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Problem 4'24. A unily Jeedback control aystem has a forward
path transgfer funciion given by :

Gle)= qet1)

_ Fmd the value of the dampmg ratio and Mamped miural

Jrequency. If tachomeier feedback <3 iniroduced 4o as to change the
- Jeedback path transfer fusichion from unity to (14 Kns) what should be
the value of K, to obtain dampmg ratio of 0'6. Find the peroentﬂga
peak overshoot in each case,

Solution, ~ The characteristic equation is

14-G(s)=0
' =s’+s-[—10

T :
= ——=0"158
_ : 2410 -
and . . wa=410 radians/fsec
| =3'162 radiansfsec

s . g G
The closed loop system transfer function== m

hence
charactenstlc equanon for closed loop system is |
=1+GH=0
) 10(l+.Kn8)
i s(s+1)
82494104 10K, s=0
$4-(1+10 Kn)s+10=0
- §=0'5 (given)
- 14+ 10K,
- 2410
hence 3:162=11-10 Ko
Ku“—-—- ¥ o i

=0 .

Peak overshoot in first case
(E=0'158)=63 76%
Peak overshoot when, £=05 is 249%,.



Problem 4'25. For inity feedback system having

. - S— 4
(1) G(.&) J(8+ n aud‘ (2) G(a)-—m
find (a} Ky, K,, and K.

d) Snadg slaie error for mt sie
. for % p position, unit ramp and unis

amec(c} Obtain generalized error coeﬂimais and write the error

Solution. Gonsxdermg first

K
GO =D

(a) This is type ¢ system hence,
Ky=00 ; KE,=K and K,=#

{b) and the steady state erroré are for unit step position input
: ess=2ero (since e;s=R/1 + Kp)

For unit step velocity input ess=1/K and

For unit step acceleration input ¢, =infinity.

{¢) The generahsed error. coefﬁczents are to be found from
w,(s) which is,

1+Gle)
hence, for the present case, '
€(8)= . oiesl
1+a(s+l)' '.
s+l
“sist+ 1)+ K,
Now, EK,= Lim &(s)=zero
' =0 -
; d[e(s)]
&= I;Lo ds
= Lim d( 8(s+1) )]
| >0 LO4 8(8+1)+K)
l E



Kim Lim 201

50 dst
Y i".[_wa(a_-{—l) } |
= s Les )+ K
AK—1)
— Ka

%o the error series i8,

it K, &l
eul®)=Egt)+ Ky d-”a%".,uﬁ —g—f,)+ ..... .

1 drit AK-—1) d3r(D
=0tz T e
Oheck. Which shows:
(z) for unit step input i.e, r(t)=ult), e;s=2ero '
(i8) for unit ramp input s.e. r(f)=1, \\

e L
IS_K.

(##8) for unit acceleration input s.e. r(t)=13, eqn=infinity which
are the results obtained in part (b). :

' K
s | G('-s).:s“(s-+ 5)(s+2)

K10

“e(15)0+3)

This is type'2 system hence,
(@) Ky=00, Ky~ and Esis

2 2 5
Lim #'6(s)= Lim R
e S )
_E
=i

() The steady state errors are :.
(i) For Unit step position input :
_ €ss==ZETrO '
(§f) For Unit step-velocity input :
; €33 =—=ZETO '
{#if) For Unit step-acceleration input :
i D
K, K

(¢) For the genecralized error coefficients



O =7a0
1
K/10

1+ -
] &
e(g)f+z)
221 5)(s+2)
(s +D)e+2)+K

Therefore,  K,= Lina elg)==0
_ e

—

d
K. B | 2 e(.s)]=0
1 S-!—J'-O _da
. [a ]
Ka:._]';i,n(:}l t'l_.s'-"’e(a)

_1o

=7

Hence the error series are
oliy= o+o+-1-°— ol )-H:ugher order terms

- Problem 426. Find. the actuating signal « for the system
“ shown in the Fig. 4£'40. Find @osition, velocity and acceleralion cons-
" tants and explain their sionificance in this general case.

= . R .
' a4
S(TS+/)
LTEe! }
T+l '

Fig. 4'39,



"_‘q..'.‘?j_l _i...._o
Ts+1 s(Ts+1)
aTs+1 ) eK
Ts+1 ] " s(14Ts)

‘Solution. ¢= EK,~C and

€ =RK1_(

. - aT's+1 E 1.
I ‘[ I+ et 'a(l-;-Ta‘)]"RK‘

_ - (aTs+1)K ‘ |
f.e. e=K,R(s) /[ 1+W _ | \

For step input R(s)= R/fs
» - K!:. RIG’ L
) 5(8)_[ 1+ (&TJ'I‘I)K

- s(1+7s) |

. - KR
ess==Lim ge(g)=Lim G F D E

s-a-l? A -0 1+ o T

cw=0=

where Ks==position error constant, =~
SO ,’_-_-_- w (o'- R¢0) o
for velocity input B(s)= _ﬁ_l
| R]K],/ﬂ =Lim KlRl (1 +T8)’

| “":I;ffﬁ[ Gt D K| S s Top+To+ K
. (1+Te)® ‘ :
where K, is velocity error constant.
&  K~=K/K,

Similarly for acceleration inpus’
B(e)=RyYé

' R?
f and . :-:’cogk:

_ S K¢=0
] since RyE©
.. For this system ‘
Kﬂﬁwu K'=?KI—
and - Kg=0



‘ Problem 4'27, For the sysiem of the Fiy. 440 find tke ctcady
staie error for step velocity, position cmd acceleration input. -

Inertia

Ris; £s) L&l . . . 05-
| \_ a ots;

NS E

Fig. 4'40.
Solution” T —.K'V,(.s)-l—mac(a)
 Ta=Je, 38, =Js%c+foc
Ja%0, - fsb, =KV ,(8)+ mac
Now  Vimedidb2t '
‘ =edidsi 1T +l and B—c=c¢

[Je%o-+fsc—mac)=¢ KdyA, ; gl’j'_i

or [Ja‘-l-(f—m)s][(R—e)]—eKAlﬁ,g:‘a_t}

: [xala,i',“’i{w A (f—m)s ]——[Jsa+(f—m)sm

T [Jal+(f—m)s)(Tys+1) Rls)
[KAIA!(T13+ NTE+ (f—m)s}(Tye+1 )]
For step position input

R(a)=£

¢,,=Lim se(s) =Lim [J8 4+ (f—m)s T+ _
30 s-+0[ KA A(Tya+ 1)+ {J3’+tf—m)s}(Tsa+ 1)]

For velocity input
R(s)=R,/s*

€35 =L1m [J s+{ f—m)][Ts+11R, ,
~0[F 44T+ 1)+ (Jo+(f— m)][gw 1]

=k f —m)By/Kd4,4,
for acceleration input
R(a)—— 'R‘

and . €557 O . N




Problem 4'29. Find out the position, velocity and acceleratfon
error coefficients for the unity feedback control system whose open loop
transfer funclion 48 _ '
50

G(s)=-

IF0Is)d+28)
Solution, K,=Lim G(s)
' 50
50
=TxT 0

Ko=Lim $2G(s)
#=0 .
. 50 Xs .
"i‘_‘;"‘a A0 18)(1F28) =0
E,=Lima*@ls)

s->0

. 50X -
=Y. =
Lim o G120

5—0




Problem 430, Repeat problem 429 sj

- K :
P &0)= a(1+0'18)(1+0‘68)
Solation. Kp=Lim G(s)
o v
=Lim X
_,_,0 s(I-rO ls)(H—O 53)
K. '
E=Lim s@{e)=Lim g s =K
S - &K
P 2 =T : - ==
Eo=Lim &G (s)=Lim Gy (17050
Problem 4'31. Repeat problem £:994f |
& (a)=s (8*+ 45 +200)
~ Solution
K

K’=E’f3 G(s‘)}——-I;i_x,% 8 (3%-+48+200) =

K,=Lim sGks)w 00

S—l-O_ .
| . o _. NK _
Ha=Lin & 6= s aaxcaon) —F/200

Problem 4:32., Repeat problem 429 if
_ E (1429 (+48)
&e)= 8% (8*+25+1-10)

Solution. Ky,=Lim @(s)==¢0, K = L1n(1) 8 G(s)

.s—>0

| o eR (1421 448)
8 K’_E}f&- 82 (8"'['23""10)

- K (1426) (1+48)
- and - Ea=Lim s'Ge)= f‘_‘,‘f.‘ 5% (428 +10)

=00

=K/10









