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Control Systems 4-44 Mathematical Modeling of Controf sm%
EX) Gear Trains e

A gear train is a mechanical device that N
transmits energy from t of a system to X 1

gy one par 8y
another in such a way that force, torque, speed : /’
and displacement may be altered. The inertia T, 05
and friction of the gears are neglected in the T2.8,
ideal case. Consider a gear system as shown in i g
the Fig. 4.8.1. —
N, \

The number of teeth on the surface of the
gears is proportional to the radii r; and r, of
the gears.

Fig. 4.8.1 Gear system

e

ie. I Nz = In Nl

The distance travelled along the surface of each gear is same.

ie. 0 =6,1,

The work done by one gear is same as the other.

i.e. Tl 9] = T2 92
we can say : _Ti = gg— = .-Il = ﬁ
T; Th 2
Remarks :
1) The numbers of teeth N are \
proportional to the radius r of Distaica =
a gear.
2) The distance travelled on each 6 ]
-y T8 b ch = r .I
d = ear
2. Work . § g Fig. 4.8.2
is same.

EXXH Gear Train with Inertia and Friction

In practice, gears do have inertia and friction which cannot be neglected.
such practical gear arrangement connected to the load, shown below.

T = Applied torque 8,0, = Angular displacements

TI,T2=Torquetransmittedtogeaxs JI’IZ=MOfsea:s
N ,N; = Number of teeth B; , B, = Friction coefficients.
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! cdﬂd Wﬂ@

B, N,
—\ &
1
/
Input torque T Ty 8 §
T, 0
Primary side /2 2%
— Jz Load
\ § Loadmﬂf{
N < Load)fdc
Flg. 4.8.3
Torque equation of side 1 is,
d*8,(t) de,(t)
= B +Ty(t
L= N W 1(t)
Torque equation of side 2 is,
d2 0, (1) do, , 1
1 = 2 +Bp 5+ T
Now LN 8 5,22
= T, Ny 8 TN
Substituting in equation (4.8.2)
oA 12 +By
T—Nlj de NIB d92+—NiTL
' 3 N, dt? Np_ dt N

Substituting value of T, in equation (4.8.1)
d?8, .5, 381 NII d? 92+

Substituting §, = NLg,
N,
2 N d 91 N]
2T =1, 9476, dé; N, 1 3 ‘B
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1]
Pl
1
s e '
iz B
\
b
1
'

2 2 ' 1

N d 0y _[NlJ [llij Ny
' - vl et h | Py # : I ‘
Y [I”{Na}h] dt? |I Na) | G
- llqulvalanlmlr}gljll_!‘gmmferrud lo primary slde

lllllllllllllllllllllllllllllllllllllllllll 2I'
Ny
Jie ™ ]'+[N3) J2

and ‘l“l‘f‘.lg'.‘Fr.,(f!f,t.!.f?..'}..'.'f’.ff’""d to primary side

d 0 do |
T e B [Nz}'n. |

Similarly the equation can be written referred to load side also, where m
gets transferred to load as[ I:l TJ ‘
1

N, 0, ) doy
(EJT 2 102 + B2 m +Ty

N, N;
where Jo. = ], 4 ], and By, =By+| 4| By
N, N

Belt or Chain Drives

Belt and chain drives perform same function as that of gear train
there is no slippage between belt and pulleys we can write,

T,h
.0, Ph o= 2)2
( Iy — 2
Fig. 484
for such drive

L N 7
T, n 6

e e e R ———
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=
Levers

jever system 18 shown i 20000707
\85 Thi transmits translational  x,
Kgybeg=rpi g
mL

.....................

st

1. Write a note on gear train used in mechanical systems.
2. Derive the expressions for the equivalent inertia_and friction referred to primary side for a gear
train with inertia and friction.

[¥] Servomotors

The servosystem is one in which the output is some mechanical variable like
velocity or acceleration. Such systems are generally automatic control systems
work on the error signals. The error signals are amplified to drive the motors usec
such systems. These motors used in servosystems are called servomotors. These
are usually coupled to the output shaft i.e. load through gear train for power maf

These motors are used to convert electrical signal applied, into the angular
movement of shaft.

Im Requirements of Good Servomotor

The servomotors which are designed for use in feedback control systems :
following requirements :
i) Linear relationship between electrical control signal and the rotor sp
Wwide range.
ﬁ)hffﬁﬂ of rotor should be as low as possible. A servomotor must
:ﬁf‘lout any time delay, if control signal to it is removed. For low
esigned with large length to diameter ratio, for rotors. Compared

Size, the rotor of a servomotor has very small diameter.
e e
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ickly changing error g
iif) Its response should be as fast as possible. For qm]ril:lyh'l : frmse s w:;m,g
t F;ct with good response. This is achieved by keeping torq ght N
must react w
high.
iv) It should be easily reversible. "
v) It should have linear torque = speed charactens.hcs.l ok
vi) Its operation should be stable without any oscillations or overshoots.

EXE] Types of Servomotors
The servomotors are basically classified depending upon the nature of the el

supply to be used for its operation. |
The types of servomotors are as shown in the following chart :
: Servomotors

A.C.Servomotors D.C.Servomotors. - Special Servomotors

v Jr v

Armature controlled Field controlled

m D.C. Servomotor

Basically d.c. servomotor is. more or less same as normal d.c.motor. There are g ome
munor differences between the two. All d.c. servomotors are essentially separately exced
type. This ensures linear torque-speed characteristics. -

The control of ‘dcc. servomotor can be from field side or from armature side,
Depending upon  this, these are classified as field controlled d.c. servomotor an
armature controlled d.c. servomotor.

ZETXN Field Controlled D.C. Servomotor

In this motor, the controlled signal obtained from the servoamplifier is applied o
field winding. With the help of constant current source, the armature current
maintained constant. The arrangement is shown in the Fig. 4.10.1. '

I Ry L, I, (Constant)

v(t) from
servo amplifier Constant
current
—0 SOurce

Fig. 4.10.1 Fleld controlled d.c. servomotor
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. type of motor has large Ly /R; ratio where L, s reactance and Ry is
.'nus c:)of field winding. Due to this the time constant of the motor is high. This
a,:nit can not give rapid response to the quick changing control signals hence this is
e

wmmon in pl'adice.
Features of Fleld Controlled D.C. Servomotor
1t has following features :
i) preferred for small rated motors.
i) It has large time constant.
ii) Tt is open loop system. This means any change in output has no effect on the
input.
iv) Control circuit is simple to design.
[EIE] Armature Controlled D.C. Servomotor

In this type of motor, the input voltage *V,*is applied to the armature with a
wsistance of R, and inductance L,. The field winding is supplied with constant
corent I;. Thus armature input voltage controls the motor shaft output. The &
arrangement is shown in the Fig, 4.10.2. 3

L R g
(Constant)
V,(t) from
ng":;ar;“ 7\ 3 senvo amplifier
source o—

Fig. 4.10.2 Armature controlled d.c. servomotor

The constant field can be supplied with the help of parmanent magnets. In suc
o field coils are necessary,
m Features of Armature Controlled D.C. Servomotor
It has following features :
Y Suitable for large rated motors, .
11] It has small time constant hence its response is fast to the control signal. iy
) It i§ clogeq loop system. .

V) The back e, Provides internal damping which makes motor of
stable,

e
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v) The efficiency and overall performance is better than field controlled motor,

1 system, in compari
As the armature controlled d.c. servomotor is :Ll;:e;lo ,:’:gue};motm i 5‘:;0“ -
open loop field controlled system, generally arma .

Characteristics of D.C. Servomotors

. ue“ V4 = Armature voltage
isti (\m) Bas>Bay>Egp>Eyy
The characteristics of d.c " o
servomotors are mainly similar to a4 \\;w,
the torque-speed characteristics of »
a.c. servomotor. The characteristics Ear—
are shown in the Fig. 4.10.3. V= Ey—] N
0

Fig. 4.10.3 Torque-speed charact
armature controlled d.c. se

EXTXY Applications of D.C. Servomotor

These are widely used in air craft control systems, electromect
process controllers, robotics, machine tools etc.

Review Question

Ry
e4(t)
- Im = Inertia
Bp, = Friction

Flg. 4.11.1
Assumptions :
(1) Constant armature current is fed into the motor.

(2) ¢ ¢ <I¢. Flux produced is proportional to field current.
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is Proporhonal to product of flux and armature current.

(3) Torque

éTm”‘q:'lag

.......................

 KnKelf . (4111)

di¢
s law to field circuit, Ly —=F+R¢If =e

ppply Kirchhoff at

ow shaft torque Ty is used for driving load against the inertia anc
d’e de \

Finding Laplace Transforms of equations (4.11.1), (4:11.2) and (4.1
T.(5) = Km K¢ I¢(5) |

(sLy +Ryg) Ig(s)

]mszem(s)-r Brns0m(s)

E¢(s)
T (s)

Eliminate () from equations (4.11.4) and (4.11.5)
3 Km Ky E¢(8)
Tml) = <L, +Rp)
Eliminate T, (s) from equations (4.11.6) and (4.11.7),

2 Kn K¢ E
(5°Jm +5Bm)Om(s) = _——(:‘Lg i;f(;)

Transfer function = Bm(s)
PTEO
Omls) _ x5
ol Oms? +sB) R +5Lg) " SRg By [1451
Where,rm =lm_=M0torhmcm T4 = —f = Field
m

TF. = Om(s) _ K, —
~—— [ E) EUCSIE.
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Block diagram for field controlled d.c. motor is as shown in Fig. 4.11.2. |
Ky () Km mr."_(') 1
ook e — —— 0
Eqs) Ry (1+8%) By (1 8%n) . G

Fig. 4.11.2 Block dlagram

Review Question

e A A SRS S T P AN AN OB AP0
""""“‘\4\

szre the fransﬁr fum:hon of ﬁeld controﬂed d ¢ servoma!or.

Transfer Function of Armature Controlled D.C. Motor

Assumptions : 4

(i) Flux is directly proportional to current through field winding,

- 0m = Kilg =Constant}§

(ii) Torque produced is proportional to product of flux and armature cum

T Ktm ¢ Ia

T oKk i1, |

(iii) Back e.m.f. is directly proportional to shaft velocity w,, as flux ¢ i

do(t)

TR

- Ep= Kpop(s) =Ky sBm(s);

Ry
i
b3




appYY
€a

=
o chhoffs 1aW to armature circult :

4-53

- By Ly Ry)+ Ly S

Mathematica)
0deling of "
Onitrof Systems

£,6) = Ep()+Ta@) Ry +5L,] fe 1,(5) “E-@-Eb.(.’l

E,(s) = Ky 88,y(s)
R, +sL,

K K¢ Ig I

r E -K 39
I\meIf{ aR stm(s)
a a

(Jm 52 +5By)8m(s)

}

a+SL

o\ *

\
-
-

« from equaﬁ%ﬁ)\
Fquating equations of T, \

-~
K Ke i Ea(S) _ K'm Ke I Ky s0q(s) -
“ﬁ{a+sLa) (R, +sL )m +%anm)am(s)

KmeIf K Kf If Kbs ) o 1 _
. ———E;(8) = 1 E
(Ra +5La) (R +sL ) . )

8By (1

Fig. 41
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Field controlled d.c. motor fs open loop while armature controlled m

system. Hence armature controlled d.c. motors are preferred over field controlled type, hﬂ’

Review Question

1. Obtain the block.diagr-am kprcsenlaﬁan of the transfer function of armature con!ml.f;

gy
b
{
]

servomotor,

m A.C. Servomotor

The ac. servomotor is basically two phase induction motor. The output power of
servomotor varies from fraction of watt to few hundred watts. The operating fre, '
is 50 Hz to 400 Hz. 4

EXEXD Construction

It is mainly divided into two parts namely stator and rotor.
The stator carries two windings, uniformly
distributed and displaced by 90°, in space. One A.C.Supply

winding is called main winding or fixed 53{:'1‘1??5 Eﬂn@_
winding or reference winding. This is excited

Refereng

> Windig
Control 00 -~
by a constant voltage ac. supply. The other v;'t"a’g‘; (‘ Rotor
winding is called control winding. It is excited sf;?v‘g -8
by variable control voltage, which is obtained amplifier '
from a servoamplifier. This voltage is 90° out of '
phase with respect to the voltage applied to the Fig. 4.13.1 Stator of A.C. servome
reference winding, This is necessary to obtain

rotating magnetic field. The schematic stator is shown in the Fig 4.13.1.

Rotor

The rotor is generally of two types. The one is usual squirrel cage rotor. This
small diameter and large length. Aluminium conductors are used to keep weight s
Its resistance is very high to keep torque-speed characteristics as linear as possible:
gap is kept very small which reduces magnetizing current. This cage type of
shown with skewed bars in the Fig, 4132 (a). The other type of rotor is drag
There are two air gaps in such construction. Such a construction reduces
considerably and hence such type of rotor is used in very low power applicatio g
aluminium is used for the cup construction. The construction is shown i
Fig. 4.13.2 (b).
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S
‘/ tator
Aluminium bars Drag
\ cup \
\ WY
\\\\\\\\\\\ | :‘:’:’:‘:”"0‘4"& Laminated
SIS cor

Driving
shaft

(a) Squlrrel cage rotor (b) Drag cup type rotor
Fig. 4.13.2

F%] Torque-speed Characteristics

he torque-speed characteristics of a two phase induction motor, mainly depends on
ratio of reactance to resistance. For small X to R ratio i.e. high resistance low
.nce motor, the characteristics is much more linear while it is nonlinear for large X

ratio as shown in the Fig. 4.13.3.

X

k hargs R Torque
(Nm)

X

»Z Small R
Egp—
Ey1—

Fig. 4.13.3

practice, design of the motor is so as to get almost Ln
eristics. The Fig. 4.13.4 shows the torque-speed characteristics €

%1 Features of A. C. Servomotor

e a.c, servomotor has following features :

Light in weight. ii) Robust construction. iii) Reliable af
Smooth and noise free operation. v) Large torque to weight :
) i.e. small X to R ratio. vii) No brushes or slip rings hence mat

iii) Simple driving circuits.
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Applications

Due to the above features it is widely used in instrument servomechanismg,
positioning  devices, process control systems, self balancing recorders, com
tracking and guidance systems, robotics, machine tools etc.

y

i

Transfer Function of A.C. Servomotor

The various approximations to derive transfer function are,

(1) A servomotor rarely operates at high speeds. Hence for a given value of

voltage, T = N characteristics are perfectly linear. i

(i2) In order that T « N characteristics are directly proportional to voltage applieq ¢,

its control phase, we assume T « N characteristics are straight lines and equall
spaced. %

Torque at any speed "N is,

dt - (413])

where, d—gt@- is speed of motor.
If load consists inertia ], and friction B, we can write,
Tonls) = J 5?0 #B, 56,
Now Laplace transform of equation (4.13.1) is
Tals) = Ky E, (5)+ ms0,(s)
Equating equations (4.132) and (4.13.3)
. K Ey(s)+msO, (s) =], s Om(s)+ By 58,,(s)

B.m(s) i Kim 1 K
Exs)  s(s]p-m+B,)

R
%Ez(s) s(l+1.'ms)I

where Km = B_ISEH_E
m -
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As slope i megative, i the
o0, "

e aquation [By =m] s)mu.\e that total g, e — i I
rouses dwe o m. As it adds more o w s m
m

friction ¥ : W
Ay damping IMPTODES, IMpProving (m-8,)
';sh?:'rv of the molor. This is  called ‘S
" Electric Damping of 2 ph AC,
juternal E Fig. 4.13.5 Signal flow graph of a.c.
ool servomotor
ignal flow graph for A.C. servomotor is as shown in the Fig. 4.13.5.
Hence block diagram of A.C. servomotor is
Kt ]
—] — — 1
Exs) 17 : > =% onle)
By—m
Jm

Fig. 4.13.6 Block diagram of a.c. servomotor

1. Write a note on a.c. servomotor.

2. Derive the transfer function of a.c. servomotor.
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Now though T.F. is not. i standard,
' the last term respectively.
“ﬁﬁmmddkremmd i
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dbag i § o &= 058N

form, denominator aluays Teflect 2 o, oy
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C(s) 20 {___gil———-] R (5) 9 52-_’_% .. .
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7-81  Time Response of Faadbeck Confrol Systams

5 % and Ty, = 4 sec. Asaume unit stcp inpui

ﬁ:mm system' lhowﬂ in figure, find the values of K, and K so that

=.-— , H(g) = 1+K;s

8
gouon : &€
Ky .
R = G(S) - _5E a5 : K1
TE = 1+G(S)H(5) K1 (1+K S) S +K1K1S+K1 :

Dy
Compam\gmthstandardiorm, 5 +§.ESV~3 5'\_‘0“

= K1, Zog=K; Ky, - E.=—J— 2 f“-—::.*k}

e <1y
Now M, is function of & alone, -+ " fgf :"J:}, r ko
%M, = e\'“ﬁl\éﬁ? x100_ ie. 25= e""l"l‘gIj %100
025 = e "E e I (025) =
gt Lk 1-¢2
- 13862 = i
¥
g Sqmrmg gwes, 19218 (1-8%) = n? &2
&2 = 01629 S E = 04087
Now Tp=-1-t-=4aec-i!e LA

T

1% 1e 0 -OB&M d
TR M

Now oy = K] de Ky = a2 = 0730

d :

e —

EJE-Kpo.me.? le. Kj = 0.9408
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d (A i
CEESRRRR) 4 svetem is givem by differential equation, _.3!.+4 /gy
ve mm ‘ond x = input. Determine all tiie domain npé‘tfmcmm. Tor 4

Solution : Svstem differential equation is, ; :
\i \ \‘l\

—=- ¢ 8y = Bx _ =
d“ d qavise

(s) fr bov '
To find TF, X© ' take Laplgoe transform om. above equation; ang Negie,

v b 5
conditions, » |
SO YO+ 8Y() = 8 X(s) her V(o) 52+ 45+ s] =8 X(s):
Y(s _ 2
T‘F. \(‘) = _._S_,__C(,mpam Wl‘h - wn 2 :
NS sl i gseg 52+2§wns+0)
mﬁ =8 ie o, =283rad!sec | Y
280, =4 . &= 0067
[ﬂd =

0y (1-E2 =283 1/1—(0.7067)2 =2002 rad/sec .

Time f hoot< & = =T _
ime for peak overs OOt.-, 03~ 2002 =157 sec

Tp

_-_'_—-———_
% M, = e-rth1-g E.meg e-nxﬂms/\l (0706)2x100

=433 %
T; = Settling hme = 4 = - = 2 sec z
' . 0y 07067 %2831 o «
: s ;.: =lont 1’ 2 I'
oty = 1-£ sm(md 1486) whereB tan 1 -—5__ =450=Rpg |
g2 S U o ¢ &
o o~ 07067 x 287t )\ | |
)= 1- sin| 2t+— ?-.
J1-(07067)2 ( | 4)' |
N P » l .......................................... l
Let)y=1- sinf 2t+— = | 1_ “2r o i
1-(07067)% [ 4] ] : 141e ! (ZH‘K]. |
_ n-8 323"
T, = 03d = 1177 sec
J A system has 30 % overshoot and scttling time“of 5 seconds for an wnit 8%
mput Determine, ; 1) The transfer function i) Peak time (t) t
1t) Output, fespone: MW‘W s 852 %) B Vi0 o Moot Iulu 1‘* 19, Mk



w—' 7:59__ Time Reapones of Feedback Contro Systems

.mslmvnluum,Mp-.ao%de._sm

on
olo® RPTROAL Ty f
Mr-ew\‘{xloo le. 30w ®/V1-48 o0 ’
w 4 4
. 2= I e
‘d TS Emn . 0-358(1‘“
0y = 2.2346 rad/sec
2
On Lterg
'F. = o -
) Ll JROT g | s 41.65+5
ﬂ 0y = Op y1-E2 = 20881 rad/sec
n n
To = g~ 2.0881 - LSS sec
s o2 :
" § = tan 1{ ;’ }=1.205nd

gence the output response is,

-Eupt '
c(t) 1- sin (uyt + 6)
J1-82
1-1.0708 ¢ ° sin (2.0881 t + 1.205)
m}'nr the system shown in given figure , obtain response to the unit step
i s . VTU  March O, Marks 8

25+ C(s)

R(s) + G(s) =

Bolution : The T.E. of the system is,

2s+1
C(s) 52 2s+1
R(5) 1+2H1 g2 +25+1 \
5'2

,_;.Nmuww'mon'mndﬂdw mww

0t e o e, e e sl o B =



' 7 nmnmmuorw%"
1 t
R) = 5 a8 unitstep NP |
2841 l_g.g.t-l—
CO) = 3 Fyaer1 ® (341
‘A B + C v} P
-?(sﬂ)’ (s+D) W mh‘%n

Ap+1feBtCope =B+l

. Ade+2As+A+BytCfaComstl

A+C =0, 2A+B+C=2 A=l
B=1

l l l
C(S) - S (S""l)z (S+l)

C“lr

Takinginmhphoetrmsform,

- o = 1-tet-¢"

msystmgwenmﬁguretsamtyfedbacksystemmhmmﬂi
loop. DIn Hnabsenczofdmvahvefadback(a—ﬂ), dctemme the dampmxmm

undamped natural frequency. _
ti) Determine the constant 'a whmhwdlmaemdnmngmhotoﬂ?

iti) Find the overshoot in both the cases.

iv) What is the steady state error to unit ramp inpuf for the value of ‘a’.
VTU Feb.-04, Jan.-14. 18 Marks "

R(s) _ ',® 2 I e
s [ T

Solution : i) When a = 0,
8

' G(_,)_,_f.' 5(5+2)
8
C(s) - _ GO s(s+2) " BI
R 1+G(S)H(’) 1+-_.._._8 s?+25+8
s(s+2)




7-858 Time Rasponse of Fesdback Control Systams

:;}‘,-‘..- i 4\_ ; x :, _“ _._._‘-_I s .. - II -
o =8 ‘and Ko, =2

On = \/i “d’.ec and § - 0'3”5
' present the system can be reduced as, |

j W
i
s(s*+?)

1S5+ 2

azﬂ(z + 8a) Cls)

- C(s) R(s)

o)

8
s? +s(2+8a) _ 8

R(-) 1+ 8 s2 +s(2+8a);|-8
s? +s(2+8a) e

8 and 2%0, =2 +8a .

= 2+8a \
v8 and = = 0.7 (given
s=Sx R,

£E=07

5

02449  for
~ne/y1-8 = 30,507, % for § = 03535, 2 = O

n
I

%MP'= 100e

i

nE/N1-E - 459 %

duces Mp  keeping 00 same-
gl s

. o Y0 = e
= For a = 02445, g(g)lf(s) =5(G+2+8a) = 5(+39592)

ad %MP--'-I_OOE

Thus derivative feedback re
..a=02449

K, = Lim sG(s)H(s)-= 2.02
s _ 1 _pass9

s =X, ~ 202

- » 2s+8)
m A negative feedback system wtth :fmty

feedbaék has a plant G(s) = +9)

| OFind the response of the system for a unit step input.
ijlsing the final value theorem, determin e steady-state value of the TEPOT for the
same step input. M

2(s +8)

sduﬁontl'l(s)'--.l, G(s) = =

T

p
:
5
)
X
b1
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s
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Control Syst : 7-56 mﬂmdw%

g,

, Cs) . Gs) _ _s(s+4) _ Xs+§)
i R(s) 1+G(9)H(s) 1 +2(5+3) s2 +6s+16
s(s+4)

For unit step input,  R(s) = -13-

— qs'fa) - .A.'_+___B.si.c—_.
Cle S s2+6s+16

Key Point 3

A(s2 +6s+16)+3(Bs+C) = 28 + 16

A+B =0 6A+C=2 16A=16
ie. A B=-1 C=-4

Cls) = .1...[_2_’11‘?___}=1-{ 31§ |
s2465+¢16] 5 |s2+68-9+16-9]

]
:—l

_E §+3+1 l
(323 +(T)? |

B
:E’?
i

1| se3 1 g oo

b B e e —

S | (s+3)  +(T) 8T {s-':‘f‘-h-“?’ﬁj

ct) = 1—[ eMeosTts L e Vsin Tt

cft) =1 -e"‘"{m\-’?t +0.142sin \-T-l} | . Unit step response
ii) Using.final value theorem,

Ce = LimsC(y= ggﬂ s(jf:zle, - 21x68 *
This can be cross-checked as,

C, = Em.c(t) =1-e7"(.)=1

Exponential negative index term is zero as t — .
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Find. K
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_\| —_ollaryroots the system _.msmmu._.pm_.w M-ﬂ_n._._ o
E Advantages of Routh's Criterion

Advantages of Routh'’s Array method are :

i) Stability of the system : .
equation. yStem can be judged without actually solving the characteristic

ii) No evaluation of determinants, which saves calculation time.

iii) For unstable system it gives number of
positive real part.

iv) Relative stability of the system can be easily judged.

v) By using this criterion, critical value of system gain can be determined, hence
frequency of sustained oscillations can be determined.

vi) It helps in finding out range of values of K for system stability.
vii) It helps in finding out intersection points of root locus with imaginary axis.

roots of characteristic equation having

Review Question

1. State the advantages of Routh’s array method.

VTU : July-16, Marks 4

Limitations of Routh’s Criterion
VTU : July-09,11,12,14,15,16,18, Jan.-05, 12

i) It is valid only for real coefficients of the characteristic equation.

ii) It does not provide exact locations of the closed-loop poles in left or right half
of s-plane.

iii) It does not suggest methods of stabilising an unstable system.

iv) Applicable only to linear systems.

Review Question

1. State the limitations of Routh’s array. |
VTU : July-09,11,12,14,15,16,18, Jan.-05.12, Marks 3
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