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Control Systems (314337) Herd RIRew (314337)

Unit 1 Overview of Control Systems
ARy TP Herd Rifer
fawa fFrorsht (co): dela e TeR FaSH 9o,
geo Aot (Theory Learning Outcomes):
TLO 1.1 fadieh dera ffen s,
TLO 1.2 deid Rifer=a fafdy UsRiTe) Hidh o1,
TLO 1.3 fidiean deia Rifed o TR haRH HIgul
TLO 1.4 sl SR R a7 que feeiean RIRTH SRR tharM SPHIS S B,
1.1 derd R
Rifen o fafdy Wifas gchi a7 THR Sisadr 3R ARl SUihe- Th §gul
e TR BIad 301 BT H .
Ferd R BN 97 TR Sieded Hifde gedhid Te Ul giHe o Wa:ar fdar
ST R HHIS ¢35 Wb hdl o T .
1.1.1 &eid R ges:

eqd 1.1
Feld R ge® (SQIERUT: dIUHM Held RICIH)
gcdh AT
YR §YC s U REHAe Ja-NTd] aToRdl SUIRT 8 s Rid. 3al. 3¢
Sfasd dIgHM.
AFHUCTRUA | Wigdd RIUd SO B4 Ryl Al WRbIa Sguict R Burdrd.
dHeld Uch / HeId 319C (SIS Teg) df ARAdD STITYCRT JaT PRl 0T
Pl DIUTG! ! GO HRUINIS! Held R daR Bl 341, YARCC.

wWie /gt Ry fohar ufdran FEfRa dait Sira sraair, ford fHe=or Rerd o ovd
30T 3T3TYE dUR Hd. 3al. BIex.

S CACINC dheld e w0 fdha fRUct STt e Ailell SIS, [dbd SATf0T (AT dait

SIS, Yhd Tl Phelcs GRESd FUId. 3al. Udél Wieird dradH

fSedw RyfRera Hremaar TRUTH HRUMRT IH TS 3R BT
Rivaen fStea—0 A, 341, Iusdl Rasa fdhar U= aRe
ATATEaR U WA B4t fdbal SR gI0l,

Bhigdd e UM RReHd 3T3cYe ASUTT! 30T SAYCRN e HRUTNTS!
heleRDb s URd UISTAuardt Ufehar. IaT. AruH IR,
Ry ™R FH 3 T 3T TS A GG AT TRbIa RiReH TR U,

3Ia1. FYiRa aruaE Snfor U&er auH AT B,
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Disturbance

At 5 Manipulated

Reference  Actuating vari Controlled
o variable .
Input 3'9'\10‘ \ Variable
(Setpoint) ~ | Control \ Plant (‘:7'UtEUt)
— 2\ >_—l_’ Elements =
i+
Feedback Signal Feedback
Elements
Fig. 1.1
Ferd fRifved sare su™

1.1.2 Feia Riffendt Igrr: siiwrs s
1. icHERad Wi dHera.
2. 3N Rrams a=ie.
3. IR dHaldex d F-Sldbl e,
4. Tl T T,
5. fagga weta dargam Ao,
1.2 e Rifeu uoR:
12,1 3uA-qu sela Rifew: <1 ogia Rifeqmesr oo fear Riker=n smeeyeurg
gYC HHISIR A 3al 3T 3M¥eycd AR HIUIde! MU0 A4d. A3 dHerd
R g} 3fiuA-Tu deiar R 3R,
I9H-qU S RiRerd U Tgu @ieid e HITHE Ay Si1e, &N,
1. Eiv_c':]ﬁ?;

2. Helee TR,
Actuating
ignal
Reifs:)i?ce —P» Controller i > C;r;;zizd > CogltJr:;ILetd
Fig 1.2
Y- Fa R =i s

3U9-q Heid Ried 8t U IRl Riked 318 St BieddRa™d $E dxd. ardl S
3T B Riedd $r3eyce Jisled S1d ATg1 3101 §9Yc TSoie HRUGRITST auRd Sid Argl.
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SHIFHRS AT g0 AMH-fhfcha b aaed a1 YdhRed! RIRCH e,
3T U Herd R IgEv:
3No-qu Hera Rifer= fafay arafds srmdia uRfRdine sifereseg smea.

1. Sqlfde® %: 39YC &1 Safacdhd UlaR 3T, dheleRk Herad! yd JMUe 318 Sif el SATfor
3{T3TYC WUIS GRATHT A Wis.

2. 3 TERTR dheld: AT dTadid YUl Sfasd dqar e HRdl MO Y&l AU Hdd
fARTer0T 1 T Sficg= T ATUHFTIId TRY Bidl.

3. AR ORI e d RideRM: Sl YU SUSdi UHRIMIR iR a=iH Jriewd
faedl degT A=A Idd grvard d9AH fhar Husard! fRUdt 7 Aol gaFuiRag T
3R] .

4. ZARMS fSeeaard! Rl S el 3t IR gowi-e fSeEagard! RHe
el SRR HHS JIRMIRAT A AU Dt ATal Aegd AU 7 Udl HATS
PICEGIGH

122 TIS-qU derd R Fie-qyu deia Niked g1 T Riked omg same iz
fohdl SM3TYcar Sfacigd 3. Fils-qU dela Rifemar wuffie Igx RiRked=h
wiaferdl, srgdar il Udhar HRIeHdl areidu 3ffe. a1 RiReHaed deles 33cye
Plead UHcgR TRd B &l Sifd AT XHI-T ISR JaTT dbait O, 3= THI
SfFufeT Riua o f$Ha8 33eye 3ol W $9gedl TR,

Error Detector -'\Cst‘uaﬁilg
o Output
Controller Plant >

Feedback &
Elements
Feedback Signal
Fig 1.3
TS -qU ped R

FS-qU Feid R afdT: ae 9aq ®isdd TadcagR fS9ds gged
Tagard 33yl goHl ddl. SR i (TR) 3Rd @R dheleR TR HH HRUGMI3]
Ird 33cyc WicHy UesRe odl. ©§ Tad HifHefn onftr TesRede wicqsd
fecdY fdhar gqd el aig! 3M3eyc TS §AYcwl Side add.
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FS-qU He i RaRkeadt Iereor:
3TIT e SiiaTdie 3Mdh SR I-aHe deivs 9 Rifked a1 AR gidl.

1. TSR HISTR - TSR HSTR AU Wicir=dl dYHFIR ST AT dqaT=

JHRAT .

2. Fal Fleeol KIAAESR - 3M3CYC Blees] RIRCHAL Rd HI8 Hed @lecodd

fRRI®HRr T1ed ot WM.

3. Gl A9d HEIR - dlex CHALN UTuaTH! Uraed! rd et uroft ¥ Hrae d xad.

4. 3R gafdee oM - gafdee maa AUHHER g TReNT dHard g,

Herd RIRew (314337)

Control Actual
signal temperature
} i |
Reference mmsssdp! Thermostat F I-Ileatmg So'?_ plate Controlled
N element of iron Output
Controller  Actuator Process

Feedback
Fig. 1.4
SicrHfed safded M
(courtsey: Examples of Closed-Loop Control System - Electronics Coach)
cqd 1.2
g qu Rfen 3nfor weiss qu fafven adta gamn
®.3. | Wifted g+ 9u fifen s qu fafven
S RiRemdt ddd TRE (Wi quag, sikcye Rifkeq= dela
1 Al JT3CYCUNH Had 3 8d Tl U [UaRMaR 3Ids 3.
U deid Ried TUH 3icsdd Sd..
2 [GWAE Ml wlsde Riien Bledd ey
N - heleR STMOT dhgics Uy URAPRR, Helar, deles UMY,
Bigad
4 AR Ryeget CALNER]
fasaerar.  (fayeig =gt EEREIR
6 |3repdl CANERSCRRCCREGRENSG] DHIeahHD AT,
7 [EfRfad Ked CLIRSC|
8 [Regrg MM B
9 fifyed [ faMHsR ferfeR
. S cfhs WRc, SficiHicd aT HIMH, TSR HISTR, dOHM deid RNiRked,

Sl KA 3,

RfpoINey, e,

Maharashtra State Board of Technical Education
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Control Systems (314337) Herd RIRew (314337)

1.2.3 fafeR anfor 9F-fifAeR wera Rifke:

1.faM8R Feta faffen: fafer scia Rifen & Tt sr=h ffen smg iS5 $77ge 3nfor sm3eyge
Tl &y e 1T JuURRFS Ao IR0 od §d. BUN §9Yc gUT Hedrd
3T3eyce! gue glea. a1 RifRera fazawor Sfr sfers araor Ty $TR.

1. JURRFIICE: $3cyc AT STYCHT THTU SR,
2. URUIRIRA: GF $TYC Aaedi THUT 3T3eYc WU saliesdd 3Hi&Hcycd axlal.
3. gIENHICH YT Whd B (341, gUIT) HT3cYcs! AT b Aeldl STd.
fafrer e Rifew 9 Iqr:
1. TSR HfSTR 3MUIgler, 2. SR Ak Wie dheld, 3 JHicHIarsd %Y held
2. R Afhe RfeRer-FufieR Afdhe)

2. A1-fafeR deta fiffew: AF-fafer doa Rifken & s=it Rikew ame /1Y 3ge onfor
33cyc Adld Jdy UURRHS A9dl. a1 Rifenud), sgcodid dgM dedige
33cgeqy] WS fhal SFUMET dad 813 Xdhdrad. AH-fafeRr Rikew sifde sifed anfor
1. AF-JURRHIET: 33cYe S1YcHg YIRS YHIUNE Hisidl STd ATel.

2. ;ﬁﬂﬁﬁ_qmll@llﬂz QTTaTea TYCURT URUT 3HT3CYcC U Had dafaad 31I3€9_E€i|

e,

3. Py fogfomR: a1 Rifermed WegveM, 38 3 fdhar srHufda ufawre aRe adq

3 Th.
Ar-fafrer seia Riffead e

1. s Ry 3for Ageed

2. 3o qU=RH RikeH

3. M II0T =0T AR HRe SRH N

4. UIR frg Lfsferct
5. S SIS
¢qd 1.3
fafrer anfor A19-fafFeR wera Rikew adta ga:
s JURIAA (34l 39Yc g el | JURRFA A8l (H3cye a1 3fars
3MT3ITYC gUIC Bldl) BRI
ICRERN THIIONG SO hiRRe< TuUacs fhal IR SR
RIC|
ISR et AIeE 9IE ARVl #RU Y | PR e [qeul HRul
(CLER) (3Gl TRIHR HaRH) DA
SRGEAN
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1.2.4 TI3H-QRUE 31T eTH-3IGNUe Hera Rifken:
1. TreA-gNGe g Rifew: cru-gRie dda Rifew & o=t Rikew s &=
WRHteR a1 faRfaR FTEaR dedd. Rifkerdt aftmel Figd Txara Siftl Sregar d
Sedard. faord! ggad AT, TafaRoNg ey fdhal §H (Season) INTREAT SGadl

1. TS ST HelaTd! SfarTes-aH &ﬂﬁ[ﬁﬂ'lef

2. TSR T e (U

3. A Ufshdn 310 SaTe 3121 fafde IETiHe aruRel Sirdl.

4. ATE 1S 3101 ToH HoHeHed aTuRd ST,

5. Rcied IR ST,

6. AfsPpd Bhedey,

7. Ut IO SN RNdIe,

8. TSR HISTR,

2. TI3H-3IxRUe Hela Rften: TeA-gdxeRie s Riken & o=f Rifen g o=

fygfaaR snfir IRt FTBHAR Fead g, TERN sAqean Rifkeran ufwre "gdd
A 3R, 7l $99C gl AN bl Sed At Ual gid ATel. RIRCH dedides! UhaRwt
30T 3feTST SATadT JUATRE! 8.
CI3H-3 e RUC dheld RdTage Wieiid Gedi= faarR dar S,
Fi~e< (RR) Wrflew: Rierd Weded, 9 @ @y, Tfa=iaar snfor i~y ergy,
RR 3T 301 BT AR FGad Alald.
| LT [ ﬁ%ﬁ'ﬂ?z SR 3907 STavTeHT dest YA FAYC A bl ok RIRCH Udd ded!
A 3MSTYC Ggal.

-3 RUE deld fafend S

. S Hier TWie dgia

3R Widhe (feRer-HuRieR Afde)

dIAE dheid Rifed (YHRCe)

fore dera fafeen

= wr fafees.

aterd U fRifken

. faFeR TeierR wfde

1.3 TRIBY BaRM: Sl Riedd TRImR R § T TRy RUHCRA 3118 of dwiy
S (he=at Siem) Adfia fRifker=ar 3Aqe sifr seegendia deui auH #xd. §
qHId: Cred-3dNue RIRTHTd ke §ld. 8§ d@d gRIwR 3¥cyed dwiy
TTIHR YR TUTRR 3115, JoaTd el 94 SIS YR I Hedl 3Mgd. § Kiked
fagfaaR, Wiaferdt anfor wie=u! fui~Te fa=Reyor SR Had $id.

N o v s w2

Maharashtra State Board of Technical Education 6
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Input _| Transfer Output
" | Function !
Fig .1.5
P STIUTH S-IHR BT
TAHR BaRT G(S) Il ReAT 31Rit sl STe:
G(S) = Y(S)/U(S)
fora:
Y(S) B 3M3cYcd Ay =UicR 3.

U(S) 8 $7Ycd Wi FUieR 3Ta.
s § U@ T IHAL iR SR Siiciay fThe-dl SRuad 3.
(@@ SFIHIH § U T dF 3T of <sH SIAF (Wedl [SHhRad THieun) URHA
Tl ST (@I dd TRUTA S aTge-) HaRAT TUiaR HIugETe! 9ok oid. ©
Rfed faweiyor 9 &va)
T3H-SI9 AR f(t) gR I S RfeAard!, I de =% f (s) gR fod o

oC

F(s)=L{f(t)} = : f(t)e™ at
fore:
f (t) TEUS! C12H-SI8- G- (341, 37Yc fdar 3m3eye R,
s UM il sRuad,
F(s) § T SHAU I haRH 311G,
1.3.2 SAfdeda Afbed eIBR BaRM (RL, RC, LC, 3MTfUT RLC Afdhe):
fafepa Eﬁ’l’ﬁ'ﬁ.’%{ (Paasive Element) ﬁ'@ﬁm (R, L 3{TfoT )
@ CIBIH oiTavTed] Hidhe TaHeHaR ¥aaaqul aioRd Si1s, [dbd STl AR Hidbe
quigur s SHHE Tisfaa SIe, Wdhd. (o U AU 3MT8).
1. R ¥ 9@ SAGIH: IRRCY § d 3101 Thebal RU< 3Med. Buord IRe<al
ST STIOT IRRe YRR~ TRW 3. L{R} = R
@AY, £: - AT SahIH RidTd)
2. CO O S-AWIH: TsH SIHANT ®lecs], HRc MU HURC AT Sae g,

i(r)=c O
dt

Blecor I3l YreadM T, Wit JHIH 0T fiesd,
t

v(O=1] j(t)dt
cjo

HIT § JHIGRU] g SIHTHY SUiaiRd Hie- \laid JHI®0T Hesd.

Maharashtra State Board of Technical Education 7
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11
V(s)=—=I(s
(s) (s ©

GRIV (s) /1 (s) ORI S fdedm™, Wielid FHiehur fiesd.
Ve 1
I(s)-_ s
TUH HURIC C SR HURTEId TAHR JATaudR fad .
% (Capacitor) =1/sC

3. L9 @Y gIRIBIH:
TR S Glecs, Hc MU Sede-q JrTdd Y e UTgar:
di(t)
dt

=1L
& AW SRS S, Biydl fHesdl

V(s) =sLI(s)

3107 Ui fiyesat
V(s)
T(s)
AT SSIRM L 3T SSaexdl SRWhIH 3T 3]
& (Inductor) =sL

= s

@Teltd TaYd RL, RC, LC, 3ATIOT RLC AfhedTd! THR BaR=T 3MTed:
1. RLOfdbe (Qﬁlm + EW?)
UHR: Al-U fthee (e Rai-a)

IR ThaR:

I(s) 1
V(s) Ls+R
qidhe TSI AT IGAHT WABR Il § HHI-The-ul Rigadl U 81 ad
31101 I=I-foheb~xit Ryretell scilch Hd.
2. RC Afde R + FURIER):
UHR: dI-UN fhal 8- fiheex (@ IRpTIRR6R 3fadier)
SR o[

H(s) =

Vout (5) 1

Va(s) 1+ sRC
HURTER SRt Riud sl Ha 3Mfor Tft Ruad gy HRua™ 3iHat od. e
SRIHIIHS aTaRd Sild..

3. LC gfhe (SSaeR + HURIER):
UHR: ¥Se Ffdhe (Saiider)

H(s) =

Maharashtra State Board of Technical Education 8
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SR TaRT:
1
= a1
g Tfdhe taT ARy re=itar ufaead (Resonate) 814, GCI'IE@' o &3 3T Gosurgesur
YU A SUgerd 3.

4. RLC Gfhe RRRCT + AT + HURIE)
UHR: de-Uy fhdl 95-TY fheex
TR ThaRT:

H{s)

1
. pille
L& - R + Oz

R, L 30T C =01 JeAiaR S1ade, § Aidhe SaRi-l IRaAF g ARy fThe-ut theer o
R

1.4 P STHIH ReRM fd®: e s/auM RearH ¢fdd § dgia ke SiomTaiiaT
3T 3R &Y U Hew@yol dF oe o Rifen faggsre <oifad o, 8 Siraie
3T Y HRd, ST o TS 0t 3T fazasor o | g,

1.4.1 P S RSRMA TR BRIg / TR

1. Raferfbesr. ﬁ%g&ra MYy (Visual clutter) HH @T‘ﬁ GQTEI,% fafer YdeyH
3{fp T-olad Bld. ThTd YU silbHe 3P sl Uhd Bldld, Thar a1 Al gld.

2. UGS IASIRLIVST: Wyl dledd, Rifkerdt wrfemyar snfor Rua vl IHsE 9o Y
BId. SATRIT IOT YTy RS Riftewd fagauR dad: THe YUaR HaH od.

3. gfthfRnte TTeliR ([azawon): Wiaferd, TIwmR thar ftT ersd R arRe
RiRey afkredie fazawor sxuar uftar Odt wRd. fo=ewomTe! o Jem Sfr o
TR0 Y DR,

4. f&=ms= onfor R A0 wva: Rifken I YURUWENE <ie svHd It
grareull SHad ovd. RNuiefes fegme ufdar onftr fRifey o=y SfifpHgRAe
JAIE H.

5. @Ay THAT AR Rifeaadid YURrRd g fhdl SARM AT HRugm™
Ted o, RiReT=aT SuuR iesEuardt ST Treauart Ufshar Jidt .

6. JuUTRa FMb: [Kicrd Wy sftr dfég WRiesH T4, o <\ wew sfdr
KHeIEHA AR HRT Tgd ST FHSH HdT I3

A9d 1.5
P STAUTH esiarars! fAaH:
v 7@ et TEGed STHe
HIheHY P . — -
WW .‘L' . X— GG, 1

Maharashtra State Board of Technical Education 9
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q TS TPt AHGed TPl
IR sAld Thd - 3
A "':@_I'_’ V—»| G, +G, =]
G_CI\WT Iﬂﬁ EED i 1- —» i .
3Tt Ulse gataul ‘ ¥
i 7, 1/
o g¢ i z t g G-
WUT%EW 1 1
AT AN U 1, — {3 "- 7 X |
. v 1T T ”‘ &) !
T Uige gafqor 4 y :
i, u,
e e U J s
AT Ulse gafaor
[
¥

ATOT S -3Th Ulged ATea:

14.3

7w 1 - Rikome Stedd i qur Mo 9id &,

oy R - AT TSad sildh qur T Iy H.

190 3 - Wigd® UAE SIS sich dUIT 3101 JY 6.

fAom v - RIRAHRT HRamT - 3UTh UlscHY STl Ad 3&d dR Iodidbs gad.
o o - U1 SHRamT i ulsed ST Ad 3| Ok dl SIdidhe gadrdl.

fm € - 9 wid e udd B Rd sdie fewdd adta wu fdie &

UhTd stipde UHT 3dd gRIHhR haRH BUN g3 sl ST CRAh
TR 318,

P STIUTH NEaRM ¢FliHd IaTE:

WTed SMpdAed gRifdeed sld SRETHT faaR o1, sid SrauH Rea-H o
IR & U] g1 sl SIRITH AU (HH) &L,

Maharashtra State Board of Technical Education 10
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®T 1 - D G A0 G, WAl I 1 I, (Db G; 0T G, TSt Fgw 2 qRy.
ATShISS sl SIAUTH JTad HTHaHe GRifaa! 8.

[Hs[¢
R(S) o + o 4
"‘ ". GG, G3; + Gy :I Gsl-“—b
A= Y(s)
I ‘

®Y 2 - G G MU Hy SAHS! O 3 AW &b G5 AR <h-3Hh Uige Rige
HRUGTTS! W 4 ITRT. YR AT SR WeTd fRA =i 38,

R(S)® G616 Y(s)
+ 1+ Gll(;zzHl L’

-+

I Iﬁ <

Y 3 - (P (G + Ga) TN Gs TT T 1 ITRT. YR sics STIUTH WIaid [hIRAE
GRIfA T,

s

R(s) it + Y(s)
_'®_’ m (63 + 64)65 >

i
+
H,

Gs

<

WY 4 - P (Gz + Ga) Gs O H3 TS FaH 3 aTRy. YuIRG ih SIUH Wl
fhRAed gRifael og.
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R(SZ® |6 (Gs + G,)Gs Y(s)
T T+ CiGH; | |12 (6 6 )6:Hs
+
H
L B
Gs

w®Y 5 - Ry Siede salRardt Fog 1 aR guikad sl Sum wrdid
fRAed gRifael og.

R(s)® G16;65(63 +Gy) Y(53
+ (1+G1G2H){1 + (G3 + G4)GsH3} 2
L
H, P
O

VY 6 - HISad JUAL Siecied] sAGITS] aH 3 dTRI. JUTRT i SAUH WTdid

frRued axifaeh o, f T s Srowm SR,
R(j)» G 62646 _Y:s)

(14 G1G2H){1 + (G3 + G4)GsH3}Gs — G1G2G5(G3 + G4)H,

WU, a1 RIReH TRt oM 3ilg
ST_IHR TR = Y(s) / R(s) =

616, G5 (G5 + Gy)
(1+ 616:H )1 + (G + 64)GsH3}Gs — 616365(Gs + G4 Ho
il UMY RS THba Uiehdd Tarjdre RiRenard! ¢ifeie de dNTal. HROT,
TS YA TR (UTefice Rucits g) sl STIUTH HIGUl IE 3T,
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Ui 1. sAlh SIUTH ReaM ¢fdedr TR S Uled Jiedr:

X(s) + -

T

—— G |

el %

Y()

s

X(s) +-
e

|
LB
= Gy
T Ke i+ GG 3
X() K.G,G; )

1 G oy KO G

Y(s)

Ui 2. sl SIUTH ReaRM ¢faTedr IR S Uled Jiear:

(‘—'b Gl(-") G:(.\') - G_\(.\‘) (\L
Il|(.\)
Il:(\]
Hyls)
(a)
§ } Cl:
-R‘Lp Gyls) r>®—'- Gas)Ga(s) )
Ill(‘\" I{:(\) ¢ [Iﬂ\)
(b)
R(s) G3(5)Go ()G y(s) C(s)
— o

| + Gy()Gas)Hy(s) ~ Ha(s) + Hs(9)]

(c)
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No ok~ owbdPE

«©

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.
24,

Questions
Define control system. [R]
State different elements of control system. [U]
Draw the block diagram of control system. [A]
State the purpose of a controller and feedback element in a control system.[U]
Write any four examples of control systems. [R]
Explain open-loop control system with block diagram. [U]
Give any four real-world examples of open-loop and closed-loop control system with proper
justification. [A]
Explain closed-loop control system with block diagram. [U]
Compare open-loop and closed-loop control systems on basis of i) components, ii) accuracy,
iii) stability and iv) linearity. [A]
Explain Time-variant and Time-invariant control system. [U]
Write any four examples of Time-variant control system. [R]
Compare Non-linear control system with linear control system on basis of i) Relationship, ii)
behavior and iii) analysis. [A]
Explain Transfer function in a control system [U]
Obtain the transfer function of RLC network. [A]
Obtain transfer function of RC network. [A]
State the importance of transfer function in control systems. [U]
Explain the relationship between input and output in the Laplace domain using a transfer
function. [U]
Explain transfer function for RC, RL circuit using Laplace transform. [U]
Explain block reduction technique. [U]
Write the benefits of block reduction technique. [A]
Write any four rules used in block diagram reduction technique. [R]
Explain the need of block diagram reductions techniques. [U]
State any four practical applications of control system. [U]
Simplify the problem using block diagram reduction technique. [A]

.

— Ko —» G ———» G; —p
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Unit 2 Time Domain Analysis
<TSH S SR

fawa fAeit (co): <SS $7ge Ruend! feden deia Rifkeds fazaw o &

geo Aot (Theory Learning Outcomes):

TLO 2.1 e dera Rferd ergd i #reul

TLO 2.2 W38 ¢ STYCHT! AT AT I IHuied [eRe ahl.

TLO 2.3 Be-3i18 Ryfean ergd i~y ®1eul,

TLO 2.4 43 3iTex Rier=dt S/aum™ ST,

2.1 TTSH SIA (IR (Time Domain Analysis) - el RIRCH GF YhRAT TR HTH
Hd. T WU =TT (Transient) U Seadl U (SAHTHS) 310 gast Ta!
¥C (Steady State) U fRR R, o1 Q6! oy Rfew it ara am=n snam™
HXUYTTT CIgH i (Time Response) & UIdId.
faRemar g HRa ufied Urehd U 1 Riftedd HAHedhd Alsd (Mathematical
Model) TIR HRU1. IR, SR T HAdTa! dRI1dD -9 RIU (Input Signal) fael TR,
T gui er2d RETT (Time Response) HUT 3T § HIGUANITS! AT CAhIH S-agoid
(Laplace Transform Inversion) diuxdId.
ereq fear: e fioied TRmIcRH (Excitation) Jo Rafer=iistt ufdferar (Reai -
Response) T 3f1foT S aéaa:rrz aaaa“r, aren 1 RiRed=n ersw i (Time Response)
BUIdld.

<T5H REgi=y

a1 Wl
At et

Fig. 2.1
L 3T argH R

UG YUGTT 3190 ST 3HIeR (Analog Ammeter) T SaTgRUT UTg. HIFAT 1 30T

T 5A @RE (Current) Taar. 3fHexd g (Pointer) TAd 5A RIAd ATal, ATl Hlal dB

AT, T desd s UISIBR SHe-[dbs §ad, I DI 5.2A, 4.8A, 5.1A, 4.9A 3R IS

gTe (Readings) GRIAd STUT iaeT 5A &R RR Bid. Yo RRR gy gdden gl gadrd

(Deflection) TOT ATdd dad ii~aie ¥ (Transient Response) U @ STl TR,

Qac! ez fRR 3{T3cYc (Output) BN el e =g (Steady State Response) 3.
2.1.1 eTf-31de =T (Transient response): RicHan sifow gea sudd sm3eyensd gom

dad (33cYc RTRTIH- Output Variation) ITcdl EAT%IQE' et (Transient Response)

BUIdId.

Maharashtra State Board of Technical Education 15



Control Systems (314337) Herd RIRew (314337)

3frite=ar gae (Pointer) €@ Hed HBAUANITST ARTURT ded CI=arde eI (Transient
Time) 3. ET%FQE Rt (Transient Response) &l Feft R FHH IR (Exponential)
fhar SMaR-IAR HRUIRT (Oscillatory) a0 Al Ct(t) 3 g=iger Sy,

lim C, (t) =10

t— oo

2.1.2 %81 Tee T (Steady state response): T~a1de NI (Transient Response) TR
S 3d, 1T Kol e R (Steady State Response) TN, & TYROMU RiReH Qadt
fregana Sifdd e 3d. 1@ Css(t) 7 aRfad Sd. el T R~ (Steady State

Response) AYH TR (Error) 95 HIfgd! fesd, 16U f$ES 33U (Desired Output)
30T ST 31a 3M3TYC (Actual Output) TTHYTT B JHGIA!. ATEA TR (Error) HIIH RRR

(constant) GTI%W ao\bji-lli ddcfld\l, Hﬁfﬁﬂﬁ?ﬁﬁaﬁ

c(t)
A

0 < = > ¢

Transient Steady
State state

Fig.2.2
b d JUSie T ATH eIgH Regi-g

)Graphical representation of Time Response(

dall{-lo\o cled CIgH g (Total Time Response) HECINGPEIAECTI
C(t) = (s + C(2)

REARRIN] (Example(
derd e (Control System) =T <18H RETT (Time Response) Tt TIfRIUC (Transient)
AT WS e el (Steady State Terms) Qﬁ%[qT.

C(t)=5+2et

Y, QT YT 2e~¢ BT t = (infinity) 3 edaR 0’ BIdl. U 84 <I=1dc ¢! (Transient
Term) 31Tg. 30T Gfger URT 57, t AT (infinity) SR 1l ¥} T9M 8. TUH 8
Tl weTH (Steady State Term) 3R,

Maharashtra State Board of Technical Education 16



Control Systems (314337) Herd RIRew (314337)

dig: ﬁ':%IT!:I_G»c 3{T3cYC (Desired Output) 3o G{Vd'di\’%f 3I3cYc (Actual Output) HYUCT
TR%b Wel W TR (Steady State Error (ess)) TUH 3Nies@all Sral. g RikcH Sfqahdl
(Accuracy) g3ad.

2.1.3 PI-HY TP Ted AT f%RﬁTrl (Concept of Poles & Zeros) : CRIHR o[ (Transfer
Function): HT3cYcHT <lelld glr\LiLhTJ-T (Laplace Transform of Output) 31rfor 1Y lefld

SABIH (Laplace Transform of Input) T TUIRR, ‘0’ SHREA HIST (Zero Initial

Conditions) TgId U=, Tl B HaRH (Transfer Function) TUATd. CFAHR haRH
(Transfer Function) g flh—t S (Frequency Domain) Tefid T T TIaRidmRum 3118,
S T UifeHIfad (‘s Polynomial) T YHTOMRAT Had GRIAA SITd. ie. TFAHR Ha-H
(Transfer function) =

Z(s)

G =
IO
This transfer function can be expressed as given below:
() AgS™ +a S™ + a5t + @y ST 4 e Ay
g =
boS™ 4+ by S™ 1 + b, S + b S 4 - ...+,
The numerator and denominator can be factorised:
G(s) = ag(s—Z )8 —2,)(8—23) oo i e (8 — Z)
bD(S - PIJ(S_ PEJ(S - Pa) amn wme amm mmaw (S - Pﬂj

If,

g

K="

bo

Then, Transfer Function = G(5s)
S—Z )NSs—Z)(s—43) civiiiee e (s — Z.
6(e) = g S 2 =L) (= Z) (s = Zy)
(s—P)s—P)s—P)uuu...(s—P)

Where, K is called gain factor.
2.1.4 TIed 3ITP SABR Ba—TH (Poles of transfer function):
STt haRT-d OI (Poles of a Transfer Function) § 31 SRIAT:
1. 39 1) E| EV?F[ (\Values of s) S cI=qh TR (Transfer Function) @ (infinity)
ERGIGH
2. ¢l-ghX thaRT=AT (Transfer Function) IERIEEEE ¥>cY (Roots of the Denominator)
S ARSI = (Roots of the Numerator) SRIER 3.

SRR - )Transfer Function( = G(s)
G(s) = ag(s—Z,)(s—2,)(s—2Z3) oo vecve e e (s — Z,)
by(s — P )(s—P)(s—PFP) eccoee....(s — P)
e O (Poles of the System) UM IR haRIH=T (Transfer Function) f&-TBeR
BIREIERRE Y (Roots of the Denominator Polynomial).
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3. IRId TIBR BRI G(s) e P1, P2,... Pn & RIfeHd TIed (Poles of the System) 31Tgd.
B 3 T ° Bego (Values of s) SRIATd S TRIHR TaRIdT SIS (infinity) HdTd, Siagl
qd feAiery el geafec]e &l Srdrd.

SARM: aRId TFAHR HhaRH -, 3 Ui gegsl (Polynomial Values) S
CIHR e AT (infinity) dHRdld, &l CFIHR HaRAd T (Poles of Transfer
Function) ¥gUIdTd.

34l SR 3UUT s = P1, P2,... Pn GIRCEE hdl, TR I SHIAHH B HaRH Sithic!
(infinity) gIdl.
QUM P1, P2,... Pn T TRIHR e UIed (Poles of Transfer Function) TEUTdTd.

SR IR R fSAHeR 10/ RISR ghe ST, Ui,

e s—Pls—PJls—Puuw s —B)=0

TR T SHRAD Ty WU TIHR HaR-d Ui (Poles of Transfer Function) ST,
3CTERUT: SR Tl R gt tha JratavdTol faar s,

s(s+ 2)(s+4)

s(s+3)(s+4)

U NI HIeUaNTal feAi-ex 107 SRR e HrIdl AT,

Jal.

s (s+3) (st4)=0

TRl Begol CFAHR BRI (infinity) ®RdATd, ATHS T CFAHR BRI i Ui Mg d.
IEUSIT HedeRRCH s@n-‘elﬂ (Characteristic Equation) 991X, s = 0, s = -3 AT s = 4§
CTIHR thaRd Ui 3{Tgd.

SR haRTd f3RIST (Zeros of Transfer Function) & 31 31T

1. 39 T d GG (Values of s) S SFIHR TR 0° BT,

2. THBR A ?J&IWW (Roots of the Numerator) @fﬁ'ﬂﬁlﬁmm (Roots

of the Denominator) CRICRR RIS
Transfer Function = G(s)

G(s) =

G(s) = ag(s—Z )8 —2,)(8—23) oo i e (8 — Z)
bo(s —P)(s—P)(s—P;) .c.ccooe...(s—P)
SR BhaRHd f3RIST (Zeros of Transfer Function) T80T GRS UlfeHIEded =cd
HYdTd.

3. W TIHR B G(s) HE, 71, 72,... Zm & Rifeud 3RS 3ied. § 3¥ T (s( 9@
& o AN, S YR YIRCH[E HedTaR S-aHR HarH 0° Bld.

TR TRIHR TR SHIAHD, S Gogol TAHR BaRH 0° BT, il SFIHR HhaRd
IERERSUGIGH

JGL. SR U s = 71, 72,... Zn GRS o,

R T FHIAAL TFAHR BRI 0’ Blall.

QUM 71, Z2,... Zn TiH1 fIRIS 3{1th TR TR TgUrdId.
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R IR HaRH GARER ‘0’ SRISR Sehe dhdl, Ul j.e.
(s-Z)s-Z) (s —Z,)=0
R T SHIAD T e fIRIS 3 SAhHR TR Sdrd.
JaTERUT: ok RIRer T TIwR HhaR WetayHTor faar s,
s(s+ 2
G(s) = ( )
s(s+3)(s+5)
R RIS (zeros) fHesquaraTdt ARE 0 RIS Febe Hal. e s(s+2) =0
R FGSl SFAHR HARM 0° HRald, AT § S-AHR HhaRd RIS 3Ted.
WU s=0and s = -2 § G [9RIS 31t TR HhaRH 3HTed.
2.1.5 Poles and Zeros of a First-Order System: An Example

Jjw

A
s-plane
I G(s) P
Rs)=5 [s+2] C)
— - —— —X%—0 >
s+5
o
Fig. 2.3 (a) Fig. 2.3 (b)
Rt =g 39Ye 3T 3seye -SRI Wi 36 ¢ R
)System showing input and output( )pole-zero plot of the system(
Input pole System zero System pole

Output |
transform |
Output I~~~ 7
time : c()
response |_
I
Forced response  Natural response
Fig. 2.3 (c)

@ﬂ‘\’ﬁ 3Tp 3f R i (evolution of a system response.(

Maharashtra State Board of Technical Education
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(TR TP 3f R R 9Hves 919 UId 9 SIRI UvaraTa! & SRisTe Bidl

dRT (Follow blue arrows to see the evolution of the response component generated by the
pole or zero.)
faaied TRIHR HhaRH G(s) AL, s = -5 A UId (Pole) 30T s = -2 &R ¥R (Zero) 3T8.
B ISl BT T (s(-WHeR Wle el SiTdTd, fo1d «x* § UIeIal (Pole) STfOT <o’ §
%Rﬁﬂl’cﬁ (Zero) IR ST,
ard 3o %m%r 1IUT9JTT (Properties) HHG[A ‘EIUZINTOQL ?Iﬁ’d *y g (Unit Step Response)

PTG
AT, TR 2.3 (a) Hd IR ThaRIdT I HhaRH (Step Function) TIfOreT ST,

2 3
(s +2) A B 5 (S
€O = i~ s 535 s 535
eR)
Where,
(s+2) 0 2
= — = —
G5 5
(s+2) 2
B = . |s = —5 =3
Thus,
2 3 _
— _ -5t
C(t]—5+5€

......................... (2.2)
g9Yc HaRdT Uid (Pole) BT ke 1= (Forced Response) TR @Rdl. 3aTERUMY, s = 0
IR TIe TICYeHE T HaRH (Step Function) T o,
ST el Uid 8T "avd ¥4 (Natural Response) TR HRdl. 3GERONMY, s = -5
IR UieH SH3TYcH e TR P,
Y37 U9 (Real Axis) IR OId 8T e« 7 WReUTd TRAHTRIAA (Exponential) =g R
ol o) o2 g1 Ol R TfReadia e 3l — SR Uid Refd TR
STdIdh s SIRd did 3, TR clf-arde R (Transient Response) TAHR 0’ Blad. (3l s = -
Se[e*t?-l'ﬁlﬂﬁ.)
2RI (Zero) 30T UIA (Pole) § TS 30T ~ava R¥Ui-dt RIS (Amplitude) BRI,
— & HIDRUT (2.1) T A SHTf0T B T UM THI.

2.1.6 HRAERRE® PRI (CharacteristicEquation): TFIHR HaRAT fEATH-el

(Denominator) ‘0’ SRISR &4+ U= GHIDHRUMTCT hrae D FehR. U, Il
THIHRUIAT T H (Roots) TEUS! T RiReHd TR (Poles) 3R,
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F(s) =b,S" + b, S" 1+ b, 8" 2+ ph,S" 3+ . ......+b, =0
8 IRACRIRCP BT (characteristic equation) 31Tg.

2.1.6 ¥ wH fusiczE (S-Plane Representation): S-Plane (S-W-F[) fobar Complex Frequency
Plane (1Ie fTheh—1l W) 8T U] AMHIRET 31al, Sl Tehl hITia (Complex) T
X37eT (Real) ATOT HNSTRT (Imaginary) HITIHES AT detT ST,

o X-3HETAR (X-Axis) X3 YT (Real Part) gRaa@r STl SO Tl o (sigma - ) 3 gxiaad
EIG!

o Y-3{&ITaR (Y-Axis) SHSHRT HRT (Imaginary Part) qRAdcTl STat SATOT Tet jo (j A - S
3{TETn) = gRIad ST,

PG AT ATORUGT UTR FHIHROT (TN a1) s = o + jo 319 Il SITd. grn
3, T (S(-WHaRId HITATR! f6gaT (Point) o ST o AT TSI GRIdT Ad.

T @ (S-Plane( Aefa faymT:

e joo SH&TAT STAT SIS (Left Side) SRIAA HUFT Left Half Plane (LHP - W% g1 &iH)
U,

« joo SH&TAT ISAT STS[Cl (Right Side) SRIAA HIT Right Half Plane (RHP - IS 8T i)
B UIdId.

T (S( -WT I9ANT Hera RRere uiedie (Behaviour) TTHT Hed- fa=eiyor
HRUGTTST Il Sl dheld Rifker=ar RRATET (Stability) 1 TH )S(-WHaRIT T )Poles(

$6 3HTed, TR A 3R,

+joo Imaginary

~
Left half of plane Right half of plane
(—o.jw) (o.jw)
- > +o
o
Real
(—=,—jw) (o,—jm)
h 4
—jo
Fig.2.4

(S-plane representation)

2.1.5 3fTe¥ 3w R (Order of system(: PRACIR D $§>-‘2H (Characteristic Equation) iy
‘s 91 gdid |IST °rdie 8 RiRkeHan 38R (Order) Riadl. Safacda AfbeHd, TSI
IS %T(ﬂ%@ﬂ (Energy Storing Devices) S P 389X (Inductor) 3o HURIeR
(Capacitor) TTe T RiftcH=ar 3ife=f Fafdd 3rd. I8 ok TEE RikeHama!
TR ThaRT JIeayHTr foe s
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s(s+2)
st+ 783+ 10s*+5s5+5
FATST U ¢ THhaR[ (Close Loop Transfer Function) ZAT &R (Denominator) At
s T gafd |31 °Tdieh (Highest Power) 4 3(Tg.
TEUA B 4t 3iTex RfeH (4t Order System) 3R,

Numericals: 1] Calculate the order & Type of given system:
B (s +2)(s+5)

T.F.=

(&)= (G 3+
ANS:
_ (s+2)(s+5)
€)= s(s+3)(s+4)

Rl cI=qh TR (Transfer Functions) HYq TR O (Poles) /U s = 0, -3, -4
31Ted.

faReH=m (System) T8U (Type) 81 s = 0 IR 3fced] UIqAT YR 3ddl Sial.
Y TP OId (Pole) s = 0 TR 3T,

TEUH Tet ergy 1 Rfed (Type 1 System) WU

ffeeTan siféR (Order of the System) U hRaeRRCPH SR (Characteristic Equation)
Tfid s °1 gaid JI3T 91didb (Highest Power) 3T,

U[H: s (s+3) (s+4)

=(s*+3s)(s+4)
=5+ 35 +45° + 125
=5+ 75 +12s
Y <’ 77 gafd AI3T °Tdich (Higest Power) 3 31Tg.
L UGH feciean RiReTan 3ifSx (Order of the System) = 3 3Tg.

2] For given transfer function

(s +2)(s+5)

s(s+3)(s+4)

Find: (i) Poles (ii) Zeros (iii) Characteristic equation (iv) Pole Zero plot
ANS:

G(s) =

(s+2)(s+5)
s(s+3)(s+4)
Poles (UTed): UIeH & HIDHRUMAT AT HSURAT (roots) 3MTgd ST [SHIMEFEX (Denominator)

T <0’ THPE (equal) SacaTaR fHesdrd.

Jal. s (s+3)(s+4) =0

U, Poles=S=0,5S=-3,S=-4

Zeros (F3RYe): BRI § THIGRUIMA 1 o5t 3MTed ST gHeR (Numerator) @1 07
TJHBE (equal) dTedTeR .

3Jal. (s+2)(s+5) =0

Characteristic Equation (ﬁ'ﬁm 3@75217-[): g feafmeR (Denominator) < 0’
TJHDBE (equal) STeTTER fHad.

3al. s (s+3)(s+4) =0

G(s) =
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(s +3s)(s+4)=0
s?4357 4457 4125=0

=2+ 752+ 125 =08 PRFCRRCD sEbQIFI (Characteristic Equation) 3Te.

4+ +iw
Imaginary Axis
+3

SN —

s j
-5 -5 -4 -3 e B | Real Axis

W L
Fig.2.5
U® - SR Wie

(Pole — Zero Plot)

2.2 ﬁ%’é%%?g-‘-l‘g&[ﬁ (RITreT) Standard Test Inputs (Signals): T Rfeman e (Response)
ST YUaRITST g9Yc R (Input Signal) dt ATfgd 30 3axgd 3M18. DIVl Adi
fafen (System) UYH CUCHE| ?1Yc e (Input Signals) Hiad daret SId ST &
STqc T feaian R (Response) Tifga SiTdl. RiRkeHd JeadTaH, a1 99 (Inputs) T
feerean fraai=~g (Response) dX TR bl ST, § ?1YcH TES K ?1YcH (Standard Test
Inputs) T8V 3fcsdel ST,

Udhal RIRCHA T $TYCH (Test Inputs) 13T JHTUTHRE da- (Behavior) GRIAT P,
TR ol T &l aTaRId TUTell ST,

Standard Test Inputs

—I Step Signal |
—i Ramp Signal l
—‘ Parabolic Signal ’
—‘ Impluse Signal l
' Fig.2.6
TS W TP WS e 37Yey (R

Types of Standard Test Inputs (Signals)

2.2.1 ¥Y RIS (Step Signal) (TISIRIF WERIA - Position Function): %0 R (Step Signal) 8T
34T RIAd (Signal) 3T, <M e ‘0’ dedd (t = 0) Tehl Uldeslae (WUYRUIG: 0° g&)
GO UTAed1aR A Tdd Sgad ST ¢ > 0 It A &R RR 8.
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gfe T (Unit Step) BT WU RIUT (Step Signal) TTd T (RN UHR 318, WHA A 4 T4 1
(Unity) 3. WU Rierd FHHd Ausie (Mathematical Representation):
rit) = A *u(t)
Y, u(t) =0;t<0
=1;t>0
NIENIRS K e (Laplace Transform) ad:

A
Lir 0} =R() ==

an (e
A
-
0 ¢
Fig.2.7
Ufhee sz 3w WU Riua

(Graphical Representation of Step Signal)
2.2.2 ¥ Ry« (Ramp Signal) (a‘TWF-I - Velocity Function): T Rud (Ramp Signal) BT 34Tl
R (Signal) 318, S 0 UTGA Y& Bidl 0T dosHiad 8 (linearly) ITGd ST,
30 R¥9d (Ramp Signal) 8T Jumeiy fadedr RR avTm=ar IYcaRET 344l g 3 Rurd
(Unit Ramp Signal) 8T foRIY TR 318, SHA A d G 1 (Unity) 3.
3 R FHe S d AuSieR (Mathematical Representation):
r)=0;t<0
=A*t;t>0
NIENIES) c;lr{-lthm (Laplace Transform) o

LE () =R() =

4
= 4
0 t
Fig.2.8
Ifhpo AUz 3T ¥ Rua

(Graphical Representation of Ramp Signal)
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2.2.3 WRTEITA® A (Parabolic Signal) (|RYT WaRIH - Acceleration Function): URTSNI®
e (Parabolic Signal) 7 dDhIs HU (Instantaneous Value) I i (Square) eI
Jadd 30T t = 0 IR URMYD e 0 3R, T Afthebd (Graphical) UidfAfeicd URraeRan
foud). Weifae a9 (Parabolic Signal) &1 JUmay fddedr fRR ©RUMAT (Constant

Acceleration) gTYcHRHI 3l
Wreiferd Rigerd HAHIeHd JUSICH (Mathematical Representation):
rt)=0;t<0
=(A*1)/2;t>0
[SIENIRS Q'Fxtrqo_\lﬁ (Laplace Transform) o

LE () =R() = 25

rt)
A Slope = At
g :
Fig.2.9
ihee AUz e WRidifas R

(Graphical Representation of Parabolic Signal)

2.2.4 ™ R (Impulse Signal) (ﬂ* TR - Jerk Function): SHI¢H $74¢ & (Impulse
Input Signal) BT Jfa=rg HH J5ITS!T (Short Duration) 3Tfor qy Hiaar ﬁ'[ﬂ-\?lw (Very
High Amplitude) 3fIdl. 81 R d&h1 (Instantly) ARL el STl t = 0 STesdl HIUTATG!
&0ff (Instant) B RITA 0 3. t = 0 R TN fFHT (infinity) B9, T RiveRT 855 (Area)
IEUS ATd UfRAegS (Amplitude) 3. AT Seel HaRM (5-Function) 3 TUIATA HTf0T
5(t) = GRI ST,

mmﬁﬁaﬁﬁw PR (Mathematical Representation):

8(t) =oo;t=0
=0;t#0

J-_eré“(rjdr =4

In the form of <ITteid glr%lbbm (Laplace transform),
L{§(t)}=R(s)=1
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)4

—p
0 1A {
Fig.2.10
Tfhepe fUsiez 3P s Rud

(Graphical Representation of Impulse Signal)

Table 2.1
¥ 88 ¢¥e 3AYcH (Rrorew)
Standard Test Input (Signals)
Name of the Signal Time domain equation of Laplace Transform of the
signal, r(t) signal, R(s)
A A
Step s
1 1
Unit Step 5
At A
Ramp s?
T 1
Unit Ramp s?
At® A
Parabolic 2 53
t2 1
Unit Parabolic 2 s®
3 (t) 1
Impulse
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Table 2.2
WSS I Yy (Rwraw)
Comparison of all types of Standard Test Signals
Parameter/ Step input Ramp iﬁpgt Parabolic impuise
Input Signals e s L
‘) Ault At OF A |
244
R(s) A A A 1
s s s
Type of Position Velocity Acceleration Short time pulse
function |
ft) () ) ‘
Figure 4 4 A(l) ' }
A A Slope=A | A Slope = At
A
0 ; 0 ; 0 t' of t ‘

2.3 hd-3fisY fyfew (First Order System): qﬁ'd X sﬂgc%llonl IEESLLY (Analysis for Unit
Step Input). Tec-3i1ex RifeAed fBRY (Zero) TN @™ TRIHR WaRM (Transfer
Function) ThTR 2.3.1(a) A GRIAA 38, SR 3G T WU 3d, fo1d R(s) = 1/s 38d, TR
Ty fgi—gan (Step Response) <l ¢cl-d BTH (Laplace Transform) C(s) 3.

Where C(s) = R(5)G(s) = —

zls+a)
J
A
Gis) s-plane
R(s) a C(s)
y+a a
—
(a) ib)
Fig.2.11
a. Thc-3iTex Rifen b. 0% Wic
a. First-order system; b. pole plot

-3 fAfH (First Order System) BT 3T SAIAG fAfeH 38 WU Ta- BEe-3ieR
AR femiRiera seeHgR FfFa gid. 3 Rifewy gear s Wifdss vl Arsfe
HIUGTTS! ITUR ST ST TG (exponential) TS (response) SRfadTd, S/ &1 YfgRex
3TIOT HURTER el Saifdedhd Afdbed fdhdl SR ST AR Srel! Hdbi-dhd e,
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2.3.1 BR-3S} RRewar 9= ufeare (Time Response of the First Order System): PGIK]|
feoied sl STAUTHHY dallss-qU dheld RIReH (Closed Loop Control System) GRiad! 3Tg.
Y, GﬁtFr-Fj:q cI-qh ThaRT (Open Loop Transfer Function) 1/sT gﬁe"r fife wledd
(Unity Negative Feedback) BICCSIEREEEI

R(s) + 1 C(s)
o &
Fig.2.12
i STAUH 31 He-3iTeY e

(Block diagram of a first order system)

3T AM0Tal B gt e hieds Sr&dedl dals-qU dheld RIRCHd Tah HarH
WTATAYATOT 31T

cs) _ 6(s)
R(s) 1+G(s)

. 1 .
Substitute, G (s) = — in the above equation.

1
c(s)_ ST _ 1
R(s) 1 sT+1
1+§T

‘s IT °Td (power) BRUMRT T (denominator term) AL 1 31T, ATHS a1 CIHR Ha-H
THEC-3iTeX (first-order) 31Tg AT BT ReH W -3iiex RifkeH ®UH i@ S,
3{TUUT oRId FHIHR01 g1 forg Qrdbat:

SY, C(s) ® C(t) TT 3M3cyc R AT SAWIH 38, R(s) § r(t) a1 314c e
AT C-IWbIH 3178, 311101 T 8T TlgH Ik C 3Tg.
T -3iTex RIReHT e2H SIAF (time domain) AEid Rdi—g (3M3eye) fresauamra! @reita

L Wi B:
1. $TYC R r(t) o1 AT ST IH &,
2. g1 foamrd =,
€6 = (57) 7

3. Wi GHIHRUMA R(s) d eI TP,
4. AT N, C(s) o UrRfd ha=H (partial fraction) .
5. C(s) d} ﬁﬁw E'F\‘:luo—\ﬁ (inverse Laplace transform) ¥ &XI.
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mqﬁf&rrcrmgm&rr (impulse), XY (step), g (ramp), YR REINED (parabolic) g XSS o
gqe Rwrerean AaraR Redi-ad A1a fad 3. Iarexond, sk 39qe WU R ofd, aR &
Ry fRegr=g €U Rear-g U siesEdr S,

2.3.2 WY Ri=q 3w Bd-3ifse fafen (Step Response of First Order System):

Consider the unit step signal as an input to first order system.
So, r(t)=u(t)

Wmﬁﬁ (Laplace transform) algl EISGEE R

1
R(s) = -
Consider the equation,
€)= (ST + 1) R(s)
: 1. :
Substitute, R(s) = s in the above equation
1 1 1
c® = (7775 = SGT+ D)
Do partial fraction of C(s),
C(s)= 1 A B
T GTFD s T 1
1 A(sT + 1) + Bs
Cs(sT+1) s(sT+1)

On both the sides, the denominator term is the same. So, they will get cancelled by each other.
Hence, equate the numerator terms.
1=A(sT+ 1)+ Bs
By equating the constant terms on both the sides, you will get A=1.
Substitute A=1 and equate the coefficient of the s term on the both sides.
0=T+8 — BE=-T
Substitute, A=1 and B= -T in partial fraction expansion of C(s).

1 T 1 T
C(s)=—— = -
s sT+1 = < 1)

Apply inverse Laplace transform on both the sides.
Thus, the response of first order system to a unit step input is

_{E]

c(t) = (1 —e \T )u.(tj
Where:

u(t)=K is the system's gain.

T is the time constant, determining how fast the system responds.
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8 SHIE (Equation) ThT RIETH=T 33eYedl 0 d K Td TRUMIRAT (Exponential) a1
3xqd, f91Y 3M13TYe t AR K Fs TBER a@ Sdl. dlerdl a7 <rsH Hic (Time
Constant) T T GeTdR 3fdcie 3R,

gfic T R¥I=T (Unit Step Response) c(t) A& TIFTUE (Transient) TIOT ICST X< (Steady-
State) Gla! TR 3[ATd.

gﬁ? U R (Unit Step Response) At ETI%NE’ (Transient) H 3Me -

Cer(t) = —e_{%] u(t)
gﬁ? XU R (Unit Step Response) Afid Wl we (Steady State) H 3TE —
Cos (£) = u(t)
2.3.3 TP oo usiez (Graphical Representation)

c(t)
A
T £ R P
o t
Fig.2.13
gfe WU =T 3iTw 3 - 3ifex Rifeen

(Unit step response of a first-order system)

{[ﬁ? *U g (Unit Step Response) =l C(t) 9} fmd t = o 3nfoT = g ffes
(negative) JeIIATAT 0 3. <l §Bg dlad SiTd 30T SRANY Wa! WHE (Steady State) 1
R UG, A, Tt LT e FAYSHAT (Input) TRATUMER faciar 3.
t=0 ¢, A3YC (Output) 0 3.
t aTGd TedTaR, 33cyc TRAHREE! (Exponentially) aTad.
t — (infinity) 3T, 3T3CYE K =T ST SiTd, JUT JuUigul K &7 e d g,
2.3.4 Feeai=gear (Response) H’@Iaﬁﬁaﬁ
1. TSHABI=EE T (Time Constant T):
TgH dixce T RReH= (System) RETi-=5dT 971 3Xaal. HHI T 3RIAN R0 SIRd oA
B!, RAS T 3geury Reui—g g5 gidl.
T 9k 3T3CYE (Output) SHTTH TeaTeaT AR 63.2% TUd TG,
2. WIl-wRe %\'F\‘Z‘L(Steady-State Value):
RifeT= 38eycd Wal-Ke el K 3R¥d. t — (infinity) SITETR, C(t) o e K T Sded
EIG
3. WI-RTA NEIIvIRITS! ARIUIRT 965 (Time to Reach Steady-State):
e g weiidl TS-e g Mad ATal, YUl d ATl U Sde Sid. gAR 5 <8y
PR (5T), HT3YC fdH T 1% =01 311d A,
4, ?'I%TrrE'IE'Fr(Rise Time):
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el eT2H TeUTS! RIRCH=T 3T3TYedT 10% o 90% Tdd AGUarNTe! WHTUIRT 433,
-3l ffermed (First-Order System) &I 3fqrot 3T 3.
et (Conclusion):
-3y Rifer=n (First-Order System) gﬁl_c' *q ?HQEFTO")[ (Unit Step Input) i g1
WS- YeaIhs ST TRUHIRIId aTé = (Exponential Rise) SRITIT ST, T8H Hice
T (Time Constant T) 3ad! B [fed fordt daox Wal-Keal tﬁ‘eﬁ?lﬁ WK (Gain K)
3ifaH M3cycd Yo 3Rad!.
g Aled Eh_@ﬂ fafen (Control System), sﬁm ﬂﬁﬁﬂ (Electrical Circuits), 3{Tfor
Ahfepd RIRTRT (Mechanical Systems) IR fafdy &zid arRar Sra, 5 3 ad
fagm Ta.
Eio_cjﬁ fafRemmen (Control System), <cIgH g aORifthee= (Time Response
Specifications) 3{cdd HEwTeT 3dId, BRI & Riferw=a ided sAqeadia ufaarer
a1 HRUT Tad HRdld. faRva: gie Wu gAqcurdl, a1 Wikifthdb-ages Rifkew=n
T (Speed), TRIRAT (Stability), 30T 3IHAT (Accuracy) THSA Udl Id. T TRH R4
ORIt R Gy SHigd:
2358 CIgH froai-g wfbftee= (Key Time Response Specifications)
1. 'ﬂévragw (Rise Time, Tr):
RS (Definition): FIRH=AT 3M3eyear 3ifo Feara 10% o 90% Tdd UgvaRTa!
SIUIUGE:D
HE<d (Significance): RIfeH 3TgeHdIe St fbdl Siare UfeaTe 3d, § gRida.
dTuR (Application): ST f3Tult Sefg UfcTe Saxad 3, 3= RiRemy e A,
2. WEET[ (Peak Time, Tp):
IRSAT (Definition): Rifewa Reui-gaed ufgedn e (SERRIE) IR UsHIugTS! dRTuMRT
J3.
W (Significance): RifkeH fardlt AT TeaT SR SR HedTaR Uigieid, § S,
qTuR (Application): ST RIReHAE SGRTC TT50! aRAH 3, [ § Hewrd oxd.
3. @Eﬁ’i"TET%TI (Settling Time, Ts):
TSAT (Definition): Rifed= 3m3cyear @rAl Sifdd earAl aRdid cabdRid
(HTYRUTA: 29% fdvar 5%) fFRRR g3t dNuRT 9.
Hg<d (Significance): fafen e feweve (Disturbance) R fodl daer RR 819, 7
g=fad.
aTuR (Application): TRURET (Stability) FE<dTd! 3¥ciedT RikeqHe 3HTaRIS.
4. f&& e18¥ (Delay Time, Td):
T@AT (Definition): RiReH=n sM3cyear @ Sifdd JearAr 50% Wd UYHd
TEIUIRITS ! ARTUIRT IS5,
Hg<d (Significance): mﬂﬂmm%a&"ﬁ g GXiad.
dTaR (Application): TS URIY® UfaTe 9o Tewdre 3Rydl, 3= Rifeqg e sa<a®.
5. i@ &ﬁw (Peak Overshoot, Mp):
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TRAT (Definition): RieT= 313cygeq sifdw geamuen fobdl SRd dTe ddd g, §
3ifeH Hearean Tadharid gRiad o,

HE<d (Significance): Rifter=ar feeaigmed 3iiegRgIe fardt THTuNTd 31Te, § a=idd.

dTuR (Application): fo1Y SRR HATfed Sa0r A= 34d, fAY § QU Agard M.

2 ORIfP e T 0 § Seid RiRewy fegmsa snfor stfaRmaendt sieia wewr
G{I%, Suee ke 3%9?[ WCI_CFZﬁ GG (Performance Criteria) QLUf FE B,
Iy, 3eve® RIRTRT (Underdamped Systems) AHY IJewl elsH WU REgi=gel
T SHfaH Tm=AT 0% o 100% TAd GG UaRITST ANTUIRT 9.

g 9d ORifhee WER et SRydrd. Iareumy, SfthT (Damping) drgde @)
IGRRE (Overshoot) HH! BIdl, TY T de! IAsel <IRH dlg Wbdl. A, AR
WRHTHY Wﬂ?ﬂ?ﬂ (Performance Requirements) EUT HRUGTS T H'gc*H (Balance)
IO 3TaRTD 3,

2.4 s 3Te fafe=T (Second Order Systems): Ths 316X RIRCRT (Second Order Systems)
g RN R 1 oW R fEAIHACR (Denominator) A 's' =T I=dH
BIGIE]] (Highest Order) fhud 2 sgd. amn o, a1 Riter el g o™ (Two Poles)
SHYdTd.

TS 3fTex RicRT=aT AU aroRudTd JUIR T TR
Sfum (Damping): Td® RiReraed siifeacer fogfaar (Oscillatory Behavior) HH! BT
Uit 3, ATen ST Wgurard. fovar, e siifyaest Riews el (Oscillatory System)
ST (Oscillations) HHT HRUMAT YHTATAT S [UTT FUTAI.
e st Y= @ - EﬂET): ol Udh SOHTANY WHifee! (Dimensionless Quantity) e,
EAT%I'Q?.' feiae (Transient Response) SRR (Oscillations) &4 (Decay) o dl g,
& axfad!.
faffen TR frer—it (oon - ST n): Bl QJTQ,FR ] (Angular Frequency) g,
fferay Sfim wrd (Damping Force) =HdIHT &t fhe=iien Aafifeier siftude
(Oscillate) BTd, faar T flher—t WU,
fifeen S el (od - 3 d): S SR The=nt ome, foram am fafken Sfin
BRi=T (Damping Force) IURRYGIT 3fifReie gid. Riftedar i sifeiest (Oscillatory)
3, JUT ATl SiTRTegS (Amplitude) B85 HH! BId STdl.

wy; =w,V(1—{%)

2.4.1 G g 3Ts FufeHar egH Reui—a: Wefid sl SR (Block Diagram) A e
U derd RAReEH (Closed Loop Control System) faaRTd &1 Y, MU U SIHR o=

(Open Loop Transfer Function) ...

2
n

s(s +2{w,)
gﬁ‘cﬁﬁﬂﬁauﬂ@—% (Unity Negative Feedback) TIdd Hde dhaid 3Tg.

i)
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+
R(s) G(s) C(s

N ’ \

H(s) - . c(s)
- s(s+20w,)
= -
w,?
R(s) Y > C(s)
s? + 2w, +w,?
Fig.2.14

i STIUTH 30T THR R 1P Jdhs 3fiex RIRCH
Block diagram & Transfer Function of a Second Order System
I Aifgd 318 P gic! FATifed Bisde (Unity Negative Feedback) 3rEciedT dlss U
derd fRAReH (Closed Loop Control System) I TRIWR WaRM (Transfer Function)
WA 3Tg:

C(s) __ 6(s)
R(s) 1+G(s)

)

Substitute, G(s) = S{S:;ﬁ in the above equation.
w2 ,
C(s) s(s+2{wn) Wy
_ - 2
R(s) 14( w? s2+2{wps+ws
s(s+2{wn)

's' 9 °Tdih (power) 2 38 f&HIHHER (denominator) TH. M@ i TRIHR HaRH
(Transfer Function) 8 Yo 3118 (Second Order) 31Tg 30T &1 RifkeHen Tdvs 3ifse Rifeq
(Second Order System) ¥gUIdId.

MO\

The B & R P FH (characteristic equation) is - s + 2w, S + mﬁ =0

A4 MO\ N

The ¥ 3 HRAICRCD s&mm (roots of characteristic equation) are —

N

—2{w, + V((2{w,)? — 40?)  —2({w, t w,V({*-1)
5= =
2 2

s = —{w, + w,V({*— 1)

G =¥ (roots) SHISIFRT (Imaginary) SRTATd ST § = 0.
GF =y Ra3ret 3101 947 (Real and Equal) 3MEdTd Sicgl 5 = 1.
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G =y R3fd U dTaTas (Real but Unequal) SREdTd Siegl § > 1.
G ¥ P HIofiIc (Complex Conjugates) AT S1egT 0 < § < 1.

We can write C(s) equation as

mz
C(s) = 1 R(s)
s2+2{w,s + w3
Where,

c(t) d1 3{I3cyc ﬁl’ﬂﬁ, C(s)%cﬂtcﬂ%l ;I-HWTJ-T(LapIace transform) 3G,
r(t) 91 gd4Yc ﬁl’ﬂ?ﬁf, R(s)%cﬂtcﬂ%l ;I-HWTJ-f(Laplace transform) 3Te.
on is the TR flhe—at (natural frequency).

Cisthe ST Y= damping ratio.

25 WS S1ST (Second Order) Rifeew=ht arsqsﬁq @ﬁlﬁrhu?\q (Time Domain
Specifications): NI Eprvcy (Underdamped) AT Yo 31X (Second Order) faReH=n <u
UfaTE (Step Response) WTeTd 3TdhId (Figure) Graacial 3Tg.

1 Peak overshoot Mp
Tolerance band * 2%
100% —f—— o ey rlatmtel: P - +_ Steady state
98%|- - - - - ::i::v:-:&z?:—:? o
90% i In steady stato, output
509 boooeee i remains within + 2 % orror
: : band
| ;
10% p-— i g
— r — 1
£ :
RN
TD f
TS
Fig.2.15
gfe Wu i 3ITw 3 Ads-3iise fafen

(Unit step response of a second-order system)

o7,

&1 T2 H (Delay Time - Td) Jdard
S <134 (Rise Time - Tr) Ydbard

Uie <18H (Peak Time - Tp) Jdbard
el egH (Settling Time - Ts) Jhard
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Hieqqd e &hw (Maximum Peak Overshoot - Mp) IR
prrcikrrd URX (Steady State Error - ESS)
ﬂé?l%‘q@ﬁﬁ:f Wihdh e (Time Domain Specifications) 4l 31I<1>dnld cefaq 3Ted. JefeT
CIQH (Settling Time) qdaan =g (Response) EAT%NE’ i (Transient Response) [
3 ST, ) Yl e/8H (Settling Time) =R UfadiTg Wal e KA (Steady State
Response) & U[1 SIS STl

25.1 f&a CIgH (Delay Time (Taq)): &1 dl des 3fTg Same Regi=g (Response) [ &UMUTA 3ifaq
T 37ET (50%) HeaTudd Uigiadl. are f$d 28 (Delay Time - Td) TOTT.
f$al e13H (Td) U auaraTd! @rdlid Se<H araRd Sid:

1407
d — W,

Where, 7R flher—al, Natural Frequency, W, = W, \.'{rlzl — 62]

gvrg W\‘:ﬁ, Damped Frequency, W,

2.5.2 XT3 <T3H (Rise Time - Tr) UM UfaTE (Response) ifd HedT=dT 0% UL 100% Tdd
UIRIUaITaT ARTUIRT 9. § U 3{8R-8WE (Under-damped) Rifew Irdt @] 318,
ER-SHS (Over-damped) IR AT, A TISH BT 10% o 90% 3ifdH JedraT G

dadl EIGIH
5 e3H Tr A <=faar S,
Att=t,=0,ct) =0
M= g
T wy,
Where, 6 = —“"r{lfg_g]

g

TR SHIAAT AT ST FHY Pig Ahdl B ASH TISH (T)) ST SHS Tl (wa) B
U U o] S JHTUN (3768%0! UUIRIF® - inversely proportional) ST,
T 31 3T Y, TR WS SN (wq) TS, TR IS TZH (T,) HH! Bral, 0T ok WS
Trer=! HHI Tell, TR S <13 dredl.

253 W& a“s':r (Peak Time) (Tp): ®I dl 9& 3Mg saHY ufawrg (response) UYHT ATAT Ui
T (Peak Value) Td UIgrardl. ATl Tp A g=iad SIId.
t = Tp a1 &oft, ufaarer=h ufteh sradas (e SR@3IT - first derivative) 0 3/d, TEUS
1 figaR gfcTeT=T I udTa &) Yisd.
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R e SHIHaE 30T § st Fig avd! B Ui des (Tp) ST S =T (wq)
i TRER I YA (360! RS inversely proportional) 3g.
T 31 3T P, TR S T (0g) dTeal, R Uld 96 (T,) HHI Blsd 30T SR S8
flheh=3il 1 FTel, TR Uleh ded dleal.

2.5.4 U1 M@IYE Peak Overshoot (Mp): Uid ERIE (Mp) B Uid 9 (Tp) TR UfawTam=T
Sife IR SIURT SRt SR R aRiad. 81 HhHUl HIeNael! (transient period)
G e gqe onifir sm3eye amdia wafd AT I (@R - error) SR, TTeTa HidqHH

GﬁFE:TQE (maximum overshoot) g U,
TiordIgesed, § YalavHrol fafgdi ad — Mp = ¢(Tp) — c(w0)
39,

c(Tp) = UfdTGHT tieh 95 (Tp) a0 T
c(o0) = UfcTeT 3ifad fRR fRUdda (¢ Siee steady state) oI
t = Tp IR UG (c(t)) o Hed JaIaUHT0l 3 —

—{uwnTy
e(T,)=1-( Jsin(wyT, + 6)
11—
N
=E
|1—§2
M, =e W

B

2.5.5 Percentage of Ui 31'@?52[? (peak overshoot) : % Mp can be calculated by using this formula.

. gm
ST T

1

M 72
%MP=C(;)><100%=(E VIS )% 100%

[

Mp 30T c(o0) d e aRId EHE SHITR, Ul NERIYC (Mp) d cabaRidaid Jed (%
Mp) fiea.

i UG 3 e gid &t ST =M () e Uid 3NERIIC (% Mp) HHT
Bid.

2.5.6 Settling time (Ts): Bl <t 9 3fTe <41 devd Rear—g wfcdre (response) fRR fRUdfwia (steady
state) tﬁ@ﬂ?ﬁ 3T 3ifaH HATAT AHTHUH Iraactll MNEES 53'5[‘&8{ (tolerance band) (2%
fohar 59%) g,

T T eT8H (Settling Time) @1 Ts 3 S=fad ST,

The settling time for 5% tolerance band is —

3
T,= — =3T
{w,

The settling time for 2% tolerance band is —
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T.= — =4T
* dw,
Where,
T 1
(wy,
T is the time constant.
Table No.2.3
BRYS! 3TE e ST WPz, Gawiead AP 4TS Fege for
BTTd & gl
(Formulae of time domain specifications, substitution of necessary values and the final
values.)
Time domain Formula Substitution of values in Final value
specification formula
1+07¢ 1+07(0.5 =0,
ISR T, = : = 0.5) T; = 0.675 sec
Delay time Wy, 2
NEEEED] r - g - {'731} T, = 1.207 sec
Rise time S =173
Ui e8H r ==~ r - T, = 1.813 sec
p -
Peak time W 1.732
o = —(5m %M, = 16.32%
owa@ I‘Il_...z:l ] 52:' ol g o
% Peak time | oM, = (e V1% )x100% | %M, = (e V170> )x 100%
@Eﬁm 4 4 =
CIgH r.=— T. = T,=4sec
'EFVR 2% Gy 0.5 2;'1
AR 48
Setting time
for 2%
tolerance band

257 fRX fRA WX (Steady State Error - ess): Sagl dhelad RieHar 3M3eye 3fasd
gfaareaRH fRR fRUdld (steady state) HTEI THIUNG diTesl Iga, ATl fRR fRudh o)

(steady state error - ess) FUIdId.
81 TR BId &g fISRY (Final Value Theorem) T SUINT dhe RNEYdT T,

e.. = }Ln;e (t) = lﬁ]& sE(s)

Y, E(s) &l R Rya (error signal) e(t) dT oIl glr{-llbm (Laplace Transform) 3. 3Tl
?E[ﬁﬂ Blead RifeHITd! (Unity Feedback System) fRR Ry U (steady state error - ess)
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ST MY o Urgal. gdl wisdsd Rifeqardt RR fRud TR (Steady State Error for
Unity Feedback Systems)

Consider the following block diagram of closed loop control system, which is having unity

negative feedback.
R(s) + C(s)
G(s) —
Fig.2.16
il STUTH 3 il U deld Rifed
(Block diagram of closed loop control system)
Where,

c(t) 91 3f13cyc e, C(s)%WEWﬁ(Laplace transform) 3.

r(t) a1 399c RS, R(s) 8 AT SRIBIH (Laplace transform) 3Tg.

We know the transfer function of the unity negative feedback closed loop control system as
C(s) _ G(s)
R(s) 1+G(s)

R(s)&
cs) = REEE)
1+6G(s)
The output of the summing point is — E(s) = R(s) — C(s)
Substitute C(s) value in the above equation.

E(s) = R(s) —%
__R(s) +R(s)G(s) — R(s)G(s)
E(s) = 1+ G(s)
_ R(s)
E) =160

Substitute E(s) value in the steady state error formula,

SR
= =0 1+ G(s)
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Table No.2.3
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Steady State Errors and the error constants for standard input signals

Input Signal Steady State Error e, Error Constant
1 K,= lin'éG(s] =
Unit Step Signal 1+K, :
1 K,= liné sG(s) =
Unit Ramp Signal K, :
1 K = liné s*G(s) =1
Unit Parabolic Signal K )

1Y, Kp = TR TR B e (Position Error Constant)
Kv = @adilc] TR dI=ee (Velocity Error Constant)

Ka = 3ARITNTH TR HIEC (Acceleration Error Constant)
AY: SR IR HIUATE! 399 Riurerdn RASTS (Amplitude) FETTET avTedT 3&d, R T

{IYcAl fRRR RYdt R (steady state error - ess) oIl T G{ﬁﬁlﬂgﬁ um PG,

e g Riyaard! fRR R TR (steady state error) FfEd a1 Ad Arg!, R g1 R
Tk e fagaR (3RS - origin) SM&T@Td Sl ATHes, SR R¥I- (impulse response)

30T e e 3YC it a1 dRdl Ad AATel Siegl t (S13H) (infinity) B,

Example: Let us find the steady state error for an input signal r(t) = (5 + 2t + i) u(t) of

unity negative feedback control system with G(s) =

The given input signal is a combination of three signals step, ramp and parabolic. The following

s2(s+1)(s+20)

table shows the error constants and steady state error values for these three signals.

Table No.2.3

Error constant and Steady State Errors for standard input signals

Input Signal Error Constant Steady State Error
, 5
r, (t) = 5u(t) K,= hin G(s) = o0 e, = =0
e=0 1+K,
, 2
() = 26u(®) K, = lms6(s) = o0 w2 = o =0
t2 — lim < _ 1
3 (I’] =Eu(rj Ko = SIEE!!S G(Sj =1 €z = K_= 1
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M i Wl WerlR W fosl RS We I o T &eq fHaa.

es's = essl + ess: + '9353

e, =0+0+1
Therefore, we got the steady state error ess as 1 for this example.

Question Bank

Define first order of the system and write one example. (R)

Draw step response of first order system. (U)

Sketch the step-signal and ramp signal. (U)

Find the transfer function of closed loop control system with negative feedback. (A)

Sketch output time response relationship of second order system for step input. Define rise time
and peak time. (A)

6. For given transfer function:

Ok 0w E

C(s]_ K(s+4)

R(s) s(s+2)(s*?+65+9)
Find: i) Poles ii) Zeros iii) Characteristic Equation and iv) Order of the system. (A)
7. Define the following terms: i) Delay time and Rise time. (R)
8. Define following terms related to 2nd order system:
i) Damping ii) Damping ratio iii) Undamped natural frequency and iv) Damped
frequency.(R)
9. Describe unit step signal and unit ramp signal as standard test signals with their mathematical
expressions and graphical representations. (U)

235
sT+65+25
Find: i) Rise time ii) Peak time and iii) Settling time. (A)
11. Asystem has poles as S =—-3, S =—2 and zero at s = —1. Represent the system in S plane. (A)
12.  For a given transfer function:

10. For unity feedback system the transfer function is:

C(s) B 10(s+ 8)
R(s) s(s+4)(s2+5s5+6)
Find i) poles ii) zeros iii) plot them on S-plane and iv) Characteristics equation. (A)

13. State the necessity of standard test signal. (U)
14. Write the Laplace transform for the following input signal.
i) Step ii) Ramp iii) Parabolic and iv) Impulse (9)]
15. Define Pole and Zero. (R)
(s} 10(s+2)(s+3)
() s(s+1)(s+4)(s+7)

16. A unity feedback system with open loop transfer function: ;

Find: i) Type of system and Kp, Kv, Ka
ii) Steady state error for i/p = 2+t+t2 (A)
17. State the Laplace Transform of step and Ramp signals. (U)
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18. Find out the poles and zeros of the following transfer function

C(s) 16
R(s) s2+4s+16 A)
19. Find out settling time, peak time and pack overshoot for the transfer function
C(s) (s?+4)
R(s) - s(s?+9s5s+18) (A)
20. A second order system had

cls) 25 . . .
RG) — reeizs for unity step input, determine
i) Natural and damped frequency

ii) Rise time

iii) Peak time

iv) Peak overshoot

v) Settling time
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Unit 3 Stability Analysis
Trarerdt R
fawa fsosit (co): fade dera Rdta =t e faferdt qumon.
geo Aot (Theory Learning Outcomes):
TLO 3.1 Wfaferct aR siurid RETod UaR fore .
TLO 3.2 0¥ &4 g4id a1 dlbR TR ATell WKiafercl FAfgd &,
TLO 3.3 IA3YAT BT dTIR e Kfaferet A3 o,
TLO 3.4 Tiad g wrdl 'k =i I FAf3a &,
3.1 WfAferdt (Stability): Tiafect € deia Ry ot U Aear dikned omR. ford &t gfud
PR B ST AT 3M3CYS deladd] 3RId degl RET Tad 3d. dheld RRET ddss
SIgCHI3! IdeS MICYC TIR hRdl.

c(t)
A

~ Vv

Fig.3.1
Response of stable system
(Courtesy: https://www.tutorialspoint.com/control_systems/control_systems_stability.htm)

feoied SPpdae Hee 3ffex gHc TU R 1 3T3eYE &eg, o 3Ted &l 1 3701 0
R TESS Hed. AHes 3 Jfed gld Bl d¥SS STYCHI3! Tdes H3cYC IIR Bid.
wfaferdt av snmutfia Rdiad yanR:
1) hiieel Kad R
2) HieTHd Tad Rid|
3) AT Wad R |
4) 3 Wod Ry
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1) wltedl ead RIeTH/quiuot fRR Yuredt (Absolutely/Completely Stable System):

lI'|'|.l ‘
[ N
X o 1047 [\
s-plane I [ ﬁum .
- ' - -: 'II U
3 6T —. 164 I||
X =17 il i i

0 15 0
Stable system's
closed-loop poles

{not o scale)

Time (seconds)

Fig.3.2
Location of roots for Absolutely Stable System

R Rdm, ¥d I9wrdl fhar R gear=1 vk K o 6! RR 3{¥d, & df
FHiied Tad RRCH U fia@d! offd. 310 qU g-I%R HaRd 94 Uid 's' W=l
STSAT 3T HFT SR S0 U dheld R Hiied edd 3. Ay, Fas
U IR HaRd 94 UId 's' W1 STeT e HRT el dalss qU dheld R ™
el Kad 3.
2) HIEIAT wad Ry (Conditionally Stable System):

Hiexd Wad R & e RREm ome wume RRdudt Wiafordt Rrdta=a
WRHied=T fRYMaR AT 3d. SR 37YC d¥eS 30T qRINgG! A YHRIA 3T$Hcge
Plg! [ARIF HelzM Aol d3es 3E, 36, SR A d3e8 S1YcHdl HiST daadl
TR 3MTITYC A3 B,

3) Hifolelt waa Rdia (Marginally/Critically Stable System):

. Ti Domai
T Laplace (s5) Domain S

M A NN
I VAVAYE

Fig. 3.3
Location of roots for Marginally Stable System
(Courtesy: https://analogcircuitdesign.com/stability-of-control-systems/)
SR Tord Rl g1 fed fohat I5o1 Bid e TR T W AR ol XIS 8Id 3RS |®
3R TRA-TeRIe R ASo! Wae 3 4d. 3NflT g RREA t—e g1 SR

o
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RRR Har 3 Wad g, Ao oo R g1 =it RA ofig St ades 31Ye
TR T T19e8 3M¥eyc TR Hd, Wy 3M3cyc JEER WA Id A6l aud
YcHfid HIUAR PR fSReaa@aaniies) Rl @ S¥eye 3 Redd
(SRRR) Bld. AIfHo! Wae KA 78 Fool-qu crawmR Harrad Uie 8 SHRI
T 3nfoT 's' Wi STeT Sieat YT Sy,

4) 3R ad R (Unstable System):

il J

itsos b ox {nl
|

s-plane

[
; 00434 -7 , ﬂ fﬂl'. |'n'| /\ m f |I ||

alf)

i
— 1305 - X 0 Y

TRTBRIE"
Unstable system's - lUI |IIJ

closed-loop poles Time (seconds)
imoi to scale)

-3.087 J." 1'.“'" “I 1|.I[.]||'1 Tll[ ]|I |!-
Vsl U'

Fig. 3.4
Location of roots for unstable system

ST ST t—c0 BId SITd] dHTHT HoRd N9 ST3SRE died! =it RRdg 8 sqwead
RcTmerd. srcdad RRETTD aoliol-qu gra®R BaR-d U6 § 's' W Joid]
el HITTd T AT U Ui 3nfor/fhar 1 Uerm SIRd Mo SHON-RI ey o 3.

3.2 TIAferdd WP (Types of Stability):
Stability
Absolute Stability Relative Stability
1. JeHIGYeE wiafdel (Absolute Stability):
c(t) c(t) 4
7
s R T
0 ; >
t
Fig. 3.5

HIDIC WIS RICTHAT WU e (Step Response of Absolutely Stable System)

(Courtesy:https://www.tutorialspoint.com/control_systems/control_systems_stability &
https://electronicscoach.com/stability-of-control-system.html)
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Toviege Tfafodar orf o/ gl fr dicie R i} $7dic ¥ao, 3 eds fdhal
HISTE WIS 3. SR IT T4 WRiHiedre! e Ruiaeeds 3fe X foMsR
C3H-3TeRUC R g $dlc Wao 3d. SR ol @U RRETd Ule § Hiody
Eﬁﬁ\[ﬁ?(Complex Conjugate) 3o W K @ F0lc Xao 0. HIDIC K@
Rt WU R suar dl S/e oM daR HRdl.

2. frofes wRfSd (Relative Stability):Rofes wfafodt & e weam Rodie defe
T TR HISI0! SITd. HIAST BIFIC (Complex Conjugate) U@ =0T UIRET YefoT eTad
81 T N3G UICHT STG0! TNRHG SRId]. o F¢ SHOHRI S ORI gX
STd agay Rl Yocies Tiafod! guRd.

3.2.1 W Rty a1 Tfaferdt sHfafRe (Stability Analysis of Control System):
1. Tead Rty ardh:
FOIS GU TR BRI a1 &R,

C(s) —o(s) = K
RE O T 2t s T r0)
3{TAT g Y 39¢ &1 TUred 3¢ r (t) =1
S,
R(s) = K

2a(s +py)(s +p2)
S,
C(s) = K

s(s+p)(s+p:)
UIRIS® TharH Higd],

4.8

R(s) = 3

C
(5+P1)+W

g6Y GUGN b,

Clt) =A—B#e Pif — CxegPat

C(t) = Css + Ct(t)

C(t) = Steady State + transient

IR TFIHR aRFa § W8 gid 1 P1 30T P2 § Glral YT s-Wi-eaT STl &t YT
3ed. SMfUr 3M@cye RWi-gHed e~?* 3fftf «* 3 g+ kg wdidE /
TRIUHRIS e 3Ted. U T ST t — « gId Sldl 99 a9 diId gIdic 4/ TeuHRES
il gy BRI 8Id ITd Wured 3fideye BT gia.

AT,

Ct (t) for t—o0
I.e. steady state output
Transient output=0
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1 R 78 SOl t > « gid Sidl Sreide 33eye IRy giar o= Rdiaen
SNl Tao RRET UMM, HdeRRed IHId Jd oo s-Wied1 ST s
URTTR 3o, Ry Wao RREY 3ig. § SR’ dgie Rda=h wfaferdt sioran
HChIaR AT 3d g qRiad.
2. 3 ad R ardt (for unstable System):
1 RifeTd ool U F¢ § s-Wi-aT ST S HITd 3MTg 3120 Joia U RIS TTgia

U=,
C(s]_ o = K
R® 0 T GG )
3T gfe WU 37YC I WU S7YS, (1) =1
S,
1
R(S):;
S,
C(s) = K = R(s)
s (s—p)(stp2)
ORI Thar HIgd],
c[)—_—ﬂ+ ° + <
YT 5 (s—p)  (s+p2)
TR BUGN TImIH,

C(t)= —A+ B#e Pl — s P
TH Yd s-WAT I 37ea] U (U 3™ AT grfide smseyeHed Udh ifsiicas
TRITARES T 3118,

X Css=-A
g gRId Hd &1 o9 920 t I KFY 0 d  Wd dled ofd, 99 a2 c(t) I Koy i
AT YA « e dled Sid, IgUeld  craiidie 3M3cycadie ulfsifces TRUHRhe
THIGS, SO t—o0 BId SId! , dd giferde Rl Sf@gs(Amplitude) $a® c@d
dred STd. 3= R o7 scad RRET ®Urdrd . draeRied Shed ¢ s-W=a
JoredT et TR SR o RIETH S ad 378,

3.3 I[YAT W faferd) wraefar (Routh’s Stability Criterion):

3T LIferdl prrelar f§ ugd 9o gu Rierd e doRfde 7 ddl Kiafadn
PR GIdd. 1 GGl TR H&, s-Q a1 ST fdhal Iofedm 7eai YT 31T jo-
ffFaR Fore @u Rifend fdbdl Uld 3ied & 3MYU1 Wi ehdl. 30T s-Wi+=al T
YT fohelt 0o ofed § MY Whdl, T I Bie-cH 2Medl AUR ATRId. a7 Tgaial
(YT LSl HRICRAT U UGNl GiF Xudl AaRadhdl 3Mg: (1) A3Y cdd
1A S¢T edd daR BT ST (2) s-Wi=ar STedT fohar ISTad Sreai U ST joo-
TR FoId ¢U RiRerd favcdt O 3iTed I 13T SY e aTiR a1 fSH3R ergd-
SRUe Riens Kiaferct Mg Hroamrd! I8y sian ufgen diauatie fog sfin
T, o URIEU SR Ugd dTIRG! SiTd AT ISUT WKidfocl hraeRam Urdrd. I3Y
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ST ufget Slaaddie ¥4 Uoe Uiyice e, R Wao g, s @i
DIRRRCH SHITAT T BIhIHITT Kidioe! M well oS Udhd. I HHM
IRFCRIED FHRA Aedll YU Hedrd 301 dos SNURSME. 3= i RRCY wdidmel
3T 3 P okl o T4 Disfhic Uifeifces AN, ST HIACRAT HRacRRed
SHYAAY Fcd BIhM MYTITd HGd DR,

3.3.1 musﬁ(RouthsArray)wuaﬁawﬂmﬂa@@@aﬂaﬁ&n%\—:ﬁm
Oio e ®igihaic TRH UGARIRYY TR $ot offd . § s-We1 ST S7ea] HRTa
RIIeT Uie I WS A1 UgdA Fuffd FHroard aead s, sian uflged siaaqdie

forg offtT Teg. o URTEU1 S ST, T/T YHTO! ArAT SIS Uio el IaTeRUNg
J¢ A1 SALIMN nth 3{TSX DHRacT D FehR JIOGUHIUISE
F(s) = apS"+ass" 1+as™ 2+......4+a,-1 S+ an=0.

T T B, nth NS PG D SH HE BIUs! oo MRAT T4t T 31 31T
DI nth TSI HRACRE D SHIH AL f3RT Teg 1 DIVMTG! HIShRIC AT,
3Y SNAY WA TR JHOY 378
1) GBI IAXAT HHIH HIGCRE B TSIl HIgihic At AUl HdT.
2) disfthric IR 3R=T UfgedT G 3 TR B,
3) BIHGT AIE AR I Tl Dheaga B

gn ao a2 a4 a6........

gt a1><'313 as ar.

gn-2 b1 b2 b3 Da....

gn-3 C1 C2 C3 Cq........

st Y1 y2

S0 an

DISBRIC by, by, bs... 0T ST WITAYHTO HeHTIH el SiTd
(a,a,) — (aga;)

b, =
1 a,

b — (a,a,) — (agas)
2 a,

b — (a,as) — (apa;)
e

0y

YT ST & wfshan srzfier arq Saa SiTd. TRy,
C1, C2, Ca... PISTPRIC WICHITHTO HISTS SITATd
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_ (byaz) — (byay)
€, = b,

o = [biﬂsj — (bsa,)
2 bi

1 gfehdd, iR e (missing terms) YT AT SITATd 31101 dheagel=H IY HRUGMNTS]
DHIUATS! A AT GehiHl Uifgiice A=A [T o o3, Xhd. FoI qU R T Xao
BIUANS], Ufge HIaHAe ¥ Disfhaic Uifgica 3Nl TS Mg 30T Ulgedn
fIg dqdd 3Rid R R e 3i1e. gl Sadid W=l s- W=l I SIS[d]
3T T TRAIID! 3]

3.3.2 T(YHAT FRIRAHN® Wa Ha9 (special cases): CALRIG] ﬁ,\?ﬁ RaR I3y
SHIACRAT AN HRAMT CHAL Hla! ST T e 3.
&9-1 (Case-l): SR I3 RAYA DU I A1 Ul beh LA 3, TR 3dRd
A HHIT HH TP A1-BRY e 3@ @R a1 gl A 91 9eb 3Bl (Infinity) Bidl 3701
YT HTICRAT ST BId 1T Fal. PRI RE D THR

F(s) = s°+s*+ 25%+2s% + 3s+5=0

T SHETTS! A3Y 3N WO TSTHTU TS

S 2 3

S4 1 2 5
(1x2)—(1%x2) (1%3)—(1%x5)

2 " =0 " = - 0

2

S [e'e}

330 3 1 geHh YR I Gald A IT U oo (ZfWIACH gidl A0 ISYAT SRR
Bl O THEY FRIeRu aRuae fhar ISy=ar SRUE 3iiaedl fSduliiar HId
HIUITITS! &1 UGl Ted

AYS-1 |(Method-1): THT I AL Ul Uch WU YA A6l Ulieiice TaR ‘& gaa
30T ge S Routh's Array g0 &1 0T Ufgedl Siarddie ®udmR! fagd deard
fRlemr o1, ”RIETdId 9¢d dUMHUaNTe! Ufieedl SIauaHe® gehial fofHe e—o BTdT. 3T
3T Wfeerdt U Rehdl. AT,

s 1 2 3
o 1 2 5
s e (in place of zero) 2 0
2e+ 2
:? . 5
—4g — 4 — 5¢°
' 2e +2 °
s0 5
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Y fIg 95d dUNIUIRISY £ Bed, GG Ulgedl Dladqaeies gchiAT fofle Jramd.

lim 2£+2:+m
g—0 £

30T Bod FIGIaR A& dhigd Hd RIS I AU Uieedl HIaHAE +o g

frd B fUg ulifes oR.
lim —4s—4-5s" 0-4-0
=0 2e + 2 042

eI 3 1 OfRT Hed 25 o s e e 2 MR BRU e — 0 IR, Y I

2e+2

R SCd 3Med 3T WU s-Wi=aT IoTaT 3feaf UFTI g OIS 3red RIREY 3 Wad
3118 Ui forg flfees o,

AYS-1I(Method-11): ISYAT 3RAT TR HIAHANG YT GeHHD IGAURT THA]
TISIUINTST GERI Usd ¢did aTaRal Sifd, A7 Ugalld, hRaeR&ld h-A J ‘s> Tl ST
1/z A 9qdl 3Te. PR RS FHIH WO ISUHT 38
F(s) = s°+s*+ 2s3+2s% + 35+ 5=0
3{TdT s A 1/z A Sadl AT,

1 1 2 2 3
—+—4+—3+—,.+—+5=l]
= = =zl

z3 =z

T QST el STUeTel 525 4 324+ 223 4 222 + 2+ 1 = 0 @@ AT

SHIITS! I3Y 3R WIS TS UHT0!
25 5 2 1
24 3 2 1
23 -4/3 -2/3
72 Yy 1
Zl 2
ZO 1

2-TFET3T ISY=T SRAT Ul Dl g fog dad 3RIedM, T¢ z WAl 39|
3t U R ST d BUH R 3Fa 3T,
$I-11(Case-11):5R THI A I T4 Uch LA 3N dR A GaId I ° °eh d3adl Id
ATed SATOT ISU=AT 3R AUl 3R] Bld. 34l W] feo T HydeRE D FHRAHIA]

F(s)=s"+s5*+3s¥4+3s°+35+3 =0

Ao G IHRATIS IS 3R WIS TSHHTON

s° 1 3 3
st 1 3 3
s® 0 0 <—Row of zero
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Y ¢ 1 A A U9 YT UeH 3Med, AU T SR A0l SRRG el HEaR Ad

FHRUGNTS! s W AT HIZMBRIC URH UGS s T8 U ARG FhIH dIR dhal S,
S WO TGHHTN TS .
A(s) = s*+ 35+ 3
fewmRfRMEfe e fay R ¢'s
dA(s) =45* 4+ 65+ 0
ds
= 45% + 65
s® AT T ST HISBRIC 4 AT 6 7 TG 3G,
3TAT SY 3R WO TSHHT],
s° 1 3 3
st 1 3 3
s 4 6
% 32 3
st -2 0
3

SO
Ufeedl HiaHA® R F 95 3gd of R R0 QT gxifdd.
3.4 I[YET HTARATE ATRHI=T: HSRMe Tlaidc! Al & df Beg, B,
Ex 3.4.1: gFCt Biadd R 31U U SITR HaRMHgR dRreiidd Mg
G(s) = =23 3y e Rar 91 AR S RIEH a0 gIvamTe! & 9t 3 2

s(z+3)(5+7)

HIGRM: 3T U ZIHR -,

K 13
6(s) = —F13)
s(s+3)(s+7)
A wigdd R sRGages
H(s) =1
AR D SH I WIS,
1+G(s)H(s) =0
K (s +13)
1+s(s+3)(s+7)_O
s(s+3)(s+7)+K(s+13)=0
(52 +3)(s+7)+K(s+13)=0
LSS+ 752 +3s2+21ls+Ks+ 13K =0
53 +10s?+ (21 +K)s+ 13K =0
EIT%@"JQI:IER;T,
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e R (314337)
a0=1, a1=10, ax=21+K, a3=13K
A3Y 3R WIS TSYHTO!
3 1 21+K 0
52 10 13K
63 — 10K
st 3 0
s 13K
Wit T3y SR= ufew HiarH e Id Uod Ulisice Ul Sa=ad 3.
le. 13K >0
3T,
63 — 10K
3
K>0
i.e. 63-10K >0
i.e. 63> 10K
i.e. 63/10 >K
ie.6.3>K
R R 9o gIoarnd! K @3S s@ie,
0<K<6.3
Ex 3.4.2: UMl ﬁr%ﬂ%[ cl~tnX LbdQH G(S]H(S] = j..:j.+::..:3}i.;:..:3+3:. % 3‘”%, did K
ieficeg 3MTg. @
) PYFCRCID SHIE AT
iy KIS e
IGRH: FOIs FU TR R,
G(s). H(s) =0

® i) PYFRNTID FHIA

1+ G(s).H(s) =0
K

' G166t

S8 (s+2) (st4) (s+8) +K=0
(s +2s)(s*+ 125+ 32)+k=0

s*4+12s¥ 4+ 3252+ 25+ 245 +64s+K =0

s*+ 145 + 565+ 645 + K =0

3T i) K A3
RIS FHYIEA
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ao=1, a1=14, a»=56, a3=64, and a,=K

Herd RIRew (314337)

I3Y N ET,
st 1 56 K
s 14 64 0
(14 X 56) — (1 X 64) 14K — 0
@ v = 5142 o K
(51.42 X 64) — 14K
st 51.42 0
g0 K
J A3Y 3T Ufged BTN Td e Ulisiice 30l aRdH 3118 (>0,
TEUH s° Uch Al
K>0
sl ICHIIA!
(51.42 X 64) — 14K
51.42
- 64-027K>0
64>0.27K
64/0.27 > K
235.06 > K
< T oo givamme! K I 39 3
0<K<235.06

PG NEND SHI Knax I8
s*+ 14s® + 56s5° + 645 + 235.06 = 0

Ex. 3.4.3: ASYT HTIRAT ATURH WS [T oaT SHIAS

) TO-WHE SreT et Y fardt e Sied o e

i)  TY-WIel el Seht U et ¢ 3ffgd o 2neT

i) moT SR TR o= fahclt e smed o e
s*+252+1=0

PR s* + 0% + 252 4 0s+ 1= 0 IASY 3R T,

st 1 2
8 0 0
- P - TR
A(s) = s*+2s%+1
dA
(s) = 45? + 45
ds
- I3Y 3R TS ISUHT0
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W

© oo NG,

s* 1 2 1
S8 4 4 0
§2 1 1 0
S 0 0
B3R 3! A HSATHRUM
Aq(s) = s*+1=0
dAl(s)
=2
ds s
- 3Y 3N WO ISUHT0!
g4 1 2 1
$3 4 4 0
$2 1 1 0
st 2 0
0 1

I S0 TUauS

A(s)=0i.e. s*+25+1=0
, —2xv4-4

2= =—1,—1
2

s= 4, 4j

-, ZHOR UfRaR SIG oAl ¢ I el =4

5T+ =T IoTeT ST UG Soadl F¢ ot Y&H=0

Question:

Define Stability. List out its Types. [R]
Identify whether the system is stable, marginally stable, or unstable for the given poles:
a) s=-2,-3,-5b)s=-2,-j3,+3¢c)s=-2,03 d)s=2,-3,-4[A]
Define stable and unstable system with its response and location of roots in s-plane. [U]
Give an example of a conditionally stable system and explain why it is conditionally stable.
[A]
With the help of neat sketch show areas of root location for stable & unstable systems. [A]
Explain the concept of marginally stable system[U]
Define Relative Stability & Absolute Stability[R]
Explain necessary conditions for the stability of system of control system[U]
Determine Stability analysis for stable system[A]

10 Determine the stability of a system with poles at: s = -3, —2, -1 [A]
11. Distinguish between absolute stability and relative stability based on pole locations. [U]
12. Determine the stability of the following equations using Routh’s Criterion s3+4s2+8s+12= 0[A]
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13.

14.
15.

16.
17.
18.
19.

20.

21.

22.

23.

Determine the stability of the following equations using Routh’s Criterion 1)
$843s5+55*+95°+852+65+4 = 0 ii) s*+85°+2452+325+16 = 0 [A]

Explain the importance of relative stability in Routh’s Criterion[U]

Find how many right-half plane poles exist for the system with the characteristic equation:
S+45*+353+25%+s+1= 0 [A]

A sign change in the first column of the Routh array indicate which type of system[U]

Explain Routh’s criterion with one example [U]

State conditions for a system to be stable using the Routh array. [R]

A system has the characteristic equation: s®+4s?+5s+2= 0 Find the pole locations and
determine if the system is stable. [A]

A unity feedback system is characterized by the open loop transfer function & (s) = :jg—m

Find the range of K using Routh’s criteria and determine if system is stable or conditionally
stable.[A]

Given Characteristic equation s4+2s3+3s2+ (4+k) s+5= 0 construct the Routh array and
determine the values of k for which the system is conditionally stable. [A]
A unity feedback control system with the open-loop transfer function: G(s) = — X Find

(=42)(=4+5)
the range of K using Routh’s criteria and determine if system is stable or conditionally stable.
[A]
Find the range of K for conditional stability of the system with
sH+4s3+65%+(4+K) s+(1-K) = 0 [A]
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Unit 4 Process Control and Control Actions
TR Sgld 39S hetd TR

farwg fremft (Cco): AmTaTee e YaRraT aTR B fafae TR o dhelet ot
geo Aot (Theory Learning Outcomes):
TLO 4.1 Add dhaiedl Tphag U dheld RiReH TP H.
TLO 4.2 ITTaTTe Sl YaRTg o aifehRur o,
TLO 4.3 ATaTeaT e e Uarg Aedl qai-T iean TaTeT TRTHeE=T YR B,
4.1 99 ded fafeen:

Automatic controller

-------------------------------

Error
detector
Reterence
input > Output
(set point) -

Sensor
(measuting element) |

Fig. 4.1
WA Heta Ry f sale sy
TN deia Rifeaed gy fdar wie, =R, TR f§¢aeR (Error detector), 3CHcH
(Automatic) Sgler, TagueR fdbal vl e srara.

1. N9 fHar wic- TR B $el AR IdEd %9, ad 6 oRugd fdar
Oecleg RIS 3M3cYc 31¥d. Wic fdhdl Ty 81 WY dheia RREIE 91 T T8l gcdh
318 e TE QRysd Fafd o ST,

2. IR - § 3 UG 315 o TICYC RS GIT A GRUTAHE TUIRd DR
O TR fSeaegR Wier 3R Thd. FaS U R Bisdd ANHE =R IURId
39,

3. TR fEeqeT-wR fSeaer &1 e it uide 3R W 3¥eye Udh TR R{ud ofme.
SIS, e(t) = r(t) - b(t) heleReds Ja-T IO dHfdee Tag Irdl. TR fedaer ardfdd
et 3101 YWR-4 $YC TSI AT Ul GRE ol dhdl,
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4. TP Delar- beler WX U sfes@dl, Sl Hgdl YU HH! UlaR degear 3l
AT o IR I UadlaR dieddl WSl Waaafdd dheleRAe R fecdex 3fur
SR TIR T FHIART 31,

5. Taguex fohat dgia gie - Toguer WU grIfes Aick fdhdr ®ie, grigifte Hick
fhar safde® Hicy, off HelRB e MBI Held RIUTIuR Wied 37Y¢ .

4.2 Herd TaR AIS:

4.2.1 SR TEadl Hifgdl: Heler 81 Udh HedTdl ged 311 Sl B! W aTd TRy WIhRdl
3TFO1 g FYRTHD Pell ) Control action) IXddl. deleRd HIcYe AaR WY fobar sifqm
deld sadcdl AN bd Sid, o 33eYcdl ATl Sfadd U Ulgcak IRd 3IUId. Heler §
el RS §ay 38, SYUl Jureii Siepdl g1 TR MYgrardt fizes fobdit Fdasiia
) sensitive) 31T SMTTOT 3R TIYAT d HY TS 3HTg TR HAATT 3. WY gIABTANIS!
FHeIeRd Wa:d Ao 3.

4.2.2 HTaxdl AR T:
1. S0 U™ HH! HRUGNISN.
2. TRIFAYA SRt SR PIA&H fresaul i ggH Alfoid argd el HrUl.
3. Ayl Rt Hince Tfchex! St SRS,
4. AR, Ra-FafEd yoneizi J6fed 3= Td gr sxoare.
5. HIFAT STURedT YOiil sqa®=T (HhTeIes ardTaRul SATOT ATFE! &A= Ueiids).
4.2.3@?&@7&:
deld UaRM Bl dheleRgR daR ohall Sfd 31 off TR RyeaR sfeguexan faeit o,
oS Sfaguex Wichd gial TN TR RIUd HHT HRUARITST BRI .
deldl UaRI=Td WIelid diF UbR 3Mad:
1. Y3 el TR Al
2. f&adhicgsrg deia tarm die
3. BRI dheld TaRH e
4.2.4 Perd AT TfHr:
R TG BT Held YaR o T @Ieid fig. 4.2 TIR 3 A 7 B,

Control action modes

| | |

v

Continuous control Discontinuous control Composite control
action mode action mode action mode
l l l ON/OFF control action l l l
P I D PI PD PID
Fig. 4.2
FATRIP I TP dera R
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ppi
P - JUIRA
| - Sfeurd
D - SRegfees

4.3 fEa@e=gerT Heta TR HIS: I1 UHRAT dheld e’ ArS (Control Action Mode) T,
$YC TR R (Error Signal) A Seaiddt SheleRk HSCYCHE 3dd (fedhicgam)
9ad BdId. g dald uReriied I DRy Frifid S @nTard, oN (3() fbar oFF
(31T, IGUA Il ON-OFF Controller (3{T-31TH ﬁAFﬂ) 3 W Wged 9d. 8T Taid
19T 3101 T A 31T, A SR I AT ol AT eler-y faiffic aed 39d , aR g1 die
3N (Industrial) 3T TR (Domestic) Ferd RIRTT Wedl YHATIG: ATURET ST,

4.3.1 3{T-3MTF Perd AR o afH fiRue: S@T Measured Variable (FSTad ®RTEA) § Set
Point (Y€ TUlsc) &l HHT 3, TR helar 311 gidl 30T 313eye Riurd Srdid Sd fRwa
<. 3for @@T Measured Variable (H\I\ﬂ@la oei\wdcl) % Set Point ¥¢ HTéc TefT S 3Rd
a@m&ﬁﬁ?ﬁ&ﬁﬁf&wwaero) Gl

Comparator
Real time
tempt o(t) = error signal
measurement
Set tempt
(point)
| ! ; Relay
Tempt __JIIIIE
sensng' j———_—%— Electric supply
Heater coil
Fig. 4.3
AfNR® gafees e, Jif-3ife Yo Wisa s Sereeu
Tempt y
Measuramen!
E J: :' E I: ] 'lim;
b :. : E ': ': :
ON---- |
Heater coil
Of[~=---"
time
Fig. 4.4
3iT-3TE et T His<T agBIRt
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Fig. 4.3 A& Iron (3% GRAda! 3178, STt 3HH/3HF deld Sfa-Md Th Iarexul 8. T
RO 313yl dhdes G SHaRIT ST, UM Heater Coil (@12 disd) T 3
fobar 3T B,

1 f3e1ofl, Qerd-crgy TrR=R dt Ye urgexlt o dall Sird 0T AT SIYRTER heleR
TR RUd TR &), S R o Iisba HRogrrd! araRer Sran. Kol 3iiH/31% s R
Ppigadl faggd RaaT A &,

Fig. 4.4 T HIOAAT (Measurement) Teufd Biex disd o Ry afaaidl 3R,

100%

mv

SP ;
N/ o /oot
PV / N : band

Fig. 4.5
Fig. 4.5 A% GRIGITYHAY, 3{-/3{h HSITRUATS! S d8 TUN! AC UlgeHIadd! U Bict
goft 3118, fTY SR Wfohd gia ATl aran 31, HioieledT HedTd (Measured Value) YIS
Id e R 3M3eYcHe HIUTE! 9ad gid ATl
osld, B U dix IH 315, Sit Aleleied] eTdid dgM de-3dRiges heleR dad A
30T STHRITATARE G, Ies RHae faaR 3foT feaR )Wear and Tear) & BIdl
30T SUHRUM S AT

4.3.2 3{T-1/3ATP Helavd ATSEYe THIDHRI
TOTESed, § |Te Ay e ol 3,
P(t) = 0% (OFF) fore, <0

=100% (ON) for e, >0

oY,
P (t) — 3M3cyc R
e, — TR Ryyrd, St HiSTeled gRad I Ie UigeHedid ta axiadl.
UMY, SR TR U1 fafRy fobfeha g Uam SIRd Tell, R 31STYCT 0% e 100% R
qaadl. 31 R TR 1 a1y fbfera S Uam SHt e, dR 13Ty 100% a1 0%
R Greft Il
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P (%)

§_ 100 }— < <«>—>
3
ks
S Neutral
S zone
(&)

0f— —<>—< I >

— — Ae, 0 + Ae,
Error (%)
Fig. 4.6
€ ISR SR adia gga s+

433 /34T HelaR Yed F: Uldcdhd SMAHcR-He, ¢-UIfRH dheler (3HH/3M1%
deleRr) AL, Siegl e (t) YATAT HIHIA dTed fhdl St gld degl Ueh legald gid. AT
HTAGE, HEIeR SICYCHE HIVTG! 9&d Bid ATel, O Fig. 4.6 HH GRIAA 3fTe. Sqdd
Jed TRAH Ae(t) YATA R 96d Bid ATg!, Agdd dHelor 3cged Rl SaauR
Y. T I, o ATl Well Ae(t) Tdd TSUAd HeleR 0% R IGAUIR ATal,
2Ae (t) I1 AUfTelT g A fbar fSmIRmae 10 3 date S,
¢-UIfYRM dheleR B SUHGSH ed e S od Srard, Sardes fdiRed dries e
T1dl Ad. T Yed i i g Rdiadia fegmrad iR teh 3 3.

4.4 SR AIS: HCY3 dela gAY, dhleRk 3M3cyc TR fdbar ¥ 3iip del 3 TR
U desaR JGaundl TR =1 TR dedd. g1 die S icgs™ deier Aled
faitd ¥ U oRd. sgd® Siefiie Ufhams, T fhar she Hicgsm dHeleram
DA WU fae 91d. Hiegsr dia R, dHeleRk Jad feeds dc Ulse
30T AoTe RN RNTTd IHdTa TR HedgaRM  HRdl BHiegery dheld RReAdd,
HeleR Idd (SIS Ac Ulse ST Aots Uy RN aMdid TRY HeadgaRq &l
FR A T TRAT HH HRUGMNS] Th JURTAD fohdT AR Rl IS dovldes! pRudRmd

fY® g SMftr fRR g0 g, e Ma iaifie tferesg 7 Rdias
BRI YR
B3 Hied 3 UPHR 3HTed:
1. UUIRHd (P) herd
2. feud)) s
3. SRxfex D) B
E(s) K, U(s)
Fig. 4.7
TURd Beler
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4.4.1 WUIRAS (P) Peid:
Rz
R
.
&AW\, >__. e
Fig. 4.8
319- 3T T7 AR H= JUIRHS Heraw

JUIRFA Heid 81 U Blsad dbeladl UHR 3HTg. 81 Hieg3 dbeladl Jaid T JbR
3Tg, SN Fellve-u RIETHHL ITURd SIS, bl

P-3fi=cll el T RRUTAHLT Te3dR HH dxdl, I df HeH! Rl (SIS de
UiSca] TUTd T3, 81 3R SgdP DU UET avTa UiawTe odl, JSardia P-3fi=il dbeler
HE! Jdbe MR UfadTe % Ahal. qui, st R oifie shae g (oS!
3P B ENRGH), I R <gH gdid Bdb SH1 gidl, S P-theleR
HTel S eriexd Ufadg &S Wabdl.

0% d 100% HEIR AHT3CYC HRX HRUANIS AT TRAT FUAT JURMA 98 UK, HRUT
99 ¢ 99 HRIHHTA had a1 Yeadid TRAS! IQd 311g. & i WIdiayHTl o

Y Y
@l Vil Apdl:

P= Kye, +P,

ppi

e K, =TWR 30 o'hg:lcu 3{T3CYC G uﬁjﬁaﬁ? (% Tfd %)

e Po = TR THAMI fhal T TR AT HeleR TITYT (%)
ORI P-3fIel dhgior R TI8H BRE Sl o, <l U¢ UlscUNI SiagURA AT Hdl.
g STETRHAT SHTHIC UIATd, JHTIOT JTYROTI0 TR T § Sfegu= A0l SUfard ™.
TP JURMT deid Aied Tk Hewrd dIRIeed TgUr, Sl a8 df gl dagl dl ded
Haedl FRUTAAT AR Ulgear Th HOHERU! RIS TR FH0T Hdl, arara
3{THC TGO, BT SHhaC a6l K, BIecgR HHI bl ol dhd! , S WU 98
e ol gral.
TR 98 (PB): UMW §8 U dheleR 33eyed 3T §8, SOl BRIAd dherd

i U] TIBIUNT gadT CIhodd gad. Todigesed], d WTAiayHu oaad dhal s

b

100
- %

UM, SR YIRS 79 WU oIRd 3Rd, aR YN &8 QU a8 SRid.
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foan

YIRS 98 (PB): 9T HIaR AT3CYCHE 100% & 8id), 81 9ad UIRYcol TR &l BIF
e fSWIg Sl SITd), T YR 98 W8OI,

P-3fi=cll deiad | fdal D dhelaReAT GOl held UDhRINE Uha h HhUc HHl dhall
ST XHdl. UMY, § A&fTd Ul g 318 &1 B Ul BHigA ChUl SRR 3T,
HRUT Al AP JHIBROMT SaHd S,

TR Held dredr GRiRl WdaraydTor fedr sirs, qrar:
i, TORHS dererAe, Yaequeq Rma R Sfeuem=an yaRHwed s,
ii. SR R STz oRd 3id, @R dHedcs oRugad &g 5l oTRd 3.
iii. SR R Sfeue™ &t 3lid, R dHudcs oRudadl Eeg &l HHd 3.
iv. MAFSTd fRUGId P dheierdl eigd R 3Yc |RUSAIRETE 3.

Q'%I%QF\‘T:
OIS Heler A 33 bl ofY;
1. TRFET Uided Hgard e w0 Iy 3R,
2. A8 A ded HH 3Med.
3. R RIaTd SRciel S€ CIgH BT 317G,

4.428feud ) 1) dia

I

Fig.4.9

3NY-3T IT IR H& 3T Halar

gO1 YRl hic-g3y TaRM Ae WU 3fedd dheld. 3fcud dheld g higdd dbelad]
ST YHR 3. & Il dIRal Sl SR d Qa3 Hivrdiel faaem
) Deviations) dlg .

S TR TRA debJ8R SRSl dHed, T sRoldl T UMHR e, TIOT Gl gikony
AT HeleR MICYeHY Siig- UaM odl SId. S0l UTg Wbl Pi, SR TR JSHa!
RN R AT @it fa=ferd gld sid, R Ugd ¥ R gid, Arges sfeud Tarm
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Plele! AT GUR A6l I SR R dledl HIAadrdl YhRidAS fhal ToRIAS gld

HiCYd Baadl TAHE, Sl BT JY TR, SRSl 81 IR S=ifdet Sd. T, 81
HIS Tl $feud THiarumgR aRifae STt

P(t) = Hrf exdt + P(0)

0
Y, P (0) § DeleR A3CYT 3HTg W] Sfedd YaRMH T gld.
T K § SXad & TRAT UdD Tc <A ol §IaRITS! bl cadh dhglar 33cye

Y

AP 3]
{+)
Fls 0
)
(- 0 (+)
Error
Fig. 4.10
¥e 3P 3TSHeye Sy 3 TR
e(t)
A .
t
t
. Fig.411
U U= 3w sfeyra weia uis
3feud Heia TR wrae:

1. B WS T TRAT HH B!, WU MBI car URUMH HH Hdl.
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2. TR SR ek fAfRIy dblel 81 delee 33CYC Ve !, f[aRIvad: Siegl K| o
e BT 31
3. g1 SfQTRHA H<-us URie gl IS P,
sfeud e TaRrd die:
Q. &1 XGAFAT0! ATORET I ATal SATIOT TR dheiaeids U Hauul aroRe ST,
R. BT SiTeTeiest Reui-ga Rediael SRR o,
3. 81 e R~ el e Wel [edhfSXH =T Siadl-Hidad! gfcT Iurid JTeiia=-a
TR Hl.
TP e
Sfeud Feae Oy 3% Trahdl oiY;
1. 3N ufshar S & aroHE Haa, [fes ded FEam, IR Wgde @01, Hie?
Tte fAd=ur.
2. 1 IR g9 9Rd 3E@ FOF0 A ofg, o &1 W ghoif-ai,
SATSRA 3for e,
3. 3R HIUKdE RREH o) qosaR 3@ Aculse [0l qUS 3Tg ST SFTET Biedr
S fURTar quittt erRor fhdT Hig- ! Ta=ad 3%,

4.4.3 Sgfew (D) Fera:
R
| ——W\
v (@) il LA
o= ~
.
+ +
v (1)
R 0
Fig.4.12
3NY-3T °T qTIR H& SRGQIE Helar

Uidcaqrael TR fg dos=ft fFeifea srad anfor wat faRRy eroft <t @t 819 Tehd. W o &
UIHR ST YR AGUIR ATel. BUH ¢ % ool 3 TR e wral G-
3TAD 318, 3R YHRAT helardl sRegfceg dheler WUrdrd.
1 Hieqey, Eb?j?ﬂ% S{AR]3 TWR=AT T 3% dW 3% <ISHAR (Rate of change of time)
AT 3. T ATl ¥ YR His fohar sifieRtest TarM Ae 3! ®urar.
gl HISHIS I TN GHIDBRUT Wletiel JHIU 3Tg:

P(t) = HD‘;L:’

Y,
M, Kp = sR&fe® 11 Hike< 81 MU IRl $ TRAT UAH D Te W Jdhg
SGATeT YRISR dheler AH3cycdl favdl T Sard drld.
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W o N

sRgfee UM Wdaul aiRal Sfd dlet RO df TR RR AT TN dhie<
AT B! TICYS UG HRd ATgl.

Fig. 4.13 A&l gRifqeumym, Shefie TaRM T Sear eRIJAR Helar 3T3eYe &Y
Fadd o GRIAd 318, T IaTERUINIS], 3R TEId tRA 318 &I dheleRd AT3CYS B!
TR AT 50% 38, 9] TR JU I UIRIcIe WU daad, dagl $T3cycHEg! HIal
§ad gidl, M1 Sigl TR daeld ATg], degl $STYS 50% aR TR Ad. Vact, Siegl TR Hl
gId Sild, TgUIS Slegl TR Afifeeg Wiy A dgdd, degl helerkal $H3cyc I Wigauul st
EESEER

(+) | i

. |
5 | ot
5 0 | l ! ! I ~ Time
() o I |
1 I I I |
P b | |
p (%) : : : l }
100} | | I I i
Py r
IEn
3 L
3 ' *
= 60
£
3
- I
0 = Tima
Fig. 4.13

NPT Ms Tawe A9w U 3if7 g Yo 31 T
sRefex Al Fressiyded I Fgd1 A8 IS ARl S0l SHTaRAD 3Tg, BRUI TR
i U deaS dHeloRaAl A3y U HIS, 3[AME dad ghd Jdhdl. 3R
geHes SRRAT  (Instability) FHTOT 813> Travdl.
SRR Heia diewr IR GrelauwT fEer sirss wal:
i, SR TR YT 31 fhdl TR IR fRR 38, TR HIS PivIds! 3M3CYCT U HRd Tl
ii. SR TR 3d, TR TRAT YD 1%-Ufd-Tdbg dgaredl ™l 81 A8 Kp cddh 3M3CYc
=5l

iii. SERaE YaRMYIS], TR UiNIcIe Seardl YRR sRaefcg die UiRIdE 33cye
EENETGI
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Ui =r=a:
1. T 3R URIHR-aHe ariRdr Sl oY TR At 4TST daa gren ol s fearg
TTAH 3dl, S B! HIXH dheld R (ASIcd MR, THINTR Held qU, chHed
4.5 HUISNE Heid TaRT: [STHIEY3RT AT HcY3 dHeler HISHYT 3y 3Mem 3 38
& T HIgd Wa:d BAg 3T dic 3HRd. ey SeReHd TRaaed Jiie! dgdd
Hed ArgY 3T Held T3TYT 43 Xdhd ATgid. =1 dd! agfaad dbeid gy U
HR0 R HTOT IUGHT 3Tg, SIS Udh Ted Weh: d B Mdld. Hlgl haaqs, b
SffAfad Wwraar 3T 3R &t Hie=dT dafadd Haiel g gidld. gafd JTHIIUO! auRa STum
yaRHa-Sfeud (P,
yuiRie-SRegfc  (PD) 3fon
yuIRie-Sfeud-sRefes  (PID) Held His.

4.5.1 YORAA-gfeud dera 7S (P-1 Trs):

AA IL
\R\ v él '\/\/\/

Fig. 4.14
3Y-37 T TR HE& P-1 HEleR
[Courtesy: “Control Systems” by Nagoor Kani, Page: 2.84]
g1 HUIEie dHeld GarM Aieal I BAal 3T 318 &1 JARHd dheid Aled ¥d Hrag ard
U 3Med 301 Sfeud Al et U Sraeidl SHihde gr .
gl el YaRFAS! UUiRMe M Efeud THiemRuir Thd RIS A9 Sied oiid, @
ThAd GHIDHRUT Wlettel JHTU:

P(t) = Kpep + KoK, f epdt + P, (0)
GRily Hchmundead%qTi%ﬁWWﬁmﬁ:{ gﬁﬁmlﬂgﬁ?é@ﬁw 11?@

$eURH T, K, WAYUl TSoRe &dll 9S> hdl. WA A8 WAl JTRETER AlS
Jod I SHihde TR AT Hxdl SO AT dHeleR 3M¥eye Y TR UM HRUIR
I8l TG Pl AISHY, SfUd HhaRH HARAd 3 TdIH dheleR 3M3CYT UM HRd, S
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IS 9ad FFR TR LI Bld. Siedd BieR dis dad AedMaR L TR 313eye {4
DR,

Error
o X
>
-

p (%)

|
|
|
|
|
|
I
100 I
I
I
|

Proportional

—— ——— —

Controller output
3
/
/
¢\-‘r--——-—————-—
|
a\?\—

Composite

0 r
Fig. 4.14
P-1 TaRT ST ¢ R TawE 3T ¢ gfeud +RpReE
4.5.2 yuRia-sRefeg gl dis  (P-D #IS):

N r—«iw—
e | K |
VN & R |
R - ut(t-)- s 1S
l : e u(t
&

Fig. 4.15
39-37 °T ITR HE& P-D HeleR
[Courtesy: “Control Systems” by Nagoor Kani, Page: 2.86]
Held Aled IR Teh BRI WU PD-dheld, of HIS-hikae 31U Bledd® delad
DTSRG, DR d JeATAT TR HISY 101 SiTiord e gIom=ar W Hfee-ar
B HA. PD-HSIAHY, Held 3M3cye § TR a1 A= sRefes g fafeR
PN 3118, PD-HeIaHe YU Bl BIURT I83dR HHT Bl 311 SRReE
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T PD-FHe IR TN FHiesuT W euHToT 3178
P(t) = Kpep + KoK, % +P(0)

g R yuRFa Feid 4o gIURT SHhie g xd Alel, IR , A8 I9 3Hie TR
WP SN faH R Al 9ad gIdidd. Fig.4.16 AL TS ool Hed™ PD &l
fare Tt § o=ffae e, 3% § wifed oss a1 SRR Yo dHeler sfeeygean
T 3 S 3 TR TIR T,

ep (%)
(+)
E 4 N -y
s 1 — >
i , \I
“) { b )
| I | Offset
| I |
| | |
[ [
[ (-
I [ !
| 1!
p(%) | I :
| |
100} : : :
= I (.
3 | |
3 [ |}
5 | [
S s0 ' I
c
38 Proportional response
B Derivative response -
Fig. 4.16

PD &eld UIs REui=T g Siihde TR Bk Aol dts
4.5.3 giaRia-gfeya-sia@fes Faaur ais (PID #e):

P Proportional
Setpoint /
e e e A > )

Integral T

L Ki L ()

-\\‘- -/;'
Process Derivative
Variable > K

Fig. 4.16
AP SRYH 3T PID HeleR

Controller Qutput
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INVERTER
15

R

3]

PROPORTICRAL
RP1 & RPZ f
Fd
B T
+
Hopz2
o Re DERIVATIVE
VERR 4%|_?fvw a RD g
5]
ek TAVa
+
XOP3
S
INTEGRAL
RL 10 Cl 11

4]
H

Rifi

+
XOp4

Fig. 4.17

39-37 °T ITR H& PID HelaR

o

ROPG

gaid YfGTRATe TR HIAQH dHeler IS SHR-yie! Th Wi, $fevra sfor

Shxfes At a1 fau@aT Thd &= §99d1. 81 PID HIS HIUATe! U T RRI-HC dTuRd]

SIS, Wdhal. I AU s GHIHRUT @I TAyHTol 378"

t

de
P(t) = Kpep + Hp.f{ff epdt + prfﬂd—:'+ P,(0)

0

BT HIS UIUIRAd AIed 3ThHIT gX Hrdl AT SaMH fdhal Jdd Sl dredlo! aiar

g1 Ue™ HRdl. U6 I PID R Fig. 4.18 Ael GRIfaa 318
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ep (%)
(+)
S
5 0 > {
)
p (%)
100}
§ Derivative :
3 Proportional Integral
-—3 s vy R
b ————— — —~—r - e = e
8 e T
™ ~
NN
Composite
(PID Mode)
0 t

Fig. 4.18
PD &gid s freaiq
Parameters PD controller PI controller PID controller
Control . - . . -
i Proportional + Derivative Proportional + Integral Proportional + Integral + Derivative
action
i de ] T S a
Mathematica P(t) = Kpep+ KpKp—L + P(0) | P(t) = Kpep+ KoK, Jr gpdt + RB(0) | P(t) = Kpe. + H,_.HUI it + H,_.H”j + B0
1 Formula dt 0 " dt
Error Cannot eliminate steady- .. ..
. i Y Eliminates steady-state error Eliminates steady-state error
Reduction state error
Response
Spel(: d Faster response due to Kp Slower response due to K; Balanced response

Steady-State
Error

Present (not eliminated)

Eliminated

Eliminated

More stable compared to PI

Can introduce instability if K; is

Stabili ; . Most stable if tuned properl
ty but can be oscillatory too high properly

High overshoot due to Can be optimized to minimize
Overshoot g. . . Less overshoot than PD P

derivative action overshoot

Systems requiring fast Systems needing zero steady- ..

Y d & Y & Y Systems requiring both fast response
Best Use Case | response without steady- state error but can tolerate
. . and zero steady-state error

state error elimination slower response
Common Robotics, motor control, Temperature control, level Aerospace, process control, complex
Applications | position control control systems
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>

o

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

Quesions

State need of controller. [U]

Define a process control system [R]

Draw block diagram of Process Control System. State function of each block. [R/U]
Explain the role of the following components in a process control system:

a) Sensor

b) Controller

¢) Actuator [U]

Enlist different types of control actions used in process control systems. [R]

Give classification of control actions. [U]

Explain with neat sketch ON-OFF controller action. (Consider any suitable example). [A]

Define:i) Proportional band ii) Offset [R]
State significance of neutral zone. [U]
State mathematical output equations for Proportional (P) control action. [R]
State mathematical output equations for Integral (1) control action. [R]
State mathematical output equations for Derivative (D) control action. [R]
List two applications of each control mode: P, I, and D. [R]
The integral control action eliminates steady-state error in a control system. Justify. [U]
State mathematical output equations for PD control action. [R]
State mathematical output equations for PI control action. [R]
State mathematical output equations for PID control action. [R]
Compare the responses of PI, PD, and PID controllers in terms of mathematical equation,
stability, overshoot and application. [A]
Describe PD control action. State its applications. (Any two). [R/U]
Draw electronic PID controller with op-amp. Describe its operation with output equation and
response. [A]
Compare PD and PID controllers on the basic of:
I.  Control action

ii.  Mathematical formula

iii.  Stability

iv.  Applications [A]
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Unit 5 Servo System and Components

wat ffeew nfor gew
fawg fAeasht (co): sienfie Suarma Jur=ar gat fRifen =1 simiHe < Saqd Saor
geo Aot (Theory Learning Outcomes):
TLO 1: ¥a R thaRH ST gl R iAeid I Agw@ WY .
TLO 2: TR f&caer’ TUH fShRid Hal geah = S o He.
TLO 3: T 9al Alex, ST Fal Alex AT TR ArexH T B FiL
TLO 4: Tt 3f1for SRt Uifre sheld Riceqmeiiel e Wy .

5.194l ffen: Iaf ey & wuafed wisds Az Riew omg, S AdbHed UIfeRM,
RARIC fhal TRICRRM a1 WU 313y UK (error) RIUGAR &Y ddld. TR RIS
Hicy ATGIUITITS] dlede Sdld, S 3T3CYcdl SIeow SdId.

~__Input Servo Servo Load Output
1 Amplifier Motor
Error
Detector
Feedback ]
Mechanism J‘

Fig 5.1
Iat R <ol SIH

Gear system

I meter
Error

signal

Output
shaft

3 Input Command Signal

Amplifier

Fig 5.2
LR CIEELEATE
(Courtesy: https://electricalbaba.com/basics-of-servomechanism-and-servo-motor/)

gfdT: R 5.2 Jal Rifkewdt Im=T g gzfad. 3 R RikeugR dAlegR arefdos
I TMue g2ifad. TR fEeaer B[ UeRMIHeR e 2Mue=h 3fsd MR Hisie! s
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3TIOT g&T ! oiTd. UIeRIIeR 9 3¥eye, § TR YC BUH BT HRd; o SIABIHER
qUEA d16dd old. § R, R RiRcHgR oie AToquaisidr, Hickd TR ®locd
AT HRUGITET AR SiTd. qai R g1 e Rikerdie Ueh A YT 318 BRI
<l S 3T, Joe Ul 9, 3 fazamedn (Ramfaferd), &4 39 AR, 3= el
Safadmal (Fafeafafere), You SaHTE UaH Hd.
5.1.1 94l Rad Todbard
1. ASfea: JAdifcaamed qal RS arR e R Sior Frowl=h uifgze, Ts ofr
CEARRIESERSISIE K TIREIN
2. CNC H=2=: CNC TRiFAed et Rt arR & gaad! mitre onfor wfts faifia
DHRUGTHTS! BT ST,
3. FrpiR e etk d@cudl Wis AT el HafHd HrRugMe! dedr Nikeqas
Ta RifeTaT IR B oT Sl
4, RO g T aR Rowq e {9 oifdr sidkies I gewhid mifske, Tts
3107 <l R eRuarTdt ot ST,
5.2 9dl RIeTd ged (HuiHe)
1. @ @aieR): @ g1 qai Rfkerdr 59 3. § ARG AIhgd [dhdl Id-WRd
FRiFSTh g ZAYC U HRd HIUT SFRUeraT M3CYS UIddd. helor g A-PIheIoR,
Jiees (UmeEs sifvia deiex) fdar gafdd (Sfedhes) Taf deiox IC 3R bl
2. BISad Y=R: BISad YR g1 Hb-dhd R sz, Ts fdhar ald Arerdl ffor
B difgd HioxeT IR UTedd]. Blead Sl A= UHRAE UIcRAMHR, Thiex
3T S IHTeR T THIGRT BIdl.
3. 3fdegucy: 3ldeguck gl Ucdh 3fg Sl dbeloxded [dgdd Rues! e wdias
FUIART BRI, T THRAT SlacdUcAe SRl Alcd, ¥R dicy 101 Jai diewd
HHTART B,

5.2.1 TIeRraHes: UICRAMeR 81 U USRIl f[dggd U 3 Sl Ao d el TifeRH
fhal feTeigtc ASUaMTd!l aIURST SIdl. 81 Uh GRUES MR 3l o 2w fdhar
OIS UREAT g&dl HRTTAT NIRRFNIG deoidl ReUi-g dTd YeRe~ &g daadl.
af$T. IR te RRUTe MR 9 Sl Abed Wi sofkes Rusnd
FUART PRl § Tal Beloxe] QISRM hledd UaH rd. UIcRmeAs Td Joad
U6 3], SOl AgUR WU, Sl eRedl d Wedl. oY dRW ged),
HeTHdie IRReT deod!, NI Focs 3Seye A J¢d gidl. &lGedl 3M3eyce
IRURAT TR YUIRM € 394, UIcRAMCR g1 9al ek R aqeie T A
gch 3MTg, SNl UM dhelodrdl Wigdd g dHdl. TR 81 Udh GRITS IR
3{Te MY Hevod AARTE geh d1d8 dad Idrd MO IR gR WIS dHl<ae
3L, § AWRS FBIGcord g HITHE fTHSH Hd, S 33y @Iocodr ddldd
=01 39T Id. Fi<ae df AR R fhdl TaaRMd fdhal gigrd HITE-RE 3R 2ehd
1T gioulc UK.
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3 -
ovce
6.
V(f) Supply
Voltage
== e @ OUTPUT
®GND
0 A @OUTPUT
GND
f @vcc 0
Fig 5.4
(Courtesy: Principles of Control Systems By Joseph Cyril Babu - 2006, https://www.pinterest.com/pin/pinout-of-a-potentiometer--
802344489874975605/)

5.2.2 UIERRMley @9 T T fEewey: uidRmumir Rifem=n sfesa onftr arafds
Qs e TR AN, S[ETRM JURTINIG! Heloxe! TR RiYe U6t TR f&eaey
T80 $ Fd. 3Pl GRMAd B UMM BR&H T YR-U]aR ha Pl 3g;
RIeRt AR S1EdId, 3T3HeYe Bl e(t) § ZMUE UIFRM oc (t) =1 TUIRH Jed 3.
e (t)=Ks 0Oc (1)
O, Ks= JUIRAIRId ®ixce
Ks=V/2nN
V = YR glecsl HHICS,

(]

N = FeR 3T o1g fdhal s 3HTh AeT 3R Thied

B¢ B¢
(f) Supply

—

e (f) -

Fig 5.5:
ieRranier To T TR fedae

_ (Courtesy. Principles of Control Systems By Joseph Cyril Babu - 2006)
Fig. 55 TR f&daeR R OcREdiey a3fad. e WHE godr (Oﬁivii) G
GIeRIHeR RAT e d 3gd. DC T AT HoT SIdl MOl 313CYS BIGed G
IR ey }NTTE e Udo Sd. § aiF RAed Rud 2T QiR go
HRUGY ST <.

3T3TYC 3R GRITAT 1, e (t) = Ks [Or () — ¢ (1)]
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ey graRE fafdy Yt az-aardt ai¢Rrten diaar AR aTaR BT Sidl.

5.3 fRiwel: Rih! 3 3R ISR 318 o MU A bl ACG] Fofdche RyueHd FUiaiRd
PRUANITS] SGaCHATCD TSR dliRd. § FTHHId: 3P UIferzH, fzm SMfor et Ao
Y SN TRISIRUNT 3fieuee e, Afeize e, woRge ddle e,
Afegi= 3nftr Aniezi Rfkew onftr TeR 3T Uled fesforsi—a) daul IR@ =m0
YUMo IAEd SoR fSxeaic Afgd! Tl SRuarié! st Sl Rig! Rikewd geR
1. TR fedqex fdar rcte ffen
2. Tlep cigriRA ergy fafed

5.3.1 TR feeqey fhar seie Riftew: Rig! TR fhar digie fscmrm Rikew & t& voRe
ew o St fhrum=r el UiftRM, &z fbar Tdindie wR fhar SfeuzH
RNYTARATST Richar aTR . RiReH 2= aRafdd Wi fdar i gfwsd fhar
YR B &1 Hd ST GBS Beh RGN TR RTe e $id.

5.3.2 SI® TEIRM 2r3u RiRkew: Tfd cruftzH yeR Rited g te vord [{fen og St
U] MUY GIT AMFCHSE Tld CIHIC HRUTNS! Righl a1 aR Fvd. & RiRked
TG W, sffermifeeg onfYr Sfieifiies Siiciz IR$A I YHIUIG Sl Sfor
fozaNITRdl TaRT® SNIGGAT U@ H-aHY JIURSG! Sld. I Woe 41 ariR Qifer=e Ao
RfRere TR 2MYS WUH H&T ofdl. Tid <R ¢y Riedd Ucdh WTooyHar
3med

1R eraHteR: 3YC M=l Adb e d ACTHOT Soldeh e RUeHE FUidRd Hd.

2. Riw! Reftegr: Rion! grawiicradio sofdedhe Riueer AdhHad Jczae FUidRd
H.

3. Tl TR gfe: $YC MEHYA 3T3cye AMICHE iy THTRT P,

4. 3{TICYC ZTUE: MU ST TR €idp W Hal.

RispY gradier: Rish! grawiicran digaRM g8 e 11 e 3T, HLE TR
R UTT 3rar 0T Aex FHRUMRT YT Al Tekd! U dfics Wodl SR &l o
IrATHI! TR BISS [STEda] 3¥d, dR AT Tdh JHM DR Sa! 0T graariaa
dRRA] BISG [SBO! 3HHd. R BT FMICST Teoe 38, U KR Sl by Hos
3], T V@1 JUIE AT T § eoldH e gdd. e a8 Rig! cruHiera
THICHo AlhcHzl Sedl. did HecaR -Thel SGe-eAREd 3. 3T 1 BT
FRUGES! R WeX Eiod d900¢ 36, 3-We aisie Jidl TeX Wi oo 3.
TR arRfeTar Uy UHABTURE 1200 3R1aR a1 S,
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Slip Stator

Stator

afe: R crawiic=an afd e AhHed Acz-d Sofaesme RUeHSE FUidR 8.
ST AR Rl AR o ISFRITACH FSRMGR WeR Hi3odd Bgedl URd Hd. Tex
Pigodd URT Glocs el AT HIFMAT THIUNG 3R, Sofdche RFe da@R
TG RO Rie-ths fdhar -Whel gofdcdre Rye armdl. $m3cye e §
el UiferRH, fa=mm Siiftr et aid B 3118, W ARfSTTd Higad aRAY Seod JTed.
Nex@] T Flgedl foe $o Sld. T Gloed gRIHIea AckaR HUS™ B Siid 10T d

31 qRifde S,

Vr= 2 Vr sinw, t

Y (e

V; - AR BlgGcord! JRTATH GG
we — HIIR Tre=a

S:

Fig 5.7

Riwpt er=viea afda

~

ST BN Hoo BB HIlCH YaTg T Ire TR Teh Tard! Jarg URd &,
AR A LR FERTANG IRIR SSRMEGS LR ST Flocs dRd gld. TR
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TSI eod FoT e I LTS TE RIS SRIeREl 3R-d], Wex
IEfETHY Flacs ARd GSgH) B S,

5.4 Rigpt T T TR fFeaer: A 2ve=ar tagse A fegmR aiirmadile e
fefiegrer Rue ureadl, S Mt Uase QiR fegmR uifeRMRN go- &Rl
I TP o, Risl Raftegy TR e SRke o), Sl 9WR 2MMded! NifsRH
DHAC HIUATNIS! HST SIS, bl MUl UM TSoe HRugRIdt 3o TR R
FROINTS! Faf Hiex fdhar SaR =0 USRI AGAuarITet a1 TR Rwedr awR HoT
1S, b, RisIedl S Srefeb 30T RFNGYRA & TR $eaRr 31for PR T lcb
131 IUYeT 3Te.

Synchros Control
Transmitter Transformer

Fig 5.8
Pl T T TR fgeaer

37aTd. Rish! gryHieR 31for Refiegy JH=Id: ThaRY Srdra Mo o Rishld 1 g
YA, d Heul ST THURWY SYdd, UASHEE Ac MU Wex 3.
fSHARS SASHRR 81 ¢&e Rich! SR Tdh Hew@rl YR 8. LRI §
I T Uedh THIMAY 3MTed, S Udh Waqul gHc TOR HRUgMNIe! UHha 6o Sidrd. Righ!
TR, Tl St fewmiRe SewrR 7 Rivk qoyd RfaeT soiay sied enfir
gt RReH Te™ SRoaRITe! ThATUU B HRuaNe! fSemgd oo 3Hed.

g Rl eraier Refiever Rive ugadl, 2mue Tase UifeRH sfede Hd.
iR ot gor Yy ezl axal @ TR Rwe Faio #xal o) (e @ce
feRRaaR UrafaeT Srdl, S ZMuedt QiferRM Fariford ®vdl. RfieR et gifeRM ddd
AR BRI, 3gH FIAUMTTS! WA <all. Helo CFIBIHRAN Hae BN CHIC
TR fSCHeR WUH S0 Txdl. § I3 3P TR Haa0r fr YURom 9ed &,
Ao 3 GRS Il

e(t) = k'V.CosPSinw, .t
b — TFHICR 31T dHretee AeR faareia or feasade.
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® — 90° 3R THABHT WUSIHOR 3T, Righ! TraHTex 3Nf Held TrahIHR
THEAAUU I MYTATATST ATURSG SITATd. R GAAOG BB THIDRU HElS BN
ST STAHieR= RICHAT M YIRS 38,

5.5 T THISY: A THIe 81 U USRI YR 318 il MG AeIMS ARFST f$iies
RTere) SUidRd ®Rdl. JcfeT Mded! Tz, Tt 3T fazm Asvaré! § Imaa:
Jaifesy, Freaft axf= snfor sienfies siicriz IRE T@ehag IR Srd. e
RIS T A fSfSice die UM HRdrd, &R ShHce Thler Th Uad ¢ UaH
HRATT o AT SRR 31O Tis gziad.
et THleHd YPR
1. IfsHiege el Ty
2. 3fhHc® A ThIsy
3. PP Vel ThIex
4. HIfe® A} Thisy
5. HURIfee e THIed
6. Folace el Ty

L]
Slit disc \\\\“ “I’
\

J
Y

tess.

DC
servomotor

L PTTE

\\\\ A

-~
—

Profile sensor,
External
control board

—
—
-

to PC

FICHRM: AU THIeyA MG A AT Wex 34dl, Aex o= st
SIEGOT Sl AT Xeex ST {hay ST, RexAed Hifdh N fohal W@ icad! RSt sRyd Sff
MU fhRd degl WA Saed- Sid, M1 GIfgrRH=A1 yqiund fefsee Rive TR o,
fHT: M A AT, FMUCHT TNSS@T AR W !, HS AeANS ATt
fhdl Tolc TeaAT aeg S, Tex HIh N fdhal Woiced IR el Mor fefes
7o TUR &), Sl AT GIfgRM= JHIONd sl dHaR f$fiee Rvre daii
TS UIEaoT SITdl, SR &1 ARIhIGCIoR ol AT, St R or2f sradr sfor zmiedt
ISR, STAvaRM 31 Tie 3xadl. TR e AR 2mtear Wie fdfHa sruarnd g
TTfgd! I XMdhd, S B el Wie fhdl SRRERH TeoRe &, MU fthd SRIAHT
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A THisR fSfoes Rme Ao wvd T84, Sre 2wt Wit it grodre
Tad HTsTega MO dele BT Ad.

e} Thiexd B! THN UG Ha

1. IR Helo,

2. Jdifeqq

3. gt w=f=

4. 3N 3wz

5.6 Jdl Hiew: Jal dicy gl U UHRA! Iofaed HieX 3R off HohHdbe fReHdr ifezm,
ROINICT 30T TRIGRRM TR 3D helo Yo HRUINS! S8 Hool 3e. d
IHIG: ASIead, CNC TR Sf1foT Siefies Sifeiize IRe Ufeesary, aRe S,
S I ST ST [GzANTRdT SHa=a® 3RId. al Hichd HIAT Ufbhary,

1. 3qIcH
2. e J=iH
3. 3T siferizM
4. 71 o Rifey
5. RO
6. 3fcrAlica
7. GEDH T IUBRO!
|l Aicdd UHR
1. DC gal Aley: g1 Hiey DC Joll TdId aToRard HTOT FH=Id: Jaifead 3o CNC TR
ARBAT UGB ATORGT SN,
2. AC Taf Aied: 71 Hicd AC I91f TId aToRdrd 3o Iramad: Siieifiie ez sfor
Oz shelo Rien IR U Ha=T RS Sdd.
3. TR 94T HIey: 1 HIcy SX09 (S aruRard 1 JrH=ad: JSfeay ST TRReT
ARBAT UGB ATORGT SN,
4. WR T4 HAicy: J1 Alcy TR AR fS3 aroRdrd o gmaa: 3D fifé aafor eNne
T2 IREA T dH2-aq el aroReGdT SiTdId.
5.6.1 AC Hdl Hied

A,Sn%ﬁivf?er Main Winding

O

Control Signal (3 O Motor Shaft
o

Control
Winding

Fig 5.10
AC Taf diesd
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T Fat Alex Wex AT AexAAdfia Sefae1 Hifed wios iRue = &1 avd. ¥
fiRUIR Tt Wioe AT BIGedl U, [ d fhrd. AC IS qRasurE! fThes-=t
3 Sffeygs Usoie & HAiexdr Wig it UiftRA fFdfd »ot od. § Aexa
BTEATOIaR 3 AU STV A od.

PHIERM: T Al Aiexddl deRMAY M W, Sl {had HFT SRyl ST Jex
TR AeHL TACH DR, ARSI AT IMIE 3R, Ve @ fafTs] gR FUIe 31Tg, S
d Teolad ST Ffemdn e FHd. Jraafaiad, JAexal UifeRFERR Sl Tdegs
Pledd GUIMNTE! Thier fhal Reioexar U6l S ol Sidl, W Hlel glodaior
3P DG HD AP, TYUl SRIH! DT IRE®H BT A 30! S, St ASIET JEUTT
ST Tal Hiek Helovdpgd RIUe U H&d B Hd, of Aled! SRR WM,
OIS 3T Trez el wd. dier FR fSgmR Jeurgezlt Jwvamd! fa=ht
U9, eIk U TRIGRM TSoRe dRd. UIRRM I, S & Thier fdhd
UICRIHCR, HSIoRT Bledd UG HRdl, o MMAIDHIITIR TSoRe Hd. AR 3D
gIodIG HRUGNS! SN0 =0T IRGuIRISt a1 Wigadbal alR . Jal Alexdl 3o
3R M7 fazaEEd § 3 gz sfaxge oedl Ufda 3Meaf aad.
el gTodre WY 310 e 3Ts.

5.6.2 DC Hal HieH: DC Jdl HICY g Soiacd Hlexd Uh UHR 3Mgd of DC Ioll ¥dld aroRdld
301 Ml UifeRH, FoIRIC 30 THRoRRA AR e MU0 UM HRUgHd]
ERIERE TS sﬂsd o IR Jaifed, et 7ziiF onfir s siferizm IR

U@ paHE ITRS SIdTd, WY = TR 1T fazargar (Remfafed) smazae 3m

a

V, (from amplifier) Ly Constant Current

i Source

Fig. 5.11:
DC ¥ai Ay
SR ol ek fiRkge § difcs wigs il faggd Uarg aigd AUl $ise T
RJex FHRUIRT HIT 3Ydl. Wexd! Sl UfaR RAG! oId, St HAfed Bigs FH0 Hd.
Aol ST TR <T@ RAG! old, WS WAl HAed HIGSIN gexac HRUMRI
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5.7 W Hlew: ¥R AR g Udh UHRA! gofded Hler 3 St Iad Wie, f&fkpe Tura
. & e 3D fifdT eNne 3= onfor Rieifce IRen T zaae arRe S,
Y Hiewsr QA ol RORIC 3Ed U0 azad 3d. WWR Hlex gguf
RICIAST 3P FeH WA [AUFH SR B, fa=Ivd: Ui Y@ IGTRMA 200 0T 400 U

R, AICR SAEGR $held $ol §ld, Sl HICRST 3% Udd UIddd, e Udd

ToUUTS! <ff T ftha 3fo-, fa=vd: 0.5 d 5 3f=Ti=ar aw M fihed.

AA' and BB are the two phases

Parmanent Magnet
Rotor

Motor Case

Fig 5.12
Rotor Poles
Bearing Housing l
Stator
Poles
Magnetic
Shafts
Stator Coils Shaft Bearing
Fig 5.13

(Courtesy: https.//www.engineersgarage.com/stepper-motor-basics-types-and-working/)
T TR AR IRGBINR B ToH WK HE B Hd, SaHes diex THT HiRad
3T fhRd. HiedT er WA Hilfed aamzl TRAT S T4 UifeRMd godl Sfr
AR SRR gW! Uod Uradd], Sages Hck Jale MisrRHd fthrd. 8t ufdsar g=RIg< gid,
HieR oM, f&fre Tumed fhd, S Hieka UifeRMaR Il TdiaR 3 =0
3adT Id. HieRd! TR SEwaNte- Uddoadl Taud We 3l IRARdl JrATgR
3T Hot ST T 5 IT6doGl Sl HHMER AR Glg! G [he 2.
UGY UISa@aTyHI, Hiex WU 91 XU JAdH fhd, Ud% Wy ez falky sirezf

Maharashtra State Board of Technical Education 80



Control Systems (314337) Herd RIRew (314337)

Tafdd 3rd. TpUME, WWR JAickd TR flifue dic=n goddiar e il

Roraas a0 Sauary srHd dd.
VR Hied= UHR 3T,
1. gAUOR ¥R died
2. TGN ¥R Ay
3. IS ¥R Ay
WR Aicdd Tsazm,
1. 3D fuifdm
2. it 7=l
3. &l
4. ITH IUBRO!
5. 3iciHifc s Rifen
6. 3ATENAIH 3z
Table 5.1
T al, SR T4t 1 W Aex T goT
Parameter Q@fﬂiﬁtﬁﬂ St 9at AR WU HieY HieR
UTaR i 3T BT (AC) ST Hee (DC) STAYAC IC (DC)
(up to 100,000 rpm) (up to 10,000 rpm) (up to 3,000 rpm)
el g cle Uc Al Wfigy | gD U g Wis | @l ol Uc 81g Wis
i R=i S UBRE (upto | THSIaH Tith iRt ol TRt
95%) (up to 80%) (up to 50%)
Feid PR held Ry | Rigd deld R | Rwgd dgia Ridi™
DI T B @ P ol P
Heqa Sl &R i
SIEE ar 5o firetaw
CJRERIE] a e irtom
o < SRR ST e o
gzt (£1°) ST (+5°) SRR (+0.1°)
Rdiefaferdt | g RUlcafact (z0.1°) | 8w Ruictaterdt g Rutcfaferdt
(£1°) (£0.1°)
Rigesy | wre R oA fPretay i ergH Wl R TgH
(1-10 ms) (10-100 ms) (100-1000 ms)

5.8 UIfsM Feio Rifen: UiRRM dclo RIReH g e UHRd! dhclo RIReH 3] Sl
O b Radt nifszH, S & Ak fdhar Adle, sfwsd f3Hf dele wid. Rdah
A TifsRE Fuid Hrvamrd! Ry IRRiegd Bied® aluRd, S & Thlex fdhdl
gicfeaiticr. Ry R dier fdhar Taegueradd $-Yc UsoRe e RifeneT gfwsd
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ez Y §odd. URE e Rien 3 3y 3 Rdiv=n aitrmeR e sfs
TS H2 38,
1. e
2. e o=
3. 9l diey
4. WY
5. 3ficHIfce
6. TEDHIT ITHIUI
7. 3N sifeizm
8. 3D fuifcw
9. W2 ¢l
10. B CIHH IUBO!
giferz e gaR,
1. AC UIfSRM o Rifted
2. DC UIf3RM sheio Riker
5.8.1 AC N3RM Hele Rifeew: UitrA dolo R Nofiee R diftrm, s &t
AR, R fdar fSdl, 3fasa RIMER s uUl AAfRd Hruagmme! fSemea woo! . a1
ey dHuiHc=ar MR ukigor Hruarrdt ot sfasd AR o1 HRugNd]
TR 30T TrohTex YRBAT AU TAURT aTiR FHRard. Rifew dav tes feed=y fdha
RIomdie seon 9 JaFar Sfasd TiRRM I[Nl Aicx fdhal idegueas g14c

JSoRe dRd. & HhUHel UIRMGR e 30 3 0 390 ¢ gd, of
WWWWWWWWW@W%

Synchro ,\(
Synchro transmitter control transformer
)

: ? o,

X AC Gear 4

e ( : — Load
i amplifier box ¢

serv 0"10[01"

‘D\/ﬂvﬂu/\umunv

w 9 Q g
o4 6,
o,
| [ W A
Fig 5.14

AC Uif3zE Fere fifen

(Courtesy: Control Systems, By A. Anand Kumar - 2014)

- 2 N =~
AV (S\
\ ~ My
r N2 -
F -
’
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YR UiferRea (Rish! graHiex exdt UIfeRM) SeomrRl Yaidd, Heie gr-ahiHR JexaR
AFeYS o' U8 I BIGco dUR 8. T G HICIGR IR BIVIRT Cleh g1 Hheld arafad
FIGeorel U YA (STERGE YUIRH) SR, IS AHICT e IH-Y UlfeR-ds
S BRI

5.8.2 DC UIf3rzH wele Rifkew: St iferM ddle Riked 81 te uaRe delo ey amg
St A e dulHcdl UIfgRM TeRes! MafAd sruammel Sl AR arRd. Rikeqae
I DC Hie], ThiaR fdhdr diefRreitier IREm UifeRA 9=, ARihldhcioR fdhdl
Sfedhcs IC IRWT dhelox ATl Wigdd FU il a1l gial. Rifken sfesa qifs=Her I
HEH, UIRRM IR I gaqH JIeRFd AefY $&-, Sfesd UMl aqam
IR o1 e U gehiel Sfasd UM gofauarid! St Aexdr Wie f1for
SRR TSoRe H&- B BHd. RiRed Idd Ui FAamr Hrd Sfr sfesd wifsze
RAUTS! HTARAHATIR USoReHT Hxd, 3 3], gl 30 fazammgar $iih
JTPHIT IgFRO A Sffeifer R IRRE TWIh_ied qRedl Sdrd, S
QISR 3® Hele azTd 3G,

ey

D motor
\ . a, = g,
b & I“. - e, IKL;&I— e p————————a—  L.oad
\ amplifier B " / box
) ¥ —— = |
0l S — T e,
| hY
l'l
Reference input Error detector " . ~
i I L =
i 47_ i ! f a,
al g ] - — -
| = ] - -

-l.

- , My ‘ontrolled
‘_575.&__..--’; asr = a s variable
% i

0 - 0
[}

-y

Fig 5.15
P SIAUTH TH ST TR Heto Rdiv
g ST UifsRE $cle RIRed AdhHde HUlHcel 3fdd UIRFHE gofquarat
ST Alex IUTT B . UehM! garH QR doarrdt Rifked difgre IR
IRA HOT Sfasd UIfYRM=RT Al &1 HRd. Helox AR gchiol siwsd iR
gofquarral SNt eyl Wig ofir srvaRH TeoRe oxdl. Ried Tad qifRed
fARYe0r Ha 3for gfsd MR IRGUIATST azTH TR TgoRedc dHid. Sl Hiedn
e 3101 SRR AICRST RAGST Gloedl ST fic UsoReHe e IR ol o,
ST YTl GYRIMaR 3ffeh Ha=ur dadr Id.
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ok wnpE

system. (U)

State function of the servo system. (R)

Enlist the importance of the servo system. (R)

. Draw a neat block diagram of the Servo system. (R)
Enlist components of the servo system and state their functions. (R)
Explain the construction and working of the potentiometer. (U)
Sketch a potentiometer as an error detector. State the applications of potentiometers in the control

7. Explain synchro as an error detector. (U)
8. Define synchro. Give its two applications. (R)
9. Draw a neat sketch of a synchro transmitter. Explain it’s working. (U)

10. Suggest the type of equipment in an aircraft for controlling navigation system. Justify your answer

(A)

11. Compare AC Servo motors and DC Servo motors based on given parameters power source,

maintenance, vibration, noise.
12. State the principle of AC servo motor. Draw its schematic diagram.

13.
14.
15.
16.

Enlist applications of stepper motors. (R)
Enlist applications of servo motors. (R)
Draw a schematic of AC Servo motor. (U)
Draw a schematic of DC Servo motor. (U)

Maharashtra State Board of Technical Education

Table 5.2
Tt 31for ST ifszE dete Rifeusdt gon
Wl AC T3 dera Ry DC TIf3RM &eia Ry
TR 9 3T HIE (AC) SR BT (DC)
Hiex e15y T g4l A} St 9af AR
deld dUs RIR Held [heg HINUCS | PWM (TR 9Y AISIeRH ) dheld,
uifgrrf- eyt BT TR (1°) frretam Targeat (+59)
JAfuefaferdt g AUl (£0.1°) St fuctaferd (£1°)
(up to 100,000 rpm) (up to 10,000 rpm)

elh 8 Tid Uc al Wigd g Cid Uc g1 WIS
sfpiRme=d BT SIBRITT (up to 95%) | TErerad SIRITT (up to 80%)
PragiRIdt Iy Sheld Ry Rygd e Rid™
BT &R al
e ] o [k
Aargel Kl s
CPERE] o [k

Questions
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17. State the principle of DC servo motors with a neat diagram. (R)

18. Justify the use of stepper motors in elevators and escalators (A)

19. A Robotic system is used in pick and drop of delicate boxes. Suggest the type of motor used for
the application in robotic system and justify your answer. (A)

20. An escalator generally lifts a load of 2 tons up to the height of 300 feet. Suggest the type of motor
that can be used for the said application and justify your answer (A)

21. Draw a neat diagram of AC position control system. (U)

22. Draw a neat diagram of DC position control system. (U)
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