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a1 so ;-, j_', .. l Lfir"[ t o the ·-· o;! nt Hh0re :l t r r nrr-·s,: nts bot~~ t ,..,n rnc t or cmd a 

str r. J :--rd r'1cc··2 nic.::l sys tcr'l (if the notor :L:~1 :luc-t:- neE: is a ssur:1cd to be 

nc r-1iglb1e) .. T'us, Gm :. s(J...,_1) • Alt'~ough t '·' is actu.nJ l y r r::prcsents 

rains and ti1· e C0!1st..:J.nts ~:rrTf also ol'osen T!lth t '- :i s in mj_nr1, but v:~rird 

in an effort to 1"1init' ize any ~! ole .C~nd zorc cnle r:: l1r-; 1.ion . For a furth-r 

.:liscussi on of a I t orrr, ~l.izing me thod of a proD. ch, se c section 10. 

A nU':;bering s::,rst f;m nas th+ p chcscn t o n :prescnt the v:u·iqus systt~s 

inwstig<.~. t ed . T1·is consi:=;tc· ) of e four ··ligi t cede r~s foll o~. :s : 

uhf're lst desiQ1:!tes t hF tv;"') r· of syst0rn DS : 

3 s~ecial case of a 0u~ dratic in the G ~,nction . - - n 

() :: 1. 0 

1 -::: 10 
S+~ 

2 
S±I.S" 

: S+~ 

3 5+4 
S+;,. 

j~ ;; (S;..+)(S-r'3) 
S+'l, 

5 = c~~~fs+4) 
6 = ~~'-' but Ga-::. 

1-2 



7-~but Ci~ :. 10 - s...~ " 
10 
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l --- ~c. ~ ...... ~ s,.r, 

~~ s~a.... 
2 ~ 5 +-4 

"':l = ~~ (S+ o...) 
,./ 

)r = ~r:. (;>'+~) 
r : A.e (.s.,.+S5 +-0..2 

.So+ 4 (rc ~·erred t o !'~ :c'r.n co· rns;; tor) 

6 : -It ( :S+a.) 
(. (S+1>)(~+4) 

(rc fr rr('d t o !"8 11;(('11 CCl "r r,s :·tor 

c o:1~'( ns r- t or . 

1st dj_~i t - l or t ypG cnt: 

?.nd dirit 2 Gb : 
S-+ l1.s-or S+ 'l.. 

3rd J.i r;i t :: 4 or G -c - kc.l S"L+ o..) 

'·t! .!ir it = 2 oro a : 2 

r- t_(sl.+J.) f-.-

9.\ o- IO tO-
S+l.$ ' 9o 
Si-~ S(S+I) 

fi;;'c1.re 1- 2 

J - 3 
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cou.ld t hen be SlJ.rcri~rnoscd 01} t h<: s.vstr r·:: . The r ef ore , mctr1cd II ~ ,rhich 

fcllo1:rs, U<>S ckcidc:l upon . 

(b) r cthod TI 

- G-c I--
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or for roots: 

or: 

= -1 

Cl.S t hr COeffi cjJ nt of iJ f· (r f unction · c 

Also i nc1 u lPd 011 th e loci ar e plots of cons 1,: nts k 
c 

' C'TIU 
u 
J· • 
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d.er ivEtion of IC is vi vcn i n 2P~JC.nJi) D and ci v0s ~~ n :indication of v 

velocity la~ error. 

cusf;j on of t,:,, i r s:Lr;n::. f'j_ c "'ncc • 

s 2 i l ~.r: 1 pr for f Tl""" t r. r ~nd ordr:r of the· ten 

c.~s fol lo;:s : 

1. T;r· 0 c 
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J.'hj_rd orclE· r : 010() 

~ 
L. o 'I'''·ne J., SE:CC>nd order~ 1nco 

~ 'lype 1 , Third or::lE.r llC'C, 1200, 1300, l)~nr 
~\ $ 
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•rith dcr:i_·,·.~·tivc plus 
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? • Group I. 

A. Gcnrrc? l. 

This r.:roup ·:li f -r0rs from ;-:"1., tl...,r r' m:Jinirw rrollps in th .o1 t it is r:. 

P. Cor·rp l e t cly S<'tir,~· - ctor ;r comnr nsc tors . 

l'hc effect of this c or'!pc n:;.; tor is s hc"'!Yl j_n f ie:ur0's 2- 2 ~>nd 

of ,.._. ,_ J I 
0 l . ' . ~ ., . .., ,. ~ I r ~ 

vc - L - ' • in (· ff'rct~ inerrr> s :i.nr t~·c rrotio of n o1 e ,.., .. 
1 . s 

~,Or c.· f~iVf.:Jl V < l1JI r f k C, t h( Sl:: -8.lJ C' l" t,)1f vr· }ur Ol ~' the l rrver i S 

"ti1c obt.?inablc -:f . This ~·Till also tend t o l • <; ~~ c ~ srn;; l lc r. 

(") Firs t de;ri v2 ti vE fcc lb.:; c 1 
• 

Th i s 1 ~cus is s~101m 2.n fi;~un 2·-!! (for ~ :::. C) . Th is co·::· ­

rrn::;::· tor e i Vf s n COY' c> h ' t (' r~n"'P o.f ol)t,(>in:bl Q ;f 1 s fr om zr r o to one 

1 .~ n t ·u C O·. l;ain . : . In cr r;- s inp 

2-l 
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":: +I ',ri1ttlli 11 il f,; . ~~ Jtt1 1 tftf!':~ i H 1 ~ t 11 ~:. ~J-· d~. :J-l ~ -t H ;: 1 .r~ Ji~- -ml Jr1 ·- t1=H l-:~1 :t~J! ~1-~~ !Jt.r:k ~ : 
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fiyed, sn:< ll V" hH' • 

l'lv (~ffecti vcnE'ss of t'JO cf t)1c cor·Jp( nsator0 invE: 0tir.;0ted is 

C0'1pletcl y unsatisfpctor':r . .L'h.csc t,;.,ro com :crw:- tors consist of the 

first c.ler:Lv;-ti vr· Pnd secC'nd df;rivc>tive fel':drJ['c1· . The root 1cci 

s' · mring t hr· ir pff'ect <-rr s~· o~,m :i.n "'if:;urPs 3-? .sncl ?:-7 for a equ2l 

to zero. 

<ethor1s by "':hjC1l tl-•e root Jcci plottPci in figures 3-2 to ?-7 

""f12Y b( cc,rrr' 1C'terl · rj th t\'osr cf c;ny Grouy_:: IIJ syst (~m ho.ve not been 



TABLE 3-1 

APPHOI I , fA 'I't LI; :rr~~ OF :3ThBII.ITY 

Lower limit UEPer li.'Tli t 
Compensator a kcr j'. Kv kcr Kv -

30 2 1.47 1.208 

30 o. 709 1.239 

30 6 o.Lt92 1.204 

5o 6 2.116 l.ltr3 

50 7 1. 764 1.166 

5o 8 1.!17 1.208 

5o 9 1.35 1.250 

10 3 1.021 1.173 

10 6 0.591 1.054 

20 3 3.657 1.268 

20 6 1.!ao 1.h69 

60 3 4.389 1.L73 20. 000 o.45r 

60 6 2~5ho 1.337 8.500 0.530 

L~o 2 h.3C.9 Oo501 

J,o L~ 1.,021 0.946 

40 6 0.,4.92 1e204 

3-20 



Lt o Group III - tYl='e one sysi,Pn i·Tith second order rrotor function c-md 

Au Genfral~ 

~~rsterr.. lhOO is the only svstrm in Group III r.i11 ich i.>T8 S investi-

are sho~·m in fif':'J.r e L-1. 

Jt is sien j.fic2nt to notr the- t t~--tr l::esic systE'rr hPs cnT~r re2l, 

stable roots . Th 0re f' orr:, thP c:-·nrFss r;urnosf fo r cormen 'Pting this 

systc~ i s to r elocate t he s e roots in the negati ve ha lf of the co~plPX 

plane. In vicH cf t his purpose, the flexibi li t v that the corrpE ns ::- tor 

provides the desirner Hill b r given conside r ab1e att r ntj_on in the 

brief ~nnlysis 1~ i ch is to be conduc t ed helow. 

B. Comnletcl y sat i sfactory co~'D PnS<-:Jtors. 

Four of th e cornp rnsE<tor·s inv(· stiF~,<' tr:d an c onsid€rPd to be coT'1 -

plrtcly s2tisfactory in co7"'·'•nsatinp: thf' lL.OO systrrn. . This is not 

i s considerPd to bE' onl:v n:. rti21l.v satisfCJctory :. bu t to thr contr11 ry, 

it onl v i ndic2te s tb2t for e2 ch cor1rv nse.tor t~.ro c onditicms 2rf· net. 

ThFsr conditi ons 2rr : 

1. st<l'!: ilizaticm i s ~) ossiblF f or any va lur of ~ usPd 

2. st~bili zation a lwDys occurs T~en kc is greater th Pn kcr· 

Hot-n:ver, i n so·,.,F cases k is 0 because of the fact that t he entire cr 

root locus lies to th P lPf t of the i magin2ry axis . 

Pf'cau.se of j_ts r ffpct en stabi 1 ity , t h( v;::. l.ue of kcr is of in-

denPnds en a. ]-.ereforP , thPs r vc; l ues ;:- lon p; nith thrir corn:spondine 

'·-1 





trc basic svstrp, r'n'3 consrcucnt'~·r ir' t~->ei:c r ffecti vcness. Tlv--rc f or~;, 

The effectiveness of the l.sg :r:.ct~:crl: in conpf nsating the 

Group III systems 2··,)10~rs to exce:ed thct of any ct~lCT cor )":"~"nset or 

lnvc stie;atrdo 'l'he :;:rir';c-r:r r c c:-·.scn :for t is is the c:::cE.ptior.al flcxi-

bi li ty trw t it ~rc"\rides the r'ps.:...{J]l.fr. first of ~-lJ' this s: 7-stn: is 

st~ble r~gar J less of thr v~ 1 ue of a or kc; conse~ucnt1y, t hnre i s 

r!c re s trictio:n on b (." .., (' ~1 "" (" ~: 10'" -l· tl--. ,.. . .,... a or lr , o.u~ ___ ~-'- t. l~l .. J. _ J.\..C o 

Il"l erl.ditj_on_. the sl··c;.pe ~mel orientati on of the dorrinPt:}_n(" sec t ion of 

t o intersect ~my n1::-: cf' ;::lonr~ th( nrr;ntive r eal axis 1:-hich i s lf ss 

flccibility in al: o~;-j_n~: the dcsir:nfr to c ~1 oosC' from D 1ride nm r;e of 

~ D.nd Wr, . Cn the othE.r ~znd , the. ru c t loci of systn· 1Lt20 .:·s 

::;J,JJ1m i_n ficure L-3 arE' not cn::loued "C-rith c:uite as many of tl-:.e fa-

vorP_ble C1lcTacterist_i..es c-.s -vra.s lhlC, but nE"vErtbelE"ss , it :;till r ro-

Fou that the e):tcnt to --(~:·ch ~ and WV\ mv:: br vPried h2s 







s, tD.1.1er vcri['tion ir: ~ 

vr ::·y :.n': a. o 

Tn vinr of thr f;:,ct tho.t :-:ole-zero c.:,ncr ll;1·ticn has occurred 

:lots should 'be considPrr:cl to rcprns0nt on1 

in s~i tc of t 1-:i;; observation, the si~nifict:mcn of fi~re h-2 is still 

t!-lr ·cotor :,_mc:tion (tr-·::.s l"'ttcr -,ol.r: cP.us•s tho :3ero of thP root locus), 

of !'ir·;ure 1:-2. ·r- :..u: this -~"i~:vrr doE's rf ··resent to sorne c~tf nt the 

oi the · otor functlon e 

T:··e effectivenEss c:~· thr 1•00 1' co; '•( n~a.tor is uch l ess then 

net "rovi·'e fc>vo· ·- 1~1. flc:::ib:Llity jn thr: chc:.cr of root locations. 

can bE 2sccrt~i~rd to be cos Y 'There 

a J il".C fron thf ori gin, tangent tc tbe co:'Dl r:;-

r-:-·ot locus cr.rvc, :-l·· s ·:-:i.tb t'lC nq~<-: tivc r• c::.l axis )e 'i,hus for a 

-rl' ich -1f'finitr1:r is not 





pher.. a. is r ('U~·l to 0 , W"' decreases to 0 c.' S f <?.;Jpl'C.:J.cfH-' S 0 . 0n the 

oi:/1 Y' he>ncl -:~or ::_ nC't CCU2l to 0 , sa C2n cnl .':- be ITericJ f r cm its rn.ini -

casr ~1s ~ , and ·dl 1 ierrc~se {s ~ decreases . 

n ~ . ·rcroort.i.onc..l ferd.1~a ck ( 11 30 11 co:··") f.':n~>.s.tor ·:·:i tr' 2 not EQua l to 0) , 

1~.r itnt,ion ;.: l2 c rd on +.he v ·.lurs of ) obtainab 1 e . I t s unfc:vore b1 r. 

aspc::cts ;:..n tlv s ::tl} rc:ngc of W, ' lhich i s nvL1i l nbl( f or <;' i n th e 

,,... 
·cr· 

1 
·c 

I (' 
. -u 

or incrrcsinr ~ ~~i1e kc 
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~~mains conct~nt. 

Jj_kr:~.rise , the 

1hercfore , bcccuse the difference 'Y et1.rccn t h r c ff f:cti v:n,.. ss of thf' s e 

t·m co·: 1pcnsatcrs is i ns i p;r.j_fir;-nt , fu.rtl-H r -J.i scussion of tbe 11)0 11 

k _ as ~ms th• c.:;.ss f or the "30'1 and !t~()rr cr 

so on l1.""1 'r r r•2in 1 i r· i ts In ." irl:i_ t icn the 

is r·o1 e sc '-: , j_tr -l tl-'· n -r·or ti'os,-- consi l_ercd to r c cc'T::> lr tc 1 y S<.'.tis-

fc:.c tory. 

l'cvPrthE.lf ss, ft cc:>J;)arison of fi:·,:u.rc s h-2 and L.- 3 rcvf' :t ls t h< t 

tr-·cre i::, t1so c-:v- othc:.~ iactor to 1::-r t.; l-:-e11 i.nto .~ccc,_:nt T;\lcn con-

sidJ'riq:- t\'e cff ect:i vr-ness o-r t/:e 1cc::; neb:vorv . ?1is fac tor is the 

r<•tio of t,l-r co ·- f·n';a t cr ' s rJolr to th· t of t'•c '·.otor fur:.rticn . If 
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' , ( ' C: C t , C (' :i. 0 f' {' 5. r;' ~.., ,- l . -" 

·1 01·· t c;- .,.. ;t:-~ ·_i, ,_._t. .. oCC'Jr:=; fer :: 11_ ··,~. ~ '-1' c)· o " "nd '· c~· 
~ . 0 L· '\. c ' , -

cr ··>". " C'·I' 1r ('( 1J:'l tc :_n ·:L:.i t·r · ·l• r r :: ,. 1);'", s r' mrrrf'cr r ' t J: P C'ff f'ct " c . 
o f tt· :: (' ('\Y,, (' n r;n tor i-=- ~i.r!'"·~i., ,"'r to ~(: :J. t~ O.f' .L '. 

(' 1 ;· nr t··cr:r t.n ,~ ;- Ct\1." 1 1 -~ L, 

Cn thr 

for V<1l ncs of k . .. c 

to '·''' 1 ur s 

i.'hr sr 0re t r e 

follo17inr : 

(l) first r.'P,. iv.'tive feedl.[lC~< - effrc t shc-11 bv r cct lcci 

lr-clr- rf 'ret :::;'•r"'ll }·1r t r root led. cr' 'j_ ·ure 11- 7 • 

•, :'.1 r-- :it ~ , .. c:o ,.. ... · t cl ··j r'us fro ."-;_.~,JI'( s lr - '- c-., ... • ) - 7 th··t first 

If 

"1" l "rco~v· 'r-Y'i1r~1--i_ "(' frr '1 :--c1 ;-p_ '1'""~:--:·j _('! ctcr·r. -i_t j_r -- ot ;o ;'"'""~1 rnt 









:n ' l i f; ~·1 '"' 0 i.n c l '\_1_cl r r' • 

CPC~'l['·, tC' C " .]rt,t"'.,- :-]r;,...,: n :--tr ,.,, ~-;lr: <"'C' r·n nti.nrr effr,c t r>D'1 tl"' f"r rb~.r 

ir~ iz• tbc effect C'f t rr S( c or1'l (.::.r.riv;: tive c or11 cn r. n t . T' o"rvcr , 

i:~· th·is i s t h; c ;.'sr . t, '"'r cor,~~rr.s:·tic'iJ ~+nu ., ·J h"' c0ns:i-krr J. to c cnsist 

of To-~crt:~:."',l~ 1 f c c ·r- ·...,c1" onl·r - J'~jch j_G ne-t of j ntcrEst hr r~ in vi.r '" 

oi' t~'.C '.:- ct -:-, 1 ::-t ~t ?"!<!'cl c hnn1·c~: th, ·in of thG o~xn 1oop fun c t i on . 

to '-'·n J. :r ~~nc s:rstr for t' is 





1' 'c:~Lr 4-1 

' '0' I. './1 ['1 T,"("I'C:.) or J .~.1 ~~. r: r -y·~r·~,Y lL:_ 

T.o·~cr 1 i r1i t UDD FT 

Co-:r...,rns a tor {'! l~ 

I kv - · cr 

20 0 0.03 2 6oo .oo C>C tSoo . ooo 

20 2 0.095 15S.36h 11.129 

30 2 1. 683 2. 957 

. 563 L .• LtOh 

50 6 2.540 2o61J 

7 2ol16 2 .6U3 

E 1. 764 2 . 82~ 

9 l. h70 3.009 
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r' 
- c Sroup I'J - t~ r:)p one s-vstf r- :1j.U second order 'otor functi on ;: r1d 

s~r::; terr s 1000, l~rn c: nd J "I{!. t::' ip:ures 5-l, 5-2 2ncl S' -J i llustr,:Jte th e 

purpos• of I'f 1oc0tin[f, thr r orts to lT' OH' rics:Lr:·l· l f ·- os itir'ns . C:n t hf'· 

S~'tor '·rill [:c usr,rJ to stcd. i 1 ize this s:r~tcrr . r €vcct!v 1 f SS , in r 2Ch 

of t,l:csc t hrcr s~rstc;r; t hr effect of thf co~"l:)~C nsator is SlJf f i c:i_rntly 

s.atisf::>ctory in nrorl'- cing E"·tRbi l i t y or j_:··-;_~rovin r stubi l i t y . 1?E: C2 UGf' 

Tn.j s co~""1Y ns<tor lS qvi te •ffcocti vr in -crovj dinp; <?. fClvor,'ll::- 1 8 

and WV\ is macle C!.Vai1ar·lc . 

'Tiw root 1 rei ::'or the: co:"pcnsateJ S'; stcn:s a rE' s~•c.,1m in 

r'_J 
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S'-3 





5-4 





t1r 11 lf1 11 cor·re!1s.,·:~cr, ··'·ich i: t'·1r ·r . .:-;· cr- • -~:--tcr for e. r:re<:>tcr tl-?n 

: · 1.; ~ ~- _n:: r:-:.t~" s r: _7 to 5-9 illust.""" tr tt•P 11 20 11 co nc ns.~tor for a 

(!reatcr th.::'n ), o 

ThP. reason thl'lt the cffE ct of t he 11 10 11 :::)nrl W'0 11 l ag ccm­

~·cnsc;tcrs differ i:; ju<. tc thE tr.<'f::nit1J le of the pc1e of Gc. For t he 

rr 1o~ r 12 [ nt h-mrk the comrcnsator 1 ~;; r~o1c cc:uscs po l e - ze-ro cancel J c tion 

t o cccu:c ··iU• u~c· ~c,tor function 1s '"'Ole; ·ttcrfas, fer t hr-- "2011 lc:·p, 

rwt"or1: t!v' cor·1Ynsator 1s ~'olP i~ r,rrcotrr t110n th:·+ cf t he motor 

ftmctir:n. If V'n -,cl e of G0 h2·i rcr-r ~nr ;e lrs~ t'::n th;-t of Gm tJ·rn 

t"'lr root l_cci. ott~Jinr ~1 ··C'ul i havr· r•rf i"' sii··ilar to t'·o~;r n J ottrd i n 

fivur es ~: -u to 5- <'S. 

P·~ usc> of t''i~~ compr·nse1tor the> str-·bi l i t ·v- :11:·7 rr br cu 1~ht .~bout 

urrs C: _ / and 5-9. 1'rc;riic~ kc :ls '1~ ~e J.:rg• rncl'f'r', st:>tj_ 1 it· 7 nil l 

OCC'lr for evrry , ... ,ur cf ae 1h• sc. . inir.u·: vB'ur s of kc, or k c r-' 

dPpend tc s~1e Extrnt en t~r valur of a used and arE listFd in tab1 E 

5-l. 

For bot:· the unstable and stoblc bcsic systrrr·, lag m::t\.JOr k 

CO"'·· t nsc-tion P 1 J.c·rs thr de·-·j PTIPr Nlc1- 18 ti tudE in mr r t inr, desip:n 

s;""~ecificatiom= .• 

sist. ·'o· .'r::.·v~~ ·e. thr' -f 1 o· _ .. r,_·: i ty provi'lE''i b'r tre 1110 11 1c- g nrbrcrk is 

sor.n.-J·wt r·orc o-t(nsiVE:~ t~ <m tr<ct r'rc,rir:lP·l l:~ thr- 1i?r 11 lap- nEtt C'r 1 ·~. 

·~or s~·stc:ns co~'D' 'lS:'iPd by cithr r of tbr> 1a~=: rv·t~rcr1c corr.-

'r\fT'S8tors thr 'r\00SP• l r -.:1;-r; 'lt,j_ C'11 in f" r>nc-l. W"" is eytrnsive$ 'le -

t~ining a ccnstPnt: or ly incr easirg a ·~i]e ~int~~ninr ~c rcnst~nt. 
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t Jl --1 :! Llll- rlrt r'-1-jlft Ff rijt~-~ Hf:i Hh_~~ -~:r~ ~ -_' _- + - f: rr ~~ t.r 
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t-w: 11I:~JI _1·_J;,' i '!.''.-_- lr
1

''. t-tL JH ·
1

r:t_.,l=r!-; T.~-H:1· f~Jt:l·- _
1
, .'1_ -_ r: -- ,-j1-: ~ ~ Li JJ.- rt-- ... 

r 11+1 fi'ti ,.j. , I·' 11f f.-rt- !1+ H. ;:.f, ,kl j- :jr. l -J - ' I" :tJ~ It :.t+l-
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tj ("J. ,r ·· · ~ 1 ..... , r u .. ·, 

> > r 
!. "- v 

1 . tl C("~ r n ---+cr ('' .! 

l< t(-· CCl'"·',._. l · tj_' ,, i~ !' ;· 1 

r:-· nt -; · f1' r'" .<C"'' ·~. r t ·c ,··· ~. 

i 'T( ·~ r-

1 c _, .tr· '"t, fer tLe 

:., ( 

j [' r:r 

r is 

c: c 1f( r, 

hr :-'" Ll llr .,., ~ 0'3•" ,~ ..... -~--r t:O ('"(" ( .. ,~: c'· .,,.,,,~.] l ( 

I) j ~~ ~ll' '( ~~t r t ' 

\· t .. lfl( t . •' . c - r._(' 'l( 'lCC ~; L r root , oci v~r 'lOSt 

. s tf ,,., ,· ~ of zrr c· en 

'hus t' .is fPc t 

indic· T,, t I 1 t ""v , •.• , ,-, ( "1 'r l"' t :_('.,.. '. L 

v, 

r:'-- l ') 





zeros b:r so,..e factor- '.·ill also c,1usc tl'E.' root loci entr[<nC'~"' no!nt 

to rnove t" +:1r S.8r'l p fc:-ctr r. ·::.·uch a cl !I'~' in thr root l cc:i 1~cn 1 d be 

the ro} r S C'!J 7 Zf ros of t!-·8 -· otor :."unctil n e 

(2) 11 C0 11 co ·:cnsotcr . 

J;IC'St effecti v.-:. ''0t on ,.,.r i s it hi gh ly c<'DC":b10 of producinp s tPbi -

in c:-llo·-·n r hi:: to ~-;plc ct roct~· h..-~T~rw « .. j_·ic r~nvc of vr 1ur:-s r f ~ 

' an·l LJI"' ~ 'ilif root Jcci cf !'iaurr r, _l 'l is.:- ccd ey·r·· lr- c.,.. ths coT1 -

ation of a.nd c:. 1s indicat(d in fi~urES 5-10 to 5-12 ~ny d£sirrd 

value of ~ rarwine; fr'· · tr·at of tL>c unccn:pEns:. tc I s.~.r"·t( rr, or 0 for 

t~ile maintaininr ~ constrnt c 

S-1? 
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200 n c-;rf'ct:i_ -.. l_- r • 

. i.~3 t'1r 1 c'<\ cf corrr1.~tion _l_'l bot1~ t!.o- '·<'.!.n c on ours C!.nd th- root loc.i 

11' tinp: CO'Il'" 1FY rcots of tr· r unCOiT9' 115.!' j r'd ,s•rc-t,r' ~ • t r V 10rthr l r S'? .• it 

is sic•nj_:j_c; nt to nctE thct c·ccllcnt corrc: ondence di:l occur for 

C. l ~ rti~11y sctlsfactor c~·~cnsatcrs . 

~- ,- fi:r~t 

CCC,,~ - ~0"' l, - tl~ ·' n +'1 r f•l• n·~ ·tr ';:lll r·.: Olr• V" l1J.t s -;_ :'L sted ·: n tr' 1 lP t' - l • ' • • •.o ;;; .L r. c -r _, • ~ < . .J. • 
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A brief discussion o:L the effect of these: t'1rrr· CC!'":fnsators cr 

Cver ~;ll ~ thr- cffcctivcnr ss of tr"~r J.en · nr:t";mr~c is c cnsid­

er:1 ( )1'~ lpss thE'n ~hr't c!' th0 trc rrrv~r''J.Sl.~r 1isc:usse:J i:l D::rt tB) 

RlJovr· . · 1'j1c it docs ··-rov-l ;, conr:cns;•tirn, th! rffectivc·nrss of t '·1is 

conw-cr. · ticn is . ot too favorabl~ anJ in sor:'c Cfl ;e s -lEt rir'l r ntRl to the 

of t.h.J.s CC ' 'fn;;.~tor is SOr'lf"hc>t -rrstrlctccl., ·r·_ic'• :lso ndUCAS its 

~ffectivent ss. 

on Vro f.:;ctors: thr size of tho conDcn '_,Ptor ' s _;;ole and the rc l~tivc 

size of its ::;ere .,...lth rrs~'ect to this ;o~c . If tre ;·.·o: e of tl~r: ccr ·-

pcm?ntcr i'- (':re['ter th.['n th:.: t of thP ~ otor func:tlon t hPn th is co,-··,~fn -

pol e . It is of intrru3t tr: :·h~o .•ot.• hrre t',.:·. t rvf:n if instability 

dof:s cc cur c:.s :: rr su1 t cr t',is cc-·rcns.?ticm, ; furth~"r ·i.nc rr e:f' in 

gain i s a--:., that is ncc~ssar7 to a;::::-:J.n rcndrr t/lr systrn stp.~l8. 

rm1 on t 11E othf~r hcmd, for thE: case ·rhcrc t~e co~'l"'( ns2.tcr 's ~ole is 

CqUDl to or lESS t::~n t::.at ci' the ,1otcr l\mction, the ltoc.~ nr·t•rork 

-ri_ ll onl;.r cause inst.D.bi li t~r to occur i:hen kc is ec;uc..l to infinity 

as sho:r:-1 in fir:ur(>S 5-h nnd ~- CS. 

'T'o C' lf'ssc r e;,tent , t,_, c cf·rccti vr·n~ 3S of thr lE'! ::"cl nrtFor k 
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conc l ude th~ : t it is not no ss i~ -- l_ r t c c on rns:- tr tn u.n::>t;·l'.llc syst r n 

u~; inp; thi s C Oir' .' f n r~ .~tor r··i th a E' (' UB.l t o (' . o-;revrr , for c. suffic ·~ r nt 

doc s not c nu~ l 0 . 

or l-:v :i.ncre~- sj_nrr r~ 0n·I h o1din f.~ k c cons t c:nt ·-: r ovi ded t h( n (·2n v 2. lue 
I '- - " 

'"2 l " e of' kc i s 1.:' r '"··e (':1-•rut 2 . (1 f or .r _;_ r;u :ce ~- 2) , V ·· r:1 t,l~ c eff ects of 

-r cr th n :' r: r '1,:".1 to 0 rcct locus, <: l.thoup-t . . !' 

ever, t :-:c' ; j_, i ti~F' ~ for E:~· od c orres~wnd(-nce ,lcJc ncls on a . 
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1oor· f·,~_n c ti C'n Fr i 'Yl trr:-'l s cf t l'P nnc on ·rnsr·~,r: o·· prJ l onry funr.ticn 
c 

~ (.? ssu inc Gt = S~b ) 2s: 
Ou 

F s + b - ---· 
0 u ( S t b) + k ( ( S + aX S + C) 

( .S +C) 
1 

'T't ,\'j'F: ere , as c "'OC <:; tn ird'_i_nity 

(S t- b) 
kcCS+a)(S+C) 

1~~:.ch p· e;·ns t h2.t , "Jith ;:- rFrJuct.icn in p;vin , thr root locus of tbP 

useful . 

ot' " r · s 

t' j s cc- · · n"'.· tor T" .... 1-tc 

t''f'' f'· ct t}· t V r ;' for t' c t 1 rr t' root 1 oci 
v 
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sr-ccn·! ,_1, riv~ttive .fc r n")-;c1< - r f''rct shc··m in fivur Ps 

~-1? to ~- ? 1. 

? s ec ond d.fTivntive ;•li}·, )ro-r•ortirn;~l feE' 1bc:ck ( ")~()!' 

col"'~~en~>~t<..'r .. ith r net r:c-•u< 1 to Cl) - cff ect s'1e•m jn 

fi r,urcs -~ -19 t o 5- 21· . 

Jn ,rinr of tJ r-· f~ :i. 1 ure of tr r>sr conrrn: r> tors tc st;.+i 1 :i zr , .rurt h r- r 

d iscu· sion cf t rel' i s net ·-r::rrc>nt•(...l . 

:r:: . T·lor ma l ization . 

I n vi PH of t r f' f:_;ct th0 t three syste;;ns •;t= re i:ncl udeJ j_n tl:.is f roup . 

a dE'qx r :i.nsig:ht into the 1:-'!'oblcm of norrr:c-.l izDtion of r oot loci is 

p os s i bl e • .. c t u.:tll y , norr1<'liz~l.ion h;'S teen in,,:1CP(ntecl. t o :. orne ext ent 

b :r virtue of th e: fCJct tJ·C~t thrp;: tl·rr' r sv. ten's ' · V( 1-.ecn. f~rou .. ~ed to­

r.: rthcr . Thi:.; f~r. t ir~~·_,1i('S t~··nt o.ny ot~1er t"r·"" cT~~'· , srr-v o sys'L€Tr: 

h r. \ri.nr. a Sf;ccnd ordrr ~<~tor .func t icr: ~·1ay olso br inelu.ied in tl1j_s 

fT OlH' provi d(;d. its C:b f1.mc tjon ~r·s :'n <'Our- 1 mF+~·r c1 ~olr·s <'11"1 z,.--rcs . 
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(. nrour V - type onr s,rstem 'Hit h second order motor f'uncti0n and 

one cYcess ~olr in Gb. 

P. General. 

Ti-vo of the systems inv~stigated fall into this group. They are 

the 1100 and 1500 svstems. TI1e component f uncti on s for these systems 

'tii'Cre sfll r·ctr d so a s to reoresPnt physical components vlhich 11ould be 

found in a. practical st-rvo systE'm. Ji'iRUres 6-1 and 6- 2 illustrate 

the r·l ock oic r~rPm for th esr svstFms respecti ve1y. 

~ lso sh 01-111 in figures lS-1 and 6-2 arc thr locations of tht=> roots 

of th r bAsic svst~"'n1 s. The g;:dn of f:'ac l:" s1rstem hC1s 't een adjusted to 

J'l'lRke it 1mst~bl.e in ordr r thrt ;o '11oro thorou v,r ev;~ 1u2.tion of each 

coqxnsator 1s corm-..rtr !1c·v· mCI'T br ma-ie . Thus , for thr-sfl systnns the 

~rim: rv objPctive of co~~cn ~r tion i s statilization: ·~PrrRs, these­

con -l<:<ry objec tive i s th• nr o·vislon of incrr·r-sE. fl.~:;·ibilj_ty in the 

ch oice of root loc Ption. 

/m exe>mination of fir,ur<"s 6-.3 to 6-13 indica tes th<·t much sirni ­

la r i tv- e:xists bct"t-rcen corresponj:i. ng root loci of th e tHo comr~ens s ted 

-~v·- tr rns . This fe1ct is esneciF 1 l y true .for the •Yrcdo:nin<lting sections 

o:f trr:· root l oci. Thert>fore, hcc·u·r of this similnrity and in the 

intc·r0st of s i mr-:1 i city, th .o C1nal,rsis of thf f'ffects of a. P<''r t i cu1 <Jr 

C01Yiprnsntor 1.d 1 , br m<-:ck l:w cow i r1 r ring hoth s ·Tstcms si1~1ulteneous1y 

and rf sPrvinr, further cor11ment for anv sie;ni.ficDnt diffr·r f'nce ;rhieh 

,,py nyj_st br•b.r0r-n them until l<Jter . 

Three-! of til( cor· ('P·n c-::Jtcrs imrr.-stir,: ted .,rovj_clecl COPlnl ('trl y sPtis­

f<Jctory COl"O('nS<.1t.ion. Thit> .lof !.> r·ot nECE'SS<lriJy su p'fr st thrt thev rrr 

to Lc co 1Sidcred (:lS thr· best corn·,ensa tors - its so] e TilF an j_ng is tha t 

on1y one requircrfnt u_·;t br· ·ct in order for st:-1bility t o occur in 

6- l 





6-2 

·------------------ ----









sprrific.: tiofl::> . 

ro1e . 

l~ c and ~' v,nrJou s v:~l1Jr::.{ of nnd 

t:Lcu l:>r : some rne t h ods 1:-y -· · _;_ch ~ Til<:':r l.T in en <;lSI .. consist cr · C' 

,_,t11' J,.., J'"'.., J' r1·t· 1' n· ~ ~·1rr , _ cons-~--.~·~-~-.~t .. l; li(_. • -L. ... l 1 l\.c "· l c. I v . 11he fonner , ethod. uill c~use ~ to 

bo obt .?.ircd. 
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co:n>oncnts recuired . a is l" ·it(u jn ·r:nituJJ:. l .. tr<1t of i}~r- lap; n"t-

rrorl· co. 1cr ~3c:. tcr 1 ~· pol( . 

of sorr•e differc·nces in thr root l oci. The r:·rb ·~l ry source. of thPsr 

loci, :-'nrJ dif'fC'rcncrs jY' t hE e:·· ent LJ ... ch2nz,es as 2. v 2.r-irs . 

diffcrcncf:s lncn r'se 'Ti th E. . I.cvE: rtl-.clcs.s, t he n-;;1e:-.r~-:s pre-vi.< usl; · 

nade c cnctrninr thP trcn<s of <:: E'ild W ., 1 'hen v~ rying kc 2nJ ~ 

( ~) 11 ) 0 11 con:x-nsator 1-ri.t'~ a not ecn.· l tc 0 . 

varit ticn in kc c..nd a . Us inc_: this cor·::· E: ns2 tcr , desired vr 1 ucs of ~ 

;:1<:.7 b t obt <ir:ed either by· incre[}.sing k c:~bcve lccr'tpit h ~ ccnsknt 
c ' ' ; 

or ty incre~ s ing ~ 1-rl.: ile kc i s rrw.intc:.ined cons t alt. Tr e fcrrrer 
: 

rnPthod c .:uses ~ t o rcmr;e frorrt C t o 1 ;;s k c increases vJh:.i_lP th e 
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ir•cr',' ' :-, . ~'.f.', ~ ~·'•l"lro ':'l"':-.,-1•i-;.,,~ r-"i-'rr 'l" p '·n 1 1' CC·nc~·'-,~'nt OI' rlrC'I'("'·,·l' nr:--- - \ ~ ~ C ~ ! _II,_, • '- _,_ • •- -1o.. - ,•, J - ~ (. ,;. ._ f, c -"'-" lJ .l.i. (', L - Q 

l· nit'. :' ccnstont. '' c 

~ -~ 7' r'r ·- ood for ,. , - ':cs of ~ grc2 t Er than C' . 2 . Th r otb er diffr rence 

bi 1 i t7 thr; f lp:;-•:i.bi l i ty Drovj.ded is c cnsi'JCr"b t n rcdu.ccd . In p.s rticulrr' 

:::l"o~m i"l fi:;ures 6- 9 ::md 6-10, V2Ti<Jticn in W.., b:r chanr;:Lng ~ elone 

.1.0 1 1"''"(11 1
• rr ll .J.. ' 1'Y''""n-i ~-l' '1 "' of' k 0 . . , ~· - :tn . o 0- C' , .- • , _. (, L " -'-'· ·-0 • Ch.ls, hr·cru::c c" t h e re- -

is r l sc rcstricte ~ . 











• 



siJr: ilPritv. The cn1v sirrnific:nt Jifffrcn(·f· lif's :Ln thf fCJct th~t 

titE roots of tlv tHo unconpE·nsatf d systr · s iifffr in numbfr ;md lo-

cation . Thj_s causes the root loci r.;;ving t ile "!a r~nst nurrl.·r r of r::o les 

and zeros to be more cormlicA tr d, tut not too r.uc~' , ri t~-, rF''spect to the 

nr0rlornina t ing sect:.i on of' cor nlr-x rco t 1 oci. Th0r 0forc, thPse nc? r-

L; cular srctions s how clasP ccrTPSDonder. ce in a1 1 respE'ct· . 

C. rartic:;l 1 Y s t.P. bl e cornn ensptors . 

the f2.ct thf:lt thn.r do not st:->l'ilize .?1'1 unstabl e srstnn ror e~wry 

lci·J' ve l. uf s of a. A v·on · .Jct.:-:i1Ed J iscus sion of tbrsr c crnTxns?tcrs 

fol1 ou&. 

(l) Lf' ad nc tvrork . 

serve· svste-:-'1 is cons:i_d.fr;,rl·r l i·~ i tr·cl . It r.,ri 11 not stc-1 i l ize for 2ll 

VC'lh1C' s of a . I n ~,-lr:Ution , T-rhen j t dcrs succE'ed i n stnl::ilizing tJ- c 

SO''f'nhtt simi lar to th:=t of th" l 2g ~r tr-mrk , i s rr ore restricted . 

As shoPn jn figures f-:· to f - 6, t n: criterion ··rich S N 'ms 

t he C~'se '} c: rf. stc>ti lit~r dors occur for a er.u~ 1 to C (s1:or:n in fir.ure 

6- l.!) it is only :1arginal, anrl thsn;_[ ore, i t is not a r ood c ornp~= nsc?tcr . 

·ore over, (·'rcn tl1cu:-;h tl E" vc·luf' of ~ is ~-Y ro.-·riatr ly selected, sta­

bi l ity on l 'r occurs Tr en kc is r;rC' a t ET than the values of k 1 :1.str>d cr 





in tr:bl e 6-l. 

'l'he .f'1ryibi 1 itv nrovi:led ty tr :i.s corv·,cn:-:r-tor, T+Jile s oror· ·.__,; t 

Tr:Ls cn1 b r- o1' St:'rv ed_ b· comPa.ring tl;r cffr- ct of both corrro en s<1tors on 

the root 1 oci of .?.ny one of fi r ur0s 6-3 to 6- 6. l'10t onl:l is there a 

l8ck of c, r adice? l tr.:msit.i on beb.rE:cn t he root loci of t he tr-:o dif -

ferf:ntly compensated s ys tPrns , but c; lso th e v~lues of (.c)n c:vRil a1,1e 

using one con,penst:ltor supplements th ose ava ilable usin g t he othET; 

and yet, thF rn r-; t r od of varying c.Jn is similc>.r for both . .Also similar 

nrE t hE' mc> t h ods and o::t cn t of variation of \ • 'f.nis can be vvriFd 

from r to l bv :i ncrec.sjnr k al ove k ~mile rna i ntCJining c._ constc>nt, 
· c cr 

c-r it c~n be va ri('-1 to <l l cssPr e:x-tcnt b:; increc:: sing v. uh ile mai: -

taining kc c ons te.nt . 

u ork on th e b·:o basic sys tr:-. ,,, cnn be :o ttributed to the s mall dif-

fcrence i n th.r ir uncorr-::' ensntcd root loc;..: tion . For f gre~:t.Fr th~m 

aplTOXi m.:>tPly n. 3 ther~ is no s igni f'i c~mt difference, but for a ~ 

l c ss th a n this the (.J/1) a"~railable in sys tern "1120 is sligh tly l r:ss 

than that ;:;vailabl_E- in s ys trm 1520. 

(2) n6on compensator . 

The Effecti vencss of t he 11 60 11 c om,,:ensator , d.ep cn1ine; on 

th P ve.lue of §.. use:i , C <'m be 0 i ther fr-ir or -r:; oor . Th is is due to the 

on CJ . ,~s sholm in f i gurE's 6-11 and 6-12, for £ not p;rf;_tE-r t han 1, 

t he p:enerel charactPrj s t i cs 8re : stability occurs f or ~equal to 1 

or less, Gl.l ~:ralues of ~ fro!fl 0 to l_ a.r E' l?.vailoble, and a reason['hlf' 
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1: c 

j_s .', 1 so 

Vc·r>tior· :i.n ;<, ~.:- l~tie ul_:-rl' 7 Pit~ ~ in thP r . l~ ·l.o (' .7 r ~D~~c ~ -- -

ivr:;s L rrc..scn· b l( uc1c-ctio:., c l' vchJcs of ~)r'\ Incre~ scs in W"' 

"-(~CJL_l. ~, ,_ l ~?) 
0 '· ~ \, 1.. .:' • 

r tlcn Y)c:s _;jJ l_P ·.i.n ' ·" bccc'·1r'; 1 r s:.:.; ~ 3 ·· ,_ rocC 11(?S lts l i~ .,_· t . 
- ~.,.., _, -"· 1., -· <-- :..:_ ;. s 

6- ?1. 





s}}o'"1"! ll'1 ·''i'l)l'P (_1_2 !'or ('] P\1.":1 tc " , V1C srlr.cti cn c!' ~ is l l.ll"~ it~?d 

;''"':'·'l'C'j)~l'='tcl·~ tc 'raln.(~ lPSS t: an n . J, or ;-r•;-tr~ t '··~n (' . 7 ~~1ich i S 

ccrtninly unf~vorBble for ~ ost srrvo P~Dli c ~tions . 

T''l e r oot loci .rol' +hr: t1:ro co :;cn~:[ltc··: systrr~s s '1cJ a con-

Si . 1rr.~r lc: dc '."J" I P Of S l_"'· j_l p.,..,j_ t :;r : hO'·T,..Vr·r , r:' f r ·r •:lj_ f r'. r c·D C' r S :-J.o r~ ·i s t 

du~" to G ~l j_ff"l'f:11C "" :i.n t he ~wstrr 1 s ·nccr' • ns~ ted roots . If· on ~"' con­

siuers only the s i tu~tion -hf're a dor s r.ot e ycr:-P d 1 , tlv n V - f:SP dif­

ferE:nc PS 2TE: nc·P.r l y :i.n 'oiFnif ic r nt. Tf, e prim~ry cnr of thE sr is th f' 

fact th CJ t good c01·r • s p ondcnce b( t MH n the prcdoi ·in0te sE".cticns of the 

conolc:-:: root loci no 1 on r er occurs .for V<.:'].ues o.f ~ l ess t >: an <> b cut 

0. 2. 

( ':') 11h011 conmcns~ tor ~ Tith -:. c> 0U"J l. to 0 . 

:'or n oT'1 in~l vc:•l ucs of a t h(' c cmbin<:1 tion cf sPcond dr-rivPti ·r~ 

~ :nd nr c· ortion~' t fr-: e·1.'boc1:-s r]o•'S rtC't DrovL1e Sc t.isfP. ctcr~r con;cns!"ti on . 

'· s shc,.,..n in ~i r:JrP s ( -l? rnd f: _]_) s··ti sfc-c t or ·· CC'l'"'r ns <" t icn occurs only 

tlH- open loop .fu:!'lcticn it •'ill. not r·C i.:LsrnssP . ;- D}.r r·urthE- r . 

D. Compl c tcly uns['.tisf;: c tor :t COP'PEonSF tors . 

r:w o:r· t hE' conpcns<' tors inv! stit_;;· tsd :rere ccns~V.cr r J to b e c c:- -

!Jlctcly uns ;;tisfc:l c tcr:r . ri'hcsc f'.re : 

( l ) fi r st deri•rp t ivl= .feEdbacl· cnly - ~ h mm in -rigurrs f -" 

t o 6-6 

(2) second drri va ti ve Ic('dLo.ck - she-·;, in fi[.1Jrr s t-- 13 

<m d (~·-1! , . 

These cor·nrnsPtors 'Trrr cr;r~nlr tr l y incrncl.1o cf strr·j_, i zir;q- t~.., e 
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hro h2sic s;r""~:.r') s : th r rr fore, th r y -~ 11 net tr J.iscussrrJ. ,:1 ny -rurtr rr . 

i ·• nC'Y':l ~ li z;1 ~_,j_on . 

Jn vi nr or tJ~ e f'p c t th a t t1rc G'rStFr•s havr· born incl.u•1P.·:i i n Gr onn 

V, it i s restdtle t o notr t he dc .rr r E. tc •rhieh ncrm~'lizptj_on h<'s br r::.n 

i mplC'n ( nted ; :-:i_ t h reS'JPct to trd.s n:rou.n 1s rc·ot l oc ·i . t, c ompc-Jrisan of 

t hr sc root 1 oc j_ rcve[' l '"" th e f· ,c t tha.t a ll the r emr r ks !'1rdc: in :<ecti r.n 

5 ~rith r eST) ect t o t hr nern;c· li z.:'tion cf trcse r oot loc i vl so ,s n;-- l v in 

t h is secti on . 'l'h err f'or e cne i s r r fr l'rf' '1 to SPctions 5 ;1nd 10 fer a 

de t ailed discu ss i on en t he mrtl · ojs of c·tcnd.in f~ the s e plottPd r oot 

l_oci t o ~~·vst:: ms u"' ic~~ a r e nec1rl y sir ilar bu t vJh os e par['m( tr>rs c.re of 

a d.iffcr r:nt yr:2.t;n i tud~ • 





rn T' ~;'~ 6-1 

' .. ?. >C :T ,- l · - nc cr. 3'l'.•fi i.I'.C-' ·1- l•' 

CJ_ kcv E.~, -
1110 2 ~"\51 f (' . -

") c.hlo 6. 990 ..J 

5 0. 30 ~ ('5 _..., , l 

6 r . ?) r; . 70 

1510 0 1.021 J/ . 6(? 

1 0. ?.00 1(' . 207 

~ 0.198 [. -79 .-' 

(, r .12n 7.60 

1120 1 10. 9"'1 3 . 413 

') 1 . 22) r . ohn 

h o. CS'1 n. rJ19 

0 r . 1·50 11 . 1+ 

7 o.ltoo 11_ .1 

0 1. 063 [: .?59 <. 1520 

3 0. 591 o SEF . ., 

1, 0. 380 10 . 2C'? 

6 0. 236 1o. 4Ec; 

r 0.161 10. f J,S 

11?0 1 h. 97 9 l. 9?1 

2 l. S['f. ?. 9(5 

3 0, [ l h ",7 [_S 

~ l :' , )ct ' • 501. 

c' r . -:-) ,r r , 1 C0 

6 r f)r:o r' • ~"o], . ' - . 
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TABLE 6-1 (contd) 

Conroens :o1.t eri. Si~s tem a }::cv Kv -
1530 2 1,2?5 3. 279 

h 0 . .? .'2 ~ '"' n ..... .? . '.'(J ; · 

6 0,1.37 7. 021 

1150 6 2. ) ),0 2, l,9h 

7 2,116 2. r:6') 

8 l.L,7 0 3.1C5 

1550 h 2.116 2. fl.t9 

7 1.47 ?.152 

8 1.225 3. 279 

9 1.021 3. h52 ...--

1160 0 2.)) , Sr 

2 2.555 9.509 

... 2,60 6.5 ;; 

1 3.091 u.e23 L, 

6 5.26 l. 8?.9 
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This .nrc'.l.:· ccm3ists of systrm lCOC . It j_::; ,..., t'rpr cnr·, four t h 

or de r systrr.' . I'hc block di[..;;cr:m, H1 C'Tlf; '-;i th the unco·n-:-xn satP 1 roots 

arc shnm in fi gure 7- 1 . In the U,'1COi ' ns<:1t~d condition it is uns tc:blP, 

ha.vine t Ho c omD l ey roots in t ht: r ight plan( . 

7-3 fo r a less t~wn l and a l es s t han h r es r:E. c t2. -,_:e l ~r . These n r·b ~orks 

of ~ 

701 JcVCT; it i ght else 1 1 noticr l th ~ t 

the Vt' l ue of ~ i r: crr ::· se s end W r'l dtcr eases ~s k i s incrcPse· ~ c 

bP T:1 f·t for st...,bil-it-" . T' is '··.-, 1 uc ~'_r-; .Ln ::::c nrr.~l ~a:Lr l- - high . 11. l j_s t 

Of 1\ fOI' '"c~ l lJ.c·;-; o.f. c'"'. l' s c.:'' ' Y1 ·i Y"'\ T.' ''"' ] e 7 l cr - v - - - .... 1, "' ~.-- - • 
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1 ut its effect is not tcr:• noticer· b·1 c prC;ut n C C' U:' l to [ . IncrcG;.:;j nr.: 

k c'.l so incrcnsf's ~ , but .:.:kerr. <:'.srs G..),., • 
c 

( ") rrS(':r COM'"'.· .rn~~,.,_tor. 
, ) , -

2. 
r:cns?tor of G ~ k (S +SSt Z2.) 

c c (S + "''-) · 
rr:odifird 11 _5'0 11 corn:-enf-3.:'tor of Gc = 

Fip~re 7- 6 rrlso ::::ho~··s loci for a 
2. 

k (s +bS + 8) · .q r ., f c (s~.,q.) , •nut' a a.:-1~ yo 

curvf.- s C'S b uas vt:ried from 1 to ( . l'iK nornw 1 cor, ip•·n~>ator hns loci 

very sh il<..'r to thr fj_r~;t 'Jfrj_ v;: ti ve plus rroportionFJl fcc:ib£~ck co"' -

pe:nsP to:r. In z.rnerc1, there is not much ch :.m~;e c.s ~is rc~ised c:· bove 

the vz. lue of 6. FoTre•vcr, it s'-lould tl'.:~ noted thnt the "fm' 11 r oots 

bee::i.:-1 to incre.:' s0 t,l1 cir j We v;.· 1 uc <:.nd this rnigr ·t have so1~:e nc-

ag<..1 in the l·C'nchidth is sc'lc ··!"< t J irni ted . J..s kc is in en c:.sed , ~ is 

"c' 1 ll.C of k for st;:-.biij_·t;r , v;:~ luFs of ·r~·:ich arc giv( n in t Gble 7-1. 
cr 

,\l thourh thif' auncC'l rs to be n f~ irly f;:-_vorable cor ·pcnsc..tor, it is 

is :-:ossible for the s·rste- :J to bccc1ne lJ.n:.>tc>b' e. Th_;_s r'a.s the f'f.fect 

cf ; ov:i.ne thr systrn 1s corr ;; l.c;' zeros to· T<-rds thf' rie;ht hf·nd pl[' ne. 

f;. rartivlly SC: ti s.f;:.ctor y COI1pens.o:.tors . 

(l) I.E.g nc:t::ork . 

These: loci c.:.·r r' i~rrn in fipurf's 7-2 ::mj 7-3 for Cl. grP.Rter 
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of ~ 's and w~ 

ui 1 1. incrPc?.se and 

kc , i s increC'lsE:d . By hol ::l:Ln;2; kc const-nt cc:.nd incrc-sinr~ ~' w" ·ri ll 

c:J l so be: notrd t'12t tl:r 1 ourr c cr·-rwnsa tor T1 ol e (lC) is rnorE-: satis:fc? ctor:r 

t h.om the l 2rger (20 ). 

( 2 ) Second d0rivative :-~lus "'rc:ortion<:tl feecJba c1< . 

It vas .f'on ... 'ld that pure sec ond deri vativE fccdba cl· ':Jas C0''1 -

,-· 1. cte l y unstc1tisf£'.ctory , but t"l,qt t h c systcr1 c cul d be stabilizrd by :o 

hj_~~h ~r·cunt of pro~·ort~.0n2l C0rr1no:r1r nt , a . I'J-esr l ed .. "rr· ,_,ivcn i n 

fif,'IJ.re 7- 7 for ~ gr(~c trr th<:m C. r-Prr- t he COr>l)ll C7 Zf'l'OS due to the 

CO'"'xnsvtcr arc l ccr·i-,r- 1 on the ,l We ~·ris <e.nd incre2SE: Ps thE" sruc,re 

rf'ot cf a . Tl-,c s:'stc :..s unst.c.tlc for lm-r 'lalncs of ;> but lrcrY""r s 

st~l- l e :os 2. i q _ ncrec·sc ' . J\f' tu· stabil~t.t 1 r is r>ttc:d.nr-J ;::; · r.L·ic :i:znpc 

cf ~ ' s rnd W, 's DT' ct-trir r>b 1 r . :·ote tb."t t,_,r q:i ni1"'1T c or~ -

'i"t•r r;;in ·"or std --='l ::i_br , t.-cr' i ::; 'TfTV 1o·r in th f s c cs.srs . C'tl-·rr ­

~--isr t 1 r l oci ''rr ,_rrr'r si'1j_l; r tc tt~e f irst -:J.erivr'ti'n n l ps 'ro-

y)orticr:>r 1 c c·m~·<= nsc::tor . 

(.?) 11 60" Cc·,- -. , ns::-tor . 

ever, it r•?s 2 vc=:r· l i itcd rc>nrc for v--luEs of ..... to br: effec tive . ' s 

SPrn f'r(", t>-- 12 loci i1 .fi~7'1T" 7 _[, i:ncrc asine: §.. lT·rond ," "r 'UE' of 5 

'1il1 '~;:-1rc t 1'r 0~-~str:-;• C0.,.11'lrtcl'~ unstC1b1c . 1<'cr ''~1ucs of a SC';··e--hc: t 

lo~-rcr t~rre js both a r~in:i.nu· <nd rr.aximun "-'?.l un of CO!Tutrr c-<:in , 

kcr' for sta1 j_lity . Fer ('Ten lo~Trr ,-·lues of 2_, tt1 f- s- st•:~ tl'('n 

7-ll.f. 
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ry ·c 7' I'. C::J 1 ·~ ~T' :- l.l 

:..
1

•r b l (: 7 - 1 r::;i i ,r r S 

~.:a'urs {'or ed.ti c :-1. r:.' . .i··· . 

'l'hc f'ollo~::ir~L COr'1KDSc~tor s :n.:rc j_nCcl.1..J2.ble d' stcbi l izing thF; 

( ?. ) ';:lJ.l"c· S€ C OnC dr-ri •r;: ti VC f f:( dJ-;,:- cl· • 
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J.'ABLE 7-1 

APPR.Ca xrr: GJ I'C:.:> GF JT.~l.RI LITY 

T Q'·rP;t,: 1 j "" i t !mn ~t J i ,.., j :t. 
Componsator a 1{c LK k K - v c v 

. --
10 .., o.B 2.8 :; 

10 6 0.5 2.3 

20 ? ;? .0 3. 6 ~ 

20 6 1.5 2.9 

30 ~ l.3 2.6 

3 ~ 6 o.; J.L. 

5o 6 2.0 2. L, 

5o 9 1.0 2. 8 

5o mod 1 (b=l) 8 1.2 2.7 

5o mod 1 (b::4) 8 1. 2 2. 7 

ho 60 . 0.025 3.6 

60 0 25. 8.3 

60 ? 3.5 3.5 17.0 1.0 ..> 

60 h 4.0 2. 6 10. 0 1.3 

60 6 unstable 
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,.., 
\,;:,, 

l) 

~E.c<Ju:~c thnsF roc l: ~ in :.~ ic·· tE; inst.zbiLi. t:=-, t h( pri' <- r:r objective of cor- -

by us c thcrf"·cf . 

ini;;u.- r .... l. n l r · -:;, l\. cr· 

The rcot l oci of tl:i.s cor~rns.:.tcr , t i:,.., so c: •-:lr c1 ")0 11 C0"1)rns.~·tor , ' T(; 

.sncl tlw vc. ; ues of k , 
cr 

of ~' are listc:: in table c-1. . 
~' ltt·.our;r it is t' fc:.ct that the "50 11 coqx:nsc-d:.cr :i. the on .,_ '~ one 

investig~ted rr'·ich stebi l iz r· s rq_;ardless of the v<-~ lur of ~' it is net 

r atisfactory. Tbus, :.:.:-: s :i.tc o'' its <?.bil.it:\- to ck1i.,ize, the flf'::~i-

f - 1 
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in t his F{ r on1; E'YCC t s".rstcm l91JO, it is of val uc to r ntion brir_f1_ 

t he v.:Ti ;,ticn in ~ and w.,.. --;A1i c' ' is r.. ossibl e us:i.nr; this compr:n-

l. ,... to ·v"'l''T 1r T"lll.l"" ''1 "l·nt.., J.."nin r· ~· c on st~.n ·"' ·. t hr. ot!·1rr ·J· •• .:;> ... " ~ c . Jl - . ' c. '' 1.. • ' ~ - .. IJ ' • 

fr or.; 0 t o l ."~s k
0 

:i.ncre~1.sc s above k 
cr 

Cnr w3.y 

w, its 

.:"tion is net or l~,r sr;2 llr r but elso Jr:-ss ccnsistr nt thvn t hat of ~ • 

'.L'hUS ··!v: r G f l e: ·:i.biJ i t "r '."i th reSDCCt to vari,:;ticn i n (J n is dc-sir c:blr 

C. ?c.:.rtiall y s oti s f a tory c01~p~: n sa.tors , 

/ ivc of the COl1i::!cnse.t9.rs investi g.?ted co re onl~;- p <. rtially sctis -

. irst, t he COTT' 'D rn-

· i th rr one cr loth cf tl".P sr rc e sons r'','"lY 

s <'.tcr ' s po1e, the rcct loci cf fi~;~.u·cs 8- 3 e-nd f - 4 s:'Ol7 thc-t the 1::-r 

co "J0. nsator i·,.:s -1- ,. T r 
1_,, ~lcsrcPs of cfi'f c ti ver;E' s s - fair or p ocr , 

~·!hen tl''.i.s r<.tio i s c cns:i.~Jcr: 1::: · l2.rf,( r t :"£m unit:7, ::>trinccnt li i-

t a"Lions on ~ and ~~c are nE:~ccssr.' r;,- in order t o i nsure s t::bi1 ity·,. ·.l.'llcsc 

t he rff'ccti v t>nrs s of v··i s co~~ r~1s: to:' . Cn the C'ther h·mcl , bc-ttc;r 

0 r' 
l - .. / 
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flexj_bi1i ty is sti l l l css due t o the a.ddi tion.el l i:: i taticns on k 
c 

l~ ~ r limits on k ~rc l.ist~d in tatl~ f- J . 
c 

(2) lead net~?or1: . 

'rhe rffecti vcncss of tb e l c&d. ncbJcrk i n conrpr nsat i.nc tl'r-7 

, ·· ·'-'. sy::>tem i s c1ui t e s i mi l2r to th ?..t of t h e l n.r: nct.--ort::: hmwvr::r, hrre 

ec;unl to C, the lE ~ J ne t •·Jcrk can be ccnsiJ~ r~d to rc pn s( n t the l c=tg 

nct:rcrl: · ;ith a liritc_:d. to onl? Sl'12 ll VDl.ues; ,.nJ. t r.(:' rr:'~'c; rks made 

If a i;.; 0('u: l_ t c (1 tb.(' c on:Y)rnsP..tcd 0~--st": c2.:.11 not be stali-

' ini~ 'l' ~. , k 
Cl' 

t: 1·le " -1 . 

r_Lh r sr· .,r, l, f'S ()~! k , 
cr 

C" .., n 
l - J_•, 





lnrrr ljr::itinr v;l111·' rf ,,.. 
c 

no< t -·ork cor-'r rns: tors, t hr mr- tb od s of ol te:dning partic,_, 1 .·n" v:: 1 urs of 

rn.J Cons~quently, onr i R TFfrrrEd b~ck to 

t'":- t d i s cussion for thC' l ~ g nci:;:-.rork fer fur t her i nform.: t ion on the 

f or 1-cc r•rr·:1t( r than k (-.-r? lues of k c:.re , istC'd ln t-,ab1c f - 1 ) but 
' cr cr 

~ s: all c i vc s nr rrl 'J -t:.' 1F ::.af1E. p oor rffect n ctE: d fer t " c ' 30 11 ccr:11rD-

larr~r r r ovirif !" r> 1 r t 1-:.cr stat i lizir~ c ::-;-~·1 i 1 _;_ ty <m 3_ t r crr-r crc , brttEr 

is S'"" <-'11. In 
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in~ •. c-.;h ~N-, "'L!'~ 1 <1 ·~· i)!;,t c-r V-f otJ,rr ·err-· rf' Pc tive comD~"nsatcTS: 

h('>.r('W r, ~ ~rirJrr ''Pric:>tion in Wt') i S {1V<'ilc:_bl e ·Jur- t o the -fa ct thFt 

t h(· u-r,·~- r lir-1it on::- kws · ot r;·ist . 

()) 11 6 0 tt COY"' '(TtS<:tor . 

-,-CE.:Dt for the f'<.,ct th2t the roo t loci c'!'E' o1 orr- corrpl i cc tr rl~ 

the cffecti VPnf'SS of the 11 60" COMDf"'n sator is ve r v simi l <.lr to th< t of 

tl'l e 1 ~· cY .:-,n-1 l 100 [: -:1 11r tT.mrks ccrr~tinr- c] . This ~~.; ree: rli l 'i ~mr.s.r' nt in 

cor.nP.r inr, t he r oot l oci o<' f'i";ur0s [-')_, 8-/.1 DDJ f - 7. EoTrc-cnr, on r: 

colm~rn:,.;t.J_cp js only v,:oli J .for f>na. ll iT8 1ucs of e:1. In tJ,p c .:~S f' of 
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·!}1p 1::-r: :1n-'l lr ~·l ncb.To:rks~ OI'~" is rr.-rr v:: ~"' d bc.1 c:k t c· th r j i s cussi cn cf 

rithET of the J.::tttc-r .r·or furthr r inforr'· tion ~ .:-ith re ~r rds t o t,_,e 

D. Ccnn1 E'te ]_-,: unsat i sfactory CO!np< ·nsator s . 

i1:o of t~ · r comct'ns;;.tors investir·r te 1 an considered to be 

c ol"'lnlPt~ ly uns;1t:j_cf.s ctorv. 'r'..,is is -; t1'2· t o the f-- ct tr2.t t r p·r C4re 

un<Jrlr to sf-,,.1iljzr t""r sy;. 'r":'l -rcr :-n•.r 0'::- j_n, Jrc. TI'<"SP bw com­

ocn~--c: tors pre: 

(?) cccn:i dt-ri,r:t til'f' f~edcc-c\" . 
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r_CJ\f;JJ~ e-1 
.•. c. I ... ,-, . T 'I.!.'S I.-

, ~- iTY ·' ·' ,_l;.. .• I. 

IoHer lil·it 

J 
TJF)er l jr~ i t 

CoMr:cns !.tor kcr l{ 'l' k i r 
C' 1' ,... Cl v 

So 6 3. r;),(' l . h63 

So 7 2 . 51-tr 1. 699 

50 c 2. 116 1. 763 

So 0 2. COO 1. 700 / 

l C 1. 2 3.657 1. 716 

10 2 3 • r.L IJ 1.327 9,100 0.509 

10 ~ 2.7 1.0 L.380 0.685 -

20 3 5. 266 l.855 20 .000 o.5E 

?.0 6 2. q,_o 1. 905 7 .5Elt 0.720 

20 7 2.116 1. 941· 6.J2r· o.eon 

20 e 2. 0 1 . 8L~ ).2 t.,f) r . f?5 

20 c l . 76h 1. Ch9 4.389 r . e m~ ,. 

20 10 , .55 1. 80 3.657 0.945 

30 2 2.116 :t.763 

30 4 1. 021 l. [ ll 

30 6 o. 709 l. 757 

40 4 l. 7"h 1.177 

ltO 6 -; . 90 l. L1S 

60 ·~ . l com':lc t(~ 1y unst::-ble 

60 1 l f J71 2. 1[1 3?. 6:::? J . 45S 
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. • t~r nrr;:;l . 

-~;'s ·lcnc' on tl P fo1lo·~i;1r·· svsi ems : 0100, l C'OO, 1100 , 1 roo and 190n . 

Grmn) I : OlOC 
rrrOU:! IV: 10(10 
l1ro1,~) V: 1100 
Group \TI : 1 200 
Group VI I: 190() 

the roc t loci . 

f . Crcup I ( 010D) - fJ r'tlres D-1J, 5, ( . 

'.::'h:i. s s"'rst.ci--: "·"'.S vnstr-l 1e for tbP uncor· rns,cttc .·J .s~ · , trrr . CnJ.y 

•c i nr " 1 c·c d - 'c r: b--e cor--.·•c·nsot,or w rc · · :e or <:i"o."' ~t. ~:J; , 

ch\:r.:c tf:risti cs: 

1)' to ;.' '" oint: ,, r··r~,rr r. 1 ~rr:r V ' l 1-,(' S of kc --roul.d h <'VC' tc br us rd . 

(:? ) Incrrr: si'lg thr ~ -:: 1 U( S of b j'l (' 1 'C"d to st Al~ i 1 i7P t r e 

(3) Incrcas·,nc Kc i :)rovc:-1. t he stotiJ it;v-, but c:-lso de -

'j ~·~J r : s J- 7, E, 9, 10. 

Thi s s~strft ·~s initi(' l lv st~l lP to br~in ~ith: therefore, cnl v 

9-1 





'11St:-·1 l r . 

dr X"i \';_ ti vr 

h ::n unsatisf :,ctor y c o:-'1·-ensator . 

( .., ' 
; ) Th e l c;-; .,c t•-1orl-:- •re>s b;r f<1 r th e !Tos t rffr c t i vc c orn~;en-

s'=' tor us ed , :-n:1 t:•c f1"1' 0:= t cr t he r:-tir of Zf'· r o t o ~; oJr , thr brttcr t~ e 

IJ . 3roun V (1 ~ 00) - ..-i_~~ure s D- 11, 12 , 13 , l h, 15. 

iJ;t- pror~crtio:rn l c or'· onrn t . · 7;..~ t hr ~lcn: ir..'·tin n- inf l u encE: , I n -

crcasj_r r; k ;: lso im roved V1c C0:1:J(·ns:- tor . c 

ThP } ;::r ("( r u~~ y;· l u r of;:' ;-ni t h- S' ,~lhr thr v: l n 0 cf h in 

~c.:::. Qc. ~:~ , thr- !·'" ere r·ff.,ctiv~ t r0 cornnrns?tor , 

F. Group VI (1Pt"r) - "if'1J_r es D- 1r: , 17, 1c , 19 . 

of t he colrn)r nfJ -- tr d 

9-? 





ef+' ··cti Vt cr n.:CJt· r .. ., t ( + tl.< TC •rt:i_cn,} CC' r'~C•IF nt, 1. f V' ·_l G(; 

h~l\j( rr 

Dens; iC':r . 

thf 

fc:ctory. 

r._ c / "1 ~~ ,., ·1· r· r . 

('.[''?(:._" c-'· c ( 1 

1 1 e • 

. _hr r L' r 1r'11-,, r t} r ·ol r, t' · 

;o , tcr . 

n•:; t: r :· f t 1", ilo -, -!Jl'P 
.., - ,, . 

cr 

(' ") 
- _) 

''(I .1110 ('f tr tr n-Jr • 'f,O ]'.· r-rr·yn .. . c . 

L'h( rr nr r :- 1 ch ·-rc. ctr. ri stirs 

SO: ·J. r CCt' -





lC'. Sonclus. orJS. 

tho corn'"'cnsr-tors invr sti?:;:Jtr ri is V"v r es t or the -..rcrs t e s mu ch A S i t 

has beEn to con1J110nt u~)Ol! th( effect en the individual s ys tE:r.is . Hmr-

ever, it is pos E ib1 c- frcm the ·nr cvious discussion to pi ck t he c omr P-n-

sators that mmally nrovide comPcnsrtion 1:h i c h is mor f' cr l ess fa -

,~or-?1-lc t!vm c• l 1 tr~e cthf'TS . In p::trticular t hese compcns c: tors are : 

( 2 ) "hon COI'"I"ocnsc?tor - l eas t favorable . 

In "·Os t of t hr systnns inves tignted th< l;, g net·;ork n r cvi ded 

tir·e, in ncne of th r cc.sc s invc stiga ted i i : t'-, is compense>tcr c c: use 

ins t~~l:i~it~r for <11 v;::lucs of k and a . . L,hus, usc of this c omp en-
c -

tc 1rcvidc; sol"'r fa'.'orol'J c cornrensaticm if a an~ kc are appro;·riatc-l y 

scl.:ctcd. 

cor--:T;cnsc-tor .,_.r;,c:; r.rrvc:l l ,nt C:[) thr most unfc:-.vorc: l: ·lc one . C'nly in s:vstE:rn 

l i' (.('. 

lf'- 1 





I' . orr::-l_i?: : ion . 

tigation h.s.s bE ,~n c en 3uctc) 1:-::· th reg:: r·.::. s tc nr:: trocis of ncrmt 1 iz:- ticn . 

I-:1 '1.·.r ticu l "'r, onl -r t-::r rro:;_~ s , V c:nd VI, included '".1ore thm cne svpter:", 

U SC'' • c-m:-l V--r "rcclor<.nc t.'n p- Sf' c tion of tl~r ccmrl(' ~ · r<;ct l oc :i •ri ll. b e 

nc~rl~,· cf thr s: F 'Er C~pe denr~ding en trr comnrns:.:> tor . Tl,us . ;J SSDJ'1ine; 

that thE inf1 ucncc of tb E sec ond;' r'· se cticns of t1.., r c cn : ,l_r :;.: &n-:1 r ,. nl 

ncr"c:- lizcd by p1· cine- it in t h 0 corn-et r;r ou r· . T: 'r:-n it -.;rcnld be v~ l id 

to pssur·1e thc>t t:1r ·•recl.ominC~ting section of its r oo t loci ucul · c: ls o 

deed , cor res<; cnde:nce r' ces occur for ~ in t 1
lr clcsin d ranee cf o.h to 

C~X''~ · 1iffrr,·nces . 

diVPJ'V,EDCC c·" tltr rort l ocj. for S' "l' ~ 
., · _sc - •11.rn wr\ ].S l:crgP 

2 s:_r-ni:"icc-nt -1i f'f E rr- n cc: i:· crsr r--:rcd . rc [':.. f>l"'C< t e::·tc1t v~r l_Eck of 

rt1r~·forr . it l~ not sufficirnt 

10- 2 





to assur11e t h <=:. t bcc:"l.US~ r. s~rstr:r;~ :f{" l ls jnto .:.1 p.rrt:Lcul;• r r;rour i t can 

· .. ccount t' 1.c cl:i '·cnncr· J.n 1 o(':1 U .C'il o.i· V ( unc::_) .. ·r:;E.:.:•t r ·i s."sLr 1· ' s 

f'\.".nctic·n nole '":1.:''· ~ J no rcouire : nv(' :::; tig<' tion . Th r:r('i'ore , S Nne nor ma -

lizc.d:.:.i..on ui t i1 respect to t he :notor f ur:.cticn i s dEsi r ;;.tJ.c . Unf crtu.nr tely 

concl us i ons t o br- rwJe in t.hj ~; conn r.ction . 

rrvertholcs~ , E~rrn i f Vw n' otor function of' thE' ~ctu2.l syster;o i s 

:~ l . ~robrbiJit'· thE ~~i.ns r. f t,>.r t r:msfe r functi cns ':Wuld be O.iff r·rr·nt . 

Thus , norrY· J.i z ~: t .i.on .. itl rr:::::nect to U' in j_ s ver" i mportcnt. Unfortu.-

(l) ' r k I - 100 h f) ,.. 

( 2 ) kb I 1-:- I =. J. Ok 
c c 

ubere k i:..; t he cr- in r: c tue l ly gi\r~"'n on t.hr root l oc:i. plots. Theref ore : c 

.:nd 

k I c :. C. J. (10- 1) 

l.n-3 





1_, -i " ~ .. -~ Ht 11 l v ('- 11 r t _. ('... ( 10-1 ·,. l- ,..,~ re~.•r Y· \ c' -·· .l- . ' .1- - tJ \ • ,/: "' ' ' 

C. Kv versus kc. 

Inclu:icd on c :!_ l the IJ l ot ted root loc i are contour curv( s sho"::-r.inr.; 

t:1e locu·s of doni n:ot.i_ng roots h:.-vinr· c cms t ;;:1t Kv and a l s o k0 • Thes e 

c on. tours 'Jere plott.Pcl f or the nur os'" of lcn:JinG so:mc perspecti ~,e to 

the r oot l oc i plot:> · r:i_ tr r rgP r ds to thf' r,d.ns and. velocity l2g e r ror s 

the Kv of a s yste:-; dc c rr;-s r s ::s ,rein , k
0

, lncr cas es . Fc\TPVE:r , it is 

·1-n, is is - 2:rticul crl y trur in th • c;. ;-;c- ~hen t he n [c:i.mw-. pernisGihl e 

stu:d'' st· te vc loci t y l ;) £~ err or is s pecifi e d . In theGf CC' sr~3 this 

S1Jecific2ticn mPy result in ~.;rcc':omin<.'tin r;, roots h~ virlf' othf r t han 

.::-nd G • 
(!'; 

c: ~-=- :' -. r-n t tl-, · t t ' f fpncti rns, G rnd G , c oul d br int~rcb~n~~ct in the 
a m 

- 1 

l i"'- IJ. 





; ·. '!C, ·n·c C ;··o tcrr ~ noo:: ol ~rc s ~i th• r 

1 ~rsjcr1 systrn to onr of t h0 vrou~s inv~lvr d in t his j~vrsti~Ation . 

cr~). l.rl be c omh:in0d -:rith t 1: r motor r' ole to r:~~ ~-c 8 ou:-dratic f unc:t.ion 

.· ,.., "· '~ r r: ,_, ""'- • J ... J '! ' ~~ l· \.' • 

0r~in~ lly, the 1[0""' and 1700 ~rstr~s ~~rF inclu]rd 

in t~ r·s F" invr stirTct, .:: ("118 t c rlr tr: rninc any D03 ~;i1 1P e ffect cf intC'r-

~~ svGtn~ s had idFntical loci. 





,l, - lott~nc ot Loc i . 

• Intrc-:luctj_cn . 

Th i s a'J. ( n1i;r is for 1,11(' m~r os( rr n·· lr.ininr: t he. diri t:J l c or .. ·-

" Chjec ti v (·. 

(1 : T Ts~~_n;, t:-p i ncut :i.nf orrn-·t:lcn , cc1cu1A.t P t he ba.sic 

v<rvinr. t h( f"·~·in) of tl ' r chr:! r .;:,ctcr istic u.uc: tion , Ctl l cul ;: te th f"' indi-

vj_ Ju~ l f; oints uh ich toget l1 er CODt) tit1 t€ t he r oot loCUS of t he speci-

( ~ ) ~ l s~ , ~or r~ ch point of t he r oct locu s , c nlculate in 

termin~ c. t he s t eadv sta t e veloc i ty l .s.r; e rror for all t ype one f eed-

(L ) l.ecorc1 tbe r> l-.ove infcr '<lti on i n suer. a f orm t h.s.t it 

ter istic c_u: .t.icn :j_s of dq:rE' c lr.: ss t~1an 101. 'fhc V<3riable C 2J1 ei t hr r 

ln c;·· V ;(· o ;en l cc:J functj ons or ti1· [;<: i n in one cf th8 feed-

1-' c l.loc1~ li.::r:r.:'JT of tris s:rster1 i ~> sh O"i·m i n f igure ] • 

t1c f'orn cr' 1.' r -r·nnet"cns i r: t> c lo:·c:..~ J.r'r'lr·1 (\), Gc . c>nd Glil can 
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'b r> in :-n .r r ~ C ('1) 1 . 0 I' ( ,..., )~ 
' . 

--
--

-

1 
<S +-<fl.) 

(S +- b) 
(.S +- C) 

(S-+ d) 
1 

(s+e> 
<S;z. +15-r9> 

__L 
1 

l ; 1-. to ' ", .,. 

ccn~ists of tl1• r :;r :-nrlF _, roclucts cf : ny or .? ll of t1·1e ~1 function: 

t hat is if 

(§+b) 

tl1cn ;-, - ~cT''lir>sil· l(! forrfl TiCLi L•i. 'be 

G:h ~ ~++hbS + ~~;d]~~~~~~dt:FJ 
~.ncl so fort11 . ·rhA nxr · osr of' this is to r lil"' in:"'t" th( tC' dicus Q1)cr:-·tion 

assr·.rne .9_ 
1. 





D. J roE,r.:-.·m Opr-r2.tion. 

T:1e nrof:r;lrr consi~~ts of t: ... r· c .1jor h~·.sr s of op r r<:'tion - (l 1 

:Ln:)1J. t ohPsr , ("") ce 1'Ui~.~ti on of' t 1" l'."Sj c c'1<r, cteri~tic r·cu;tion, c::!1d , 

(')) tJw corT-,Jt;:tion o{' Lhr rrct. l oc·~ ·'('irrb, . Tl1 r>S' t~r~=·r · h.:s rs PT( 

thr ~1r·.,c orJcr in Hh"icl" tllry .-rc ;:-ccc,n· l inhci . 

bc-forr· t)'r npvt ::.s CC"rnntrnccd . 

rll the inr-n t inforn<" tion rr (•u.:i.:rrd for t:--(' ·!rope r Ol'( rrtion of thC' 

This in-out infcrrn~ tion 

car;::-ls or ' 1.'"'[11f tic to. nc . Tl o~rcvt. r , in rithC'r CDsc , c::-r·Js 1111s t 'Le -::.uncl..,ed 

.?11"1 i -r· the rf! ,'").crn0ti c t."nr i~mnt is !r siren_. thr car ls 1rust f irst be 

int ended locrtion Of trc v·-.riab]e _, p.:.in, tl ere &rf thrcc diff(rFnt 

,.,.,c th ocls for :vlc-~=inf~ tllis c:- lC'll. ticn, .::r:.:~ "r:d cne '".i vss a diG'crcnt 

[_,p;:-ic C1'::r:'Ctrristic N'iJ_.··t~:, • 'l':lt: :ksiud rt'·o1_ c··.,..., l"'r- f"Pl.cctf?:i 

b:r USC cf the COT'T1."t•-rls . r·"'rct:ivc jumD p,~·:l.tc]-rS a s follO!,iS ~ 

(.- ) 1111 jt~ 1 s;r·t.cl rs dc-11 - 'l.'··f' c'"' rr.·ctrr:i_st:Lc r•,1Eticn 's 





or 
,.., 
u rn 

•)_ 

(b) <Jum1' s;.;·itch nmnbrr 1 up cnlY - the cl·,:-r;.;ctcriGtic 

tranr::ifer tox j_s vari0.ble . 

(c) J'ump s·Hi tch mrrllA'r 3 u·' only - tl'.f" coc!'.f'icir-·nts of t he 

0 ·hr'l!l1""f'er r,.., ~ ~ l. '"' ~ ~· .-, ri:--hlf" .. b v c .:J -· . ' '- ' . •) ' <" .. - • • . • 

In tb r f irst str·1 

cf tl'e v~.r~i..al.)lc , r:c..in, arc incl'eCJ.:3c-:5. by· ;_1 f2ctor Hh.ich rf f l ('cts thr 

nm-r f."lin . -~le secc,::d ·step j_s to ~.wlvc for the roots cf t ris nn-J 

ft,en for th e third step these r oots are urinted 

on the chrsen 0utrmt rnedir . J·oor. con'lction of t~lis latt"'r sten, the 

com·~utcr incrNlf;ns thF f?.::· in :-·nd c:or n s~xmdin:': .-·2.in cleo.: r nr:iP~ t ccpfficj_ r nts 

step nrocc-ss . 

ini ti;1l f:·in ''Cil_l . i 
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POLYNOMIAl I 
.OOOOE+OO ~1000E+01 .JOOOE+01 

POLYNOMIAL .2. 
.4000E+01 .SOOOE+01 • 1000E+01 

··1 

POLYNOMIAL 3 
.lOOOE-t-02 

POLYNOMIAL If 
.1000£:+01 

POL YNOr~ I Al 5'~ 
.1000E+02 

POLYNOMIAL~ 
0 

.1200E+0~ ~7000E+Ol • 1 OOOE+Ol c~ 

'-' 

POLYNOMIAL 1 
-;:::. 
·-3 

.1000E+0 1 
·-0 
:=--.:t: 

POL YN0~11 AL ~ ~ 
......; 

.OOOOE+OO .1000E+01 .1000E+01 ·-::i .. 
~ 

1-:1 ~ 
f-'· _. 

:r> Ctl ' 
1820.00 FOLLOWS 

........... ., 
I s:: SY S TEH NUMBTR '1 
1-' I-$ KC .ooo KV 8.333 ~..J. 

-J (J) s -1..00 J .oo s .52 J -1.96 s .52 J 1. 96 e-~ 

+:-- s -1~ .. 52 J 1. 96 s -4 .. 00 J .oo s -4.52 J -1.96 r~ 

I 

-=i 

KC .001 KV 8.333 H 

s - 1-00 J .oo s .52 J -1.96 s .52 J 1.96 
::J 
l/~ 

s -l~,..52 J -I. 96 s -4.00 J -.oo s -4.52 J 1.96 f--:1 
~.J 
0 

KC .001 KV 8.333 0 
t-3 

s -1-00 J .oo s .52 J -1.96 s .52 J 1.96 I 
:-i 

s -4-52 J 1. 97 s -3.99 J .oo s -4.52 J -1 .. 97 . I 

8 - -- , ...... , (f.i 

KC .001 KV 8.333 I 

s , -J...OO J .oo s .52 J -1.96 s .52 J 1. 96 '. 

s -4-52 J 1.97 s -3.99 J .oo s -4.52 J -1.97 
nr 

-1-002 
·- KV 8.333 KC s -1...00· J .oo s .52 J -1.96 s .52 J 1. 96 

s ·- -4 . ..52 J 1. 97 s -3.99 J .oo s -4.S2 J -1.97 

•:4 ; . 



KC 27.174 KV 8.333 
s -1.1'0 J .oo s • 16 J -.93 s • 16 J .93 
s -1.!t5 J .oo s -5.43 J 16.75 s -5.43 J -16.75 

KC 32.609 KV 8.333 
s -1.~·o J .oo s .14 J -.87 s • 14 J .87 
s -1 .• ~1 J • 00 s -5.44. J -18.30 s -5.44 J 18.30 

KC 39.130 KV 8.333 
s - J ... ~o J .oo s • 13 J -.81 s .13 J .81 
s -1.~7 J .oo s -5.45 J -20.01 s -5.45 J 20.01 

KC 46.956 KV 8.333 ~ ~~ 
s -1.10 J • 00 s .12 J -.76 s .12 J .76 
s -1.J3 J 

, .oo s -5.46 J -21.88 s -5.46 J 21.88 
r~ '" 

BELOW ROOT tllNCE R TA IN WITH REAL REt'.AI NDER OF .1E-01 
BELO~l ROOT tllNCERTAIN WITH REAL REf'.AINOER OF -.2E-01 
Bt LOW ROOT Ulf\I CER T A IN W l TH I MAG REt~ A I ~OER OF .2E-01 
KC 56.348 KV 8.333 ll s -1.\kO J .oo s • 11 J -.71 s • 11 J .71 

oj s -1.'19 J .oo s -5.46 J 23.93 s -5.46 J -23.93 l 
r'· - - ~- ·- . - jf I r-

1-' ;-l I 

C) D I•·.J 
I 

\J1. 

SYSTEM NUMefR 1823.00 FOLLOWS 
I ~ KC .ooo KV 8.333 

s -l.Q'.O J • 00 s .52 J -1.96 s .52 J 1.96 
s -4.52 J 1. 96 s -4.00 J .oo s -4.52 J -1.96 

I ~ 

KC .001 KV 8.328 
s . -1.610 J .oo s .52 J -1.96 s .52 J 1. 96 , .... _ 

s -4.52 J -I. 96 s -3.99 J -.oo s -4.52 J 1.96 

- I,, 
KC . .001 KV 8.327 
s -1.~0 J .oo s .52 J - i .96 s .52 J 1.96 
s -4-S2 J -I. 97 s -3.99 J -.oo , s -4.52 J 1.97 

~ .001 KV 8.326 -... '1~ 

KC 
s .... J.-~ J .oo s .52 J -.1.96 . ~ s ; - .52 J 1.96 
s -4.52 J -1.97 s -3.99 J .oo 'l ,:-~ s -4.52 J 1.97 
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PROG RAM RTLOCliS . 
DIMENSION AC20 0), 8 (100), C{ 100), 

~81~ ?9 bl)) ~o~x~gc: ?86 i 'cg~ g~i)~ ~~~ 6o) J 

3ROOTS(200), t{r.JAMEC 100). 
COMt-10 .\J CRRl. CRI, CPR, CP I, ROOTR, P.OOTl, t, 0 

6390 FORMATCFB.~) 
READ 6j90, T/\G 
READ 8pt, ANC, TOP 
READ 7, LEVEK, NORDER 

6391 FORMAT(E7.1) 
READ 6391, SCA LFAC, GAIN 
READ 801;. BASE 

~ 88 2~~ !N~~c1bo 1 ' 
6 POLY( INOEC, K) = 0 
7 FORMAT(l2) 
R READ 7, NUMBER , N 

801 FORMATCF7.2) 
NIC = N + 1 
READ 801,(POLYliNDEC,K), K=J 1 NIC) 

9 IFCNUMBER- J) 9191, 9191, 1u 
9191 NUB == NIC 

GO TO 24 
10 CALL EQUAT2lAj POLY,INDEC) 
1 1 DO J 2 K = 1, 00 
12 POLY( INOEC,K) = 0 
13 READ 7, M 

MIC = M + 1 
130 READ 801, (POLYliNDEC,K), K=1, MIC) 

14 I TH = 2 
15 CALL F.QUAT2 CB, POLY,INDEC) 
l ~ I~ 7 ~ u ;'~ ~ ~ ~ p: l ~ H ) B i 3 ~ ) 2 3, I 8 
18 DO 19 K = 1, 1 00 
19 POLY( INDEC, K) = 0 
20 READ l, N 

N.IC = N + 1 
200 READ .~01, (POLYliNOECs K), K a 1, NIC) 

21 ITH = ITH +I 
22 GO TO 15 
23 NUB :;; 100 

2222 IF(A(NUB)) 2224, 2223,2224 
2223 NUB = NUB -1 

GO TO 2222 
2224 CONT HlUE 

222s ~S~~A~~~tT~~Sfv~~Axl~ 0~~i A) 
241 FORMAT(8E10.4) 

24 PRINT 2225, INDEC 
243 PRINT 241, (POLY(INDEC, K),K zl,NUB) 

2401 GO TO 25 
2402 TAG = TAG + ANC 

25 IE XP ;: -I 
1043 FORMAT(/// 14HSYSTEM NUMBER F8.2, 8H FOLLOWS) 

PRINT 1043 1 TAG 
29 CALL ~ QUATZ (A, POLY,3) 
30 CALL EQUAT2 tB, POLYpS) 
31 C/\LL MULTPL (A, BP 1 LAYJJ 7 ) 32 CALL EQUAT2 (B, u 
33 CALL MULTPL (A, B, A 
34 CALL EQUAT2 (8, POLYp2) 
35 CALL MULTPL (A, 8, AJ 
36 CALL EQUATl tUABMDC, A) 
37 CALL EQUAT2 (A, POLY,4) 
38 CALL f QUAT2 tB, POLYpS) 
39 CALL MULTPL (A, B, AJ 
40 CALL FQUA T 1 (DAM, A) 
41 CALL EQUAT2 (B, POLY,6) 
42 CALL ~IULTPL (OAM, B, A) 
43 CALL lQUAT2 (B, POLY,2) 

UABMOC2 = UABMOC(2) 
44 CALL ~ l ULTPL (A, B, A) 



C~LL EQUATl(RN AME, A) 
C/\LL EQUA T2 ( B, POLY, }) 
CALL MULTPL(DA M, 8, A) 

~~ ~~tt ~s~~ ~[ f ~: ~?l.x r s, 
CALL EQUATl(OA M, A) 
IFCSENSE SWlTC H 1) 7161, 7262 

ft~t t~Lce~~8,~~~~gc~ ~~A~~~3 co~~~ , 4 
CALL EQUAL1(VA ROC, DAM) 

5101 CALL EQUAL1(UABMOC, CONDC) 
~~LL BRNULl(UABMOC, ROOTS, Nl 
l~X: 8~~0Gl1J/,uONDGC2J ; UABHD G2) 
CALl PRINT(ROOTS, N, AKA , VK V) 
GO TO 4701 

7464 CALL AOO(DAM, RNAME, C O~DC » 
CALL EQUALl(VA KDCi UABMDC) 
GO TO 4701 

7363 CONTINUE 
CALL ADD(UABMD C, DAM, VAROCJ 
CALL EQUAT1 (C ONOC, RN~ME ) 

4 70 1 DO 471 I = 1, I 00 
4 71 VARDC(l) = VARDC(l) • SC ALFAC 

52 CALLEQUALI(C, VARDC) 
: 53 DO 54 1 = 1, 1 00 
: 54 VARDC(J) = VARDC(I) • BASE 
·SS IEXP = IEXP + 1 . 
56 CALL ADD(CONDC, C, UARMDC ) 

DC 1 = UABMOC ( 1 ) 
OC2 = UABMDC(2) 

61 CALL BRNULI(UABMDC, ROOTS , N ) 
VKV = DC1/(DC2- UA8MDC2) 
AKA =(BASE ** IEXPJ * SCALFAC 
CALL PRINT(ROOTS 1 N! AKA, VKV) 
IFtAKA - GAIN) 6~, o3, 63 

62 GO TO 52 
63 IFCANC) 6301, 6309, 6301 

6301 !NORDER = NORDER + 

~~~X~~~y~~Lvf~~e~~~:NoR~~~ jf~i~~~~4a~?~gg~!6~o~Nc 
6309 STOP 

END 

8~~~2~IA~EA~~56~~ ~t\o~J.el,Jool, DllOOJ, ectooJ 
COMMON CRR, CRI, CPR, CPI, ROOTR, ROOTI 1 C, 0 
N = 100 

651 IF(AlN)) 654, 652, 654 ' 
652 N==N ·- 1 
653 GO TO 651 
654 M= 100 ~ 
655 IF(B(M)) ~58 1 656, 658 
656 M = M - 1 : 
657 GO TO 655 I 

' 658 NTOTAL = M + N I I 

659 IDELTA = 0 
660 DO 661 I = 1, 100 

0(1) = 0 
661 C C I ) = 0 

00 663 I= 1, N 
00 662 J = 1, M 

· IP = J + IOEL TA 
662 DCIP) = A(I) * O(J) 

' l 
I . 
I I I 

I' 
' I • 

I 
1· 

663 r~~tT~?~'YoEetAc! 1 , ~ 
6 6 4 CALL E QuA r 1 c E , c a f · 

RETURN I 
END ' 
SUBROUTINE AOOlA, S, ~) 
DIMENSION A(100l 1 8(100), EC100) 
DO 6 72 1 = 1, 1 ou l , 
E(l) :z A(l) + BCIJ I 

672 lHI) a 0 
.I 
{ 

:i 
1. t. .... - . ~ 

' I I . 
I . 

!' 
I ' 

------------------------~----~~~~ -21 



RETURN 
END 
SUBROUTI NE EQUAT2 (A, POLY, INOEC) 
DIMENSION A( 100) 1 POLY(8, 100) 
DO 690 1 = 1, I Ou · 

690 /\(I)= POLY(lNOEC, I) 
RETURN 
END 
SUBROUTI Nfi EQUAT3 (POLY, INDEC, A) 
OIMENSIO A( 100) t POLY(8, 100) 
DO 7 00 I = 1, lOu 
P9~Y(lNO f C, 1) = A(l) 

700 ~~tb~ 0 
END 
SUBROUTI NE PRINT(RESULT,N, GAIN, VKV) 
DIMENSION RESULTC200) 
IF(SENS E SWITCH 1) 5053, 5054 

1050 FORMAT(3~ 1KC F15.3,20X,3HKV F15.3) 
5051 FORMAT(3HKA FI5.3,20X,3HKV F15.3) 
5052 FORMAT(3HKB F15.3,20Xt3HK V f15.3) 
5054 IF(SENSE SWITCH 3 )50~5,5056 
SC'~S P·R INT 50':,2, GAIN, VKV 

GO TO 50S 7 
5056 PRINT 50~ 1, GAIN, VKV 

GO TO 505 7 
5053 PRINT lOSO,GAIN, VKV 
5057 ORDER = N 

COUNT = OROER/3.0 
IF(CQUNT- 1.0) 1149, 1150, 1051 

1 I 4 9 M 0 R e:~ = N 
KOUNT = 0 
GO TO 1061 

1150 KOUNT = b 
GO TO 1056 

1051 OUNT = 34-.0 
1052 IF(OUNT- COUNT) 1055, 1055, 1054 
1054 OUNT = OUNT- 1.0 

GO TO 1052 
1055 KOUNT = OUNT 

KOUNT = KOUNT * 6 
1056 00 1058 J=l, KOUNT, 6 

J 5 = J •·5 
1057 FORMAT(3HS Fl0.2, 3H JF10.2, 7X, 3HS F10.2, 3H Jf10.2, 7X, 

13HS F10.2, 3H JF10.2 ) 
1058 PRINT 1057, (RESULT(JN), JN =J,JS) 

MORE = N-(KOUNT/2) 
1061 IF(MORE- 1) 1062, 1063, 1065 
1 0 6 2 F 0 R ;.1 AT { I ) I ' 

PRINT 1062 
RETURN 

1063 KT1 = KOUNT + I 
K T 2 = K 0 L1 N T + 2 

'I 

1064 FORMAT(3HS F10.2, 3H JF10.2l 
PRINT 1064, RESULT(KTI),RESULT(KT2) 
GO TO 1062 

1065 KT1 = KOLNT + 1 
KT4 = KOUNT + 4 

1066 FORM/\T(.:;HS F10.2, 3H JF10.2, 7X, 3HS F10.2, 3H JF10.2) 
PRINT 1066, (RESULT(KT), KT=KTI, KT4) 
GO TO 1062 
END 
SURROUfl NE BRNULI(A, ANSWER, NEL) 
o I MENs I 0 N c R R ( 1 2 9 ) , C R l( I 2 9 ) 1 X !~ ( ~~ ) r X I C 4 ) 1 F X R ( 4 ) l F X I ( 4 ) I SR ( 3 ) , s I ( 3 ) 
DIMENSION KAPPA( 101 ,CPR ( 129J ,CPI ( &29) ,RoOTR( 12ts) ,ROOT ( 128) 

0! MENS ! 0 N AN S WE R ( 2 0 0 ) , f\ ( 1 0 0 ) 
COMMON CRR, CRI, CPR, CPI, ROOTR1 ROOTI, C, 0 
INT = 1 · 
CALL CONVRT(A) 
NEL = 100 I 

9996 IF(A(NEll) 9998, 9997, 9998 
9997 NEL = NEL - 1 

GO TO 99'16 

- -~-

I .-,..., 
~· - ' c. 

.:~ 

.. 



99 98 NEL = N~l - 1 
N = NEL 
00 9995 I= 1,1 00 

9995 CRR(I)::: A{l) 
65 CONTINUE 

1 CONTINU E 
5 CONTINU E 
2 CONTINU t 

50 CONT I NUE ~ 
66 CONTINUE 

IMAX =-25 
NUM = 3 
ftl~I5 2•~.0 

~ ALrER = i.ooooo1 
MODE = 1 
EPl = 0.0000000000000000 000 0 1 
EP2 = 0.00000001 
EP3 = 0.0000001 
EP4 = 0.00000001 

MOOF.:::MODE+l 
7 CONTINU E 

52 CONi'INU E: 
4 .CONTINUE 

""" SR ( 1 ) ::: -0.5 
Sl(l) = 0.0 
SR( 2 ) = 0.5 
SI( 2 ) = 0.0 
SR(3) = 0.0 
$1(3) = o.o 

67 CONTINUE 
8 CONTINUE 

608 CONTINUE 
NP1=N+1 

I' 
I 
I 

1 • . 

I 
i • 

IFCSENSE SWITCH 2)71, 51 
71 FORMAT(40H THE COEFFICIENTS OF THE POLYNOMIAL ARE ) 

501 PRINT 71 
PRINT 

51 CONTINUE 
68, l CRR( J) , J= t .~Pl) 

DO 9990 I = 1,129 
9990 CRI( I) = 0.0 

502 00 6 I=l,NPl 
CPRCI)=CRR(l) 

6 CPI(l)=CRI(l) 
CALL COMAG(CRR( l),CRl(l ),Cl,KE) 
DO 305 K=l.N 
GO T0(9,609),MODE 

53 FORMAT( 2X, 6H ROOT 4X 1 7HI TERANT 6X, 
531 2 .( 10HREAL PART JuX1 l OHIMAG PART 

~~~ 2' lOH oF ~~or6H~g~~~~,~~H 6~Nu~7~~ Y~x,, 
9 PRINT 5~ 

609 I= 1 

I 
I 
I 

I 
I 0 X ) , 1 1 H R 00 T I S I N I I 

I 
11HA RADIUS OF) I 

I 
I 

NPI=N+2-K 
NN=NP l- 1 
IF{K+I - N)13 12,11 

11 CALL OlVO(-tRR(2),-CR1(2),CRR(l ),CRI(l),XR(1),Xl(1),KE1 
Kl=l · 
K2=1 
GO TO 16 

12 AR=CRR ( 1 ) 
AI=CRI(l) 
BR=CRR(2) 
BI=CR1(2) 
CR=CRR(3) 
CI=CRIC3) 
Kl=l 
K2=1 
M4=2 
GOTO 123 

14 XR( 1 )=OBARR 
XI(1}= 0 8ARI 
GO TO 16 

. . . ,. 

I . 

.-



13 DO 15 J=1,3 
XR(J)=SR(J) 

15 X!(J)=Sl(J) 
K1=1 
K2=3 

16 M1=1 
M2=1 
M3=1 
1";4c 1 

700 DO 717 L=K1,K2 
701 ZR=XR(L) 
702 ZI=XI~ll 

710 ~~ktL>~h~NOMCNPl-ZRtlliCRRtCRI,RRtRitKEJ 
711 FXI(L)=Rl 

713 
CALL COMAG(RR RI,PMAG,K E) 
RAO=ALTER•(PMAG/C1)••(1.0 /FLOATf(NN)) 

714 GO TO (715719, J79),M3 
715 GO T0(716, J8),MOOE 

•I' 55 FORMAT( 2(16, 4X), 4E20.11, sx, E10.4 ) 

' 
716 PR!NT 55, K,I,ZR,ZI,RR,RI ,RAD 
718 POLYO=POLYN 

POLYN=PMAG 

717 
IF(PMAG)717,300,717 
1=1+1 
IFCK+1-N)17 0300,300 

17 GO TO (18,2 0),M1 
18 VAL=DEL~POLYN 

DBARR=RAD 
OB/\RI=O.O 

19 K1=4 
K2=4 

I" f-'11=2 
M3= 1 

f·' 101 ABARR=XR(1)-XR(3) 
.,( 102 ~.BAR I= X I ( 1 ) -X I ( 3 l 

103 BBARR=XR(2}-XR(3l 
104 BBARI=Xl(2)-XI(3) 
105 AMIBR=XR( 1)-XR(2) 
106 A~IBI=Xl ( 1 )-XI ( 2) 
107 CALL MULT(ABARR,ABARI~BBARR, BBARI,TA,TB,KEl) 
108 CALL MULT(TA,TB,AMI~R,AMI BI,OENR,DENI,KE2) 

CALL COMAG(OENR,OENI TA,KE) 
CALL COMAG(XR(5},XI(3),T4 ,KE) 
IF ( T A- E P 1 * T 4) 1 1 0, 1 1 0, 11 1 

110 CALL OERIV<NP1,XR(.3) ,XI (3) ,CRR,CRI,OR,OI,K50) 
CALL COMAG<RR,RI,TR,KE> 
CALL COMAG( OR,rJI, TO KE> 
IF<TR-EP4*TDl192,17i,171 

1 1 1 DELAR=FXR(l)-FXR(3) 
1 1 2 DELAI=FXI ( 1 )-FXI (31 
1 13 DELBR=FXR(2)-FXR(3l 
114 OELBI=FXI(2)-FXI(3) 
115 CALL MULT<BBARR,BBARI,DELAR,DE LAI,TA,TB,KE5) 
1 16 CALL MULT<ABARR,ABARI,DELBR,OE LBI,TC,TD,KE6) 
1 1 7 CALL DIVO(TA-TC,TB-TO,OENR,OEN lrAR,AI,KE7) 
1 18 CALL MULTCABARR,ABARI,TC,TO,T1 ,T2,K~8) 
1 19 CALL MULT(BBARR,BBARI,TA,TB,T3,T4 KE9) 
120 CALL DIVO<T1-T3,T2-T4,DENR,OE NI,Bl,BI,KE10) 

CR=FXR(3) 
CI=FXIC3) 

123 CALL MULT(BR,BifBR,BI,T1,T2,KE1 1 ) 
124 CALL MULT(AR,AI,CR,CI,T3,T4,K E12) 
131 TA=T1-4.0*T3 
132 TB=T2-4.0•T4 

147 
CALL CSQRT(TA,TB,TC,TD) 
Tl=-BR+TC 

Jll8 T2=-BI+TO 
149 T3=-BR-TC 
150 T4=-BI-TD 

153 

CALL COMAG(Tl,T2,TA,KE14) 
CALL COMAG(T3~T4,TR{KEi5) 
IFCTA-TBl154, 68,16i · 

~ 
( 

(- (· 

. ' 

. I · 



c{ ' 

". 
\ ' 

. , 

154 
155 
156 
168 
157 
158 

TA=TB 
T 1=T3 
T2=T4 
GO TO ( 157t159) 1 M4 
IF(TA> 161,161 1~8 
CALL COMAG(2.0•CRt2.0•CI,TB,KE16) 
IF(TB-RAO•TA)159, 1~9,180 

159 CALL DIV0(2.0•CR,2.0•Cl,Tl,T2,DBARR,OBARI,KE17) 

161 ~~'~9=*~?!;!~~!~~ 
162 XI(4)=XIC3)+DBARI 

:t.6=AB5f(~Rj4~) 
±~T~I!F.11'~'~ ! 14o 

l~S l~f~~!r~T,~e '~~~163 
163 IFCTI-EP2•TRJ165 1 167,167 :. 
165 XI(4)=0.0 , 

56 
503 
504 
164 
166 

57 
505 
167 
180 

GO .TOtS03,504) 1.MODE 
FORMAT(40H ITEKANT ALTERED fO BE PURE REAL NUMBER.) 
PRINT 56 ; 
GO TO 167 I 

IF(TR-EP2•TI)166 1 167,167 . 
XR(4)=0.0 
GO T0(505,167),MODE I 

FORMAT(45H ITERANT ALTERED TO BE PURE IMAGINARY NUMBER.) 
PRINl' 57 
GO TO 708 
CALL DIV (T1,T2,TA ,O.O,T1,T2 ,K20) 
CALL DlVD(CR,CI,TB ,O.O,CR,C I,K21) 

. . ~ 

,. 
I 

·t . 

! 

' I 
l 
I 
' I 

' : 
CALL MULT(CRLCI,RAO,O.O,CR,C I,K22) 

58 ~gR~~t~g~H5 ?f~R~2~EIS OUTSIDE CIRCLE WHICH BOUNDS A ROOT. INTERPt 
58 I 0 L AT E 1 T E RAN T T 0 E 0 GE OF C I R C L E • ) I· 

sg6 PRINT 58 
5 1 GO TO 159 
171 CALL COMAGCABARR,ABARI,T1, KR1) 

EN td 1 ) S T A l I T A ) E N A ( 3 ) ·t 
IFCT1-EP3•T4)174,174,172 

STACIT8) 

172 CALL COMAG(88ARR 1 BBARI,T2,KR2) 
ENAC2) STA\ITA) ENA(3) ' STACITB) 

173 l~Ll2~B~~~T~A~~~~·1~~Al!~3,K~3, 
ENtd 1) STA ITA) ENA(2) : 

I F ( T 3-E P 3 * T 4 ) 1 7 4 t 1 7 ~ , 11 1 
174 EN~( 1) STA K1) STA(K2) 

, 175 ENA(2) STA(K1) STA(K2 ) 
178 , X R ( K 1 ) • X R ( K 1 ) * ( 1 • 0 + 2 • 0• E P 3 ) 

- X l ( K 1' ) • X I ( K 1 ) * ( 1 • 0 + 2. 0• E P 3 ) 

STACITB) 

ENA(2) 
ENA(3) 

STACM3) 
STACM3) 

GO TOl508,S09),MODE 
60 FORMAT(llH ITERANTS X 11t6H AANLTDEXR ITIEltANT X 601 41H ARE TOO CLOSE TOGETHER. R 11 1 1H.) sge PRINT 60tiTA,ITB,ITA I 

5 9 GO TO 70u ·!·1 
179 POL YO~PMAG ''! ', 

GO TO 19 . 
280 IF(POLYN-VAL)201,201,210 I 

22oj VALmDEL•POL VN 1 · LIMai+NUM · 
20 M2m2 , 

CALL OERIV(NP1,XR(4),XI(4)iCRR,CRI,OR ,Dl,K60) 
CALL COMAG(RR 1 RI,TR,KE) 1! 

~~tiR~g~e2+8~,ij~;~~6~~~o 
210 OLTuRATIO•POLYO/POLYN 
i~l t~L~·~urti6g~~R~~g!~}~OLT,O.O,OBARR,D8ARI,K301 
21~ LlM•liM+l 

SLJ C 1781 

GO 10 \510,511),MOOE . 
72 FORMATC 20H POLYNOMIAL HAS .INCREASED IN MAGNlTUOE TOO MUCH WITH 
721RRENT STEP. · THEREFORE REDUCE CURRENT STEP. 

~~~ ~si~6 T~1 

.. 
•t 
' . 

.. 
' ! 

4 . \ 

I 

I 
! 
I 

·-i . 
! 
I 

. i 
' ' I 
I . 
I 
I 

I 

l -
1 

. l 
I 

CU1 
, l 
. I 

1 



220 GO TO (221 231) M2 
221 IFC I-J.\t ,\Xl2so,2S0,222 
222 GO f0(~12,513J,MODE 
62 FORMAT(69H MAXIMUM NUMBER OF ITERATIONS REACHED WITHOUT REDUCING ). 
621 PCZ) RY DELTA.) · I· 

5 12 PRINT 62 I 
513 RETURN 
2 3 1 I F C I- l I ~~ ) 2 50 , 2 50, 3 0 0 
250 DO 251 L= 1, 3 

XR(l)=XRCL+1) 
XI(L)=Xl(L+l) 
FXR(~)=FXR(L+l) ,,, t~~t~· 15,~(~+1J 

192 GO TOlSI4,300>,MOOE 
69 FORMAT( 19H FIRST DERIVATIVE ( E17.9 1 E20 . 9, 
691 ITERANT IS SUFFICIENTLY CLOSE TO ROu T.) 

51 4 PRINT 69,0R,DI 
300 DO 302 J=2,NN . 

CALL MULT(ZR,Zl,CRR(J-l),CRI(J-l),TR, TI,K40) 
CRR(J)=TR+CRR(J) 

SSHJ INDICATES THATi 

" ·. ·:-

302 CRI(J)=TI+CRI{J) 
63 FORMATt59H THE COEFFICIENTS OF THE REDUCED POLYNOMIAL ARE AS FOLL 
6310WS ) 

ROOTR(K)=ZR 
ROOTI(K)=ZI 
GO T0(303,305),MODE 

·I 30 3 PRINT 63 
68 FORMAT{ 1H 6E18.9) 

' 304 PRINT 68, (CRR(J),J=1, NN) 
PRINT 68, (CRI(J),J=1,NN) 

305 CONTINUE 
GO TO (515,516),MODE 

515 PRINT -rs 
516 CO NTI NUt: 
80 CONTINUE 

0 0 .:S06 I=1,N 
CALL POLYNQM(N+1 1 ROOTR(I),ROOTI(l), CPR,CPI , RR,RI,KE) 

ANSWER CINT) = ROuTR(l) 
INT = INT + 1 
ANSWER(INT) = ROOTI(I) 
INT = !NT + 1 

,. IFCARSF(RR)- 0.01) 8001, 8001, 8002 
4 800 1 IFCABSF{RI) - 0.01) 306, 306, 8003 

8999 FORMAT( ~4HBELOW ROOT UNCERTAIN WITH REAL REMAINDER OF E7.1) 
8002 PRINT 8999 1 RR 
8012 FORMAT C E 7. 1) 

GO TO 8001 . 
8998 FORMATC 44HBELOW ROOT UNCERTAIN WITH IHAG REMAINDER OF E7.1) 
8003 PRINT 8998t RI 
801 3 FORMAT( f:7. 1) 
306 CONTINUE 
83 CONTINUE 
75 FORMAT( 1H1) 

RETURN 
999 CONTINUE 

RETURN 
END 
SUBROUTINE DERIV(N,ZRtZI,CR,CI,OR,DI, KER) 
OIM~~ff8~ CR(~~Xl6~J' 12 ~{A(0I) STA(RR) STA(RIJENA(1)S TA(KER). 

~ --

DO 2 J=1,N 
CALL MULT(ZR,ZI,RR,RI,TRR,TRI,Kl) 
CALL MuLT(ZR,Z1 1 DR,OiyTDR 1 TD I ,K2) 

RSO(K1) AJP1(L+21 RSu(K2) AJP(l) EN AC2) STA(KE RJSLJ(3). 
DR= TDRi·RR 
DI=TDI+RI 
RR=TRR+CR(J) 

2 RI=TRI-+CllJ) 
3 CONT INLE 

' ~ . ' 

END 
SUBROUTINE POLYNOM(N1 ZR,Zl,CR,CI,RR,RI,KER) 
DIMENSION CR( 129) ,CI C 14!9) 



ENI\(0) STAlRR) STAtRl) ENA ( 1) STA(KER) 
DO 2 J = 1, t~ 
CAL L ~1Ul T ( l R ,z I , RR, R I, T R, T I, K 1 ) ... 

RSOCK1) AJP(J) ENA(2) STAlKER) SLJ(3) 
1 RR= TRvCR{J) 
2 RI= TI+CI( . .l) 
3 CON TINUE 

EN D 
SUBROUTIN~~CSQRTCXR,XI,YR,Yl) 

CONCSQ2=1.414213562~). 
QJP2(L+l) L QC (X I ) LOA(XR) l.OQ(XI) AJP2CL+1) LACCX R) 

ST/~}A) STQCBJ QJP1(1) STQ(Q) SLJit(8) +STA( P)SLJ(S). -
1 ~~~ i~ ~ ~E1i~l2, ~k~~~~) ti¥X{~~2, il1111 4 

2 TH$((1) SLJ(3) STQ(S) FOV B) STA(T) STA(R )SLJ(4) 
3 STA(S) LOA( B) FOV(A) STA(T) L DA ( 1. 0) STA(R)SLJ(4) 
7 Y=S QRTF(X) 
8 SL J ( *) STA(Xl SLJ(7) 
4 LOA<T> F~1U ( T) FAD(l.O) I SLJ4(8 ) +FAO(R) FOV(2.0) 

SLJL~(Rl +STA(T) LOA($) SLJ4(8) '+FMU ( T) S TA ( P) 1 .• 

LOA(XI) FDV(2.0) FOV(P) STA(Q) • I 

5 SSI<CXR) SL J ( 6) LDA(Q) LQC(P) AJP2(L+1) LAC C Q) I 

SSK(Xl) LDQ(P) STA(YR) STQ(Yl) SLJ(L+3) e l 

6 LDA(P) LOQ(Q) STA(YR) STQCYI) .. 
ENO 
SUBROUTINE COMAG(XRJXI,Z,KER) 

LOA(XR) LOQ(XI AJP2CL+1) LAC(XR) QJP2(L+l) L QC C X I ) 
.( STQ(T) +THS{ T) LLS(48) QJP(3) STQ(T) FOV ( T) 

STA(H) FMU(H) FAO(l.Q) STA(H) 

' Y=S QRfF(H) 
ENQ ( 2) - FMU(T) +EXF7(l41B)SLJ(L+2i ENQ ( 1) SLJ(3) . I 

3 STQ(KER) STA(Z) 
ENO 
SUB ROUTINE 0 I VO ( XR , XI , YR , Y I , ZR , Z I , KE R) 
CAL L PROO(XR,XI,YRj-YI 1 B1,B2,PR,Pl ,OR301) 

LDACB2) AJP1( ) ENA(3) SLJ( ) 
2 ENA(2) SLJ(3) 
1 T=DR •DR+OI•DI 

LOA(Bl) -FDV(82) +EXF7( 141B)SLJ( 2) STA(B1) 
LDA(PR) FOV(T} -F~tUCBl) +EXF7( l41 B)SLJ(2) S TA ( ZR) 

-1' LOA(Pl) FOV(T) -FMUCB1) +EXF7( 1418)SLJ(2) STA(ZI)ENA( 1) 
3 STACKER) • 

I'. EN O 
A. SUBROUTI NE MULT(XR,Xl YR YlrlR,ZI KER) I 

CALL PRODCXR,XI,YRtYI,BlrB2(PRlPI,Ol, 02) I 
LDA<B2) -FMU(B ) +EXF7 14 8)SLJ(1) STA(81) . I 
LOA(PR) -Ff-lU ( B 1 ) +EXF7( 141B)SLJ( 1) STA(ZR) . I 
LDACPI) -FMU(BJ) +EXF7( 141B)SLJ( 1) STA(Zl) 
ENA ( 1 ) • STACKER) SLJ(L+2) ·' ENA(2) STA(KER) I 

END I 
SU BROUTINE PRODCXR,XI,YR,YI,B1,B2,PR 1 PI,OR,Ol) I 
CALL NORM(XR,XI,B1,AR,Al) 1 
CA LL NORM(YR,YI,B2,DR,DI> 
PR=AR*DR-Al•Ol I· 
PI=AI•DR+AR•DI 
END 
SU BROUTINE NORM(A1 0A2RB1,S1,S2) 

lA SL J ( 1 ) + S E V 7 ( 7 0 00 ) Z R 0 ( 0) +ZR0(4000alZR0(0) e l 

1 LOA(lA+l) LOQ(A1) QJP2(L+l) LQC(A1) STL(E) LDQ ( A2) i 
QJP2(L+1) LQCCA2) LDLC1A+1)+THS(E) SLJ(l+2) LOA (E) I. 

+AJP1(L+2) STACSl) STA(Bl) SLJ(L+S) +ADD( 1A+2) STA(B1) I 
LOA(Al) FOV(Bl) STACS1) l0A(A2 ) FDVCB1) +STA(S2) . i 

END ! 
SUBROUTINE DIVIOE(ANN, BET E, R) 
DIM ENSION ANN(100) 7 BET(100) 1 0(10Q)p E(100), R(2) 
COM MON CRR, CRI, CPR, CPI, ROOTR, ROOTI, C, D 

1000 
DO 1000 Jl.=1,100 
E(J L) =0.0 
M = 100 

1 IF(ANN(M )) 3 I 2, 3 
2 M = M-1 

GO TO 1 

-·· 



,. '. 
""-

3 1-1 = M-1 
3 1 N = 100 

4 IF{BET(N)) 6, 5, 6 
5 N = N-1 

GO TO 4 
6 N = N - 1 

CA~L CONVRT(ANN) 
CAL,.L CONVRT(BET) 

61 INTH ~= CN-M+ 1) . 

~?KT ~ BEftKlNJHANN(1) 
00 7 I = li N+l 

~(~)l:KilKt•ANN(l, 
BET(J) = BET(J) - O(J) 

7 D(J) = 0.0 
CALL CONVRT(E) 
NA :.: N+l 
R( 1} = BETlNA) 
R(2) = BET(N) 
ZERO = 0.0 
RETURN 
END 
SUBROUTINE EQUALl(A, B) 
DIMENSION At 100), B( 100) 
DO 1 J = 1 t 100 
A{J) = B(JI 
RETURN 
END 
SUBROUTINE EQUATJ (A, B) 
DIMENSION A( 100) , 8( 100) 
00 680 I = 1, 100 
A(I) = B(l) 

680 B ( I ) = 0 
RETURN 
END 
SUBROUTINE CONVRTCABLE) 
DIMENSION ABLE( 100), BAKER( 100) 
N = 100 

1 IF(/\BLECN)) 3, 2, 3 
2 N = N-1 

GO TO 1 
3 N = N - l 

3 J NOC = N + l 
32 DO 4 I = 1, NOC 

,J = N- I + 2 
4 BAKER(J) =ABLE(!) 

DO 5 I = 1, NOC 
ABLE(!)= BAKER(!) 

5 BAKER(!) = 0.0 
RETURN 
END 
END 

~. 
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