:r
X
NG . . .
W ¢ The basic operations of a batch LCAP2 job are: e
e (1) Creation of FORTRAN program - main program and &’ L
v subroutines (optional) e
LN -
. (2) Compilation of the source code from (1) ::}.:;
T (3) Loading of routines from the LCAP2 and system libraries W,
::;::: (4) Execution of the LCAP2 program from (2) j::-
::::': (5) (Optional) - Cataloging of data file if one is :::::::
o created by LCAP2 R
on -
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l (6) (Optional) - Loading and execution of the HARDCPY
N program to produce hardcopy plots created by LCAP2
:: To facilitate the development of the FORTRAN program by the user, the CDC
~ UPDATE! program is utilized. An LCAP2 program library has been defined so that
L, the first part of the main program, which contains many lines of COMMON block
and EQUIVALENCE statements, need not be written by the user. This block of code
) is copied from the program library and added to the the user's FORTRAN code to
11 create the source code. The input (card images) for the UPDATE program will be
S, of the form:
2 XIDENT idname
¥INSERT START.1
¥DECK MAIN
%CALL LCAP2
. CALL INITO (initialization of LCAP2 parameters)
fb CALL MINITO (initialization of matrix parameters)
0!
N .
A (user's FORTRAN code)
:
;\ . .
i CALL LEXIT (required if hardcopy plots are generated)
' END
: The % in column 1 defines an UPDATE directive. The first directive, XIDENT
b idname, specifies an identification name, idname, which can be 1 through 9 char-
. acters long. The second directive, XINSERT START.1l, defines the location where
2! the input data to follow is to be inserted. The directive, %CALL LCAP2, will
X write the code in COMDECK LCAP2 to the file COMPILE. This COMDECK LCAP2 contains
the main program statment and all of the COMMON block and EQUIVALENCE statements
N required by the main program. The remaining input data are the user's FORTRAN
: code which will be copied to the file COMPILE to complete the creation of the
) main program. The words in parenthesis are comments and are not part of the FOR-
~ TRAN code.
o’
Rl
- The job control cards for setting up the above operations are given in the
& next section.
e
N

B e g

Frd

3 The UPDATE program maintains and updates source decks for libraries under
the SCOPE 2, NOS 1, and NOS/BE 1 operating systems.
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5.0 JOB SUBMITTAL

Two forms for job submittal are given below. The first will be an explicit
one which includes a complete list of control cards required. The second is a
shortened form which attaches and uses a procedure to generate the control

cards.

({ control cards for accounting

FILE, TAPE30,BT=I.
ATTACH(TAPE30,1fn,ID=..... »ST=PF6)
ATTACHCOLDPL,8LCAP2PLX, ID=9487)
UPDATE.

FTNC(I=COMPILE,R=3)
FILE,TAPE31,BT=I.
REQUEST(TAPE31, xPF)

RETURN(COLDPL)
ATTACHCLCAPLIB,8LCAP2LIBX,1D=9487)
ATTACH(PLOTLIB, 3FTNPLOTLIB)
LIBRARY(LCAPLIB,PLOTLIB)
LDSET(PRESET=ZERO)

LGO.

CATALOG(TAPE31,8filename,ID=..... »ST=PF6)

HARDCPY,ST=1BMDS8 .
%EOR

(UPDATE input deck as described
in previous section)

(optional, use only if old
data is to be restored)
(attach LCAP2 program library)

(compile output of UPDATE)
(optional, only if LCAP2
STORE operator is to be used)

(attach LCAP2 library)
(attach plot library)

(load and execute LCAP2 program)
(optional, use only if LCAP2

STORE operator was used)

(omit argument if A3 plotter desired)
(end of record)

(end of record)
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( control cards for accounting )
FILE, TAPE3G,BV=I.
ATTACHCTAPE3O,1¥n,ID=.....,ST=PF6)
ATTACH(X,8LCAP2CC, I1D=9487)

BEGIN, LCAP2CC, X.
CATALOG(TAPE3l,8filename,ID=.....,ST=PF6)

HARDCPY,ST=IBMDS.
XEOR

(UPDATE input deck as described
in previous section)

(optional, use only if old
data is to be restored)
(attach LCAP2 control card procedure)

(optional, use only if LCAP2

STORE operator was used)

(omit argument if A3 plotter desired)
(end of record)

(end of record)

In the second form, the file X will generate the same control cards as the
first form except for the (1) FILE,TAPE30,..

LOG(TAPE3], ...

lines.

v

» and (G) HARDCPY statements. It is recommended that the second
form be used unless the user must change some of the control cards. An example
when this is necessary is if the print limit is exceeded. The statement LGO.
should be changed to LGO(PL=.....) where the value of PL is the number of print

«» (2) ATTACH(TAPE30,..., (3) CATA-
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{ 6.0 LIST OF LCAP2 OPERATORS
x
;: The following is a list of the LCAP2 operators grouped by type of
>y operation. A brief description of each operation is included. A more detailed
: description of each operator is given in Appendix A.
. POLYNOMJAL OPERATORS
.
» PADDCi,3,k) - Polynomial Add
.ﬁ- POLYi = POLYj + POLYK
-’
. PEQU(i,3) - Polynomial Equal
5 POLYi = POLY;
K.
- PLDC(i) - Polynomial Load, Coefficient Form
i POLYi = POLY
Lo
PLDR(i) - Polynomial Load, Root Form
e ROOTi = ROOT, POLYi = PSYNTH(ROOTi)
b \-
e, PMPY(i,j,k) - Polynomial Multiply
. POLYi = POLY3 % POLYk
N PPRNCE) - Polynomial Print
X Print out POLYi
:5 PRTS(i) - Find Roots Of Polynomial
1‘ ROOTi = Roots of POLYi
RS
PSUB(i,ji,k) - Polynomial Subtract
- POLYi = POLYj - POLYK
N
~ S-PLANE_OPERATORS
3
CPYPS(i,j,k) - Copy Polynomials Into S-Plane Transfer Function
. SPTFi = POLY3 7 POLYk
vi: CPYSP(i,j,k) - Copy S-Plane Transfer Function Into Polynomials
p POLYF = numerator of SPTFi
! POLYk = denominator of SPTFi
FREQS(FAUX1) - S-Plane Frequency Response WHith User Supplied Function
SELCR(1) ~ Eliminate Common Roots From S-Plane Transfér Function
SPTFi = SPTFi with common roots eliminated
6
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SFREQ(1)

SLOCI(i)

SNORM(i)

SPADD(i,3,k)

SPDIV(i,j,k)

SPEQU(i,j)

SPLDC(1)

SPLDR(1i)

SPMPY(i,j,k)

SPPRN(i)

SPRTS(i)

SPSUB(i,j,k)

STIME(i)

SHMRX(1i,3)

SHXFM(i,3)

SZMRX(i,3j)

S-Plane Frequency Response
Compute frequency response of SPTFi

S-Plane Root Locus
Compute root locus of SPTFi

Normalize S-Plane Transfer Function
SPTFi = SPTFi with coefficients normalized

S-Plane Transfer Function Add
SPTFi = SPTF3 + SPTFk

S-Plane Transfer Function Divide
SPTFi = SPTF3 7 SPTFk

S-Plane Transfer Function Equal
SPTFi = SPTFj

S-Plane Transfer Function Load, Coefficient Form
SPTFi = POLYN 7 POLYD

S-Plane Transfer Function Load, Root Form
SROOTi = ROOTN - ROOTD , SPTFi = PSYNTH(SROOTi)

S-Plane Transfer Function Multiply
SPFTi = SPTF3 % SPTFk

S-Plane Transfer Function Print
Print out SPTFi

Find Roots Of S-Plane Transfer Function
SROOTi = Roots of SPTFi

S-Plane Transfer Function Subtract
SPTFi = SPTFj - SPTFk

Inverse Laplace Transform and Time Response
Compute time response of SPTFi by partial fraction expansion

S-to-H Plane Multirate Transform
(slow-to-fast sampler)
WPTFi = w plane multirate transform of SPTF;

S-to-WN Plane Transform
WPTFi = z plane transform of SPTFj

S-to-Z Plane Multirate Transform
(slow-to-fast sampler) .
ZPTFi = z plane multirate transform of SPTFj M.
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SZXFM(i,3) - S-to~-Z Plane Transform
ZPTFi = z plane transfrom of PTF)

-PLAN [
CPYPZ(i,j,k) - Copy Polynomials Into Z-Plane Transfer Function
ZPTFi = POLYj 7 POLYK
CPYZP(i,j,k) - Copy Z-Plane Transfer Function Into Polynomials

POLY3 = numerator of ZPTFi
POLYk = denominator of ZPTFi

FREQZ(FAUX1) - Z-Plane Frequency Response Hith User Supplied Function

ZELCR(i) - Eliminate Common Roots From Z-Plane Transfer Function
ZPTFi = ZPTFi with common roots eliminated

ZFREQ(1i) - Z-Plane Frequency Response
Compute frequency response of ZPTFi

ZLOCI(i) - Z-Plane Root Locus
Compute root locus of ZPTFi

ZMRFQ(1) - Z-Plane Multirate Frequency Response
Compute multirate rate frequency response of ZPTFi
by application of frequency decomposition method

ZMRXFM(i, ;) Z-Plane Multirate Transform By Frequency Decomposition
(fast-to-slow sampler)
ZPTFi = Multirate transform of ZPTF) by application
of frequency decomposition method.

ZNORM(1i) - Normalize Z-Plane Transfer Function
ZPTFi = ZPTFj3 with coefficients normalized

ZPADD(i,j,k) - Z-Plane Transfer Function Add
ZPTFi = ZPTFj + ZPTFk

ZPDIV(i,j,k) - Z-Plane Transfer Function Divide
ZPTFi = ZPTFj 7 ZPTFk

ZPEQU(i,j) - Z-Plane Transfer Function Equal
ZPTFi = ZPTFj

ZPLDC(1) - 2-Plane Transfer Function Load, Coefficient Form
ZPTFi = POLYN 7 POLYD




ZPLDR(1i) Z-Plane Transfer Function Load, Root Form
ZROOTi = ROOTN/ ROOTD, ZPTFi = PSYNTH(ZROOTi)

_——
PN/
9 % N
s s

Jo)

ZPMPY(i,j,k) Z-Plane Transfer Function Multiply
ZPTFi = ZPTFj % ZPTFk

A

P XX XX
»

ZPPRN(i) Z-Plane Transfer Function Print
Print out ZPTFi

a

ZPRTS(i) Find Roots Of Z-Plane Transfer Function
ZROOTi = Roots of ZPTFi

N

“VeveTa"s

ZPSUB(i,j,k) Z-Plane Transfer Function Subtract
ZPTFi = ZPTF5 - ZPTFk

ZSXFM(i) Z-to-S Root Transformation
Compute "s plane equivalent™ of roots of ZPTFi

ZTIME(i) Inverse Z-Transform and Time Response
Compute time response of ZPTFi

ZVCNG(i,j,n) 2-to-ZN Transform
ZPTFi = ZPTFj with z replaced with z¥¥n

ZNXFM(i,3) Z-to-H Plane Transform
WPTFi = Bilinear transform of ZPTFi

W-PLANE OPERATORS

CPYPH(i,j,k) Copy Polynomials Into W-Plane Transfer Function
WPTFi = POLY; 7 POLYK

CPYWP(i,j,k) Copy W-Plane Transfer Function Into Polynomials
POLY3 = numerator of WPTFi
POLYK = denominator of WPTFi

Aty

P 2P P

a

FREQZ(FAUX1) Z2-Plane Frequency Response Hith User Supplied Function

rx

WELCR(1i) Eliminate Common Roots From W-Plane Transfer Function
WPTFi = WPTFi with common roots eliminated

AR S 4
XN X

WFREQ(i) W-Plane Frequency Response
Compute frequency response of HWPTFi

WLOCI(i) W-Plane Root Locus
Compute root locus of WPTFi

WMRFQ(i) W-Plane Multirate Frequency Response
Compute multirate frequency response of WPTFi
application of frequency decomposition method

g s ‘ ‘ ” { < ‘. M ( d -.'.-'a" CF% ) '\‘p AT
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Ny
&
[ WMRXFM(i,j) - W-Plane Multirate Transform By Frequency Decomposition
i (fast-to-slow sampler)
- WPTFi = Multirate transform of WPTFj by application
i frequency decomposition method
’ NNORM(i ) - Normalize W-Plane Transfer Function
WPTFi = WPTFi with coefficients normalized
i "J
':4 NPADD(i,j,k) - HW-Plane Transfer Function Add
- WPTFi = WPTFj + WPTFk
™
A WPDIV(i,j,k) - W-Plane Transfer Function Divide
WPTFi = WPTF3 7 WPTFk
»
b WPEQU(i,3) - W-Plane Transfer Function Equal
ia WPTFi = WPTFj)
Fo
1'; WPLDC(1) - W-Plane Transfer Function Load, Coefficient Form
;_ WPTFi = POLYN /7 POLYD
‘JR WPLDR(i) - H-Plane Transfer Function Load, Root Form
3 WROOTi = ROOTN 7 ROOTD, WPTFi = PSYNTH(WROOTi)
v“‘
43 WPMPY(i,j,k) - H-Plane Transfer Function Multiply
; HWPTFi = WPTFj % WPTFk
’ WPPRN(i) - W-Plane Transfer Function Print
j;. Print out WPTFi
S
s WPRTS(1i) - Find Roots Of W-Plane Transfer Function
WROOTi = Roots of WPTFi
* X
Ny WPSUB(i,j,k) =~ W-Plane Transfer Function Subtract
(f WPTFi = WPTFj - WPTFk
3
»
e WSXFM(1) - W-to-S Root Transformation
= Find "s plane equivalent™ of roots of WPTFi
’; WZXFM(i,3) < H-to-Z Plane Transform
;Q ZPTFi = Bilinear transform of WPTF)
o MISCELLANEQUS OPERATORS
X DTERM(i,3) - Determinant Of Matrix M(s) With Substitution Of Vector B(s)
N For Use In Transfer Function Evaluation Via Cramer's Method
. POLYi = det M(s) with column j replaced with B(s)
) PETRM(i) - 0ld Version Of Operator DTERM
3 (No substitution of B(s))
3 POLYi = det M(s)
“~
.'5: 10
b
N

*
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STORE(i) - Store Data From Current Batch Job

(printout suppressed if 1.EQ.0)

RESTORE(1) - Restore Data From Old Batch Job Or Interactive Session
(printout suppressed if i.EQ.0)
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8.0 EXAMPLES

Examples are presented to demonstrate the utility of typical LCAP2 opera-
tors. Examples 1 through 12 were prepared to be executed sequentially in one
batch job. Example 12 demonstrates the use of the STORE operator used to save
transfer function, polynomial and matrix data for a restart capability. Example
13 demonstrates the RESTORE operator which restores data stored from a previous

N batch job.
N Each of the examples begins with a statement of the problem and is followed
(j
¢ by the user's FORTRAN code and the printed output of the program. To differen-
tiate between FORTRAN code and comments, the FORTRAN code is in upper case and
: ; the comments are in lower case.
1 In Examples 1,5,6,7,9 and 10, which have requests for both printer and
32 hardcopy plots, only the printer plots are shown. The hardcopy plot file gener-
‘i" ated by these examples is processed by the HARDCPY program after the LCAP2 pro-

gram has been executed. The hardcopy plots from these examples are presented in
iy Appendix F.

R The examples in this section are essentially the same as those presented in
” the Interactive LCAP2 User's Guide, Ref. 3, so that differences in usage between
Qﬂ both versions of LCAP2 can be compared. It should be noted that Batch LCAP2 can
’ include FORTRAN expressions as part of the data entry, but was not used in these
o examples since the problems all used numeric data.
N
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EXAMPLE 1 S-PLANE FREQUENCY RESPONSE

S

Problem: Compute frequency response of

- ————

2
s ¢+ 58 + 25

~
Q‘
~4 between .10 to 100. rad/sec.

Data will be loaded in coefficient form using the operator SPLDC. Polynomial

N arrays POLYN and POLYD are used with SPLDC.
Y The FORTRAN code for this example is:
i* - - S D G A D v S S G D D A D D W M S -
Cc EXAMPLE 1
L c LOAD IN DATA USING LCAP2 OPERATOR SPLDC AND POLYNOMIAL ARRAYS
§ c POLYN AND POLYD.
c
o POLYN(1)=0. "deg. of num."
R POLYN(2)=25. "coeff. of s¥NQ™
A POLYD(1)=2. "deg. of denom."
¥ POLYD(2)=25. "coeff. of s¥XXO"
F' POLYD(3)=5. "coeff. of s¥Xx1™
POLYD(4)=1. Wecoeff. of sxx2%
of: CALL SPLDC(1) "load coefficient data into SPTF1"™
c L] L] L) . L] - .
‘ c ENTER FREQUENCY RESPONSE PARAMETERS FOR USE WITH SFREQ
g C
-
. FAUTO=1 ".NE.C (preset=1) for auto. freq. selection mode"
N RAD=1 " _NE.O (preset=1) for rad’/sec, otherwise hz"
A NOMEG=3 "number of values of OMEGA to be entered™
= OMEGA(1)<*.1 WOMEGA(1)=first frequency value to be used"
o OMEGA(2)=1. "user specified frequency value"
e OMEGA(3)=100. WOMEGA(NOMEG)=last frequency value to be used"
W FDLAY=0 "time delay (preset=0)"
. FNICO=1 ".NE.O (preset=0) for Nicheols plot"
.ﬂ FBODE=1 W _NE.O (preset=1) for Bode plot"™
:: CYCLE=0 " EQ.0 for auto. selection of 2 or 3 cycle for
= Bode plots (1 cycle not available)"
4 FNYQS=1 " NE.O (preset=0) for Nyquist plot"
] NQDB=1 " NE.O (preset=0) for hardcopy Nyquist plot in db"™
$j GRAFP=1 ".NE.O (preset=l) for printer plot"
o FILM=1 B _NE.O (preset=0) for hardcopy (high resolution)
+ plot"”
-~
W 13
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ENTER PLOT TITLE

HEAD(1)-HEAD(?7) for 1ST LINE, PRINTER PLOT AND HARDCOPY
HEAD(8)-HEAD(16) for 2ND LINE, HARDCOPY ONLY
HEAD(15)-HEAD(21) for 3RD LINE, HARDCOPY ONLY
HEAD(22)-HEAD(28) for 4TH LINE, HARDCOPY ONLY

FIRST ARGUMENT OF HEADING IS POINTER TO ARRAY HEAD

CALL HEADING(1,40HEXAMPLE 1 S PLANE FREQUENCY RESPONSE
CALL SFREQ(1) "compute frequency response of SPTF1®™

-

The printer output for this example is:

DEGREE OF POLYN IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

DEGREE OF POLYD IS 2 (COEFFICIENTS IN ASCENDING ORDER)
25. 5. 1.

&

€ 7€ J€ JE JE € € 3€ I€ IE IE JE IE I IE I I I I IE IE IE JE IE IE JE IE IE IE I IE IE JE IE IE I JE IE JE JE JE JE IE IE IE IE IE IE I JE I I I I € I 36 36 36 3¢

% SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM x
363636 363 336 9E 3 3636 36 26 36 JE 36 36 26 3E 3 6 26 36 JE 3 36 36 JE 3 3636 36 36 36 36 362 3€ 3 3 3 3E 36 3 6 IE 3 3 JE I 36 36 36 3 2 HE I )

2SN,
5> ;‘- "N

¥

>

DEGREE OF NUMERATOR OF SPTF1 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

5

a A

DEGREE OF DENOMINATOR OF SPTF1 IS 2 (COEFFICIENTS IN ASCENDING ORDER)
25. 5. 1.

Sty Yy

s P P P 4

BODE GAIN = 1.0000000

A A
2t T L

\E#ﬁ}

L]
&

3696 3626 26 26 26 JE 366 3 3 36 3 3 36 JE 36 JE 36 JE 3EIE 3626 6 IEJE IEFE JEJE 3 3 36 I 363 D36 I IE 36 336 36 363 I I 36 I 3 I3 I
* SFREQ ~ FREQUENCY RESPONSE OF S-PLANE TRANSFER *
* FUNCTION 1 *
3636 € 26 € 36 3E 3€ 2E 36 7€ JE JE € 26 36 36 € 36 36 26 36 6 6 36 JE 3 JE 3E JE 3 I IEIE JE I 36 IEIEIEIEIEIEIEIEIIEIEIEIE NI JEIE I} N

SR j

e

.

TRANSPORT DELAY OR DEAD TIME FOR S-PLANE FREQUENCY RESPONSE (FDLAY) =0.

hoS
oL

AUTOMATIC FREQUENCY MODE IF FAUTO.NE.O, FAUTO = 1.000

.
-

oeat |

NOMEG = 3.000 OMEGA = .1000 » 1.000 » 100.

.
o

MRS
AN
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f

OMEGA REAL IMAGINARY DB PHASE  PHASE
el RAD/SEC MARGIN
Ty .1000 .100E+01  ~.200E-01 .002 -1.15 178.85
i .1200 .100E+01  ~.240E-01 .003 -1.38 178.62
.§} .1400 .100E+01  ~.288E-01 .004 -1.65 178.35
0 .1728 .100E+01 ~.3646E-01 .005 ~-1.98 178.02
' .2076 .100E+01 ~.415E-91 .007 -2.38 178.62

- .26488 .100E+01  ~.499E-01 .011 -2.86 177.14

. 2986 .100E+01 ~.599E-01 .015 -3.43  176.57

. .3583 .100E+01 ~.720E-01 .022 -4.12 175.88
y .6300 .100E+01 ~.866E-01 .032 -6.95 175.05
W .5160 .100E+01  ~.104E+00 .0646 -5.95 1764.05

.6192 .100E+01 ~.126E+00 .066 -7.17  172.83
¢ .7430 .100E+01  ~.152E+00 .095 -8.66 171.36
: .8916 .999E+00 ~.184E+00 .136 ~10.44 169.56

N 1.070 .998E+00  ~.224E+00 .194 -12.64 167.36
Yy 1.284 .995E+00  ~.274E+00 .276 -15.37 164.63
3 2.086 .965E+00 ~.G87E+00 .673 -26.77 153.23
j 2.726 .889E+00 -~.683E+00 1.017 -37.77 1642.23
;5 3.364 .728E+00 -.894E+00 1.236 -50.87 129.13
27 3.864 .539E+00 -.101E+01 1.202 -61.99 118.01
j: 6.324 .311E400 ~.107E+01 .907 ~73.76¢ 106.26
;4 6.806 .828E-01 ~.103E+01 .320 -85.42 96.58
5y 5.000 .225E-06  ~.100E+01 .000 -90.00 90.00
5.480 -.162E+00 ~.383E+00 -.940 -100.60 79.60

*. 6.120 -.285E+00 ~.701E+00 ~2.6421 -112.15 67.85
‘$ 6.920 -.332E+00 ~.503E+00 ~6.399 -123.48 56.52
e3 7.830 ~.317E+00 ~.336E+00 ~6.707 ~-133.27 46.73
;ﬁ 8.840 -.273E400 ~.231E+00 ~-8.834 -140.25 39.75
& 10.12 -.226E+00 ~.1648E+00 -11.362 -146.83 33.17

11.40 -.184E+00  -.999E-01 -13.584 -151.50 28.57

. 13.00 -.144E+00  -.651E-01 -16.014 ~-155.71  24.29

X 16.92 -.111E-00 -~.418E-01 -18.536 ~-159.32  20.68

N 16.84 -.874E-01  -.285E-01 -20.731 -161.96 18.04

! 19.40 -.661E-01  -~.183E-01 -23.275 ~-164.57 15.43

2 21.96 -.517E-01  -.124E-01 -25.488 ~-166.50 13.50

- 25.16 -.394E-01  -~.816E-02 -27.902 ~-163.31 11.69

" 29.00 -.297E-01  -~.528E-02 -30.410 -169.92 10.08

< 32.84 -.232E-01 -.361E-02 -32.598 -171.14  8.86

X 37.96 -.173E-01  -.232E-02 -35.140 -172.37  7.63

o, 43.08 -.135E-01  ~.158E-02 -37.354 -173.29  6.71

e 49.48 -.102E-01  ~.104E-02 -39.774 ~-1764.17  5.83
= 57.16 -.765E-02 ~.674E-02 -42.292 ~-174.96  5.04
e 66.84 -.595E-02 -.461E-03  -44.489 -175.56 .44

304 75.08 -.G43E-02  -.297E-03 -47.043 -176.17  3.83

N 85.32 -.363E-02  -.202E-03  -49.268 -176.63  3.37

3 93.12 -.260E-02  -.133E-03 -51.700 -177.08  2.92

o 100.0 -.250E-02 -.125E-03 -52.030 -177.13  2.87

-
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: NICHOLS PLOT (MAGN. VS PHASE) 10/31/83 Y
. EXAMPLE 1 S PLANE FREQUENCY RESPONSE R
.
) 16.0 I
R 164.0 I
. 12.0 1
v 10.0
” 8.00 I
- 6.00 1
,3; 6.00 1
A 2.00 3636 226262 36 1
0.  =—meeemmmmemecemmmmcm e me e HHHIH K~~~ 226326 %
-2.00 %% 1
) -4.00 %% I
2 -6.00 %% 1
3 -8.00 x I
>3 -10.0 x I
o«
-12.0 %% 1
& -14.0 % 1
-16.0 * I
W) -13.0 %% I
; : -20.0 x I
-22.0 x I
:.:; -26.0 %% 1
-26.0 x I
: -28.0 x I
) -30.0 % I
-32.0 %% I
N -36.0 * I
ol -36.0 % I
’ -38.0 % 1
-40.0 % I
o -62.0 x I
\ -64.0 % I
N -66.0 % I
N -48.0 %* I
b -50.0 % 1
‘ -52.0 % 1
o) -56.0 1
N -56.0 I
A -58.0 1
Y -60.0 I
- -62.0 I
= -66.0 1
! -66.0 I y
N -68.0 I -
Iy 1 1 1 1 1 I I 1 I I I A
I -360.000 -288.000 -216.000 -16%.000 -72.000 0.000 e
e FILM PLOT COMPLETED ron@®
16
0 T T O Ry SR N RPN 7 ORI P A PRI NN PRI NI NN S




10731783

BODE PLOT (MAGN. VS FREQ.)
EXAMPLE 1 S PLANE FREQUENCY RESPONSE

16.0
16.0
12.0
10.0
6.00
6.00
2.00
0.
-2.00
-4.00
-6.00
-83.00
-10.0
-12.0
-14.0
-16.0
-13.0
~-20.0
-22.0
-264.0
~-26.0
-28.0
-30.0
-32.0
-34.0
-36.0
-38.0
-40.0
-42.0
-64.0
-66.0
-48.0
-50.0
-52.0
-54.0
-56.0
-58.0
-60.0
-62.0
-64.0
-66.0
-68.0

bt =t bt bt et bl bl bt g Bt Pl bl Db bt bt B Dt et Dt bt D ed Bat bt fed bed bt bt P O b e Ded =g N g Dud ek Beg g Pt Pg
*
x

I I I I I I I I I I
.100E+00 1.00 10.0 100. r

e e A P e, 2 0 ey,
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{ BODE PLOT (MAGN. VS FREQ.) 10731783 @
e EXAMPLE 1 S PLANE FREQUENCY RESPONSE N
-7 e -
":Z-: 30.0 1 -
3 20.0 { <
> 10.0 I
0. 3 T TR TR T I - Y
A -10.0 I 33 366 b
LN -20.0 I b 3333
o -30.0 I e ;
‘_: -60.0 1 336 v
AR -50.0 I xx o
) -60.0 I xx pre—>
o -70.0 I %% e
AN -80.0 I % Ny
2N -90.0 1 %% ol
20N -100. I ¢ N
e -110. I *
-120. I x -—
SR -130. 1 xx e
-140. 1 £33
i -150. I o e
b e -160. I %% o
:: AN -170. I FIOOOOOEEK o
-180. I E3 3t E
A -190. 1
W -200. I o
o e
\.;, -210. 1 o
§3*" -220. 1 Ko
o -230. I <
-240. 1
G40 -250. I SR
o -260. I s
“ -270. 1 ]
2 -280. I e
X% -290. I A
-300. 1 e
-310. 1 5
-320. 1 e
-330. I }E;
-340. 1 e
-350. 1 o~
~360. 1 B
-370. 1 E’
-380. 1 o
-390. I O
I 1 I 1 1 1 I 1 I 1 1 AN
.100E+00 1.00 10.0 100. A

FILM PLOT COMPLETED
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{ NYQUIST PLOT 10/31/83 :
2ON EXAMPLE 1 S PLANE FREQUENCY RESPONSE i
R
N 4.20 I N
S, %.00 I L
‘W 3.80 1 s
3.60 1 L0
O 3.40 1 SR
~ 3.20 I N
N 3.00 1 N
o 2.80 I
2.60 I
‘ 2.640 1
BT 2.20 I
153 2.00 I
< 1.80 I
1'3 1.60 1
{ 1.40 1
L 1.20 I
o7 1.00 1
S35 .800 I
2 .600 I
= .400 1
Eod .200 1
. 0. = mmemmmmmmmemmmmmmmmmm e YN~ m———————— e E L T L B
:., -.200 x%x I *
d -.400 x I x
o ~.600 x I x
AN -.800 %% I 2363
2> 4 -1.00 363696 26 3 36 9696 3 % %
-1.20 I
- -1.40 I
3 -1.80 I
-2.00 I
= -2.20 I
L -2.40 I
B -2.60 I
o -2.80 I
N -3.00 I
! -3.20 I
& -3.40 1
S -3.30 1
rog -4.00 1
RS -6.20 I
o 1 I I ) 1 I I 1 1 I
0 -2.50 -2.00 -1.50 -1.00 ~-.50 ©0.00 .50 1.00 1.50 2.00 2.50
I FILM PLOT COMPLETED CP= 5.30
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EXAMPLE 2 ROOTS OF A POLYNOMIAL

Problem: Compute the roots of the polynomial

3 2 1
x + 13x + 38x + 34

The FORTRAN code for this example is:

EXAMPLE 2
LOAD IN DATA USING LCAP2 OPERATOR PRTS AND POLYNOMIAL ARRAY POLY

POLY(1)=3 fdeg. of polynomial®™

POLY(2)=34. Wcoeff. of xxx0™

POLY(2)=38. Tcoeff. of xxx1"

POLY(2)=13. "coeff. of xXxXx2"

POLY(2)=1. “coeff. of x¥%3"

CALL PLDC(1) "load coefficient data into POLY1"™

CALL PRTS(D) "find roots of POLY1"™

DEGREE OF POLY IS (COEFFICIENTS IN ASCENDING ORDER)
34, 38. 13. 1.

€ 2 3€ 36 JE I JE JE IE JE I IE I I IE JE IE I I JE I I IE IE IE I I JE IE I IE IE IE IE IE IE I I IE I JE JE I I JE IE I I I 2E IE IE IE I JE I I I€ )€ )

* PLDC - POLYNOMIAL LOAD IN COEFFICIENT FORM *
3636262696 96 36 3 3 36 3 36 36 96 JEIE I HE JE 3 3EI€ 36 96 26 I I JE I 3 36 36 336 26 36 JE I 26 3 3 3 3 36 I6 JE JE IEE 3 3 ) 3 36 36 36 JE JE

DEGREE OF POLY1 IS 3 (COEFFICIENTS IN ASCENDING ORDER)
34, 38. 13. 1.

DEGREE OF POLY1l IS 3 (COEFFICIENTS IN ASCENDING ORDER)
36. 38. 13. 1.

JE3€ J€ 3 36 JE JE I€ I € JE IE I € IE IE I I IE IE I HE IE IE IE I IE IE IE I JE I I I JE JE I I I JE I I IJE JE IE I IE JE IE I I JE IE IE I I € 7€ 3¢ )€

* PRTS - FIND ROOTS OF POLYl1 *
36363636 36 22 2 JE 36 JE 3 3 336 26 36 36 JE € JEJE 3 IEIEIE € 36 I I 36 JE JE HE 3 36 3 6 36 96 JEIEJEHE K 3 26 36 JEIE I IEIEI I HEIE I X




THE ROOTS OF ROOT1 ARE

NO. REAL IMAG. OMEGA ZETA
1 ~1.8445105 -.49938380 1.9109168 .96524896
2 -1.8445105 .49938380 1.9109168 .965264896
3 -9.3109790 0.
LOW ORDER NON ZERO COEFFICIENT = 364.000000
DEGREE OF POLY IS 3 (COEFFICIENTS IN ASCENDING ORDER)

36. 38. 13. 1.

¥ 21
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EXAMPLE 3 MULTIPLY TWO S-PLANE TRANSFER FUNCTIONS

U Ly

.\I -
..\-.\1
AOSY Problem: Multiply the following two s~plane transfer functions
e
A SRS
{\.' . s
. 30¢ +1) (¥
R a 25 10 o
\.:.3 and
A 2 s s s
t\ s + 55 + 25 70(s)( - + 1 X(C +1 )X +1)
b 7 1 + 32 1 - 32
y SN The first transfer function is the same as SPTFl from Example 1. The second
; :«‘.j-j transfer function is given in root form. Hhen transfer function data is
Y expressed in root form, gains associated with the numerator and denominator must
5’\' be specified to uniquely define the transfer function. The gains used by LCAP2 :
‘- ~ correspond to the low order non-zero coefficient of the numerator and denomina- A S
xz tor polynomials if the root form were expanded out. For this example, these two <1
N gains would be 30 and 70. (A distinction is made for the low order non-zero coef- :.-::-
;\, ficient since the low order coefficient can be zero as is that of the A
LGRS . - . L
3_\{'.; denominator in this example.) A
LG Ry
q. ', .
N The FORTRAN code for this example is: N
. | ‘:e .
N, ]
b5 c EXAMPLE 3 0
.,;\-'.';: Cc FIRST TRANSFER FUNCTION IS THE SAME AS SPTF1 OF EXAMPLE 1 »'\"
if.:-’ C ::"\..
‘T?-:' c LOAD IN ROOT DATA FOR THE SECOND TRANSFER FUNCTION USING
Cc SUBROUTINE SPLDR AND POLYNOMIAL ROOT ARRAYS ROOTN AND ROOTD —~g
A c :\T._'»
q.‘:‘:' ROOTN(1)=(1.,30.) "real part = no. of roots and imag. AN
JGHAN t =1 - 3 € L] ‘N
o par ow non-zero gain of num.,
) ROOTN(2)>=(~10.,0.) "first root"™ _,-.:
. ROOTD(1)=(6.,70.) "real part = no. of roots and imag. s
. part = low non-zero gain of denom.," "
rery ROOTD(2)=(~-1.,2.) "first root” DA
\\\-’v ROOTD(3)=(-1.,-2.) "second root" N
.é.,} ROOTD(4)=(~-7.,0.) ®third root™ ‘Z-',:ff
N ROOTD(5)=(0.,0.) "fourth root" SO
200 CALL SPLDR(2) ®load root data into SPTF2" ;.-j_‘--
= C e e e e 4 e s .
. Cc MULTIPLY THE TWO TRANSFER FUNCTIONS .4._..
AN CALL SPMPY(3,1,2) "multiply SPTF1 and SPTF2 and store :‘::":
e in SPTF3" N
N0 c . o
0 X U — oS
. ) o oW
., J
AN The printer output for this example is: NS
fn: - ‘:-:'-
. Si 22 :
4 ~




THE ROOTS OF ROOTN ARE
IMAG. OMEGA
-10.000000
THE ROOTS OF ROOTD ARE
REAL IMAG. OMEGA
-1.0000000 2.0000000
-1.0000000 -2.0000000
=7.0000000 0.
0. 0.
3636 36 36 € € JE JE JE JE JE JE JEIE JE € 36 J6 36 2 26 76 2 26 26 36 36 3 IE I 36 3 3E JE IE 3 36 I€ 3E 3 JE IE JE I JE JE 36 JE JE JE I 26 26 JE I€ 26 26 26 26 36 3¢
% SPLDR - LOAD TRANSFER FUNCTION IN RCOT FORM *
6366 36 36 36 26 76 J6 JE 26 36 JE J€ 6 36 36 36 1 36 36 26 36 36 36 36 36 3E JE 36 JE 3 3E 2 3E 3E JE 3€ 3E IE IE JE JE JE IE IE IE JE JE JE 36 26 36 26 I I I 2 6 3¢ X
THE NUMERATOR ROOTS OF SRO0T2 ARE
REAL IMAG. OMEGA

-10.000000 0.

€
L

LOW ORDER NON ZERO COEFFICIENT = 30.000000

-~
-
e
A
At o

!.l

THE DENOMINATOR ROOTS OF SRO0OT2 ARE
REAL IMAG. -OMEGA ZETA

-1.0000000 2.0000000 2.23606798 .467213595
-1.0000000 -2.0000000 2.23606798 .867213595
=7.0000000 0.

0. 0.

']

.l
Lkt

[

LOW ORDER NON ZERO COEFFICIENT = 70.000000

L'ii;

DEGREE OF NUMERATOR OF SPTF2 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

30. 3.
DEGREE OF DENOMINATOR OF SPTF2 IS 6 (COEFFICIENTS IN ASCENDING ORDER)

0. 70. 38. 18. 2.
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BODE GAIN = .62857143
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DEGREE OF NUMERATOR OF SPTF1 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
25.

DEGREE OF DENOMINATOR OF SPTF1 IS 2 (COEFFICIENTS IN ASCENDING ORDER)
25. 5. 1.

BODE GAIN = 1.000000

THE NUMERATOR ROOTS OF SR0O0T2 ARE
NO. REAL IMAG. OMEGA ZETA
1 -10.000000 0.

LOW ORDER NON ZERO COEFFICIENT = 30.000000

THE DENOMINATOR ROOTS OF SR0O0OT2 ARE

NO. REAL IMAG. OMEGA ZETA
1 =1.0000000 2.0000000
2 -1.0000000 ~2.0000000
3 =7.0000000 0.
LOW ORDER NON ZERO COEFFICIENT = 70.000000

DEGREE OF NUMERATOR OF SPTF2 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
30. 3.

DEGREE OF DENOMINATOR OF SPTF2 IS 4 (COEFFICIENTS IN ASCENDING ORDER)
0. 70. 38. 18. 2.

BODE GAIN = .42857143
6363636 36 636926 IE I E I €I JE 2626 26 26 36 33 3 36 36 36 36 9 I IEIEKE I IE 3 3 3 2 I JE X H K

®¥ SPTF3 = SPTF1 % SPTF2 *
3636 36 3E 36 36 36 3E JE J€ 26 36 96 26 26 36 3676 3 36 36 36 36 3E 3E 3E 3E 3 JE 3E JE JE JEHEJEIEIEIEIEIEIE I X

DEGREE OF NUMERATOR OF SPTF3 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
750. 75.

DEGREE OF DENOMINATOR OF SPTF3 IS é (COEFFICIENTS IN ASCENDING ORDER)
0. 1750. 1300. 710. 178. 28. 2.

BODE GAIN = .42857143
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Note that if the second transfer function were expressed in a different form,
the numerator and denominator non-zero coefficients would not necessarily
appear explicitly. For example, if the root locus representation were used,
i...'

3C(s +10)

b
)

20 s + 7 )X s+1+32)X s +1-32)

)

~
¥l
Y

wn

then:

Y

~.Q .l

(7«

numerator low order non-zero coefficient = (3)(10) = 30
denominator low order non-zero coefficient = (2)(7)(1+32)(1-32) = 70
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{ EXAMPLE 6 CLOSED LOOP S-PLANE TRANSFER FUNCTION
.‘.b.

.j:: Problem: Given open loop transfer function G(s) and feedback transfer
g H(s) where

15

{Z{ G(s) =

}.% 3 2 1

: s + 6s + 5s

n"j

S s+ 1.5

e H(s) =

-

e s + 15

\3\.

LAY

N compute the closed loop transfer function F(s) where
s

G(s)
F(s)

1 + G(s)H(s)

R
L1}

-

The FORTRAN code for this example is:

-

;4
,gﬁ c EXAMPLE 6

a c LOAD IN COEFFICIENTS OF G(S)

A N C

W POLYNC1)=0. "deg. of num."

POLYN(2)=15. wcoeff. of sXXO"

Y POLYD(1)=3. "deg. of denom."
N POLYD(2)=0. "coeff. of SXXO"
NN POLYD(3)=5. wcoeff. of s¥x1"
;_x POLYD(4)=6. "coeff. of sAX2W
N POLYD(5)=1. "coeff. of sXX3W
- CALL REMARK3(30HG(S) IS IN SPTF4

w CALL SPLDC(4) "load G(s) data into SPTF4"
_-J'\' C . . . . . . o

% c LOAD IN COEFFICIENTS OF H(S)

J‘J c

o POLYN(1)=1. "deg. of num."
you POLYN(2)=1.5 “ecoeff. of s¥XQO"
- POLYN(3)=1. wcoeff. of sKX1"
- POLYD(1)=1. "deg. of denom."”

- POLYD(2)=15. "coeff. of sXXO"
2, POLYD(3)=1. wcoeff. of s¥XX1"

CALL REMARK3(30HH(S) IS IN SPTF5

12
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"load H(s) data into SPTF5"

CALL SPLDC(5)

St MK

MULTIPLY G(S) AND H(S)

CALL REMARKG(4OHG(S)%H(S) IS IN SPTFé
CALL SPMPY(6,4,5)

Db &

"G(s)XH(s) is in SPTFé"

2 3 RN

LOAD IN UNITY TRANSFER FUNCTION

POLYN(1)=0
POLYN(2)=1
POLYD(1)=0
POLYD(2)=1

A

. ..

’ ’
'L‘L{A_L_(Llh

Py
D
.

B

of denom."™

.,
i, .,

g{ e,

CALL SPLDC(7)

- .

Wunity transfer function is in SPTF7"

YR A )
L ]
l‘l ] l.

CALL REMARK4(GOH1 + G(S)%G(S) IS IN SPTF8
CALL SPADD(S8,7,6)

'qy
A 0

LA A

"1l + G(S)XH(S) is in SPTF8"™

!,

g

FORM CLOSED LOOP TRANSFER FUNCTION BY DIVIDING G(S) BY G(S)+H(S)

.

LI
()
v

> e

CALL SPDIV(9,4,8)

"closed loop transfer function is in SPTF9®

»
.
.
.

N

"L
‘l .l .
N

ELIMINATE COMMON ROOTS BETWEEN NUMERATOR AND DENOMINATOR

BT

CALL REMARKG(GOHCLOSED LOOP T. F. 15 IN SPTF9
CALL SELCR(9)

"aeliminate common roots of SPTF4"

G(S) IS IN SPTF4

DEGREE OF POLYN IS O

DEGREE OF POLYD IS 2

0. 5. 6. 1.

AP T I e

N
NLA" N

636 36 2 2 J€ 7€ 3¢ 3 J€ JE IE I JE JE IE IE IE € IE IE I IE IE I I IE JE IE I I JE IE IE I JE IE IE I IJE JE IE I I IE JE JE I I IE IE IE IE IE IE I I IE IE 3 I
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(COEFFICIENTS IN ASCENDING ORDER)

2
&

¢

AP

s 8.
0,4,
& 2

(COEFFICIENTS IN ASCENDING ORDER)

'l

Yy

SPLDC —~ LOAD TRANSFER FUNCTION IN COEFFICIENT FORM

FEI€ € 36 JE IE IE 36 I IE € IE I I JE IE IE IEIE JE IE I I IE IE IEIE JE IE IE I IE IE IE I I IE IE I IE IE IE IE IE JE JE IE IE I JE JE I I I IE I I I I 3¢ 3

DEGREE OF NUMERATOR OF SPTF4 IS 0
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(COEFFICIENTS IN ASCENDING ORDER)
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A DEGREE OF DENOMINATOR OF SPTF4é IS 3  (COEFFICIENTS IN ASCENDING ORDER)

L 0. 5. 6. 1.

R

3

e BODE GAIN = 3.0000000
Yo
e
* A w‘ ---------------------------------------

- CP= 5.33
H(S) IS IN SPTF5

\::‘.'

2 DEGREE OF POLYN IS 1 (COEFFICIENTS IN ASCENDING ORDER)

SN 1.5 1.

‘-;*u
> DEGREE OF POLYD IS 1 (COEFFICIENTS IN ASCENDING ORDER)

\ 0. 1.

o “

‘ \ﬁ 1323333433333 23 23333333333333333333333332333333333333333333133
Y % SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM X
<« N ;3333333333333 3333333333333 3333835333332 333323333333333333333]

4 DEGREE OF NUMERATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER)

- 1.5 1.

e DEGREE OF DENOMINATOR OF SPTF5 IS 1  (COEFFICIENTS IN ASCENDING ORDER)

o 15. 1.

v BODE GAIN = .10000000E+00
Y
2 i I I R LI LI

- CP= 5.33

SND

' G(S)XH(S) IS IN SPTF6

N DEGREE OF NUMERATOR OF SPTF4¢ IS 0 (COEFFICIENTS IN ASCENDING ORDER)

il 15.

.'.-:‘

:ﬁg DEGREE OF DENOMINATOR OF SPTF4 IS 3  (COEFFICIENTS IN ASCENDING ORDER)

NN 0. 5.6.1.

D BODE GAIN =  3.0000000 AN
A -t At
S5 e
ooy DEGREE OF NUMERATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER) AN
N 1.5 1. o
SRt N

oy DEGREE OF DENOMINATOR OF SPTF5 IS 1 (COEFFICIENTS IN ASCENDING ORDER) il
o 15. 1. W

o X
4 BODE GAIN = .10000000E+00 02
A e
'i":ﬂ" R :-'-
' =@
‘; ] ;’::‘:
-~ 28 AN
‘.“l e

{}.' o e

ALY R
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priu g s fatd :‘-_.'r_‘-‘.".r'.r"r DAL RS

‘ %X SPTF6 = SPTF6 X  SPTFS x

rtj 3636 36 3€ 3¢ 36 36 JE I 2 3¢ € € I€ IE 36 36 I€ IE I 7€ I€ € IE I I 3E 2 IE IE I I IE IE IE IE I IE 3 I IE I I € I I 3 3

s

15 DEGREE OF NUMERATOR OF SPTF6 IS 1 (COEFFICIENTS IN ASCENDING ORDER)
o 22.5 15.

DEGREE OF DENOMINATOR OF SPTFé IS 6 (COEFFICIENTS IN ASCENDING ORDER)

3 0. 75. 95. 21. 1.

} -

Y
1 BODE GAIN =  .30000000
ol
: CP= 5.35
o

<3 DEGREE OF POLYN IS 0 (COEFFICIENTS IN ASCENDING ORDER)
R 1.
N
¢ DEGREE OF POLYD IS 0 (COEFFICIENTS IN ASCENDING ORDER)
Py

% 1.
k J
’:j s tss s e s st s s s s s 883 833333 3333333$333333333333333333333;$

-] x SPLDC - LOAD TRANSFER FUNCTION IN COEFFICIENT FORM
'{j 336 € 36 3 3€ 7€ 36 3€ I 3€ I€ 36 I€ 3€ IE I€ 3€ I 2 2 I I I€ I€ IE IE 3¢ € IE € IE I € € IE IE IE IE I I I I I IE IE IE I IE I I IE I I€ I€ 3¢ I I€ IE I )
- DEGREE OF NUMERATOR OF SPTF? IS 0 (COEFFICIENTS IN ASCENDING ORDER)
R 1.

'.‘
3: DEGREE OF DENOMINATOR OF SPTF? IS 0 (COEFFICIENTS IN ASCENDING ORDER)
03 .

‘ 1
e BODE GAIN =  1.00000000
e e e e e e e e e e e e e e e e e e e
o

X CP= 5.36
Ny []

’l
x 1 + G(S)XH(S) IS IN SPTF8

tj DEGREE OF NUMERATOR OF SPTF7 IS 0 (COEFFICIENTS IN ASCENDING ORDER)
" 1.

'Q‘.

-
‘I
Talal

DEGREE OF DENOMINATOR OF SPTF7 IS © (COEFFICIENTS IN ASCENDING ORDER)
pla 1.
-y
.54(’. BODE GAIN = 1.00000000
}',:" DEGREE OF NUMERATOR OF SPTFé IS 1 (COEFFICIENTS IN ASCENDING ORDER)
-4 22.5 15.
-
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