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EEE 350 — SISTEM KAWALAN

Masa: 3 jam

Sila pastikan bahawa kertas peperiksaan ini mengandungi SEMBILAN muka surat dan
SEPULUH muka surat LAMPIRAN bercetak sebelum anda memulakan peperiksaan ini.

Kertas soalan ini mengandungi ENAM soalan. TIGA soalan dalam Bahagian A dan TIGA
soalan dalam Bahagian B.

Jawab LIMA soalan. Jika calon menjawab lebih daripada lima soalan hanya lima soalan
pertama mengikut susunan dalam skrip jawapan akan diberi markah.

Gunakan dua buku jawapan yang berasingan supaya jawapan-jawapan bagi soalan
Bahagian A adalah dalam satu buku jawapan dan jawapan bagi Bahagian B dalam buku
jawapan yang lain. Mulakan jawapan anda untuk setiap soalan pada muka eurat yang
baru.

Agihan markah bagi setiap soalan diberikan di sudut sebelah kanan soalan berkenaan.

Jawab semua soalan dalam Bahasa Malaysia.
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Bahagian A
Part A

1 Suatu sistem kawalan mempunyai gambarajah blok seperti ditunjukkan di
Rajah 1. R(s) dan C(s) adalah masukan-masukan kepada sistem tersebut dan

.....

The block diagram of a control system is shown in Figure 1. R(s) and C(s) are
the inputs to the system and have the values as shown in Table 1.

(a) Menggunakan permudahan gambarajah blok, dapatkan:-
Using block diagram simplification, obtain:-

(i) fungsi pindah apabilat = t,.
the transfer function when t = t,.

(ii) fungsi pindah apabilat=t,.
the transfer function whent = t,.

(i)  N(s) apabilat=t..
N(s) when t=t,

(50%)

(b) Lukiskan graf aliran isyarat yang setara bagi sistem dalam Rajah 1.
Draw the equivalent signal flow graph for the system in Figure 1.
(20%)

(c) Gunakan formula untung Mason kepada graf aliran isyarat dalam (b) dan
nyatakan N(s) dalam sebutan R(s) dan C(s).
Apply Mason gain formula to the signal flow graph in (b) and express N(s)
in terms of R(s) and C(s).
(30%)
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G.(s) ¢
7(8) o)
+ +
» G, Gy(s) M G,(s) > N(s)
+ 7 —
. < G,(8) = Gy(s)= 0.5
> G,(s Gy(s) [¢ 1 2
25 ) G,(s) = 0.55
G,(s)=2
Ge(s) [« Gy(s) = s+1
Gq(s) =2s
G,(s) =s+2
Rajah 1
Figure 1
Jadual 1
Table 1
t R(s) | C(s)
ta 1 0
ty 0 1
t 1 1

Cari fungsi pindah G(s) = 04(s)/T(s) untuk sistem pusingan yang
ditunjukkan di dalam Rajah 2(a).

Find the transfer function G(s) = 8,(s)/T(s) for the rotational system shown
in Figure 2(a).

(50%)

() 6,() 6{"1‘(‘)25 N-m-s/rad

C (‘ Ny =25 -Ng=100 C -

6,(1) 63(1)

Ny =100 N;=20

“ 1 N-m/rad

Rajah 2(a)
Figure 2(a)
-
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(a)
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Cari fungsi pindah M(s) = X(s)/F(s) untuk sistem yang ditunjukkan di
dalam Rajah 2(b).

Find the transfer function M(s) = Xy(s)/F(s) for the system shown in
Figure 2(b).
(50%)

~ fy,=1Nsim

J) e

g f§,=‘lN~slm_ |

N

| S0 v DU DR A OO e S U N S0 P DY U P S S 4 U O A 1

Rajah 2(b)
Figure 2(b)

Sistem suapbalik tunggal yang ditunjukkan dalam Rajah 3 mempunyai:-
A unity feedback system shown in Figure 3 has:-

K
T s(s+0)(s+2)(s+5)

G(s)

0] Cari julat K untuk kestabilan.
Find the range of K for stability.

(i) Cari nilai K, frekuensi ayunan dan lokasi sebenar bagi kutub
gelung-tertutup apabila sistem beradapada kestabilan jidar.
Find the value of K, frequency of oscillation and actual location of
the closed-loop poles when system is marginally stable.

(iii) Lakarkan lokasi kutub-kutub tersebut pada satah s.
Sketch the location of the poles on the s-plane.

(40%)
..5/-
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*_ E(s)
R(s) G(s) > Cls)

Rajah 3
Figure 3

Selesaikan persamaan kebezaan berikut menggunakan kaedah
Penjeimaan Laplace. Andaikan fungsi-fungsi memaksa adalah sifar

sebelumt=0.

Solve the following differential equations - using Laplace Transform
method. Assume the forcing functions are zero just before t = 0.

(i) ﬂ+7x =5cos2t

dt
(ii) gi+6-q£+8x=5(t)
dt? dt
dix _dx
(lll) :_l—t-i-'f' 8"3{4‘ 25x = 10u(t)

(60%)

.6/




Bahagian B

Part B
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Salah satu daripada sistem kawalan gelung-tertutup otomotif yang dikaji

mempunyai rangkap pindah seperti berikut:

One of the automotive closed-loop control system studied has the following

transfer function:

(a)

(b)

(c)

N <CL)

=77 H(s)=1
s(s* +4s+11) (<)

Lakarkan plot londar punca bagi sistem gelung-tertutup di atas. Nyatakan
dengan jelas langkah-langkah lakaran tersebut.

Sketch the root locus for the closed-loop system stated above. State your

subsequent steps in sketching it.
(60%)

Tentukan kutub gelung-tertutup pada londar punca tersebut supaya kutub
gelung-tertutup terserlah mempunyai nilai redaman bersamaan 0.5.

Determine the closed-loop poles on the root locus such that the dominant

closed-loop poles have damping ratio of 0.5.
(25%)

Tentukan nilai K pada kutub gelung-tertutup tersebut.

Determine the corresponding value of K at the dominant closed-loop

poles.

(15%)
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v

s(s? +s+4)

Rajah 4
Figure 4

Pertimbangkan sistem kawalan suap-balik tunggal seperti yang ditunjukkan

dalam Rajah 4.

Consider the unity-feedback control system shown in Figure 4.

(a)

(b)

()

Dengan menggunakan teknik sambutan frekuensi iaitu lakaran bode,
tentukan nilai bagi gandaan K yang menjurus kepada jidar fasa
bersamaan 50°.

By using frequency response technique i.e. bode plot, determine the
value of gain K such that the phase margin is 50°.
(30%)
Apakah nilai jidar gandaan bagi nilai gandaan K yang diperolehi?
What is the value of the gain margin for the gain K obtained previously?

(20%)

Apakah nilai lebar jalur, @,, bagi sistem tersebut dengan nilai K yang

diperolehi dalam soalan 5(a). Kirakan masa penetapan bagi sistem
tersebut dengan menggunakan nilai lebar jalur dan jidar fasa yang

diperolehi sebelumnya.

What is the bandwidth, wg, of the system with K obtained in question

5(a). Calculate the settling time of the system by using the value of the
bandwidth and the phase margin obtained.

(50%)
...8/-
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Pertimbangkan pengawal PID elektronik seperti yang ditunjukkan dalam Rajah 5.

Consider the electronic PID controller shown in Figure 5.

(@)  Tentukan nilai bagi R, R,, R; R,C, dan C, dalam pengawal tersebut

yang mempunyai rangkap pindah G_(s) = E,(s)/ E,(s) iaitu

Determine the values of R, R,, R, R,C, and C, of the controller such

that the transfer function G,(s) = E,(s)/ E,(s) is

G,(s) = 39.42(1 e +0.7692s)
3.077s
_30.30158+0.65)"
S
R G
| 2 R
]
R R
o AW ~ | 2
%‘A%M:v -
-/l—/ -i>
E(s) 7
s Eys)
O- O
Rajah 5
Figure 5
(30%)

...9/-
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Sebuah sistem kawalan aras cecair akan dikawal menggunakan
pengawal PID. Gambarajah blok bagi sistem tersebut ditunjukkan dalam
Rajah 6.

A liquid level control system is to be controlled by using PID controller.
The block diagram of the system is shown in Figure 6.

Gunakan pengawal PID dalam soalan 6(a) untuk mencari jidar fasa bagi
sistem kawalan aras cecair yang dikawal oleh pengawal PID. Kamu boleh
menggunakan salah satu kaedah analisis sambutan frekuensi yang telah
kamu pelajari seperti londar punca, plot bode, Nyquist atau Carta Nichols
untuk mencari jidar fasa tersebut.

Use the PID controller (G,(s)) in question 6(a) to find the phase margin

of the PID-controlled liquid level control system. You may use any of the
frequency response analysis you had learnt like root locus, bode plot,
Nyaquist or Nichols Chart to find the phase margin.

(70%)

C(s)

y

A 4
v

'/\ Ladl
U s(s +1)(s +5)

Rajah 6
Figure 6
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Appendix A

1 em%u(t) . 1 - >0
: a -+ jw
C 2 ety(-t) 1 - ‘a>0
. _—~Ju .
. .2 a>0 3
s -3 +Uz
et P
4 tem(t) Gy . a>0
- the ™%ty (t) L ’ a>0
(a + jw)nil ’
6 8 1 o=
N B 2x6(w)
t
P8 cdwt 2x6(w — wo)
9 coswyt x[§(w ~ wo) + 8(w + wo)]
10 sin wot ixl6(w 4 wo) — §{w — wo)] .
11 u(t) C ww)+ &
i 12 sgat - _ ;3;,
13 coswetu(t) 5[6(w — wo) + 8(w + wo)] + ;31:—';5:
14 sin wot u(t) . 3716w - wo) — 8(w +wo)} + 5fx
?‘ 15'~.c"“ainuotu(t) mﬁm - a>0
T 16 et cos wot u(t) °+‘j:' = > a>0
W orer(f)  reine ()
18 ¥ sinc(We) rect (5%7) .
ITENG ainc? (4F)
20 fLsinc® () A (37)
: C oo . 0o
21 2 5t —nT) w0 z §(w ~ nwo) . wo = 3
. NT=00 N=QO . .
L 22 et oVIxe=o* 2

1Y P
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Fourier Transform Operations

Operation : 1(®) F(w) 2
Addition 11() + f2ft) Fy(w) + Fa(w)
Scalar multiplication k£ (t) kF(w)
Symmetry - F(t) 2 f(~w)
dnting (e sl Lp(2)
oaling (o resl) Set) b
‘I:{‘ime shift fit— fo) . Pw)e~dwth -
.%\'equency shift (wp real) f(t)edwet F(w - wo)
Time convolution S1(t) * fa(t) Fy(w)Fa(w)
' Frequency convolution () f2(t) : %;F 1(w) * Fa(w)
: :;:I‘ime differentiation “ -i—:{- (J";’)”F (w) .
L A .
Time integration f(z)d= %(-E-)' + xF(0)6(w) - <
e - T_M . e e e e e ] *

i
H

3
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Appendix B

B.7 Miscellaneous
B.7-1 L'Hépital's Rule .
If Yim f(z)/9(z) results in the indeterministic form 0/0 or co/co, then

/=) fe)
= " .

7-2 The Taylor and Maclausin Series
)= 1o+ 5oy + £

= fa) 4
!(2) = £(0) + 'ﬁf-(o)‘*' ﬁf(o) d o
.'}'-3 Power Seﬁes :

H z—
-c—1+z+ +3,+ . !+
. 23 25 2T
m’-"‘"'ﬁ!""'s—l"ﬁ'*'"'

2 4 [ 8

T x S z
csz=1- “'4: wtE”

t&n:=z+ + 17z et

3 315

23:s 1727
““““":;*Ts“'ﬁs‘

22 < x3/4
i

2 < x3/4

(1+s)" 14nz 4+ 202D *+"(" D=2, .. +(k)x'°+-

2! 3
i 214nx |xl<:1
.

i-i-—-—-l-%—z-i-z + 23 A |§:|<l

B7-4 Sums
L " sy
Er = —— r#1

[EEE 350]
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1

B8.7-5 Complex Numbers

2T/ = 45
e 1 neven
-1 nodd
¢*3® = cos 9 jsin @
a+jb=rc'”:’ r=\/m, -tan l(-)
(rei®)* = ekt
(re7")(rae?®) = raraef1140)

B.7-6 Trigonometric ldentities

i =copzkjsing
cos:—-[J’-}-e“"]
sinx=-§3v[ej’-e ]
cos(zkE)=Fsinz
. sin(zk §)=*cosz
25in 2 cos z = sin 22
sinfz +cos’z=1

0082

z —sin%z = cos 2z
fcos’::-— (1+cos2z)
sinfz = 3(1- 0052:)
coS§ ::=3(3°osx+ooaaz)
mz:}(asmz—sm%) .
sin(x:!:y):aina:eoey:hoosxsiny
eos(x:!:y):coszcoayq:sinzainy
tanxttany
1xtanxtany

" gin'z #in y.= L[cos (z — ¥) —cos (= +¥)|° |
cos T COs y = %[cos(x—v)+°°8(z+v)\
sin z cos y = [sin (z — y) +sin(z + )}

acos z +bsin z = C cos (z +6)

inwhich C = Va2 12 and 6= tan™! (:a‘!)

tan(z y) =

[EEE 350)
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B.7-7 Indefinite Integrals

/udv=uq-—/vdu

[ 1@ 0z = 110061 - [ Fteroteras

jainazdz:—--%ooscz /coa c:cdz:s-l-sinaz
. 2 _ % _8in2az =24 sin 2oz
fam azdz—.z = /eos"'azd =3+

Y 1., .
z#in ax dz = —(sin az — az cos ax)
a - -

/zoos azde = ;};(coe az + az sin az)

/;’sin axdx = %5(2azoin az 4+ 2¢08 az ~ a3z* cod az)

.

]z’oos sxdz = —13-(24:000 az — 25in oz + 6>zsin 4x) .

/smazsmbzdz sin(a—~3)z _sin(a+d)s

2a—1)  2a+) _“2 i
[rinesomtese = [rlezt mlle]
jcos az cos bzdz_—.’“;((:::))’ 'i;((:::))’ o 2
TR
ces* dz = __(;z )

/ 23 dz = %(a’z’ —2az 4 2)

/c“’s;n bz dx = e
a2 +b

2(as'ux bz ~ beos bz)

6
/e"cos.bzdz— 2+52(“°°° bz 4 bain bz)
1 1 -1 %
/z’-i-c’d:—at-m a
kg 1 2 .
z2+a2 =-ln(z 4+ a) ) !

[EEE 350]
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Appendix B -

_ B.7-8 Differentiation Table

d — d‘ au a\.h- ‘:
dxf(u)“ duf(u)dx dzd.&.-—b(lna)d
-i—(uu):u%-l-v% -dd;sm az =acos az
4 ("‘)'— v - ui d cosax—'asinaz
=\s)= 5% ikl
'dz" o n-;l d =
=y Ehe e = oo
d _1 LI SR S
_ gz o) =2 LT e = =y
o d _ loge d, 4 _ ' -a
4z 08(ez) = =2 a7 e = e
G e g e )

=beb* . leates)=

a
14 a2

B.7-9 Some Useful Constants
| x o~ 31415926535
e = 2,7182818284
1 ~ 0.3678794411
log,, 2 = 0.30103
logyo 3 = 0.47712 -

"B.7-10 Solution of Quadratic and Cubic Equations
Any quadratic equation can be reduced to the form

az3 +bz4c=0 .
The solution of this eciua.tion is provided by
. .« Ted

—b+ Vb3 < dac
2a

M
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Appendix C

TABLE 2.1: Convolution Table

No FA0) Ja(t) A1) s £2(8) = f2() » f1(t)
1 . . £¢-T)
2 Mu(t) u(t) !_-__-._‘\e_*_’_ u(t)
R u(0) tul?)
4 Mtu(p) e*aty(t) ‘;x-c » ul) M#EM
5 c".'u.(t) c”;(t) teMu(t)
6 teMu(t) Mu(t) ’ %t’c”u(t)
-1 t"u(t) 'c“u(t) ’::“ u(t) - Z ”:':(‘ i s u(t)
8 ' t™u(t) t"u(t) G—%t‘“’*"*“u(t)
. 1 - A
I e
10 theMut) theMtu(e) m"-‘%wﬂ“:&(q

.. m o g g At
11 - tmeMty(e) thePtu(t) E : g;(,lr .? ;g?():Jl' ;z)n«:jﬂ (t)
-

) n —k At
y ~1)*ni(m.+ &) e
A -+ E : 1(;;(,,).. k()l(Az )R w(t)
k=0 -

12 &= con (Bt 4 0)u(t) e ult) coa (0 = ¢)cM e~ cos (Bt + 0 — #) u(t)

Ja+2)i+ 82
¢ = tan™[~p/(a + N}

' X)t Aab, ..
13 eMtu(y Mty(~t) “(2:_‘& w=t) Reda > Reds
TOUAS L JAat
U eMtu(—t) Htu(—1) -‘—;;:%;—u(—t)
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' ' Appendix C

'I‘ABL‘E} 9.1: Convolution Sums

No. A @M AWeAR=AESE -
1 k-g) R -4
2 r*ulk) ulk) [1 ;ZT] (k)
3 ulk] ulk) (k + 1)ulk} ,
¢ b o [ e R
5 Ay -k 41 =T 7{=up;1 + ﬁ’j_’,hvgu[;-(k +1]  ei>nl
6 kydulk] ulk] ?-7—173—-2;—:—)7 [7;‘ -1+ 1*—;—;—'—"_*7{‘] ufk} n#ETN
7 kufy kulk) Sh(E = Dk + 1ulH)
8 yulk) 7ulk] (k + 1)y ulk]
9 v&u[kl . ku[k] ['f(”k "(:)"-“‘7;’(1 - '7)] ‘Il[kl
10, Inl* coo(Bk 4 8)ulk]  AAuk) 7‘2- [nl** coslp(k + 1) + 8 = ¢} =137 cos(d ~ #)) ulk] 72 eal
"R [P +43 - 2mincos )
o = ot [luln ) | |
- 8 - N
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r= Al|yj34-B3~-24aB
£ o per

B = cos~V 2, 9 = tan—! —4e=B
: Tl
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Table 11.1: (Unilateral) s-Transform Pairs '
',5] . IR F[ R
1 8k~ 23
2. ulk) - - -
3 kulk) .(-;—_’_‘-1-);
4 Kl i‘é‘%}}
5 Kulk) nETEI (‘::_4;; 1)
6 Flufk-1] - _1_7
L o ;—_f_-;;
-8 k’y"u[).c] (,'—':’.5.',')7
19 k2 y*ulk) %%"%’5)‘
1o HE-DE —12,,)%! (k= m .1) a*ulk] PPy :),M.;
S o e
12 fhl"'ct;s (ﬁk +8)ulk) =yl '(of ,:i:), + (er:;jf )z .
.12 rh*cos (8K + 0)ulk] F%
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' Appendix D

Table 11.2

' Z-Transform Operations

Operation JIK) F(z)
Addition = AR + f20k) Filz) + Fal2)
Scalar multiplication  af[k] aF{z}
Right-shift Flk = mjulk - m] ‘;%,‘—F[z]

e=mildl o Fl + g SR

=
M-l IFE+ S
-2 FE L)
Mo~ Pl +';‘;n'-11+§f[—21;ﬁ-31
Left-shift Slk+mpld] 2 FlE) - zM§ fiH=*
| &
Tk + 1Jull) 2F|z] - zf[0) |

fE+oll 2Pl - 20 = £

$lre 3Julk] 2Pl - 2f[0] - 211} - f12)
Multiplication by7*  +*f[k]ulk] F [-f‘;]
Multiplication byk Kk f{kJu{k] ' 22 Pl
Time Convolution S1{K] * falK] Fi[z)Fale]
Frequency Convolution flklfalkl = 25 § FifulR [£] v du
.. Initial value flo} lim; o0 F(2) |
Final value limyoco fIN]  limsa(z—1)F[z)  poles of.

(z — 1) Flz]inside the unit circle.

pmspenemm———g



