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APPLICATION OF THE ROOT·I,OCUS METHOD FOR MODEL 

REFERENCE DC. SERVO SYSTEM IDENTIFICATION AND 

COMPENSATION DE SIGN 

1. vm,f I 

~ ~'\.Jf1'l 'H ~~tJ'Ht1rJ ( I ) ,( 2) (Ro0:t-Locus or Root-Loci) \(lHnt1W\\~"-l 

Lt~~14'~~~O-lt1ntJO~R~n1t~~Dn~N~n~titJO-ltti~~ (Characteristic Equation) L~D 
, • • ", . . '" _,..I' ., • J. I 

ml n~ (gain) !JDHII'U'UUtJtU"''''1''~''Ii~urf~I'I'Hl'\.l\Jl1I "l"nnt1~"ltiA1~"tmJDn1JP1"1 L~(lm Ln~ 

tJDH t~~\LtJttti"'1'1 ~~"~'-lUn~~1D\.l'~ie~ n~~"ltitY..,~.., L MIlJt (stable) '1F1(l"'h.l,,,fD1,J 

(l(l~R I fltf,~ (oed lla tion) 1f:/(l'\JP1 t iPl!J,f"l'1 "l1JLIR"l nt1W\\RM L ~~Yl1.:j \ ~~tJ £H,.1 ntl(l~ ~W''1 t 

~'Ui'ln~nUrm~frul!l!J"H t\J\.JIHl'U(lm R~UtT11W (stabili tyl ~D-l U\J\J.,''1 \ Rrlun,h1,J \ ~t1I.J1' 

\J~"'''l''il.Jod'n~'l1 r\~ n" t\!'1"Sm t"'1 \ t~Yl'1'" \ "~tJo.., 1'1 n~(H A'm1 "~'J o nifm~KlI.t;!JD'" 

t ~\J\J'J"'-'t ::: P,lnlJi',\v.:j 1 \,j'\'-ln1 1'''''l~t''''I~L t~D;~'" ntfu (Transfer Function) tiD -l U\J' J DC -

Servo Motor 

(Feference Model) Ii.., L ~h~hH iJlFl~[H U\J'U~WD~t~~1'lSJ""~\ ~U~1~'l.:j \\;1 13 n 'nfi\ fun 

.,'" Model Reference System Identification \\Air!,\Jn,,,wIIR,, .. H~'~"'l 'H "~!J[l""' 1 ntJD-1 

R3JrJ1 t;:{\J(ln~n4&orn'Wf.lIt:!JO-l " t:\l' J L ~uII~ 'n'1'" '\~n1 tni1nmJ~~"l" ?\.J~:W (Controller or Compensator) 

\ ~1J"1 'l·hi',. ti'U\J'\1", 1 1,m'ultlt t : ~~ ~ ~ ~il!;:l t: I,i'l {),,,n1 tY1iJlR(l'U,\~'mh~;'l U11 'i:3J \ "FI~1';"1 1~Unm 1'-1 

2, "'~nn,,,~o4 Model Re ference System Identification 

'\~n1"Y1" , System Identification_ tiP1lJ'\" ''tll-lLJlAI;I~Y1~''~ '~~\ tnC1rl ';tJ ~ 

Y1,. 1VY'10~'H !.It1n m~ ')"1 H'U\J (Sys tem) ~~ tl,,"1n1 ''''1",. 1 ~'2l~ W(J;~'" ri~"~'t "U"+"'1itJ~IR'l!l"t '1'-1' r 

'WtJ';~4 nJ\,I\ {j\,l<llJ'l41 t \ fi'-J"J(J \ "(J;~ ~!l~n'-l'2l, ~(J;~"H,tt~ ~ "~Second-orde'.r",h'Fhirdorder 
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second-order system ~~o Third-order systernR1~ ~lt~\~~~n1M~~n~11~~~1~ 

n1M~~t~'~~t~~ Third-order systern~~1i 
K2 

. Transfer function VO~~OL~O; = 
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s (s+ .. ) 

a L ~~ parameter 

" [)1 

fi~ K2 n~~ aL~~,j~~1tli.rl~~~'H~1~~'i~u~s'l.Jnn'l'-hL~61~L.f~'Yl1~L~~tJo~tln tm~~~nl1~ 

1 ~ " . .. " (2) ( 3 ) 
von'!ltli.~n~~fJO~ 1 ~VVtJ1 U 'l.unl1'U~ ~mH 01 r'i'u'l snl "fJO~" ~VVn"ll~1V~~LLvvvo~n~v • 

(F8edba c k Control System Met:hod) \ vlmfl·w ~~t,jf{ 1 
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Figure 1. DC. Dervo Motor position Feedback Control 

system. 
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Figure 2 Root-Locus Diagram of the OC Servo Motor 

Pesition Feedb~ck Control System 
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Figure 3 DC. Servo Motor position Feedback Control 

System with Series Compensation 
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Figure 4 Root-Locus Diagram of the DC Servo Motor 

Position Feedback Control System with · 

Series Compensation 
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LLA~~'1 K2 1~'\mJ1.J Magnitude and Angie Criteria (1) ,(2) 
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~n~n1r oscillation ;1U Amplitude ~~~ 

system 

= INPUT 

= OUTPUT 

Figure 5 R-C Compensation Network 

"l1nttJrl 5 ~'H n n-n''"Mt.l19l1"i1 
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b L\fI:::~1 c 

I 

bt.ln1 rdn''"Mt.llilb; ~'l C 

Rl lOOK ohms 

R2 22K ohms 

C = 1 Microfarad 

s+b s+lO 

s+S s+55.45 
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,j"'l ngJ'J''l'' ~\J\H nl11n'l" oscillation 

Kl 7.5 volts per radian 

U\lfJne.J~~tJ\J~"HHtI'H" ~\J\J';tJ~t1Jt1J~tv.LL"~ ~\J'I:1'~nJtJii\.JU'\.j1111~;~~ r,jff '6 

+ 
yd), 'iolts 
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Figure 6 System Output Response to step Volt~ge 

Input at Oscillatory Point' 

angular frequency of oscillation, Wt~ 49.28 radians per second 

= wI ~7111 A t1tJ~i,j~ 4 

frequency of oscillation, ~1 7.843. Hertz 

period, Tl = 0.1275 second 
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1 s+10 78.53
0 

I s+55 .45 41.63
0 

I s+a = tan-1C49.28) 
iii 

I s+O = 90
0 

iJ Angle criterion 1; 

I s+a 36.-90 

a 65.63 

I s+O I 49.28 

1 s+101 = 50.28 

,s+55.'(51 = 74.18 

J s+a I = 82.07 

iJ Magnitude criterion 1; 

~ .. 
1-J1-JnI'l1'12.J{1nl11tJ~ 

= 39206 . 

39026 Transfer function of the motor system = ~~~----
2 

s , (s+65. 63) 
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LLUU Second-order system aif.~ ~ ~;]()~i';t.Ji'lG1()U~1-JtJ4"~mrt1!t1!lt1!LLr4" ~1-J~1-JU1-J1fl~JtJU,"l';r::\J\J 
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Figure 9 DC. Servo Motor Operating Testing System 
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~u~~u;rl14~~L~~ Second-order System. ~~~uUA~u4"t1~L6u~fi(Transient ResponSe) 

~u~~~1W.LLN ~~if~Ut.l161 "l';L n61f'l'l~~rlL f14';J~m~st't~!h~ (Undamped Natural Frequency) , 

w 
n 

L,11rrU 30 radians per second LLR~s:l "'~t1~'l\Jn~t"'61"'~U(dampin! ratio), 

L,11rrU 0.6 ~o1~~ overshoot 

-I u~f'I~61 origin 

dJ\J3;l).J cos -1 Cd) 161uf'I~j;J~~~L{ltj~·1LmJ4tJu4 cl~sed-LOop poles £14!1~"~YiR~tJn1t 

rl141\J!JuH ~UUL \-rl'lo poles tv. ~1LLl1J4dtj., n'1 t[lOnLLUUt ~Uuf'l'l\J~3-Jn1 trl141.~!Ju4 nuu 
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Figure 10 n~1v-J·hh,.Jn1~"'''lU~SJ1W. Position FeedbackLLA~ 

U~SJ1W. Velocity Feedback 

~1ntU~ 10 ' n1'~fi1~L~~vo~~1nv~~RSJn1~nvo~~n~~vo~t~UV'~tU~ 9 

~~ L "~~Jl~~ ~rl1~~t ~\J\JL nJltJR91iJ\.I~~O~"'t1~ L f1{)\Jr1~~~tyty1t11LL t~ "'~~~\y~1fl~ 

30rps LL<:1~J=0.6 
.. 

LLR1 

Kl . 
- = 13 556 K . 

3 

= O. 7 ."ol.t per radian 

= 0.05 volt pez; radian per !5econd 

.,.~ij~L~O~~'~t~\J\Jrl1~1~91~~t~~~~~~;~~~~ position feedback 11~ 

0.7 volt per radian LLR~if~ velocity feedback 11~ 0.05 volt per radian 

per second LLt=l ~ L tJo.Jo~~ty·ty·~tIILL t ~ "'~~\y~1(;l'h1t ~\J\JUt~ n.D1'~ 1;tJt=l91 O\JA~O~"'t~~ 
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Figure 11 Transient Response of fne Testing System 

to a step Voltage Input 
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oscillation ~1U Amplitude 
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