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1 ) Table of Laplace and Z-transforms
Laplace Time Time
Table (1): Frequency response of . s Entry tr‘aEnsfur‘m Fun‘c:ion 1‘;—“21:,13"1( z-Transform E(z)
() = 200317160z + 3383)(z +0.242) oldaa A it ©) o felMored)
{z - 1)z — 0.9048)(z — 0.7408) impulse 1 5(t) (k) 1
ahy |Glww)l | 1Glww)lar | £G(jaw -
0001 | 6999.99611 | 7690196 | -90.08 ::;; _—i u(t) 1 Zi T
0010 | 69986114 | 5690148 | 9079 ol e
0100 | 69.61424 36.85396 -97.91 ? 1 : KT = kTd* Tz __dTz
0200 | 3424493 | 3069193 | 105.70 s G- —df
0.300 2723835 | 2694244 | 11327 1 o pmakT gk
0400 | 1610722 | 2414081 | -12054 ) Sta
Figure (1) —ar
0500 | 1235347 | 2183578 | -127.45 1 feat KTe—akT Te™z
0.600 9.81217 1983530 | -13398 (S +a)? (z—eaT)?
0700 | 7.98088 | 1804102 | -140.11 ) a - e (1—eT)z
0800 | 6560526 | 1639780 | 14536 Shown mf'lgurc [ :rJ is the b]lu;.k di " \‘-: the | o | F 1-e @D e
servo control svstem for one of the ofa a
Sg j:;;;j i::j:zgj ii; ii plotter. Let T = 0,1 and the function G(#) is x_':crl . o at=1 ak? =1 zltat — 1+ E_ET}“-: (- “_:7 — ale™"T)]
10 | aomm | mosss | s | Hera) | te e oDz )
1200 | 347242 | 1081263 | -16537 G = 0.0031716(z + 3.383)(z + 0.242)
1300 | 3.01784 559392 | -169.51 (z = 1)(z — 0.9048)(z — 0.7408) Notes
1.400 2.63930 842978 -173.40 sponse for G(z) is given in Table (1),
1500 | 232135 73182 | 11707 R e tay [LtwfGafa)]  [L+wf] halz-)
1.600 2.05223 6.24452 -180.54 Diw) = pwil - [Tt | = ay [T+ w /ey D(z) ——(2 )
1.700 1.82286 521508 | -183.81 ! ! o v
1800 | 162615 422319 | 18692 2 2 2
1900 | 145645 326600 | 18987 Tn= (E ) 79 = (g ) kg = (a M}M = HDM
2,000 1.30933 234100 | -19267 (T* ) (T + an) “wa (T* W) -z
2200 | 118113 144597 | 19534 ] - X
2.200 1.06892 057894 -197.89 N @ = M ‘ by = M
2300 | oe7030 | -02e18s | -20033 Figure (2) |G Gewlsing®) “msin(8)
2400 | ossae | 107797 | -20265 K, T\ 241 z-1
2500 | 0.80623 187086 | -20488 D(w) = Ky + 2+ Kow D) =Ky + K, I(E) (z— 1)] + K"( 2T j
5000 | 014771 | 1661152 | -241.03
10000 | 0.02406 | 3237441 | -27252 k L‘gl T v I S .1
100.000 | 0.00099 | -60.11208 | -31436 oG (jenya)| s olGlona)l
10000000 | 0.00086 | 6127231 | -359.84

Choose the corret answer
Reduction in high-frequency gain
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2)

- reduces the closed-loop system bandwidth, resulting a faster system response.

- increases the closed-loop system bandwidth, resulting a slower system response.
- increases the closed-loop system bandwidth, resulting a faster system response.
+  reduces the closed-loop system bandwidth, resulting a slower system response.

Table of Laplace and Z-transforms

Choose the corret answer
The dynamic system is:

Table (1): Frequency response of - "
ey < DO0INTI6(z +3303)(z +0.242) <l3aa A
(7 — 1)(z — 0.9048)(z — 0.7408)

ahy |Gliww)l | 1Glww)lar | £G(jaw
0001 | 6999.9%611| 7650196 | -90.08
o010 [essens [ sesows [ 09 | e By EG 0 [0 &
0.100 | 69.61424 36.85396 -97.91 - = o
0200 | 3424493 | 3069193 | 10570 T r
0300 | 2223835 | 268424 | 11327 i

0400 | 1610722 | 2434041 | -12054 Figure (1)

0500 | 1235347 | 2183578 | 12745

0600 | 9.81217 1983530 | -13398

0.700 7.98088 | 18.04102 | -140.11

0.800 6.60526 16.39780 14586 Shown in Figure (2) is the block diagram of the
0.500 554121 1487209 | -15123 | servo control system for one of the aees of a digital
Tooo D700 320200 626 plotter. Let T=0.1s and the function G(z) is given
1100 | 402372 noass | teass |
1200 | 347242 | 1081263 | -16537 Gz) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 2.01784 559392 | -169.51 (z = 1)(z — 0.9048)(z — 0.7408)
1400 | 263930 | 842978 | 17340 | The frequency response for Gz)is siven in Table (1)
1500 | 232135 731482 | -177.07
1600 | 205223 624452 | -180.54
1.700 1.82286 521508 | -18381 | 4!
1.800 1.62615 422319 | 18692
1.900 1.45646 326600 | -189.87

2000 | 130933 234100 | 19267 Binary Lola

2100 118113 144597 | -195.34

2.200 1.06892 057894 | -197.89

2300 | osroso | -voeeiss | 20033 Figure (2)

2400 | ossazs | -1o7ver | 20265

2500 | 0.80623 187086 | -204.88

5000 | 014771 | 1661152 | -241.03

10000 | 002406 | 3237441 | 27252

100000 | 000095 | 5011209 | -3a436

10000000 | 000086 | 6127231 | -359.84

Laplace Time Time
Entry | transform | function| function z-Transform E(z)
E(s) e(t) | e(kT)ore(k)
unit
impulse 1 8(t) 8(k) 1
unit 1 z
step 3 u(t) ! -1
1 oT = kTt Tz dlz
& ‘ - G-17 G@-ar
1 —at —akT _ ok z *_Z
S+a © ‘ =d z—e " z-d
1 Te™*Tz
J-at —
Graf | kT G—ec )
a (1—e )z
— 1—e-at — p—akT
SE+a) ¢ 1-e z-(z-e)
a? at—1 akT—1 | zllaT =1+ )z+ (1 - e —aTe™7)]
S35 4 a) e + ek (z— D2z —e—=T)
Notes
_awray  [Ldwfag/a)]  [L+w/fe,) Ckalz—2a)
PO = T = T/t | 0 [T woy, | Dlz) = (z—12)
2 2 2
_lFmow) _Gmem) | ey (Erew)  (1-z)
5= w=7 = (gt} ==y
(7 + ow) (7 + ) " (+ o) ’

_1- ag| G (janey)l cos(8)
T T alE o lsin(8)

_ cos(0) - aol GGl

by wypy5in(8)

K
D(w) = K +;+ Kpw

2@ =k + [ 5) E5)] + o ()

4, ___cos6
" aglG ()l

kpuwys —

sinf

i
aner gl G|

BINE
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3)

4)

3)

a system with memory, a system whose input-output behavior can be modeled either by differential
equations or difference equations.

a system without memory, a system whose input-output behavior can be modeled either by
differential equations or difference equations.

a system with memory, a system whose input-output behavior can be modeled by differential
equations only.

a system with memory, a system whose input-output behavior can be modeled by difference
equations only.
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
PPl L Gt ;
7 — 1)(z — 0.9048)(z — 0.7408) ir::ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69986114 | 5680148 | 9079 | Rys) - Efsi Es) . step s -
() B) o = ¢ 9]C6
0.100 | 69.61424 36.85396 97.91 e = L 1 K Tz drz
: - : T = ¢ kT = kTd == .
0200 | 3424493 | 3069193 | -105.70 ) (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2414081 | -120.54 ) Sta i-e @ z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 1804102 | -140.11 a L —eT)z
5 T 2 | 1emw | q—ee _(—er)z
0.800 6.60526 16.39780 14586 Show ||(m Plgulrc { _tJ i the bjli:;.k di l|| \‘ljl [h‘c | SG+a) @ Diz_e )
0800 | ssatzr | aszzos | sizz | #erve control system for one of the axes of a digita . — - —
1000 e 20200 156.26 plotter, Let T=0,1s and the function G (z) is given @ at—1 akT —1 zlaT —1+e™ )z + (1 - e™ —aTe™)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 402372 | 120085 | 16096
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1.400 2.63930 8.42978 -173.40 queney response for Giz) is given in Table (1)
1500 | 232135 731482 | -177.07
_mwhay _ [Lwilag/a)] | [L+wiwg] _kalz—z)
1.600 2.05223 6.24452 -180.54 D(w) = =a, —| =a D(z) =——m—
1.700 1.82286 521508 | -183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 162615 422319 | 18692 2 2 2
e W =+ -
1800 1.45646 326600 .189.87 = (72" ”*’) 2a= (g “’") fa = (ﬂum)w = ag (t-z)
2.000 1.30933 234100 -192.67 Binary Data (T* “w.n) (T N Uwu) o {T* “wv) (1—zp)
2100 1.18113 144597 | -195.34 ) :
2.200 1.06892 0.57894 -197.89 1 —ag|G(june)|cos(8) _ cos(8) — ag|Gljay)|
- O |G [ty ) [sin(8) by = PC)
2300 | 087030 | 026185 | -20033 Figure (2) wi wi wi
2400 | 083329 | 107797 | 20265 . e — k2 OV EED] o (2ot
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 by m 008 kg = m S8
» . Dl -
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | 0.00086 | 6127231 | -350.84

Choose the corret answer
The digital signals are:

the signals which are continuous in time and amplitude.

2) + represented in terms of zeros and ones with typically 12 bits or more to represent a single number.

4)
4)

defined only at certain instants of time and can change value only at those instants.
defined only at certain instants of time and continuous in amplitude.
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Table (1): Frequency response of
0.0031716(z + 3383)(z + 0.242)

o

Table of Laplace and Z-transforms

6 =13 — o0e8)z —07408)

e |Gliww)l | 16lww)las | £6(jow
0001 | 6999.9%611| 7650196 | -80.08
0.010 | 699.96114 56.90148 -90.79 Ris) EfsF 14‘\1’ @ e Cs)
0.100 | 69.61424 36.85396 -97.91 - = P
0200 | 3424493 | 3069193 | 10570 ! r
0.300 2223935 | 2684244 | -11327 H
0400 | 1610722 | 24.34041 | -12054 Figure (1)

0500 | 1235347 | 2183578 | -12745

0,600 9.81217 1983530 | -133.98

0.700 7.98088 | 18.04102 | -140.11

0,800 6.60526 16.39780 14586 Shown in Figure (2) s the block diagram of the
0.900 554121 14.87209 5123 servo control system for one of the axes of a digital
1000 470000 20200 566 plotter, Let T=0,1s and the function G (z) is given
1,100 402372 oass | o |
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408)
1400 | 263930 | 842978 | 17340 | The frequency response for Giz)is siven in Table (1)
1500 232135 731482 | -177.07 Pk Bervmctor &
1,600 2.05223 624452 | 18054 ! nplifier
1.700 1.82286 521508 | -183.81 | #
1.800 1.62615 422319 | -186.92
1,500 1.45646 326600 | -189.67

2.000 1.30933 234100 19267 Binary Deta

2100 118113 144597 | -195.34

2200 1.06892 057804 | -197.89

2300 0.87030 026185 | -20033 Figure (2)

2.400 0.83329 107787 | -20265

2500 0.80623 187086 | -204.88

5.000 014771 | 1661152 | -24103

10000 | 002406 | 3237441 | -27252

100000 | 000095 | 6011209 | -34436

10000000 | oooose | 6127231 | -350.84

Choose the corret answer
A digital controller is:

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
E(s) e(t) | e(kT)orefio)
unit
impulse 1 &) (k) 1
unit 1 z
step s u®) ! T 1
1 . oT = kT Tz dlz
52 N (z-1)2 (z—d)?
1 —at —akT _ gk 72 771
Sta ¢ e =d Z—e @ z-d
1 Te™Tz
—at —akT
Graf | kT G )
a (1—e )z
I 1—e-at — p—OkT
SE+a ¢ L-e CETEG)
a? at—1 akT — 1 zl{aT — 1+ ez + (1 — e — aTe™")]
S5 +a) +e ek (z—1)*(z—e")
Notes
ayw + ay [1+w/(ag/a,)] 14w/, gz —70)
Diw) = =q, =aqa D(z) =——F
) = w1~ [T w/og | = [T wjmy,| @ (z-1)
2 2 2
_Fmow) _Gmew) | ey (Frem) (1o
Ky =2 o= (wg2) )
(7 +aw) (7 +m) w0 (4 wwp ) °
_ 1 —ag|Gjan)|cos(8) by = cos(8) — ag| Gl
4 7 a6 w,)lsin8) T asin(®)
K, Trz+1 z—1
D) = Ky o+ Ko D(zj:Ku+K]I(E)(—Z_1)]+KD(ZT)
. cos 6 . : sin @
=, Wy ——— =
" gl wn)l P i aol6 Gl

implemented in firmware or software, and its modification is impossible without a complete
replacement of the original controller.
implemented in hardware, and its modification is impossible without a complete replacement of the
original controller.
implemented in firmware or software, and its modification is possible without a complete
replacement of the original controller.
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4) - implemented in hardware, and its modification is possible without a complete replacement of the
original controller.
5)

Table of Laplace and Z-transforms

Laplace Time Time
Table 0 F o Entry |transform | function| function z-Transform E(z)
able (1): Frequency response - - " E(s ot o (kT or e(k
sy Q0UBITIEz + 3383)(x +0242) ol ae = - ©) 0 () or ek
# = 1)z — 00048)(z — 0.7408) | unit 1 5(t) 8(k) 1
— — — impulse
i 6wl | 16(jww)las | £6(juw - "
0001 |6999.99611| 7600196 -90.08 ;'t‘lt 1 u(t) 1
0010 [ 69996114 | S60018 | 0079 | s o BTy )| o o olce ep s -1
28 b — 6. G s
0100 | 69.61424 3685306 | -97.91 - 4 ! & i 1 ‘ KT = kTd" Tz __dTz
0200 | 3424493 | 3069193 | 10570 ) §2 z-1)? (z—d)"
0300 | 2223935 | 2694244 | -113.27 & 1 - o-aKT _ gk LI
0.400 16.10722 2414041 -120.54 . S+a z—e 9 z—d
Figure (1) -
0500 | 1235347 | 2183578 | -127.45 L — KTa—akT Te™z
0.500 9.81217 19.83530 | -133.98 S+a) (z—eaT)?
0.700 7.98088 1804102 | -140.11 a (1—e)z
0800 | 660526 | 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEea | 17| 1o PR
0.900 554121 1487209 15123 servo control system for one of the axes of a digital — — —
To00 470008 34920 5525 plotter. Let T=0.1s and the function G(z) is given a? at—1 akl' -1 Zlal — 1+ ez + (1 — e~ — aTe"™)]
- - by SHS+a) | e e (z = 1)z —e~T)
1100 | 402372 | 1209255 | -160.96
1.200 347242 1081263 | -165.37 G(z) = 0'7003171(’(2'* 3'333?(2 +0.242)
1300 | 301784 559392 | 16851 (z = 1)(z ~ 0.9048)(z — 0.7408) Notes
1.400 2.63930 B.42978 -173.40
1500 | 232035 | 7aume | 19707 . .
o mren awra,  [Ltwfan/a)] [+ wie)| ka2 =)
1600 | 2.05223 624452 | -180.54 ! P Dw) = =ap —| =% Diz) =————=
' bw+1 1+w/(b)* 14w/, -
1.700 1.82286 521508 8381 | Al ] ! L ) L forna (z==)
()
1800 | 162615 | 422319 | 18692 = ] 2 2 2
R et / =— a,, - w R _
1.900 145646 3.26600 -189.87 P 7= (E "’) = (g ’“‘°} ko = (HOM)M = a (1-2)
2000 | 1.30033 234100 | 19267 Binary Dosa (T"‘ g ) (T + wwu) W (T"‘ up) (1—z)
2100 | 118115 | 144507 | 19534 - )
2.200 1.06892 0.57894 -197.89 a = 1 - alGlwn)lcos(8) “G‘G“FJ“W"“-";‘” by = €03 (8) — wolGljwu)l “‘,‘lﬂg“’“‘)l
(), ), Stn gy SIN
2300 | oo7os0 | 026185 | -2003 Figure (2) w6 () lsin(@) wiSin(8)
2400 | ose3 | 107797 | 202685 K, Ty 2+ 1 z—1
2500 | 0.80623 | 187086 | -204.88 Dw) =Ky + -+ Kpw Diz) =K, +K I(}) [Z_ 1)] +Kp (T T )
5.000 0.14771 -16.61152 -241.03 )
10000 | 002406 | 3237841 | 27252 k= _ cosB Ko _ ki stng
100.000 | 0.00099 60.11209 | -344.36 ag|G(jeys)l why ol Gl )l
10000000 | 000086 | 6127231 | -350.84
Choose the corret answer
A sampler converts
1) - adiscrete-signal into a train of pulses accruing at the sampling instant 0, T, 2T, ..... where T is the
sampling period.
2) - acontinuous and discrete-signal into a train of pulses accruing at the sampling instant 0, T, 2T, .....

where T is the sampling period.
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3) - None of these.
4) +  acontinuous-signal into a train of pulses accruing at the sampling instant 0, T, 2T, ..... where T is
the sampling period.
6)

Table of Laplace and Z-transforms

Laplace Time Time
Entry |transform | function| function z-Transform E(z)
Table [1): Frequency response of - - E(s) et) | ewr) oreti)
gy - DOOITI6G + 3383}z +0.242) l_ll—l.ﬂﬁ -
& T 1z — 0.9048)(z — 0.7408) ir:nulltse 1 5(t) 5(k) 1
ahy |Gl | 1G(faw)las | 26 (jww P - z
0001 | 699999611 | 768019 | -9008 unit 1 u(t 1
step 5 ® 1
0010 | 69996114 | 5650148 | -80.79 Ris) - Eisiyr E'(s) y
() (5] _ ) G (] €O
—— Dz} — G_(5) Gpls) 1 Tz dTz
0100 | 6961424 3685396 | 8791 . ! = ¢ KT = kTd* -
0.200 34.24493 30.69193 -105.70 . §2 z-17° (z-d)®
0.300 2223935 | 2694244 | 11327 H L s o-aKT _ gk _F __F
0400 | 1630722 | 2434041 | -120.54 7 S+a zoen z-d
Figure (1) —ar
0.500 12.35347 21.83578 -127.45 1 te-at KTe—akT Te®z
0.600 9.81217 1083530 | -133.98 (5 +a)? (z —e-9T)2
0.700 7.98088 | 18.04202 | -140.11 a ~ et (1—e )z
0.800 6.60526 16.39780 -145.86 Shown in Figure (2) is the block diagram of ihe S5 +a) l-e® L—e® m
0.900 554121 14.87208 15173 servo control svstem for one of the axes of a digital 2 o — -
plotter. Let T = 0.1s and the function G(z) is given L at—1 akT =1 | zlal —1+e™)z + (1 - ™7 — aTe™T)]
1.000 4.70004 1340200 | 5626 | - S ta) | e ™ 4o (z— iz —e2T)
by - -
1.100 4.02372 1209255 | -160.96
1200 | 347242 | 1080163 | 16537 () = 200817160z + 3.383)(z + 0.242)
1.300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 sa2978 | -173.40 G
1.500 232135 731482 | -177.07 Flant Seryomotor & Cawhay  [Lw/ae/a)] | LW _ka(z—z)
1.600 2.05223 524452 -180.54 mplifier Dw) = =a —| =a, Dlz)=——"7~
1.700 1.82286 521508 | -183.81 vt L1+ wrG ] 1+ /o] (z==)
1.800 1.62615 422319 | -186.92 2 2 2
2_ 2 _ Stw, -
1900 1.45646 326600 | -189.87 z = (72; ) 2g= (g “'”) ke = (a ﬂ)w = HDM
2000 | 130033 234100 | 19267 Bimry Dot (F+ ) (F+ww) “wo? (Tt ey ) 1 -2)
2100 118113 144597 | 19534 - -
2.200 1.06892 0.57894 -197.89 a = M by = M
2300 | 087030 | 026185 | -20033 Figure (2) @t G lsin() Wn5in(9)
2.400 0.83329 107797 | -20265 B K, B Ty 241 z—1
2500 | 080623 | -187085 | -20488 Dw) = Kp + 2+ Kow D(z) = Ky +K; I(E) (z— 1)] + K"( ZT )
5.000 014771 | 1661152 | -24103 -
10000 | 002406 | 3237441 | 27252 k= _cosb Kot Lt __ sin®
100000 | 0.00099 | -60.11208 | -34436 206 (el owr aol6 )l
10000000 | ooo0se | 6127231 | -350.84

Choose the corret answer
The output signal of the ideal sampler (the input of zero-order order hold device) is

1) +  continuous amplitude discrete time signal.
2) - discrete amplitude discrete time signal.
3) - discrete amplitude continuous time signal.
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4) - continuous amplitude continuous time signal.
7) Table of Laplace and Z-transforms
Laplace Time Time
Table (1): Fi of Entry | transform [ function function z-Transform E(z)
able : Frequency response - - E S) e fj e(kT) or e(k
() = DOUITI6G + 3303)(z +0.242) - A - ¢ ( () or ety
" Tz— D)z — 0.9048)(z — 0.7408) ,unit 1 5(t) 8(k) 1
— — — impulse
@y 16wl | |GUaw)la | £6(jow - 2
0001 |6999.99611| 76.90196 -90.08 ::;t 1 u(t) 1 .
0010 | 69986114 | 5690148 | 9079 o > p ce) il s -
=B ey —l6s ;
0100 | 69.61424 36.85396 -97.91 : i 1 ¢ KT = kTd" _Te __drz
D200 | 293 | 3060193 | 10570 §? 12 (-df
0300 | 2223935 | 2684244 | -113.27 L 1 e emanT _ gk z___z
0400 | 1610722 | 2414081 | -12054 . S+ta z—e ™ z-d
Figure (1) ot
0500 | 1235347 | 2183578 | -127.45 1 feat KTe—akT Te™z
0.600 9.81217 1983530 | -13398 (S +a)? (z—e9T)2
0700 | 7.98088 | 1804102 | -140.11 a - e (1—e-iT)z
0.800 660526 1635780 | -145.36 Show utml}lgu[rc ( :rJ is the blhzlu\ diagr m;_. \‘-]l_m‘c | BT 1-e 1-e e
servo control svstem for one of the axes ol a digital
Sx j’:mj izjzgj ii: ;i plotter, Let T — 0.1s and the function G(2) is given a at—1 akT =1 | zl{al — 14" Nz 4 (1 - ™ — aTe™"T)]
- - - by s2s+a) | +e™™ e (z - DHz—eT)
1100 | 402372 | 1209255 | -16096
1.200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 3.01784 950392 | 16951 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 263930 842978 -173.40 The frequency response for G(z) is given in Table (1),
1500 2.32135 7.31482 -177.07 iy Plant Servomotor & ayw +ay [1+w/(ao/n,)] [14+w/ey) ka(z—2o)
1600 | 205223 624452 | -18054 g Dw) = =a, = =aq, D(z) = ————=
‘ how +1 [T+ w/G) | ~ [T+ w/a,) (z—2)
1700 | 182286 521508 | 18381 |
1800 | 162615 422318 | 18692 i 2 2 2
1900 | 145646 | 326600 | -189.87 2= (7~ ) = (7~ m) ko= (HOM)M_ un[l_zw)
P2 T2 - 2 - —
2000 | 130033 234100 | 19267 (F+ @) (F+wwm) 0/ (24 ) (1 -z)
2200 | 118113 144597 | 19534 ) ;
2.200 1.06892 0.57894 -197.89 1 = ol Gan)|cos(8) €05(6) — aolGljwnn)l
O |6 (g ) [sin(8) by = gy sin(8)
2300 | 097030 | -026185 | -200.33 Figure (2) wi w w
2400 | ossae | 107797 | -20265 B K, B T\ 241 z—1
2500 | 0.80623 187086 | 20488 D(w) = Ky + 0+ Kpw Diz) =K, +K I(E) (Z, 1)] + KD( T j
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 L S8
ey . kpwys -
100.000 | 0.00099 | 6011208 | -3a436 ag|G(jeny)| ahey ol Glan )l
10000000 | 0.00085 | 6127231 | -359.84

Choose the corret answer
We will require a hold device to create

1) - adigital input to the discrete controller.

2) +  an analog input to the continuous time plant.
3) - an analog input to the discrete controller.

4) - adigital input to the continuous time plant.

8)

iaa.all 8 /48



Aiadl 4 ) sanll
claia aMlA
..}‘):\S.‘\Y\ U'_I\J\.ﬁ;\)“ JS)A

Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) <lae A - ¢ { () or etk
# = =1z - 0.9048)(z — 0.7408) , unit 1 5(t) 5(k) 1
— — — impulse
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
o010 |esssena [ sesoms | 9099 | wes o mepy [, o . e step 5 z—
0100 | 69.61424 3685396 | -87.91 A ‘ : : 1 & KT = kT _ Tz dlz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a (1—e )z
S| i 2 - 1—e-ot 1—e™okT _—
0.800 6.60526 16.39780 14586 Show ||(ml]~|gulr~: { }J i the bjli:;.k di |l|| \:JI the SG+a) @ Diz_e )
servo control system for one of the axes of a .
Sg j.:4121 iijzgj ii; ;z plotter, Let T= 10,15 and the function () i @ at—1 ak? —1 zlal —1+e™ )z + (1 - e~ — aTe™7)]
- - - by: S2(S+a) +e 4+ (z—1)*(z—e")
1100 | 400372 12.09255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 8.42978 -173.40 onse for G(z) is given in Table (1)
1500 | 232138 731482 | -177.07 Scrvomotor & ayw + ay [14 w/(ag/ay)] 14w/ ka(z—20)
1.600 2.05223 6.24452 -180.54 Amplifier Diw) = =a, —| =a D(z) =———F—
bow +1 (EE7ICN N B EETs | (z-2)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92 2 2 2
—— == W, -+ w, -
1800 1.45646 326600 .189.87 = (72" m‘”’) 2a= (g “’") fa = (ﬂu&)w = ag (t-z)
2.000 1.30933 234100 -192.67 Binary D (T* ﬁ,w) (T N Uwu) o {T* owp) (1—zp)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
4 " 1= p
Wy |G (e, sin(é iy Sin(8
2300 0.97030 026185 | -20033 Figure (2) wilG Uy )lsind) w1 5in(6)
2400 | oss3s | 107797 | 20265 K, Tz +1 z—1
2500 | 080623 | 187086 | 20488 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (—Z_ 1)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl T e e __ sin8
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the corret answer
A pole of E(s) in the left half-plane transforms into a pole of E(z)

1) - outside the unit circle.
2) - on the unit circle.

3) +  inside the unit circle.
4) - on the real axis only.

9)
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Table of Laplace and Z-transforms

Laplace Time Time
Table () F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” E(}(T} or f.’(j()
Gy  QO0ITI6 e + 3303)(z +0.242) '—‘u-ad . ¢ {
# = =1z - 0.9048)(z — 0.7408) ir::ulltse 1 5(t) 5(k) 1
e |G(jany)| | |GGaw)lap | £G(jww - 1 7
0001 | 6999.9%611| 7650196 | -80.08 ::“ = u(t) 1 :
0010 | 69986114 | 5650148 | -80.79 R BD B [ B = Cis) P i z
=2 DE) — s G
0100 | 69.61424 3685396 | -87.91 A ‘ ; = L ¢ KT = kTd* Lz = LZZ
0200 | 3424493 | 3069193 | -105.70 s G- -d)
0300 | 2223835 | 268424 | 11327 H L —at ~aKT _ gk _r
€ € = p—— —d
0400 | 1610722 | 2434041 | -12054 Figure (1) Sta 2o z-d
0.500 12.35347 21.83578 -127.45 1 te-at KTe—akT Te Tz
0.600 9.81217 1983530 | -133.98 (S +a) (z—e)*
0.700 7.98088 | 18.04102 | -140.11 a (1—e ")z
5 T 2) is the bloek di fit S | e | t-e —
0,800 6.60526 16.39780 14586 : I“““‘(“‘TIgllrc‘}J 18 the 11:;. i |l|| \:J the S5 +a) Z-Dz—ec )
servo control system for one of the axes of a :
Sg j.:4121 iijzgj ii; ;z plotter. Let T= 0,15 and the function G(2) i @ at—1 akT —1 | zl(al — 14Nz + (1 - e™7 — aTe™"T)]
- - - by: S2(S+a) +e 4+ (z—1)*(z—e")
1,100 402372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 G(z) = LO081716(z + 3.383)(z +0.242)
1.300 3,01784 9.59392 -169.51 (z = 1)(z — 0.9048)(z — 0.7408) Notes
1.400 2.63930 842978 | -173.40 onse for G(z) is given in Table (1)
1500 2.32135 7.31482 -177.07 Servomotor & b ayw +ay [1+w/(ap/ay)] [1+w/e) ) ke (z —2a)
- Amplifier = = a, =qa Z)=——7tr
1.600 2.05223 6.24452 180.54 i (w) hw + 1 N Trw/ G | = % [T wian,] E-2)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92 2 2 2
(7= om) o) | ey (frew)  (1-2)
1500 1.45646 326600 | -189.67 =z =5 ka = (a2 )" = a0
2.000 1.30933 234100 -192.67 Binary D (T* ﬁ,w) (T N w...u) o {T* “wv) (1-z
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 a 1= aglG(ane)lcos(8) by = cos(8) — ag| Ghan )|
: 4 " 1= -
Wy |G (e, sin(é iy Sin(8
2.300 0.97030 -0.26185 -200.33 Figure (2) wrlGUws)lsin(g) wisin(8)
2.400 0.83329 107787 | -20265 K, Tz +1 z—1
2500 | 080623 | -187085 | -20488 Dlw) = 1 + 2+ Kpw D) = K, + K, I(E) (z— 1)] + K“( ZT )
5.000 014771 | 1661152 | -24103 p . -
10000 | 002406 | 3237441 | -27252 ey =, piogg = — = —2 "
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the corret answer
There is no transfer function can be written for a system in which:

1) - the input is sampled.

2) - the output is sampled.

3) - the output is not sampled.

4) +  the input is not sampled.
10)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) <lae A - ¢ { () or etk
# = =1z - 0.9048)(z — 0.7408) , unit 1 5(t) 5(k) 1
— — — impulse
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69986114 | 5650148 | 8079 | Res) - Efsi E'(s) . e step 5 z—
0.100 | 69.61424 36.85396 97.91 e G ’ 1 Tz drz
: - : T - ¢ KT = kTd* - .
0200 | 3424493 | 3069193 | -105.70 sz (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta i-e @ z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—eT)z
0.800 6.60526 16.39780 14586 Shown in Figure (2) is the block diagram of the S5 +a) € Z-Dz-e )
0.500 554121 14.87208 15123 servo control system for one of the axes of a d; 2 — — —
1000 e 20200 156.26 plotter, Let T= 10,15 and the function () i @ at—1 ak? —1 zllaT —1+ ez + (1 — e~ —aTe™™)]
- - - by: S2(S+a) +e 4+ (z—1)*(z—e")
1100 | 400372 12.09255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 8.42978 -173.40 onse for G(z) is given in Table (1)
1500 | 232135 731482 | -177.07 P et [Ltwiagfa)] _ [L+w/e| T ka(m)
1.600 2.05223 6.24452 -180.54 Amplifier Diw) = =a, —| =a D(z) =———F—
1.700 1.82286 521508 | -183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
1800 1.45646 326600 .189.87 = (Z_ ‘M’) 2a= (g_ w“’”) fa = (ﬂu&)w = ag (t-z)
2.000 1.30933 234100 -192.67 Binary D (T* ﬁ,w) (T N Uwu) o {T* owp) (1—zp)
2100 1.18113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 & M by = M
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | oss3s | 107797 | 20265 . pen = ko IOVEELY] 4 (220
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl Kep g ——L = __snd
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the corret answer
The conditions on a transfer function G(z) such that its dc gain is unbounded is:

11)

1)
2)
3)
4)

G(z) has a pole at z=1.

G(z) has a pole at z=-1.
G(z) has a zero at z=-1.
G(z) has a zero at z=

—
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) <lae A - ¢ { () or etk
# = =1z - 0.9048)(z — 0.7408) ir:nulltse 1 5(t) 5(k) 1
ww | 1GGow | 16Gwwlas | 26Gaw - .
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69986114 | 5650148 | 8079 | Res) - Efsi E'(s) e step 5 z—
0.100 | 69.61424 36.85396 97.91 e G 1 Tz drz
- - : - = t KT = kTd* - = =
0200 | 3424493 | 3069193 | -105.70 sz (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a N (1—e )z
0.800 6.60526 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEra 1—e 1—e™ FER RS
0.500 554121 14.87208 15123 servo control system for one of the axes of a digital 2 — e —
1000 e 20200 156.26 plotter, Let T=0,1s and the function G (z) is given @ at—1 akT —1 zlaT —1+e™ )z + (1 - e™ —aTe™)]
- - - by: $2S+a) | +e ™ +emo Z-1)*(z—e")
1100 | 400372 12.09255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | sa2978 | -173.40 ency response for G(z) is given in Table (1)
1500 | 232138 731482 | -177.07 R— et [Ltwiagfa)] _ [L+w/e| T ka(m)
1.600 2.05223 6.24452 -180.54 Amplifier Diw) = =a, —| =a D(z) =———F—
1.700 1.82286 5.21508 183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
—— == W, -+ w, -
1900 | 145646 326600 | -189.47 = (72“ ) = (g “‘“) Ky = (ﬂum)w —a (1-2)
2.000 1.30933 2.34100 -192.67 (T* ﬁ,w) (T n Uwu) @y {T* owp) (1—z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 &= M by = M
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | oss3s | 107797 | 20265 by — i+ K pen = ko IOVEELY] 4 (220
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl Feptows = — L = __Sm8 _
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the corret answer
If the sampling frequency is increased:

the digital response will not approach the analog case.
the digital response will approach the analog case.
the sampling period is increased.

None of these.

2) +

4 -
12)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) <lae A - ¢ { () or etk
# = =1z - 0.9048)(z — 0.7408) . un11ts 1 (1) (k) 1
impulse
ww | 1GGow | 16Gwwlas | 26Gaw - .
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69986114 | 5650148 | -80.79 ce) step S -
0.100 [ 69.61424 36.85396 97.91 e & 5 1 K Tz drz
- - = ¢ kT = kTd -
0200 | 3424493 | 3069193 | -105.70 sz (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) S+ta i-e @ z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—eT)z
) —_— -at —akT ( .)
0.800 6.60526 16.39780 14586 Shown in Figure (2) is the block diagram of the S5 +a) l1-e 1-e m
servo control svstem for one of the axes of a digits
Sg j.:4121 iijzgj ii; ;z plotter, Let T= 10,15 and the function () i @ at—1 ak? —1 zlal —1+e™ )z + (1 - e~ — aTe™7)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 402372 | 1200255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 8.42978 -173.40 onse for G(z) is given in Table (1)
1500 | 232135 731482 | -177.07 P et [Ltwiagfa)] _ [L+w/e| T ka(m)
1.600 2.05223 6.24452 -180.54 vmplifier Diw) = =a, —| =a D(z) =———F—
bow +1 (EE7ICN N B EETs | (z-2)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92 2 2 2
2 2 ERRT) -
1900 | 145646 326600 | -189.47 = (72“ o) = (g “‘“) Ky = (“"E)M —a (1-2)
2.000 1.30933 234100 -192 67 Binary Do (T* hup) (T + u,..u) “wa {T* Wy ) (1 =z)
2100 1.18113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 1= aolG(jan)lcos(8) by = 22500 — @l GGl
O |G [ty ) [sin(8) ! PC)
2300 | 087030 | -0.26185 | -20033 Figure (2) wi wi wi
2400 | 083329 | 107797 | 20265 K, T\ fz+1 z—1
2500 | 080623 | 187086 | 20488 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (—Z_ 1)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl T e e sind
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
For Rules of Thumb (15t order systems) the
sample rate:

or

or

3) +

or

K or

13)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
) = D2 T 22 SF T D0 :
7 — 1)(z — 0.9048)(z — 0.7408) ir::ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 |69996114 | 5690148 | -50.79 step S -
0.100 | 69.61424 36.85396 | -97.91 iz B KT = kT Lz - LZZ
0200 | 3424493 | 3069193 | -105.70 ) (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2434041 | -12054 ) Sta z—e 9 z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—e )z
S| 7 2 o | 1ot | e _(—er)z
0.800 6.60526 16.39780 14586 Show ||(m Figure ( _tJ i the bjli:;.k d \uln \‘ljl [h‘c | SG+a) @ Diz_e )
servo control system Tor one ol the 3 ol adigta
Sg j.:4121 iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
70004 - - by: S (S+a) | +e ™™ e z-1Dz—e7)
1.100 4.02372 1200255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | saze7s | a73d0 uency response for G(z) is given in Table (1)
1.500 R
2.32138 7.31482 177.07 aw +ag [+ w/(ao/a)] 1+ w/u] k(2 — 2]
1.600 2.05223 6.24452 -180.54 D(w) = =a, —| =a D(z) =——m—
1.700 1.82286 521508 | -183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
== i, == =+ -
1800 1.45646 326600 .189.87 = (72" ”*’) 2a= (g “’") fa = (ﬂum)w = ag (t-z)
2.000 1.30933 2.34100 -192.67 (T* “’w) (T n Uwu) @y {T* “wv) (1—z)
2.100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 1 —ag|G(june)|cos(8) _ cos(8) — ag|Gljay)|
- O |G [ty ) [sin(8) by = PC)
2300 0.97030 026185 | -20033 Figure (2) wi wi wi
2.400 0.83329 107797 | -202.65 by — i+ K pen = ko IOVEELY] 4 (220
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5.000 04771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 by m 008 K e __ sin8
e 16 (o]
100.000 | 0.00099 | -60.11208 | -34436 ag|G(jrngs) w0l G(jwun
10000.000 | o.o0086 | 6127231 | -350.84

Choose the correct answer:
Given the following difference equation:

x(k)+2x(k—1)=e(k)—e(k—1)
Where

x(-1)=0, E(z)= sz

Then, x(K) 1s equal to:

T ox(k) = =24+ (2)k

x(k) = (2)"

T x(k) = 2k

4) +
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x(k) = (=2)"

14)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1): Frequency response of . s Entry tr‘aEnsfur‘m Fun‘ction j(l;-n:t-ionk z-Transform E(z)
sy = QOU3LTIE E +3383)(z +0242) ‘-‘L—-‘Aﬁ e ©) <0 et ored)
(z - 1)z - 0.9048)(z — 0.7408) tmpulse 1 5(8) (k) 1
Wi |GGww)l | 1Gjww)las | £6(jaw -
0001 | 699999611 7690196 | -90.08 :2;; % u(t) 1 zi .
0010 | 69986114 | 5690148 | 9079 Ces)
Diz) — Gos) Gyl 1 Tz dTz
0100 | 69.61424 3685396 | -97.91 1 ¢ KT = kTd -
0200 | 3424493 | 3069193 | 10570 sz 17 (z-d)p
0300 | 2223835 | 2694244 | -11327 " 1 - pmakT _ gk = -z
0.400 1610722 | 2414041 | -12054 Figure (1) Sta i€ z-d
0500 | 1235347 | 2183578 | -127.45 L — KTe—aKT
0.500 9.81217 19.83530 | -133.98 (S+a)
0700 | 798088 | 1804102 | 4011 ] o i a - o (1—eM)z
0.800 6.60526 1639780 | -145.86 Shown |\|f~|9urc { frJ is the hjluld\ i I;" x:jl.ﬂm | Gt 1-e l-e¢ - Diz=e )
servo control system for one of the ot a digita
:x j::;: i::j:zgj ii: ii plotter. Tet T = 0.15 and the function G(z) is g:-gn _ at at —_ﬂll ““T_;l zl{al — 1+ f'”}z:r (1- E'T“T — ale™™")]
100 | 4oz | womss | teoms | Srag | +e e o e
1200 | 347242 | 1081263 | -16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 3.01784 550392 | -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 2.63930 842978 -173.40 The frequency response for Giz) is given in Table (1).
1.500 - , .
Tooo | 20m | eawm [amss| e Dea - B L e
1700 | 182286 | 521508 | 1s381 | 4 1 vl L1+ w/G ] L+ wran,] )
1800 | 162615 422318 | 18692 2 2 2
1900 1.45646 326600 | -189.87 ‘ . = (T7 ) = (;r - Uwu) ke = (auwﬂ)m =ag (1)
2,000 1.30933 234100 | -19267 ] (%4- ey ) [% + wwu} wa (%4- W) -z
2.100 1.18113 1.44597 -195.34 | " T N -
2200 1.06892 057894 | -197.89 T a M ‘ by 8) - a?IGUUmN
2300 | oe7030 | 026185 | -20033 Figure (2) |6 (e lsing®) Wmsin(®)
2400 | osszae | 107797 | -20265 K, T\ 241 z—1
2500 | 0.80623 187085 | -20488 DOw) = Kp +0+ Kow Dz} = K, + Ky I(E) [z— 1)] + K"( 2T )
5000 | 014771 | 1661152 | 24103
10.000 0.02406 3237441 | -272.52 L‘BI kpwar ke sinB
100000 | 000099 | 601208 | -344.36 B0l (el Yo aol6lm)]
10000000 | 0.00085 | 6127231 | -359.84

Choose the correct answer:
E(z) of the following function is:

E(S):S(S+0.25)' T=0.25s

) PO = 0.24235
) = 7-0.9394)

) b )_2—0.24235
“) = 09394

arnm dasall 15/ 48
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
7) s TS SR ) :
7 — 1)(z — 0.9048)(z — 0.7408) ir::ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 |69996114 | 5690148 | -50.79 step S -
0.100 | 69.61424 36.85396 | -97.91 iz ¢ KT = kTd* Lz - LZZ
0200 | 3424493 | 3069193 | -105.70 ) (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2434041 | -12054 ) Sta z—e 9 z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—e )z
S| > > o LI T I P _(-ez
0.800 6.60526 16.39780 14586 Show ||(m Figure ( _tJ i the bjli:;.k diagr \uln \‘ljl [h‘c | SG+a) @ Diz_e )
servo control system Tor one ol the axes ol a digital
Sg j.:4121 iijzgj ii; ;z plotter, Let T= 10,15 and the function () is g\:\:n a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1.100 4.02372 1200255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | saz978 | -173.40 juency response for Gz) is given in Table (1)
1.500 232135 731482 | -177.07
_agwtay  [Lhw/lagfa)] 14 w/w] _kalz—za)
1.600 2.05223 624452 | -18054 Dw) = =@ | T | =% [TF | D(z) = ——— 22
1.700 1.82286 521508 | -183.81 'W s ks (- =)
1.800 1.62615 422319 | -186.92 2 2 2
= iy, = W) =+ w, -
1800 1.45646 326600 .189.87 = (72" *’) o= (g “’") fa = (ﬂum)w —ao (1-2)
2.000 1.30933 2.34100 -192.67 (T* “’w) (T n Uwu) @y {T* “wv) (1—z)
2.100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
LT w6 (wy,)[sin(8) T gy Sin(8)
2300 0.97030 026185 | -20033 Figure (2) wi
2.400 0.83329 107797 | -202.65 by — i+ K ey = i+ i IO EED 4 (22t
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5.000 04771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 by m 008 K e __ sin8
e 16 (o]
100.000 | 0.00099 | -60.11208 | -34436 |G (jangn)| et ol G (jan
10000.000 | o.o0086 | 6127231 | -350.84

Choose the correct answer:
E*(s) of the following function 1s equal to:
S—-2
S(S-1)

D2 1
(s) = (1—e TS (1—e-TG+D)

E(s) =

2)  * £ _ 2 1
(s) = (1— e—TS) o (1— e—T(S—l))

Doy 1 2
(S) - (1 - e—TS) + (1 - e—T(S+1))

49 - E(s) = 1 2
(s) = (1—e-T9) - (1— e~ T(-1)

16)
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Table of Laplace and Z-transforms

Choose the correct answer:
letT=0.1sand

S+4

E(s) =

(S+2)(S-2)

Without calculating E(z). 1ts poles are:

1)

2)

3)

4)

17)

1.1221 and z,

0.8187 and z,

1.0202 and z,

1.

0.8187 and z, = 1.0202

0.9802

1221

0.9802

Laplace Time Time
Table () F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) ‘-‘u—aﬁ - ¢ { ) or e
# = =1z - 0.9048)(z — 0.7408) ir:nulltse 1 5(t) 5(k) 1
o[ 16Gow )l [ 160l | 2EGow - -
0001 | 699995611 | 765019 3008 unit 1 ut 1
step 5 ® z—1
0010 | 69996114 | 5680198 | 9079
0100 | 6961424 3685396 | 9791 iz . KT = kT Lz - LZZ
0200 | 3424493 | 3069193 | -105.70 g G- -d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk o F
0400 | 1610722 | 2414081 | -120.54 . Sta z-e z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—e)*
0.700 7.98088 | 1804102 | -140.11 a w wr (1-e"")z
0.800 6.60526 16.39780 145,86 Shown in Figure ( :tJ is the bjlu;.k d ':uln \‘ljl the | SG+a) l1-e 1-e m
0.900 554121 1487209 L servo control svstem for one of the axes of a digital 2 — - —
1000 plotter. Let T= 0,15 and the function G(z) is given a at—1 akT —1 | zllal —1+e ™)z + (1 - o™ —aTe™™)]
470004 | 13asas | 1s626 | PO PEra) | +e™ + e (z-1)(z—e")
1100 | 402372 | 120085 | 16096
1200 | 347242 | 1081263 | 16537 G(z) = LO081716(z + 3.383)(z +0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | saze7s | 730 Juency response for G(z)is given in Table (1)
1500 | 232135 731482 | 17707
_mwhay _ [Lwilag/a)] | [L+wiwg] _kalz—z)
1.600 2.05223 6.24452 -180.54 Diw) = =a, —| =a D(z) =———F—
1700 | 182285 | 521508 | 18381 vt LW/ ] [+ wfin, | (z=2)
1.800 162615 422319 | 18692 2 2 2
2 2 Stw, -
1.500 1.45646 326600 -189.87 = (z ﬁ) = (5 wn) ka = (““m)w = [1 Zp%
2.000 1.30933 234100 | -19267 (T* hup) (T + Uwu) “wa {T* W) -z
2100 1.18113 144597 | -19534 - X
2.200 1.06892 0.57894 -197.89 a = 1 aglGljen)|cos(@) by = cos(6) = aal GGwnw)l
2300 | 087030 | 026185 | -20033 Figure (2) @il 6Uw)lsin8) W 5in(8)
2400 | 083329 | 107797 | 20265 . e — k2 OV EED] o (2ot
2500 | 080623 | -187085 | -20488 (W) = Kp + 04 Kow ) =K, + K, I(E) (z— 1)] + “( ZT )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 Ky = L’sl Feptows = — L = __sind
100.000 | 0.00099 | -60.11208 | -34436 206 Gansa)| ool Gor)|
10000000 | 0.00086 | 6127231 | -350.84
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Table of Laplace and Z-transforms

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
Table (1): Frequency response of - " E(s) e(t) e(kT) or e(k)
sy 2 DOO3ITI60 + 3303 +0242) uu—ﬁd -
# = =1z - 0.9048)(z — 0.7408) ir:nulltse 1 5(t) 5(k) 1
ww | 1GGow | 16Gwwlas | 26Gaw - .
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69986114 | 5650148 | -80.79 R BD B [ =y ce) step S -
0100 | 6961424 36 85396 -97.91 . 2 “ = L ¢ KT = kTd* _ Tz dlz
0200 | 3424493 | 3069193 | 10570 §* (z-10 (z—dp*
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a N (1—e )z
0.800 6.60526 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEra 1—e 1—e™ FER RS
0.500 554121 14.87208 15123 servo control system for one of the axes of a digital 2 — e —
1000 plotter, Let T=0,1s and the function G (z) is given @ at—1 akT —1 zlaT —1+e™ )z + (1 - e™ —aTe™)]
4.70004 B4 [ 15626 | 0 TGra | e +e-ak GoDMz—e )
1,100 402372 12.09255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
z—1)(z — 0.9048)(z — 0.74
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1.400 2.63930 842878 17340 | The frequency response for G(z) is given in Table (1)
1500 232135 731482 | -177.07 sspassse
{Compeiet aw +ag [1+w/(ag/ay)] [1+wfw] ka(z — )
1.600 2.05223 6.24452 -180.54 [ D(w) = =a, —| =a D(z) =——m—
1.700 1.82286 5.21508 18381 | 4 Pt L1+ w/b) ] L1+ vty ] (- =)
. € pt
1.800 1.62615 422319 | -186.92 i 2 2 2
1800 1.45646 326600 .189.87 = (Z_ ‘M’) 2a= (g_ w“’”) fa = (ﬂu&)w = ag (t-z)
2.000 1.30933 234100 -192 67 Binary Deta (T* hup) (T + u,..u) “wa {T* Wy ) (1 =z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 &= M by = M
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2.400 0.83329 107787 | -20265 by — i+ K pen = ko IOVEELY] 4 (220
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5.000 014771 | 1661152 | -24103
10000 | 002406 | 3237441 | -27252 ky = L’sl Feptows = — L = __Sm8 _
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
Consider the system of the following Figure

R(s)

Ga(s)

I

Gy

H(s)

The system output C(z) is equal to:

1)

2)

3)

4)

18)

C(2) = GaR(2) +

C(z) = G,R(2) —

G H(2) — G,G,H(z)
1+ GH(2)

C(2) = GR(2) +

G,(z) + G,G,H(2)

1+G,H(z)

G1(z) — GG, H(z)
1+ G, H(2)

G1(z) — G1G,H(2)
1+ G, H(2)

C(z) = G,R(2) +

R(z)

R(z)

R(2)

R(2)

424021l 19/ 48
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
PPl L Gt ;
7 — 1)(z — 0.9048)(z — 0.7408) ir:;ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 unit 1 ult 1
step 5 ® z—1
0010 | 69986114 | 5650148 | -80.79 ce)
D) —» Gols) 1 Tz ATz
0100 | 69.61424 3685396 | -87.91 1 B KT = kT _fz __diz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—eT)z
S| 7 z A | 1ot | e _(—er)z
0.800 6.60526 16.39780 14586 Show ||(|\|1F|gulr~: { _tJ i the bjli:;.k d \uln \‘ljl [h‘c | SG+a) @ Diz_e )
servo control system Tor one ol the 3 ol adigta
Sg j.:4121 iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 400372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 842978 | -173.40
1500 | 232138 731482 | -177.07
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
1.600 2.05223 6.24452 -180.54 D(w) = w1 =% bt =a, D(z) =——m—
1.700 1.82286 521508 | -183.81 v L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
1900 | 145646 326600 | -189.47 = (Z_ ) = (Z - “’“’“) Ky = (ﬂum)w —a (1-2)
2.000 1.30933 234100 -192.67 (T* mw) (T + u,..u) “wa {T* uw) (1 =z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
;= " . = -
2300 0.97030 026185 | -200.33 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | o.s88328 107787 | 20265 B K, B Tz +1 z—1
2500 | 0.80623 187085 | -204.88 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (—Z_ 1)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10.000 0.02406 3237441 | -27252 __ cos8 _ ke __ sin8
ey - . kpwi -
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
Consider the system of the Figure(1). With
D(z)=1 T=01s, H=1and

GRS

The transter function C(z)/R(z) is:
C(z) _ 0.00484 z 4+ 0.00468
R(z) z?2-1.92z+0.9095

C(z) 0.0484 z+ 0.00468
R(z) z2-1.92z+ 0.9095

C(z) _0.00484 z + 0.0468
R(z) z2-—1.9z+ 0.9095
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C(z) 0.00484 z + 0.00468
R(z) z2+1.9z+ 0.9095

19)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1): Frequency response of . s Entry tr‘aEnsfur‘m Fun‘ction j(l;-n:t-ionk z-Transform E(z)
sy = QOU3LTIE E +3383)(z +0242) ‘-‘L—-‘Aﬁ e ©) <0 et ored)
(z - 1)z - 0.9048)(z — 0.7408) tmpulse 1 163) (k) 1
Wi |GGww)l | 1Gjww)las | £6(jaw -
0001 | 699999611 7690196 | -90.08 :2;; % u(t) 1 zi .
0010 | 69996114 | 5680148 | 809 | Res) . E(si¢ E8) [ ) o]
0100 | 69.61424 36.85396 -97.91 , — 78 = 1 : KT = kTd" Tz __dTz
0200 | 3424493 | 3069193 | 10570 T ) s2 (z-1)7 (z—d)
0300 | 2223835 | 2694244 | -11327 " 1 - pmakT _ gk _F
0.400 1610722 | 2414041 | -12054 ) Sta zoe® z-d
Figure (1) —ar.
0500 | 1235347 | 2183578 | 12745 1 — KTa—akT Te™™z
0.500 9.81217 19.83530 | -133.98 (S+a) (z—eaT)2
0700 | 798088 | 1804102 | 4011 a - o (1—eM)z
0800 | 650525 | 1629780 | 4536 Shown i\lf"lgurc [ 3ra i the hIIuILL d ;_. A:jl:mc SGra | 1C 1-e G-Da—e"
servo control svstem for one of the axes of a dig
:x j::;: i::j:zgj ii: ii plotter. Let T = 0,15 and the function G(#) is given o’ at—1 akl 1 el — 14 6™z + (1 — e — ale™T)]
by S2(S+a) +e +e (z - 1z —e-97)
1100 | 402372 | 1209255 | -16096
1200 | 347242 | 1081263 | -16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 3.01784 550392 | -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 842978 -173.40 i ssponse for G(z) is given in Table (1).
1.500 - ,
Too | som | eass | ams| [ Doa by =Gl [Lawiofad] (LWl | g, kaGozo)
1700 | 1mroe6 | 521508 | szl | 4 1 vl L1+ w/G ] L+ wran,] )
1800 | 162615 422318 | 18692 i 2 2 2
1900 1.45646 326600 | 1sss? | |7 ’ . 7= (T ) z0= (T “an) ke = (auwﬂ) (T ) =ag (1-2)
2000 | 130933 234100 | 19267 Binary Data (%4- ey ) [% + o) wa (%4- o) A7)
2100 | 118113 144597 | 19534 - -
2.200 1.06892 057894 -197.89 a = M by = M
2300 | 097030 | 026185 | -200.33 Figure (2) |G (e lsing®) W 5in(8)
2400 | ossaze | 107797 | 20265 K, T\ 241 z—1
2500 | 0.80623 187085 | -20488 DOw) = Kp +0+ Kow Dz} = K, + Ky I(E) [z— 1)] + K"( 2T )
5000 | 014771 | 1661152 | 24103 -
10.000 0.02406 3237441 | 27252 . :L‘BI kpwar Lk smf
100000 | 000099 | 601208 | -344.36 B0l (el owr a0l on)l
10000000 | 0.00085 | 6127231 | -359.84

Choose the correct answer:

For the system shown in the Figure (1). With
D(z)=1. T=0.4 s, and H=1 the pulse transfer
function G (z) 1s given by.

0.1813

z— 0.8187’
where G(s) = Gp(5)G,(s)
The unit-step response tor the closed-loop
system (c(kT)) 1s:

G(z) =

" ¢(kT) =1 - (0.8187)F
DU (kT = 0,5[1 — (0.6374)k

Y ¢(kT) = 0.5[1 — (—0.2642)¥]
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c(kT) =1— (—0.8187)F

20)

Table of Laplace and Z-transforms

Laplace Time Time
— o Entry |transform | function| function z-Transform E(z)
able (1): Frequency response - - e E(s) () o (kT or e(k
sy = QOU3LTIE E +3383)(z +0242) olae A - ¢ ¢ () or etk
7) = 2031716z + 5.383)42 + 0.282)
(z — 1)(z — 0.9048)(z — 0.7408) i’:;‘ulltse 1 5(t) §(k) 1
2% |G(aw)l | |Gww)lar | £6(jow - "
0001 |6999.99611| 7600196 -90.08 unit 1 ult 1
step s (6 z—1
0010 [emoeuia | 568018 | 909 | s EGTYEW[ 0 e o
=B b — o G (s 1 Tz dTz
0100 | 69.61424 3685396 | -97.91 , L ’ L B KT = kT . .
0200 | 3424493 | 3069193 | 10570 ) s z=1) (z-d)
0300 | 2223935 | 2694244 | -113.27 & 1 - oK _ gk LI
0400 | 1610722 | 2414041 | -12054 . S+a z—e® z-d
Figure (1) —ar.
0500 | 1235347 | 2183578 | -127.45 1 — KTa—akT Te™™z
0.500 9.81217 19.83530 | -133.98 S+a) (z—eaT)2
0700 | 798088 | 1804102 | 4011 a i
. - . . L—e-ar | g gmar (1-e™Nz
0800 | oeosze | ioa97a0 | 14586 Show ||t|\|f'|g||[rc [ ,rn i the hjhtnld\ diagr :u;_. A:]l_mlc | G o e PR
0.9500 554121 1487200 15123 servo control system for one of the axes of a digital — — —
T T aor T isaze | Plotter LetT=0.1s and the function G(7) is given a at-1 akT =1 | zlal —1+e™ Nzt (1 - e —ale™"T)]
- - - by S2(S+a) +e e (z — 1)z —e2T)
1100 | 402372 | 1209255 | -16096
1200 | 347242 | 1081263 | 16537 6z) = ']'7['03171[’("* 3'383?(‘ +0.242)
1300 | 3.01784 559302 | -169.51 (z = 1(z ~ 0.9048)(z — 0.7408) Notes
1400 | 263030 842078 | -173.40
1500 | 232135 731482 | 17707
_awtay [L+wilag/a)] 1+ w/ e _kalz—z)
1600 | 205223 624452 | -18054 Dw) =5 =1, |Trw7G| = [Trwioe] D(z) = 2" E07
1.700 1.82286 521508 | -183.81 ! ! i (- )
1800 | 162615 422318 | 18692 2 2 2
ERr Zw R -
1.900 145646 3.26600 -189.47 7= (E "’) 2= (Z ’“‘°) ko = (HOM)M —a Ei Zu%
2.000 1.30033 234100 | -19267 (T‘*‘ ey ) (T + wwu) e (T‘*‘ Wy ) o
2100 | 118113 144597 | 19534 - -
2200 1.06892 057894 | -197.89 a0y = L7 alG o) leos() p, = £2500) — wlGlwu)l
E T w6 () [singd) ! iy sin(8)
2300 | 0.97030 0.26185 | -200.33 Figure (2) w1
2400 | o8s30 107707 | 20265 j K, - T\ 241 z—1
2500 | 0.80623 187085 | 20488 Dw) =Ky + -+ Kpw D(@) =K, +K, I(E) (Z, 1)] + KD( P )
5000 | o4 1661152 | 24103 -
10000 | 002406 | 3237441 | 27252 ky = L‘BI Ko _ b __ sing
100000 | 000099 | 6011209 | 34436 aolG(jana)l ol Gl
10000000 | 0.00085 | 6127231 | -359.84

Choose the correct answer:

For the system shown n Figure (1). With
D(z)=1.T = 0.1 s, and H=1 the pulse transter
function G (2) 1s given by.

0.00484 z + 0.00468
z2 —1.905 z + 0.905

The time constant T of the closed-loop
system 1s:

G(z) =

The time constantt = 9 s

2 . .
: The time constantt = 0.211 s

3) . o
The time constantt =2.11 s
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The time constant T = oo s

21)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1) of . Entry |transform | function| function z-Transform E(z)
able (1): Frequency response - - E(s) et) | ewr)oreti
(s  QOOITI6e + 3303z +0.242) ] Y A ¢ ( () or et
7)) e TS P :
Tz~ 1)z — 0.9048)(z — 0.7408) s 1 5(t) 50k) 1
ww [ 16Gane )l | 16Ganw) as | 2GGanw - -
0001 | 699999611 | 76.590196 -90.08 unit 1 wlt 1
step s © -1
o010 [eno611s | s6o0ies | 9073 | meo, o BeDy E[ e (_ ]
28 by s )
0100 | 69.61424 3685396 | -87.91 . L e "’ L ¢ kT = kTd* _ Tz __dlz
0200 | 3424493 | apesea | -10570 52 z-17 (z-d)p
0.300 2223935 | 2694244 | 11327 H L s oakT — gk F "
0400 | 1610722 | 244001 | 12054 E S+a i-e @ z-d
igure (1) “ar
0500 | 1235347 | 2183578 | -127.45 L p— — Te ™'z
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)?
0.700 788088 | 1804102 | 14011 a _emar
- 1—e-at 1 — g—akT (A—e™)z
0.800 6.60526 16.39780 -145.86 :Im\\ ||tm }‘I:.fll[l’ci 1‘J is llllc bjh;ltk \Ll\ml ulnqx:jl ﬂ\lc | SG+a) é Z-Diz-e™
os00 | ssann Tamn0s | asiaa | servo control system for one of the axes of a digita . — — —
To00 " T3 40200 626 plotter. Let T = 0.1s and the function G(z) is given a at—1 akl' =1 | zl(al —1+4eT)z+ (1 — e —ale *7)]
- - by: SHS+a) | +e™™ +e (2= 1Dz—e"7)
1100 | 40130 1209255 | -160.96
1200 | 347242 1081263 | -165.37 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 30174 550392 | 16951 (z = 1)(z - 0.9048)(z — 0.7408) Notes
100 | aesmo | saors | amao | ghe llulut.m.\ response for G(z) is given |
1500 R
232135 7.31482 177.07 aw + g, [t w/@a)] (Lt w/o ko —2)
1.600 2.05223 6.24452 -180.54 Diw) = - =a, | =a D(z) =
1.700 182286 521508 -183.81 bt Plitw/Ga] L1+ /] (z-=)
1.800 1.62615 422315 | -186.92 2 2 2
1900 1.45646 3.26600 .189.87 z = (T_ m”'“’) 2g= (f - w“’”} ko = ( e )M (t-2)
2 2 2 —
2.000 1.30933 2.34100 -192.67 (T+ '-"w.n) (T"‘ an) Wiwa (T+uw ) (1 —20)
2100 118113 144597 | 19534 - )
2200 | sosems | osmese | aras vt - R ) b =G
2300 | 0.87030 026185 | -20033 Figure (2) i wil i
2400 | o.88329 107797 | 20265 B K, B Ty 241 z—1
2500 | 0.80623 187086 | -204.88 D(w) = Ky + -+ Kpw D(z) = K, + K, I(E) [—Z — 1)] +Kp (—z T )
5000 | 014771 1661152 | -241.03 -
10000 | 0.02406 3237241 | 27252 ky = _ cosB K g _ b sin8
100000 | 000099 | -60.11200 | -34436 aolG{junn)l wur aolG (o)l
10000000 | ooo0se | 6127231 | -350.84

Choose the correct answer:

For the system shown in Figure (1). With
D(z)=1.T = 0.1 s, and H=1 the pulse
transfer function G (z) 1s given by.

o) = 0.00484 z + 0.00468
Z) =52 19052+ 0.905

The damping ratio { of the closed-loop
system 1s:

K The damping ratio { = 9.0072

2)

The damping ratio { = 0.3437

3)

The damping ratio { = 0.7000
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- —_—
[he damping ratio { = 0.4737
22) Table of Laplace and Z-transforms
Laplace Time Time
— o Entry |transform | function| function z-Transform E(z)
able (1): Frequency response - - E(s) () e (kT or e(k
sy = QOU3LTIE E +3383)(z +0242) olae A - ¢ ¢ () or etk
7) =D /IO F 2ARINE + D2RE)
(z— 1)(z - 0.9048)(z — 0.7408) i’:“ulltse 1 5(t) 8(k) 1
2% |G(aw)l | |Gww)lar | £6(jow P - "
0001 |6999.99611| 7600196 -90.08 ;'t‘lt 1 u(t) 1 T
0010 | 69996114 | 5680188 | 9079 | Res) . Efsie E(s) Cis) P s -
0100 | 69.61424 36.85396 97.9 o Nl o L Tz a7z
£ -97.91 3 T = t KT = kTd" = -
0200 | 3424493 | 3069193 | 10570 ) §2 z=1) (z-d)
0300 | 2223935 | 2694244 | -113.27 L 1 e T gk z___z
0400 | 1610722 | 2414041 | -12054 . S+a z—e® z-d
Figure (1) Tar
0500 | 1235347 | 2183578 | -127.45 1 — KTa—akT Te™™z
0.500 9.81217 19.83530 | -133.98 S+a) (z—eaT)2
0.700 798088 | 1804102 | 14011 a N (1—eM)z
0800 | 600526 | 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SGra | LT e G- DE—e
0.9500 554121 1487200 15123 servo control system for one of the axes of a digital — — —
T T aor T isaze | Plotter LetT=0.1s and the function G(7) is given a at-1 akT =1 | zlal —1+e™ Nzt (1 - e —ale™"T)]
- - - by 525 4 a) +e e (z —1)2(z —e™2T)
1100 | 402302 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 6z) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 3.01784 559302 | -169.51 (z = 1(z ~ 0.9048)(z — 0.7408) Notes
1400 2.63930 842978 -173.40 i onse for G(z) is given in Table (1).
1500 | 23135 731482 | -177.07
_amwtay [l+w/(an,m|)l _ [l+w,ﬂ’w,,.n] _kalz—z)
1600 | 205223 624452 | -180.54 D) =T = |TowrerT] —™[iF | D(z) = 2202
1.700 1.82286 521508 | -183.81 il W Wty (- )
1.800 1.62615 422315 | 18692 2 2 2
=, c—w =t w, -
1900 145646 3.26600 -189.87 7= (E *’) 2= (Z “‘0) ko = (“OM)M = a ( Zug
2.000 130933 2.34100 -192.67 (T‘*‘ mw) (TJ, wwu} “wa (T‘“”wp) (1-z
2100 118113 144507 | -195.34 ) :
2200 1.06892 057894 | -197.89 a = M by = M
2300 0.97030 026185 | -200.33 Figure (2) |6 () lsin(8) W Sin(8)
2400 | o.88328 107797 | 20265 - K, B Tz +1 z—1
2500 | 0.80623 187085 | 20488 Dw) =Ky + -+ Kpw D(@) =K, +K, I(E) (Z, 1)] + KD( P )
5000 | 014771 1661152 | 24103 -
10000 | 002406 | 3237441 | 27252 ky = L‘BI Ko _ b __ sing
100000 | 0.00099 60.11208 | -344.36 ag|G ()l wey ol Gliwg)l
10000000 | 0.00086 5127231 | -359.84

Choose the correct answer:

For the svstem shown in Figure (1). With
D(z)=1,T = 0.1 5, and H=1 the pulse
transfer function G (z) 1s given by.

0.00484 z + 0.00468
z2 —1.905 z + 0.905

G(z) =

The natural frequency w,, of the closed-loop
system 1s:

D" The natural trequency w, = 09991

2 The natural frequency w,, = 0.9686

3) The natural tfrequency w, = 0.6173

4 -
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-

The natural frequency w,, = 0.5932

23)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1): Frequency response of . s Entry tr‘aEnsfur‘m Fun‘ction j(l;-n:t-ionk z-Transform E(z)
sy = QOU3LTIE E +3383)(z +0242) ‘-‘L—-‘Aﬁ e ©) <0 et ored)
(z - 1)z - 0.9048)(z — 0.7408) tmpulse 1 5(8) (k) 1
Wi |GGww)l | 1Gjww)las | £6(jaw -
0001 | 699999611 7690196 | -90.08 :2;; % u(t) 1 zi .
0010 [eoeuie | ses0is | 079 | e ED TG o0 (oo o]
0100 | 69.61424 36.85396 -97.91 , ; & ? 1 : KT = kTd" Tz __dTz
0200 | 3424493 | 3069193 | 10570 T ) s2 (z-1)7 (z—d)
0300 | 2223835 | 2694244 | -11327 " 1 - pmakT _ gk _F
0.400 1610722 | 2414041 | -12054 ) Sta zoe® z-d
Figure (1) —ar.
0500 | 1235347 | 2183578 | 12745 1 — KTa—akT Te™™z
0.500 9.81217 19.83530 | -133.98 (S+a) (z—eaT)2
0700 | 798088 | 1804102 | 4011 a - e (1—eM)z
0.800 6.60526 16.39780 -145.86 Shown i\lf"lgurc { ,‘rJ 18 the hjluld\ chagr :u;.u x:jl:ﬂm | m 1-e l-e¢ m
servo contro] svstem for one of the axes of a digita
:x j::;: i::j:zgj ii: ii plotter. Let T = 0,15 and the function G(2) is g:-gn : a’ at —_dll ““T_;l alla? -1+ :"”}z:r (- L"T“T —ale™™)]
100 | 4oz | womss | teoms | Srag | +e e o e
1200 | 347242 | 1081263 | -16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1.300 3.01784 2.59302 -169.51 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1400 2.63930 842978 -173.40 The frequ onse for G(z) is given in Table (1),
1.500 - e .
Too0 | 20om | eaws [amse| e ook ‘ B L e
1700 | 1mroe6 | 521508 | szl | 4 ) vl L1+ w/G ] L+ wran,] )
1800 | 162615 422318 | 18692 i 2 2 2
1900 1.45646 326600 | -189.87 e - P 7= (E ) = (Z Uwu) ky = (auwﬂ) (72- + o) =ag (1)
2,000 1.30933 234100 | -19267 Tx (T‘*‘ ey ) [7 + wwu} wa (T‘*‘ W) -z
2.100 1.18113 1.44597 -195.34 | " T N -
2200 1.06892 057894 | -197.89 T - a = M by = w
2300 | 0.97030 0.26185 | -200.33 Figure (2) |G (e lsing®) Wmsin(®)
2400 | 0.88329 107707 | 20265 K, T\ 241 z—1
2.500 0.80623 187085 | -204.88 D(w) = Ky + 0+ Kow D) =Ky + Ky I(E) (z— 1)] + K"( zT )
5000 | o4 1661152 | 24103 -
10.000 0.02406 3237441 | -27252 . :f"isgl Ko _k :L‘B
100000 | 0.00099 60.11208 | -344.36 B0l (el owr a0l on)l
10000000 | 0.00085 | 6127231 | -359.84

Choose the correct answer:

For the system shown in Figure (1). With
D(z)=1.T = 0.1 s, and H=1 the pulse
transfer function G(z) 1s given by.

0.00484 z + 0.00468

z2 —1.905 z + 0.905
The percent overshoot of the closed-loop
system 1s:

G(z) =

The percent overshoot =28.47

2) 4+
The percent overshoot = 18.47

3 -
The percent overshoot = co
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The percent overshoot = 0

24)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1) of . Entry |transform | function| function z-Transform E(z)
able [1): Frequency response - - E(s) ety | equr)or etk
(s  QOOITI6e + 3303z +0.242) ] Y A ¢ ( () or et
5y _ BO031716(z + 3383)(z + 0.242) ;
Tz~ 1)z — 0.9048)(z — 0.7408) s 1 5(t) 50k) 1
ww [ 16Gane )l | 16Ganw) as | 2GGanw - -
0001 | 699999611 | 76.590196 -90.08 :;‘“ 1 u(t) 1 .
0010 | 69996114 | 5690148 | 8099 | Ryo - E(si E's)| ) G (] €6 P s =
0100 | 6961424 3685396 | 9791 . 4 s e B L £ KT = kTd* Tz __diz
0200 | 3424493 | apesea | -10570 ) 52 (z-1) (z-d)?
0.300 2223935 | 2694244 | 11327 H L s oakT — gk F "
0400 | 1630722 | 2434041 | -120.54 . S+a i-e @ z-d
Figure (1) “ar
0500 | 1235347 | 2183578 | -127.45 L p— — Te ™'z
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)?
0.700 793088 | 1804102 | 14011 a " Cr (1— )z
0800 6.60526 1639780 | -145.86 Shown in Figure (2) is the Hnld. diagram \:]I the | SEay | 17F l—e ToDE—e T
0.900 554121 14.87208 15173 HEFVO Con svstem for one of the a a digital 2 o — -
1000 plotter. Let T=0.1s and the function G (z) is given ° at—1 akl' —1 zltaT —1+e7 M)z + (1 - e™® — aTe™)]
70006 | 13ason [ aseas | P TG | e +o-ak G- Diz—e)
1100 | 402372 | 120085 | 16096
1200 | 347242 | 1081263 | 16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 3.01784 959392 -169.51 (z = 1)(z — 0.9048)(z — 0.7408) Notes
1400 | 263930 842078 | -173.40
1500 | 232135 731482 | 17707
_awiay  [Ldwiag/a)] 1+ w/w,] _kalz—z)
1600 | 205223 520452 | 18054 D) =5—— =0 They T =% [TTwen D(z) = ———2*
1.700 182286 521508 -183.81 ! ! T (z-=)
1.800 1.62615 422319 | -18692 2 2 2
. £ _w =+ o, -
1.900 1.45646 3.26600 -189.87 zp = (E ﬁ) Z0 = (5 wn} ka = (“ wwu)(iz' WD) = o Ei Zpg
2.000 1.30033 234100 -192.67 (T+ mw) (T + an) e (T+ wwp) 0
2100 118113 144597 | 19534 - ;
2.200 1.06892 0.57894 -197.89 &= M by = M
2300 0.97030 026185 | -200.33 Figure (2) ot |G (e )lsin(d) @i 5in(8)
2400 | o.88329 107797 | 20265 B K, B T\ pz+1 z—1
2500 | 0.80623 187086 | -204.88 D(w) = Ky + -+ Kpw D(z) = K, + K, I(E) [—Z — 1)] +Kp (—z T )
5000 | 04771 1661152 | -241.03 -
10000 | 0.02406 3237241 | 27252 ky = _ cosB K g _ b sin8
100000 | 000099 | -60.11200 | -34436 aolG{junn)l wur aolG (o)l
10000000 | 0.00086 | 6127231 | -350.84

Choose the correct answer:

For the system shown in Figure (1). With
D(z)=1.T = 0.1 s, and H=1 the pulse
transter function G (z) 1s given by.

0.00484 z + 0.00468
z2 —1.905 z + 0.905

The Settling time of the closed-loop
system 1s:

G(z) =

The settling time Tq = 36

2)

The settling time Ty = 0.844

3 . .
: The settling time T, = 8.44 s
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The settling time Tg = 11.17852

25)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1) of . Entry |transform | function| function z-Transform E(z)
able [1): Frequency response - - E(s) et) | e(hT) or eqi
(s  QOOITI6e + 3303z +0.242) s A - £ ( () or k)
) = 1)z — 0.9048)(z — 0.7408) unit 1 5(t) 50k) 1
— — — impulse
Wy [6(en)l | |GGaw)la | 26(jww - 2
0001 | 699999611 | 76.590196 -90.08 :;‘“ 1 u(t) 1 .
0010 | 69996114 | 5690148 | -90.79 Cis) i s £
Diz) — G_(5) Gpls) 1 Tz dTz
0.100 | 69.61424 3685396 | -97.91 = 1 . KT = kTd* _ftz __dlz
0200 | 3424493 | apesea | -10570 ) 52 (z-1) (z-d)?
0300 | 2223835 | 2604244 | 11327 H i emat T _ gk =
o400 | 1610722 | 2424081 | 12054 . S+a e z-d
igure (1) —ar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT Te ™=
0.600 9.81217 1983530 | -133.98 S+a)? (z—eT)?
0.700 798088 | 1804102 | 14011 a P . (1—e M)z
0.800 6.60526 | 1630780 | -145.86 S(S+a) ¢ - G-Diz—e™
0.300 5.54121 1487200 | -151.23 z ar ot Tar
1000 e aw0 Pr plotter. Let T=0.1s and the function G (z) is given ° at—1 akl' —1 zltaT —1+e7 M)z + (1 - e™® — aTe™)]
y - by: SHS+a) | 4 | +e™ = 1°G—¢"")
1.100 4.02372 1200255 | -160.96
1200 | 347242 | 1081263 | 16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 3.01784 559392 -169.51 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1.400 2.63930 8.42978 -173.40 1 in Table (1)
1.500 R
2.32138 7.31482 177.07 ot L+ w(ay/a,)] Lt wfo] ko (2 — 20)
1.600 2.05223 6.24452 -180.54 D(W)zwar] :GDUHV/(b )"]:ﬂ“[urw m I D(z)=——
1.700 1.82286 521508 -183.81 ! ! T (z-=)
1.800 1.62615 422319 | -186.92 2 2 2
1500 1.45646 326600 | -189.87 = (Z_ hp) o= (g- “an) ke = (auw)w =g (1-2)
2.000 1.30933 2.34100 -192.67 (T+ “'w.n) (T"‘ an) Wiwa (T‘*“-“wv) (1 —20)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 a5 = 1= aol6Gunn)lcos(8) by = €0s(8) — aalGljwn)l
y = - . 1= -
2300 0.97030 0.26185 | -200.33 Figure (2) ot |G (e )lsin(d) @i 5in(8)
2.400 0.83329 107797 | -20265 K, Tyfz+1 z—1
2500 | 0.80623 | 187086 | -204.88 D(w) = Ky + -+ Kpw D(z) = K, + K, I(E) [—Z — 1)] +Kp (—z T )
5.000 014771 | 1661152 | -241.03 -
10000 | 002406 | 3237441 | 27252 PRI .. k _ b sin8
"= el s 16 Gl
100000 | 0.00099 | -60.11208 | -34436 ol G (juni) aner dol G {jann
10000000 | o.oo0ss | 6127231 | -350.84

Choose the correct answer:
For the system shown in Figure (1). With
z—0.9
D(z) = o T = 0.1 5, and H=1 the pulse
transter function G(z) 1s given by.

_0.00484 z + 0.00468
" z2-1.905z + 0.905

G(z)

The type of system is equal to:

The type of system

The type of system =0
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The type of system = oo

4) 4

The type of system = 1

26)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): Frequency response of . Entry | transform | function| function z-Transform E(z)
() _ L0316z + 3383)(z + 0.247) lae A - EG) 8 feldorel)
&) == — oz — 07208 iomiise 1 5 8k 1
e |Gliww)l | 16lww)las | £6(jow
0001 | 699999611 | 768019 | -9008 unit 1 u(t) 1 z
0010 | 69986114 | 5680148 | 9079 | Rys) - Efsi Es) T cis) step S -1
0100 | 69.61a24 3685396 | -97.91 - N L — kT _ Tz dlz
—= t kT = kTd =
0200 | 3424493 | 3069193 | -105.70 ! r sz (-1 (z—d)?
0.300 22.23935 26.94244 | -113.27 " 1 s o-aKT _ gk £ = _E
0400 | 1610722 | 2414081 | -120.54 Figure (1) Sta z-¢ z-d
0.500 12.35347 2183578 -127.45 1 reat KTe—akT Te %'z
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 1804102 | -140.11 a - e (1—eT)z
0.800 6.60526 16.39780 14586 Shown mf’ 1_;) i the bjlu;.k ciagra l|| \‘ljl the | G +a) l1-e 1-e m
servo control m for one of the axes of a digita
Sg j::;;i iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? L :}l “‘d:;(l zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
by: 5254 a) +e +e (z=1)2(z—e2")
1100 | 402372 | 120085 | 16096
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1400 | 263930 | 842978 | 17340 | The frequency response for Giz)is siven in Table (1)
1500 | 232135 731482 | 17707 o +ag 14w aa/a)] 14 /o] o (2 —20)
1.600 2.05223 6.24452 -180.54 Diw) = =a, —| =a, D(z) =
B +1 T w/g | - [T Hwimy,) (z-2)
1.700 1.82286 521508 | -183.81
1.800 162615 422319 | 18692 2 2 2
1900 1.45646 326600 | -189.67 = (72' ) 2a= (g w“’”) Ky = (aum)w = tg (1-2)
2.000 1.30933 2.34100 -192.67 (T* ‘-"w.n) (T n Uwu) @y (‘TJr “wv) (1—z)
2100 1.18113 144597 | -19534 | - -
2200 | 1.06892 057894 | -197.89 - - @ = M b, = £0500) = ol Gl
2300 0.97030 026185 | -200.33 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | 088329 107797 | 20265 K, Tz +1 z—1
2500 | 0.80623 187085 | -204.88 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (:)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = f”;sl o e Lk L‘B
100000 | 000099 | 6011208 | 34436 oG (junn)l wur aolGljan)l
10000000 | 0.00086 | 6127231 | -350.84

Choose the correct answer:

For the system shown in Figure(1). With
D(z)=1.T = 0.1 s, and H=1 the pulse
transter function G(z) is given by.

0.00484 z + 0.00468
z2 —1.905 z + 0.905

G(z) =
The steady-state error for a unit step input is:

1) +
The steadv-state error egc = 0

The steady-state error e = 0.5

3 -
The steady-state error ;¢ = o

4 -
) The steadv-state error egc = 0.1295
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
7) s TS SR ) :
[z — 1)(z — 0.9048)(z — 0.7408) ir:;ulltse 1 (1) (k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 |699.96114 | 5690148 5079 REs) BT EG[ . o step 5 z—
0100 | 6961424 36 85396 -97.91 . 2 “ = L ¢ KT = kTd* Tz __dlz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2434041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 1804102 | -140.11 a 1—e )z
S| y z o e | 1™ 1— e 9T _(—er)z
0.800 6.60526 16.39780 14586 Show ||(|\|1F|gulr~: { _tJ i the bjli:;.k chagr \uln \‘ljl [h‘c | SG+a) @ Diz_e )
servo control system for one of the axes of a digita
Sg j.:4121 iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1.100 4.02372 1200255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 8.42978 -173.40
1.500 232135 7.31482 -177.07
_agwtay  [Lhw/lagfa)] 14 w/w] _kalz—za)
1.600 2.05223 6.24452 -180.54 Dw) = =@ | T | =% [TF | D(z) = ——— 22
1.700 1.82286 521508 | -183.81 'W s ks (- =)
1.800 1.62615 4.22319 -186.92 2 2 2
2 Z _w St -
1900 | 145646 326600 | -189.47 = (72“ o) = (g “‘“) Ky = (“"E)M —a (1-2)
2.000 1.30933 2.34100 -192.67 (T* ‘-"w.n) (T n Uwu) @y (‘TJr “wv) (1—z)
2.100 118113 1.44597 -195.34 - -
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
1T |G ey singd) PG
2300 0.97030 026185 | -200.33 Figure (2) wi
2.400 0.83329 107797 | -20265 by — i+ K ey = i+ i IO EED 4 (22t
2500 | 0.80623 187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z — 1)] + u( 7T )
5.000 0.14771 16.61152 | -241.03
10000 | 002406 | 3237441 | -27252 by m 008 K e __ sin8
R 16 (o]
100.000 | 0.00099 | -60.11208 | -34436 |G (jangn)| et ol G (jan
10000.000 | o.o0086 | 6127231 | -350.84

Choose the correct answer:

For the system shown in Figure (1). With
D(zy=1.T = 0.1 s, and H=1 the pulse
transter function G (z) 1s given by.

0.00484 z + 0.00468
(z—1)(z—0.905)

G(z) =
The dc gain of the closed-loop system 1s:

1) -

The dc gain = 0.8

2) +

The dc gain = 1.0

The d¢ gain = oo
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The d¢ gain = 0.5

28)

Table of Laplace and Z-transforms

Laplace Time Time
Entry | transform | function| function z-Transform E(z)
Table (1): Frequency response of - - " E(s) e(t) (kT or e(k)
ey < DO0INTI6(z +3303)(z +0.242) <l3aa A -
~ Tz—1)(z — 09048)(z — 0.7408) ir::ulltse 1 5(t) 8(k) 1
@y |Gl | |GG aw)la | L6(jaw - I 2
0001 |6999.99611| 76.50196 -90.08 ;'1‘“ Z u(t) 1 0
0010 | 69986114 | 5650148 | -80.73 e . il s kit
0100 | 69.61424 3685396 | -87.91 b =) 1 ¢ KT = kT _ Tz dlz
0200 | 3424493 | 30103 | 10570 s @-1F (=z-d)p
0300 | 2223935 | 2684244 | -113.27 " 1 o omaT _ gk _r
0400 | 1610722 | 2414081 | -12054 ) Sta z-e® z-d
Figure (1) —ar
0.500 1235347 | 2183578 | 12745 1 te-at KTe—akT Te"'z
0.600 9.81217 1983530 | -13398 (S +a)* (z—eT)?
0.700 7.98088 | 18.04102 | -140.11 a e
5 > > — | 1-e™ 1—e 9" Mo
0.800 6.60526 16.39780 14586 Show ||(|\|l}'|gu[rc { _tJ i the b]h:;.k i |1|.| \:]I.[h‘c | SE+a) @Dz
0.900 5.54121 1487209 | -15123 | emvo controbsystem lorone of the of a digital 2 ot Zar ot
o0 plotter. Let T = 0.1 and the function G(2) is given a at—1 akT -1 | zllal -1+ ez +(1-e™ —aTe™)]
4.70004 13.44204 -156.26 by S2(5+a) +e7 + ek (z—-1)2(z—e")
1100 | 402372 1209255 | -160.96
1200 | 347242 | 1081263 | -16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 | 2.01784 559392 | -169.51 (z = 1)(z — 0.9048)(z — 0.7408) Notes
1400 | 263930 842978 | -173.40
1500 | 232135 731482 | -177.07
_awray  [Ldwfag/a)]  [L+w/fe,) Ckalz—2a)
1600 | 205223 624452 | -180.54 Diw) = =a | =a, D(z) = ———
1.700 1.82286 521508 | -183.81 Pt L1+ wltb) ] L1+ vl ] (=)
1.800 1.62615 422319 | 18692 2 2 2
==, == =+ w, -
1.500 1.45646 3.26600 -189.87 7= (12" w) 2= (g W) fa = (ﬂnm)w —a 8 ng
2.000 1.30933 234100 | -19267 (T* Gy ) (T + wwn) e (T* W) o
2100 118113 144597 | -195.34 ) ;
2.200 1.06892 0.57894 -197.89 @, = L= alGlan)lcos(8) ‘ p, = 20508} — aalGGan)l
= : 1= i
@1 |6 (g )[sin(d wpysin(8
2300 | osroso | -voeeiss | 20033 Figure (2) wtl GG lsin(8) wSin(8)
2400 | ossazs | -1o7ver | 20265 K, Ty jz+1 z—1
2500 | 080623 | 187086 | 20488 D(w) = Ky + 7+ Kpw Diz) = K, + K I(E) (Z_ 1)] + Ku( o7 )
5000 | 014771 | 1661152 | -241.03
10000 | 0.02406 | 3237441 | -27252 om0 g = m S8
’ G I’ P ey aplG ()]
100.000 | 0.00099 | -60.11208 | -31436 ag|G(juny:) wi g wi
10000000 | 000086 | 6127231 | -359.84

Choose the correct answer:

The tollowing Figure represent the
transient response characteristics of the
z-plane pole locations
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of . Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E(s e(t e(kT) or e(k
Gz 2 BOOINTI6G + 3303}z +0.242) <88 g &) i) () or ek
7) s TS SR ) ;
7 — 1)(z — 0.9048)(z — 0.7408) i::ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 “'t‘lt 1 u(t) 1 0
0010 | 699.96114 56.90148 -90.79 Ris) Esiy E'(5) [ Cis) tep i -
0.100 | 69.61424 36.85396 97.91 e G 1 Tz drz
: - : T - t KT = kTd - ,
0200 | 3424493 | 3069193 | -105.70 sz (z-17 (z-d)
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a N (1—e )z
0.800 6.60526 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEra 1—e 1—e™ FER RS
0.900 554121 14.87209 5123 servo control system for one of the axes of a digital — - -
1000 e 20200 156.26 plotter, Let T=0,1s and the function G (z) is given a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
- - - by: 5254 a) +e 4+ (z—-1)2(z—e")
1,100 402372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | sa2978 | -173.40 ency response for G(z) is given in Table (1)
1500 232135 731482 | -177.07 . .
1.600 2.05223 6.24452 180,54 N ‘\:;\I\;;::M * pw) =2 o [Ltw/las/ad] a [L+w/wwo] D(z) = halz-m)
1700 | 182285 | 521508 | 18381 bt LW /G)] R T e, (z-=)
1.800 1.62615 422319 | -186.92 2 2 2
—— == W, -+ w, -
1.900 145646 3.26600 -189.87 = (72' m‘”’) 2a= (g “’“) ka = (ﬂuw)w =g (t=2)
2.000 1.30933 234100 -192.67 (T* @W) (T T Uwu) Wi (T* @w) (1—z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 &= M by = M
2.300 0.97030 0.26185 -200.33 Figure (2) Wyi|G (g )lsingd) Wy 5in(8)
2.400 0.83329 107787 | -20265 bt — 1+ K oo — ko OV EED 4 g (22t
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T J
5.000 014771 | 1661152 | -24103
10000 | 002406 | 3237441 | -27252 by = L’sl Feptows = — L = __Sm8 _
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
The tollowing Figure represent mapping
the s-plane into z-plane

Mapping the s-Plane into the z-plane
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4) SE Mapping the s-Plane into the z-plane
-s-Plzmc
________ . jod 2|
2
6 5 4
X x
2 1 3
% %
6 5 4
_______ e IO
7 2
30)
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Table (1): Frequency response of
0.0031716(z + 3.383)(z + 0.242)

o

Table of Laplace and Z-transforms

Cis)

6(2) = [z — 1)(z — 0.9048)(z — 0.7408)

e |Gliww)l | 16lww)las | £6(jow
0001 | 6999.9%611| 7650196 | -80.08
0010 | 69986114 | 5650148 | -80.79
0100 | 69.61424 3685396 | -87.91

0.200 34.24493 30.69193 -105.70

0.300 22.23935 2694244 -113.27

0.400 16.10722 24.14041 -120.54

Figure (1)

0.500 12.35347 21.83578 -127.45

0.600 9.81217 19 83530 -133.98

0.700 7.98088 18.04102 -140.11

0.800 6.60526 16.39780 -145.86

Shown in Figure (2) i the block diagram of the

0.500 5.54121 1487209 -151.23

servo control system for one of the axes of a digital

1,000 4.70004 13.44204 -156.26

plotter, Let T = 0.1
by:

and the function G(#) is given

1,100 4.02372 12.09255 -160.96

0.0031716(z + 3.383)(z + 0.242)

1200 | 347242 | 1081263 | 16537 G(z) =

1300 | 301784 559392 | -169.51 (z — 1)(z — 0.9048)(z — 0.7408)
1400 | 263930 | sazere | 17340 uency respanse for G(z) s siven in Table (1)
1500 | 232135 | 7aus | 19707 T
1.600 2.05223 6.24452 -180.54 Ampl icr
1700 | 182285 | 521508 | 18381

1800 | 162615 | 422319 | 18692

1900 | 145646 | 326600 | -189.87

2.000 1.30933 2.34100 -192.67

2100 | 118113 | 144597 | 18534

2200 | 106892 | 057894 | 19789

2300 0.97030 -0.26185 -200.33

Figure (2)

2.400 0.88329 -1.07797 -202.65

2.500 0.80623 -1.87086 -204.88

i E'(s)
Ris) . Efsf @ pe .0 }_.
) T

5.000 0.14771 +16.61152 -241.03

10.000 0.02406 -32.37441 -272.52

100.000 0.00059 -60.11205 -344.36

10000.000 |  0.00086 -61.27231 -359.84

Choose the correct answer:
For Figure (2). Let D(z)=1, the sensor gain

be unity H;, =

1.

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
E(s) e(t) | e(kT)ore(k)
unit
impulse 1 &(t) 8(k) 1
unit 1 z
step s u®) ! T 1
1 . oT - KTk Tz dlz
52 N (z-1)2 (z—d)?
1 —at —aKT — gk 72 771
S+ta ¢ e=d Z—e® z-d
1 Te Tz
—at —akT
Grar te kTe G
a (1—e"T)z
- 1—e-at kT
SE+a ¢ L-e CETEG)
a? at—1 akT — 1 zl{aT — 1+ ez + (1 — e — aTe™")]
S+ | +e +emak z—Dlz—e )
Notes
ayw + ag [14+ w/{ag/uy)] [14+ w/iwya] ka(z—7za)
Diw) = =g =a D(z) =———m—
W} bow+ 1 14w/l ) T T w/wy, @ (z—12p)
2 2 2
_ o) _Gmew) |, -( ww)(f“"w), (1-2)
=7 0 =5 a = ﬂuww0 2z _un(l—zul
(7 + o) (F+aw) (7+ o)
_ 1= aq|G(an)|cos(8) by = cos(8) — aglGljan)|
U T T aal6Uw,)lsin(E) T i)

K
D(w) =K, +—+K
() = Ky + ot Ko 3

-, 1 GE

z—1

()

cos B

ky =—7——,
P aglG ()

kpwys —

L
et aolG(ja)l

sinf

The Nyquist diagram of this system is:

H S ]
Lo T~ —
o‘"‘,’ The range of K for
PM =—-19.11°,°7 whléh the system
— is stable:
, ] 0 <K <0.4873
[N i
-1 R\,
Co
GM = —6.244 dB N
4 ow

) - o
LT~ g
o, The range of K for
PM=-19.11°°7 which the system
‘ — is stable:
0 <K <2.0522
I \ :
. v,
GM = —6.244 dB 70
— ow
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Lo~
o8, The range of K for
PM=-19.11°,°7 which the system
\f\, ’ ! is stable:
S 0<K<0.4873
I \ :
-1 R\‘
S
GM = 6.244dB Q
ow

9 - N

Lo,-~

o8 "3 The range of K for
R which the system
PM =19.11" ° is stable:
\ /,' 0 <K <0.4873
\ f/u‘\ !
) 1
K -~ —}_ - RS
GM = 6.244 dB °
oW
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): Frequency response of . Entry | transform | function| function z-Transform E(z)
() _ L0316z + 3383)(z + 0.247) lae A - EG) 8 feldorel)
&) == — oz — 07208 iomiise 1 5 8k 1
e |Gliww)l | 16lww)las | £6(jow
0001 | 6999.9%611| 7650196 | -80.08 unit 1 ut) 1 z
0010 | 69986114 | 5650148 | 8079 | Res) - Efsi E'(s) 1 ce step S -1
0100 | 69.61a24 3685396 | -97.91 - N L — kT _ Tz dlz
—= t kT = kTd =
0200 | 3424493 | 3069193 | -105.70 ! r sz (-1 (z—d)?
0.300 22.23935 26.94244 | -113.27 " 1 s o-aKT _ gk £ = _E
0400 | 1610722 | 24.34041 | -12054 Figure (1) Sta z-e z-d
0.500 12.35347 2183578 -127.45 1 reat KTe—akT Te %'z
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a e e (1—e )z
0.800 6.60526 16.39780 14586 Shown mf’ GtJ i the bjlu;.k ciagra l|| \‘ljl the | G +a) l1-e 1-e m
HEIVo contro) m for one of the axes of a digtal
Sg j::;;i iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? L iﬂll “‘d:;(l zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
by: 5254 a) +e +e (z=1)2(z—e2")
1100 | 402372 | 1200255 | -160.96
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1400 | 263930 | 842978 | 17340 | The frequency response for Giz)is siven in Table (1)
1500 | 232135 731482 | -177.07 ayw + g L+ w/ (@) 1+ /o] a2 — 203
1.600 2.05223 6.24452 -180.54 Diw) = =a, —| =a, D(z) =
B +1 T w/g | - [T Hwimy,) (z-2)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92 2 2 2
1900 1.45646 326600 | -189.67 = (72' ) 2a= (g w“’”) Ky = (aum)w = tg (1-2)
2.000 1.30933 2.34100 -192.67 (T* “’w) (T n Uwu) @y {T* “wv) (1—z)
2100 1.18113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 &= M by = M
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | 083329 | 107797 | 20265 Ki Tz 41 z—1
2500 | 080623 | 187086 | 20488 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (:)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl T e Lk L‘B
100000 | 000099 | 6011208 | 34436 a0l (ja)l wwr aol6(jwu)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
Given below the characteristic equation of
the discrete system:

(32—-02k)w?+(08—-16k)w+18k=0

With T=1 s, the s-plane frequency (w) and
the w-plane trequency (w,, ) at which the system
will oscillate when marginally stable are:

D - w, =156 rad/s and w = 1.3248rad/s
2) +  w, =05388 rad/s and w = 0.5263rad/s
3 - w, =1567rad/s and o = 0.2108rad/s

4) T wy =0.5263rad/s and w = 0.5388rad/s

32)
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Table of Laplace and Z-transforms

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
Table (1): Frequency response of - " " E(s) e(t) e(kT) or e(k)
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A
7) s TS SR ) 1
7 — 1)(z — 0.9048)(z — 0.7408) ir::ulltse 1 5(t) 5(k) 1
@y |Gliww)l | 16lww)las | £6(jow - 7
0001 | 699995611 | 765019 3008 unit 1 ult 1
step 5 ® z—1
o010 |esssena [ sesoms | 9099 | wes o mepy [, B
0100 | 6961424 36 85396 -97.91 . 2 “ = L ¢ KT = kTd* Tz __dlz
0200 | 3424493 | 3069193 | -105.70 s G-1)F (z-dp?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2414041 | -12054 . Sta g=at" =z2-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—e)*
0.700 7.98088 | 18.04102 | -140.11 a or (1—e ")z
0,800 6.60526 16.39780 14586 Shown |\|f~'|gur~: ( :1) is the bjlu;.k xuugrm‘n \:jl the | —5(3 +a) 1—e 1—e™ m
0.900 554121 Ta8200 | 15123 | #ervo control system for one of the ases of a digita S — - —
plotter, Let T = 0,15 and the function G(7) is given @ at—1 ak? —1 zlaT —1+e™ )z + (1 - e™ —aTe™)]
1000 | 470004 | s3asas | as6z6 | PO . S ta) | +e™ + e (z-1)(z—e")
1100 | 402372 | 1200255 | -160.96 ’
1200 | 347242 | 1081263 | 16537 G(z) = LO081716(z + 3.383)(z +0.242)
1300 | 301784 559392 | -169.51 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1400 | 263930 842978 | -173.40
1500 | 232135 731482 | -177.07
_awtay _ [Ldw/lag/a)] | [L+wfe] _kalz—z)
1.600 2.05223 624452 -180.54 D(w) = =a, —| =a D@)=——"7"
1700 | 182285 | 521508 | 18381 vt LW/ ] 1+ wron,] (z=2)
1.800 1.62615 422319 | -186.92 2 2 2
e W =+ -
1900 | 145646 326600 | -189.47 = (72“ wr) = (g “‘“) Ky = (“"E)M —a (1-2)
2.000 1.30933 234100 | -19267 Binary Dote (T* hup) (T + Uwu) “wa {T* W) -z
2100 1.18113 144597 | -195.34 - -
2200 1.06892 057894 | -197.89 ay = M by = M
2300 | 087030 | 026185 | -20033 Figure (2) @il 6Uw)lsin8) W 5in(8)
2400 | 083329 | 107797 | 20265 . e — k2 OV EED] o (2ot
2500 | 0.80623 187086 | -204.88 (w) = Ky + 0+ Kpw (2) = Ky +K, I(E) (Z_ 1)] + “( 2T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 L e sind
ey . fepan -
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:

Consider the system of Figure (1), with T
= 0.1 s. Let the digital controller be a variable
gain K suchthat D(z) = K = 1, H, = 0.5,
and 0.00484 z + 0.00468
z2 —1.905z + 0.905

The z-plane root locus of this system is:

G(z) =

1 Root Locus
- 2 . .

The range of K for
which the system
is stable:

0<K<20.7

0.952
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3)

4)

33)

Root Locus

The range of K for
which the system
is stable:

0<K<40.6

Imaginary Axis

-1 0 1
Real Axis

%)
&)

Root Locus

&)

The range of K for
which the system
is stable:

0<K<40.6

Imaginary Axis

-3 -2 1 0 1

Real Axis
Root Locus

The range of K for
which the system
is stable:

0<K<10.7

Imaginary Axis

1 0 1

Real Axis

%)
)

42421139/ 48



Ly KNI LAY S e

1)

2)

3)

4)

Table (1): Frequency response of
0.0031716(z + 3383)(z + 0.242)

o

Table of Laplace and Z-transforms

6 =13 — o0e8)z —07408)

e |Gliww)l | 16lww)las | £6(jow
0001 | 6999.9%611| 7650196 | -80.08
0.010 | 699.96114 56.90148 -90.79 Ris) EfsF 14‘\1’ @ e Cs)
0.100 | 69.61424 36.85396 -97.91 - = P
0200 | 3424493 | 3069193 | 10570 ! r
0.300 2223935 | 2684244 | -11327 H
0400 | 1610722 | 24.34041 | -12054 Figure (1)

0500 | 1235347 | 2183578 | -12745

0,600 9.81217 1983530 | -133.98

0.700 7.98088 | 18.04102 | -140.11

0,800 6.60526 16.39780 14586 Shown i Figure (2) is the block di m ol the
0.900 554121 14.87209 5123 servo control system for one of the axes of a digital
1000 470000 20200 566 plotter, Let T=0,1s and the function G (z) is given
1,100 402372 oass | o |
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408)
1.400 2.63930 8.42978 -173.40 queney response for Giz) is given in Table (1)
1500 232135 731482 | -177.07
1,600 2.05223 624452 | 18054
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92
1,500 1.45646 3.26600 | -189.87

2.000 1.30933 234100 | -19267

2100 118113 144597 | -195.34

2200 1.06892 057804 | 19789 | TS

2300 0.87030 0.26185 | -20033 Figure (2)

2.400 0.83329 107797 | -20265

2500 0.80623 187086 | -204.88

5.000 014771 | 1661152 | -24103

10000 | 002406 | 3237441 | -27252

100000 | 000095 | 6011209 | -34436

10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
Consider the sampled-data systems
with the following characteristic equations :

K for which the system is stable 1s:

z—e T+(1—-eDHK=0

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
E(s) e(t) | e(kT)ore(k)
unit
impulse i 5 k) 1
unit 1 z
step s u®) ! T 1
1 oT - KTk Tz dTz
52 ‘ - G-12 (z-d¢
1 —at —akT _ gk z = z
Sta ¢ e =d Z—e @ z-d
1 Te™Tz
—at o—akT
Graf | kTe G
a (1—e ")z
- 1—g-at — a—akT
SE+a ¢ L-e CETEG)
a? at—1 akT — 1 zl{aT — 1+ ez + (1 — e — aTe™")]
S S+a) | +e ™ + ek (z-1)(z—e")
Notes
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
Diw) = =q, =aqa D(z) = ——m——
W) =Gt 1 TR w/ )T T 1w/, & (z—12p)
2 2 2
_Fmow) _Gmew) | ey (Frem) (1o
w7 W=y ko= (w2) TP
7+ om) 7+ o) v (4 o) B
1 — ag|G (jan )| cos(8) " cos(8) — agl 6wl
4y =——— =_——
1T @l 60e,)lsin(e) wy150n(8)
K, Trz+1 z—1
D) = Ky o+ Ko D(z) = K, +K, I(E) (—Z_l)]w:u( ”)
p cos 6 . : sinf
=— Wy ——— =
" gl wn)l P e al6 (el

For the case that T = 0.01, the range of

—-1.0<K<2.16

—-1.0 <K< 20.0

—1.0 < K< 200.0

1.0 <K <200
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
PPl L Gt ;
[z — 1)(z — 0.9048)(z — 0.7408) ir:nulltse 1 (1) (k) 1
ww | 1GGow | 16Gwwlas | 26Gaw - .
0001 |[6999.99611 | 76.90196 -90.08 “'t‘“ 1 u(t) 1 0
0010 | 69996114 | 5680198 | 9079 Cis) step S £
D) —» Gols) G, 1 Tz ATz
0100 | 69.61424 3685396 | 9791 1 . KT = kT _ Tz __dlz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 2414081 | -120.54 ) Sta i-e @ z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 1804102 | -140.11 a L —eT)z
5 T 2 | 1emw | q—ee _(—er)z
0.800 6.60526 16.39780 14586 Show ||(|\|l]~|gulr~: { _tJ i the bjli:;.k di |l|| \‘ljl the SG+a) @ Diz_e )
servo control system for one of the axes of a .
Sg j.:4121 iijzgj ii; ;z plotter, Let T= 10,15 and the function () i @ at—1 ak? —1 zlal —1+e™ )z + (1 - e~ — aTe™7)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 402372 | 120085 | 16096
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 | 301784 | sses | 1e9st (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | saze7s | 730 anse for G(2)is given in Table (1)
1500 | 232138 731482 | -177.07 Scrvomotor & ayw + ay [14 w/(ag/ay)] 14w/ ka(z—20)
1.600 2.05223 6.24452 -180.54 Amplifier Diw) = =a, —| =a D(z) =———F—
1.700 1.82286 521508 | -183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 162615 422319 | 18692 2 2 2
1900 | 145646 326600 | -189.47 = (Z_ ) = (g - “’“’“) Ky = (“"m)w —a (1-2)
2.000 1.30933 234100 -192 67 Binary Do (T* hup) (T + u,..u) “wa {T* Wy ) (1 =z)
2100 1.18113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 & 1= aolG(jan)lcos(8) by = cast8) - agl Gl ann)l
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | 083329 | 107797 | 20265 . e — k2 OV EED] o (2ot
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl T e e sind
100000 | 000099 | 6011208 | 34436 a0l (ja)l wwr aol6(jwu)l
10000000 | 0.00086 | 6127231 | -350.84

Choose the correct answer:
For the number sequence {e(kT)}:

T z
(z—1)2

E(z) =

e() 1s equal to
e(DO) — 00
e(0) = 0

G(DO) p—
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e(0) =k

35)

Table of Laplace and Z-transforms

Laplace Time Time
Table (1): Frequency response of P Entry | transform | function| function z-Transform E(z)
: - E(s) e(t) | e(kT)or ek
ey < DO0INTI6(z +3303)(z +0.242) <l3aa A - ¢ ( (T or ety
= Tz—1)(z — 0.9048)(z — 0.7408) ir:;ulltse 1 5(t) (k) 1
@y |Gl | |GG aw)la | L6(jaw - I 2
0001 |6999.99611| 76.50196 -90.08 ;'1‘“ Z u(t) 1 P
0010 | 699.96114 56.90148 -90.79 R(s Efsi E'(5) o ep s z—
) (s e - G (] _CO
0.100 | 69.61424 36.85396 97.91 & e L 1 K Tz drz
! - - - = t KT = kTd - = 5
0200 | 3424483 | 3069193 | 10570 sz @-12 (=-d)
0.300 2223835 | 2694204 | 11327 H L omat omaKT = gk z___F
0400 | 1610722 | 2414081 | -12054 ) Sta z-e® z-d
Figure (1) —ar
0.500 1235347 | 2183578 | 12745 1 te-at KTe—akT Te"'z
0.600 9.81217 1983530 | -13398 (S +a)* (z—eT)?
0.700 7.98088 | 18.04102 | -140.11 a o (1—e M)z
0.800 6.60526 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEray 1—e® 1—e™® @ D)
0.500 554121 14.87208 15123 servo control system for one of the axes of a digital — . -
o0 oo iz asge | plotter Let T= 0.1 and the function G(z) is given a at-1 akT—1 | zl(al — 14"z + (1 - ™ —ale™"T)]
10 | somn 20955 -ma % | Sera) | +e™ re 2= D= e7)
1200 | 347242 | 1081263 | -16537 G(z) = 0.0031716(z + 3.383) (z + 0.242)
1300 3.01784 9.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 842978 | -173.40
1500 | 232135 731482 | -177.07
_awray  [Ldwfag/a)]  [L+w/fe,) Ckalz—2a)
1600 | 205223 624452 | -180.54 Diw) = =a | =a, D(z) = ———
bow +1 [T+ W/ ~ [T+ w/w,) (z—2)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | 18692 2 2 2
==, == =+ w, -
1.900 1.45646 326600 .189.87 = (g ”"’) 0= (g ""°) ka = (ﬂ M)M - HDM
2000 | 130033 234100 | -19267 (F+ o) (F+@m) G0/ (24 g ) (1 -z)
2100 118113 144597 | -195.34 ) ;
2,200 1.06892 0.57894 -197.69 &= L‘“"‘GQ“’M”E”(G) by :‘”-‘;[9)‘“‘]|GU“’W')|
2300 | osroso | 026185 | 20033 Figure (2) @t GJn)lsin6) W 5in(8)
2400 | oss3e | -107797 | -20265 B K, B Ty jz+1 z-1
2500 | 080623 | 187086 | 20488 D(w) = Ky + 7+ Kpw Diz) = K, + K I(E) (Z_ 1)] + Ku( o7 )
5000 | 014771 | 1661152 | -241.03
10000 | 0.02406 | 3237441 | -27252 Ky = L‘sl T v e __ sim8
100.000 | 0.00099 | -60.11208 | -31436 ag|G(janyy)| aner gl G|
10000000 | 000086 | 6127231 | -359.84

Choose the correct answer:
Consider the sampled-data systems
with the following characteristic equations :

(z—0.9)(z—08)(z2+1.12-0.1) =0

The natural-response terms for this system are:

D - k(0.9 k,(0.8)%, ky(—1.1844)F,
and k4 (—0.0844)F

2 T HE L k(09K k,(0.8), ks (—1.1844)F,
and k,(0.0844)%
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k1(—0.9)% k,(—0.8)% ks (—1.1844)%,
and Ik, (0.0844)%

Y- k(0.9 k,(0.8)F k5(1.1844)F,
and k,(0.0844)F

36)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
sy 2 BOUIITI6 + 3308)(s +0242) % 1t ( ) or e(k)
D m—————————————— i
7 — 1)(z — 0.9048)(z — 0.7408) ir:;ulltse 1 5(t) 5(k) 1
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 unit 1 ult 1
step 5 ® z—1
0010 | 69986114 | 5650148 | -80.79 ce)
Diz) ——» Ge{s) 6, 1 Tz drz
0100 | 69.61424 3685396 | -87.91 1 B KT = kT _ Tz __dlz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—eT)z
S| 7 7 | 1ot | e _(—er)z
0.800 6.60526 16.39780 14586 Show ||(|\|1F|gulr~: { _tJ i the bjli:;.k di |l|| \‘ljl the SG+a) @ Diz_e )
servo control system for one of the axes of a .
Sg j.:4121 iijzgj ii; ;é plotter, Let T= 10,15 and the function () i @ at—1 ak? —1 zlal —1+e™ )z + (1 - e~ — aTe™7)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 400372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1400 | 263930 842978 | -173.40
1500 | 232138 731482 | -177.07
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
1.600 2.05223 6.24452 -180.54 Diw) = w1 =% bt =% D(z) =———F—
1.700 1.82286 521508 | -183.81 v L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
1900 1.45646 326600 | -189.67 7= (Z_ ) o= (Z_ w“’”) fa = (“ﬂm)w =g (1-3)
2.000 1.30933 2.34100 -192.67 (T* ‘-"w.n) (T n Uwu) @y (‘TJr “wv) (1—z)
2100 118113 144597 | -195.34 ] :
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
4 " . 1= p
2300 0.97030 026185 | -200.33 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2400 | o.s88328 107787 | 20265 B K, B Tz +1 z—1
2500 | 0.80623 187085 | -204.88 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (—Z_ 1)] + Ku( 3T )
5000 | 014771 | 1661152 | -241.03
10000 | 002406 | 3237441 | -27252 ky = L’sl o e e __ sin8
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:

For Figure (2). Let D(z)=1, the sensor gain
be unity H;, = 1.

The gain margin of this system i1s:

-

" GM=6.24
»  GM=7.3148d

3)

_|_

GM =-6.244 d
GM= —5.215dBE

37)
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) i Y A ¢ ( () or eti
7) s TS SR ) ;
7 — 1)(z — 0.9048)(z — 0.7408) , unit 1 5(t) 5(k) 1
impulse
Wy |GGl | 1G(jow)lay | £6(jow - Z
0001 |[6999.99611 | 76.90196 -90.08 unit 1 ult 1
step 5 ® z—1
0010 | 69986114 | 5650148 | -80.79 ce)
D) —» Gols) 1 Tz ATz
0100 | 69.61424 3685396 | -87.91 1 B KT = kT _fz __diz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a 1—eT)z
S| 7 z A | 1ot | e _(—er)z
0.800 6.60526 16.39780 14586 Show ||(|\|1F|gulr~: { _tJ i the bjli:;.k d \uln \‘ljl [h‘c | SG+a) @ Diz_e )
servo control system Tor one ol the 3 ol adigta
Sg j.:4121 iijzgj ii; ;é plotter, Let T= 10,15 and the function () is x_‘\:'cn a? at—1 akT —1 zl(al — 14+ 674Nz + (1 - e~“T — aTe™T)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1,100 402372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 Gz) = 0.0031716(z + 3.383) (x + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1.400 2.63930 842978 | -173.40
1500 232135 731482 | -177.07
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
1.600 2.05223 6.24452 -180.54 D(w) = w1 =% bt =a, D(z) =——m—
1.700 1.82286 521508 | -183.81 v L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
1900 | 145646 326600 | -189.47 = (Z_ ) = (Z - “’“’“) Ky = (ﬂum)w —a (1-2)
2.000 1.30933 234100 -192.67 (T* mw) (T + u,..u) “wa {T* uw) (1 =z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 @, = L= GalGan)lcos(8) by = 22500 — @l GGl
1T |G ey singd) - PG
2300 0.87030 0.26185 | -20033 Figure (2) wi
2.400 0.83329 107787 | 20265 K, Tz +1 z—1
2500 | 0.80623 187085 | -204.88 D(w) =Ky + -+ Kpw Diz) = K, + K I(E) (—Z_ 1)] + Ku( 3T )
5.000 014771 | 1661152 | -24103
10.000 0.02406 3237441 | -27252 K, = __cosf K _ ke __ sin8
» - . D -
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:

For Figure (2). Let D(z)=1, the sensor gain
be unity H, = 0.1124.

The sensor gain H;, = 0.1124 1s not
included in Table (1). The phase margin of this
system 1s:

PM= —43

2) - o

PM=46

PM= —46

4) a4 O

PM=43

38)

iaall 45/ 48



Ly KNI LAY S e

el & ) seanll

1)

2)

3)

4)

39)

Table (1): Frequency response of

0.0031716(z + 3383)(z + 0.242)

o

Table of Laplace and Z-transforms

6 =13 — o0e8)z —07408)

e |Gliww)l | 16lww)las | £6(jow

0.001 | 699999611 | 76.90196 -50.08

0.010 | 699.96114 56.90148 -90.79 Ris) EGsEoy ') | @ e Cs)
0.100 | 69.61424 36.85396 -97.91 - =

0200 | 3424493 | 3060183 | -105.70 ! r
0.300 2223935 | 2684244 | -11327 H

0400 | 1610722 | 2434041 | -12054 Figure (1)

0500 | 1235347 | 2183578 | -12745

0.600 9.81217 1983530 | -133.98

0.700 7.98088 1804102 | -140.11

0,800 6.60526 16.39780 14586 Shown in Figure (2) s the block diagram of the
0.900 554121 14.87209 5123 servo control system for one of the axes of a digital
1000 470000 20200 566 plotter, Let T=0,1s and the function G (z) is given
1.100 4.02372 oass | o |
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 | 301784 | 559392 | 16951 (z = 1)(z - 0.9048)(z - 0.7408)
1400 | 263930 | 842078 | 17340 | The frequency response for G(z)is eiven in Table (1)
1.500 232135 7.31482 -177.07

1.600 2.05223 6.24452 -180.54

1.700 1.82286 5.21508 -183.81

1.800 1.62615 4.22319 -186.92

1.900 1.45646 3.26600 -189.87

2.000 1.30933 234100 -192 67

2.100 118113 1.44597 -195.34

2.200 1.06892 0.57894 9780 | TS

2300 0.97030 026185 | -200.33 Figure (2)

2.400 0.83329 107797 | -20265

2.500 0.80623 187086 | -204.88

5.000 0.14771 16.61152 | -241.03

10000 | 002406 | 3237441 | -27252

100.000 | 0.00099 | -60.11208 | -34436

10000.000 | o.o0086 | 6127231 | -350.84

Choose the correct answer:
For Figure (2). Let the sensor gain be unity

1.

Hy,

Laplace Time Time
Entry | transform [ function| function z-Transform E(z)
E(s) e(t) | e(kT)ore(k)
unit
impulse i 5 k) 1
unit 1 z
step s u®) ! T 1
1 . oT - KTk Tz dTz
52 N (z-1)2 (z—d)?
1 —at —akT _ gk z = z
Sta ¢ e =d Z—e @ z-d
1 Te™Tz
—at o—akT
Graf | kT G )
a (1—e ")z
— 1—e-at — p—OkT
SE+a ¢ L-e CETEG)
a? at—1 akT — 1 zl{aT — 1+ ez + (1 — e — aTe™")]
S2(S+a) +e 4+ (z—-1)2(z—e")
Notes
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
Diw) = =q, =aqa D(z) = ——m——
W) =1 = T wit | O+ wa, @ (z—2)
2 2 2
_Fmow) _Gmew) | ey (Frem) (1o
Ky =2 o= (wg2) )
(7 +aw) (7 +m) w0 (4 wwp ) °
1 — ag|G (june)|cos(8) b cos(8) — ag| Gl
= =_——
1T @l 60e,)lsin(e) wy150n(8)
K, Trz+1 z—1
D) = Ky o+ Ko D(z) = K, +K, I(E) (—Z_l)]w:u( ”)
p cos 6 . : sinf
=— Wy ——— =
" gl wn)l P e al6 (el

Consider the digital controller realize a gain
K. thatis, D(z) = K. The value of K which
realize phase margin 40° 1s.

-
.
e
—

0.1253
0.1019

0.1514
1.38164
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Table of Laplace and Z-transforms

Laplace Time Time
Table [1): F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) <lae A - ¢ { () or etk
# = =1z - 0.9048)(z — 0.7408) ir:nulltse 1 (1) (k) 1
ww | 1GGow | 16Gwwlas | 26Gaw - .
0001 |[6999.99611 | 76.90196 -90.08 unit 1 ult 1
step 5 ® z—1
0010 | 69986114 | 5650148 | -80.79 R(s) - Efsir E'(s) Cis)
=2 DE) — G Gys) 1 Tz T
0100 | 69.61424 3685396 | -87.91 A ‘ = 1 B KT = kT _fz __diz
0200 | 3424493 | 3069193 | -105.70 sz (-1 (z—d)?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk 2 F
0400 | 1610722 | 24.34041 | -12054 ) Sta z—e 9 z-d
Figure (1) Tar
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—eT)2
0.700 7.98088 | 18.04102 | -140.11 a N (1—e )z
0.800 6.60526 1639780 | -145.86 Shown in Figure (2) is the block diagram of the SEra 1—e 1—e™ FER RS
500 554121 14.87208 15123 servo control system for one of the axes of a digital 2 — e —
plotter. Let T = 0,15 and the function &(2) is given - - - : - - !
0 plotier, Let T ! the o at—1 akT—1 | zl(aT — 14Nz + (1 - e~ — aTe~"T))
1.000 4.70004 B4 [ 15626 | 0 ¢ TGra | e +e-ak GoDMz—e )
1,100 402372 12.09255 | -160.96 ’
1200 3.47242 1081263 | -165.37 Gz) = 0.0031716(z + 3.383)(z + 0.242)
1300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z — 0.7408) Notes
1400 | 263930 | 842078 | 17340 | The frequency response for G(z)is eiven in Table (1)
1500 232135 731482 | -177.07
_awtay _ [Ldw/lag/a)] | [L+wfe] _kalz—z)
1.600 2.05223 6.24452 -180.54 D(w) = =a, —| =a D(z) =——m—
1.700 1.82286 5.21508 183.81 Pt L1+ w/b) ] L1+ vty ] (- =)
1.800 1.62615 422319 | -186.92 2 2 2
2 2 _ St -
1900 | 145646 326600 | -189.47 = (72“ o) = (g “‘“) Ky = (“"E)M —a (1-2)
2.000 1.30933 2.34100 -192.67 (T* “’w) (T n Uwu) @y {T* “wv) (1—z)
2100 118113 144597 | -195.34 - -
2.200 1.06892 0.57894 -197.89 &= M by = M
2300 0.97030 026185 | -20033 Figure (2) ot |G Qe )lsingg) 1 5in(8)
2.400 0.83329 107787 | -20265 by — i+ K pen = ko IOVEELY] 4 (220
2500 | 080623 | -187086 | -204.88 (w) = Ky + 0+ Kpw (z) =Ky + K, I(E) (—Z_ 1)] + u( 7T )
5.000 014771 | 1661152 | -24103
10000 | 002406 | 3237441 | -27252 ky = L’sl Kep g ——L = __snd
100000 | 000098 | 6011209 | -34436 oG (junn)l wur aolGljan)l
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:
For Figure (2). Let the sensor gain be unity

1.

Hy

The PD controller with the dc gain of 5 that
yields a system phase margin of 40° 1s:

D(2)

D(z)

D(z)

D(z)

(z — 0.8344)
Z

(z — 0.8343)
Z
(z — 0.8343)
(z—1)
(z — 0.8344)
(z—1)

2.0749 X

0.4147 X

0.4147 X

2.0749 X
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Table of Laplace and Z-transforms

Laplace Time Time
Table () F of Entry | transform [ function| function z-Transform E(z)
able + Frequency response - - E 5) e ” e(kT) or e(k
Gy  QO0ITI6 e + 3303)(z +0.242) l_ll—l.ﬁd . ¢ ¢ ) or e
# = =1z - 0.9048)(z — 0.7408) , unit 1 5(t) 5(k) 1
impulse
e |G(jany)| | |GGaw)lap | £G(jww - 7
0001 | 6999.9%611| 7650196 | -80.08 “:“ 1 u(t) 1 :
0010 | 69986114 | 5650148 | 8079 | Res) - Efsi E'(s) - tep i L
Oy PO Do) Golo) | Gl [ 2] 1 Tz dTz
0100 | 69.61424 3685396 | -87.91 A ‘ = : 1 . KT = kT _ Tz __dlz
0200 | 3424493 | 3069193 | -105.70 s G-1)F (z-dp?
0300 | 2223935 | 2694244 | -11327 H L s o-aKT _ gk o F
0400 | 1610722 | 2414081 | -120.54 . Sta z-e z-d
Figure (1) —al
0.500 1235347 | 2183578 | -12745 L te-at KTe—akT To==
0.600 9.81217 1983530 | -133.98 (S +a) (z—e)*
0.700 7.98088 | 18.04102 | -140.11 a w et (1—e ")z
0800 | 660526 | 1639780 | -145.86 Show nin Flguln: [ :tJ is the bjh:;.k di ln \:]l ﬂl‘c | SEra | 17F 1-e FER RS
servo control system for one of the axes of a digita
Sg j.:4121 iijzgj ii; ;é plotter. Let T= 0,15 and the function G(2) is x_‘\:'cn @ at—1 akT —1 | zl(al — 14Nz + (1 - e™7 — aTe™"T)]
: - - by: 5254 a) +e +em (z=1)2(z—e2")
1100 | 400372 12.09255 | -160.96
1200 | 347242 | 1081263 | 16537 G(z) = LO081716(z + 3.383)(z +0.242)
1.300 3.01784 5.59392 -169.51 (z = 1)(z - 0.9048)(z - 0.7408) Notes
1.400 2.63930 8.42978 -173.40 Juency response for Gz) is given in Table (1)
1500 | 232135 731482 | -177.07
aw +ag [1+w/(ag/ay)] [1+wfw] ka(z —70)
1.600 2.05223 6.24452 -180.54 Diw) = =a, —| =a D(z) =———F—
byw + 1 [T+ w/lb) T 11+ w/a,,| (z—1)
1.700 1.82286 521508 | -183.81
1.800 1.62615 422319 | -186.92 2 2 2
2 2 _ Stw, -
1900 | 145646 326600 | -189.47 = (72“ o) = (g “‘“) Ky = (“"E)M —a (1-2)
2.000 1.30933 234100 | -19267 (T* hup) (T + Uwu) “wa {T* W) -z
2100 1.18113 144597 | -195.34 H - -
2.200 1.06892 0.57894 -197.89 - a = 1 aglGljen)|cos(@) by = cos(6) = aal GGwnw)l
Wy |G (e, sin(é iy Sin(8
2.300 0.97030 -0.26185 -200.33 Figure (2) wrlGUws)lsin(g) wisin(8)
2400 | oss3s | 107797 | 20265 . pen = ko IOVEELY] 4 (220
2500 | 080623 | -187085 | -20488 (W) = Kp + 04 Kow ) =K, + K, I(E) (z— 1)] + “( ZT )
5000 | 014771 | 1661152 | -241.03
10.000 0.02406 13237441 | 27252 Ky = _ cos8 K e __ sin8
7 aglGGana)l’ o 16 Gana)]
100.000 | 0.00099 | -60.11208 | -34436 20lG ()] P dolEAun
10000000 | oooose | 6127231 | -350.84

Choose the correct answer:

For Figure (2). Let the sensor gain be unity
Hk — 1

The unity-de-gain phase-lag controller that
vields a system phase margin of 40° 1s:

" Do) = 04262 x 2799851
2= (z — 0.9936)

) - - (z — 0.8343)
D(z) = 0.081 X 71

) (z— 0.994)
1 X
D(z) = 01X —0.9994)

y - (z — 0.9994)
D(z) = 0.1 X (2= 0.990)
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