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Consider the following model of a spacecraft (same as in Tutorial 9) with a Proportional-\Velocity (PV) controller

1. Find the gains K, and K,, that yield a pair of dominant closed-loop polesat s = —1 + ;.
2. Compare the step responses of the PV controller and of the PD controller designed in Tutorial 9.

1. . Kp
C(s s+ K,K,s K
cLtr: &) = 4
R(s) 14 p s* + K,Kys + K,
s*+ K,K,s

CE: s’+K,K,s+K,=0
Subst rY P
s==1+j: (-1+)*+K,K,(-1+))+K,=0
—2j — K, K, + K, K,j+ K, =0
— K,K, + K, + (K,K, —2)j =0
=>—-K,K,+K, =0 =K K,—2=0
K,=2 S—KyK, =2

K,=1 C(s) 2

R(s) s2+2s+2

R(s) 4, & Ky C(s)
_ _ $2 ~
K,s |«
K K
TF = = > = >
1+ K—EK,,S s% + Ingvs s%+ KyK,s
S S
R(s) + Kp C(s)
5%+ K,Kys "
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Consider the following model of a spacecraft (same as in Tutorial 9) with a Proportional-\Velocity (PV) controller

1. Find the gains K, and K,, that yield a pair of dominant closed-loop polesat s = —1 + ;.
2. Compare the step responses of the PV controller and of the PD controller designed in Tutorial 9.

R(s)+ v Ky C(s)
: C(s 2 _p 5
2. With PV Controller, K,s = s: (s) = A - s?
R(s) s?+2s+2
With PD Controller, G.(s) = K(s + z.) = 2(s + 1): Kos <
C(s) 2(s+1)
— R(s) + 1 C(s)
R(s) s?+4+2s+2 — 2826+t D 5 >
There’s an “s” term in the numerator = Not a “pure” 2 order system Ge(s)
; 1 1 . (Tutorial 9)
. . l=m| withPVContoller  WithPD Controller MATLAB script:
N Rise Time: 1.52 Rise Time: 0.60 el 2
Settling Time: 4.22 Settling Time: 3.46 s
5. Overshoot: 4.32 Overshoot: 20.79 o
Peak: 1.04 Peak: 1.21 Ev-atep (9_sys, tine)
| Peak Time: 3.13 Peak Time: 1.57 T T e e
W |=>Different transient response with similar settling time | - T
0 : L *'* » = PD may increase overshoot T 3
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Background on Electrical and Electronic Systems

VL(8) + VR () + Ve () = V(D)

di(t) . 1.,
L7+Rl(t)+gjldt =V(t)
- . . 1(.

For resistor: Ve(t) = Ri(t) For capacitor: Vo(t) = Ej i dt Impedance is the frequency domain

Vr(s) = R I(s) ave(t) 1 © ratio of the voltage to the current

= —1
Ve(jw) = R I(jw) a & Z:(jw) = R
Ve(s) = —1I(s
dl(t) C( ) ,_C_S__( ) ZL(]('U) =_](1)L
. _ _ . I S

For inductor: vV, (t) = L_dt Ve(jw) 257110(‘)) Z.(jw) = LC

V.(s) = Ls I(s) J©

“resistance” of capacitor

r==1

V(i) =ljoLil (o)

B ol

“resistance” of inductor
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Consider the following circuit:

1. Show that the circuit has the following transfer function

w

Vour __Rq J o

Vin R1(1+jé%)u.+j

Zi1=R; +
1 1 ](l)Cl

R4
jwRCy
Ry jwR1Cy

~JwR,Cy

R, +

Ry
JwR,Cy

- JwR,Cy

(j(l)Rl Cl + 1)

LW
R, (1 +]a)_1)

)
]w1

@ where w; = R.C.
%)
Z, =R, [l
2 2 ]G)Cz
1 1 wC
_ _I_J 2
Z, R, 1
R,
= Zz = ;
1 +]CUC2R2
_ )
1 +] w—z
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Ty,
LA
e o=k
" YV
and w, =
R, C, >_
Zr(jw) = R y
Z(jw) = jwl
Ze(jw) = —
jwC Note: In ideal op amp, no current
flows into the input terminals
- Vin — V__ V™ = Vour
i =0 - =
Zy Zp
V- =0 ﬁ _ _Vout
Zy Zy
. W
Vout . —Z; . —R, (Jw_l)
Vin Zl

W W
Ry (1 +]w_1)(1 +Jw—2)
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2. From now on, assume the following numerical values: R; = 1Q,R, = 10Q,C; = 1mF,C, = 1uF. Determine

the amplitude and the phase of the transfer function in the following regimes

° w <K wq )
. % —R J o,
W Kw K wy Let G(s = jo) = out _ 2 - w1 -
Pz KW Vi R (1+j A +)go)
° w K w1: w * W, K w K Wy w
R, ) oy R, ]a)_
G(s = jo) = — G G(s = jw) = -
T TR 000 TR a0
) W1
R, | w0y P
"R T _ Bl toy R
o Rilj=@| R
RZ o w jT[ 1
=—e /T |—e’2
Rl 'wl &e_nj
R2 W _%. Rl
= i——
/ Ry wq \ 1G(s = jw)] =5
1
R,
G(s = jw)| = R—l—("’ 0) £G(s = jw) = -7/, 2G(s = jw) = —

Find:
|G(s = jw)| 2G(s = jw)
.(1)2<<(1): W
. R; J 0,
Gls = jw) = R1<.w>(.w)
]CU1 ]wz
. RZ 1 RZ ]
- Mes)] @)
]wz 05
37T,
__ R
Rl&g)
. R,
|G(s = jw)| = (= 0)

£G(s = jw) = =37/,



fa %] NANYANG

. TECHNOLOGICAL
Question 2 ST
; 9 201g|G| 201g w
R, =1Q R, =10Q G( ) —R, J w1 A . 8
& 1mF1 i R (1 +J£)(1 +J£) 27wt
w, =—— =103 » 01 71 0
R,C ‘
11 1 5 G(s = jo) = — — 10 . - ok 7120 dB/dec
Y2=RC, 10 (1 +JT)( J705)  201g/G]| (dB)
c w <« 103 ¢ 10° K w | +20dB/dec,”  \~20dB/dec
R, w 1 . R 10° / \ & rad/s
|1G(s = jw)] =R2 =192% 1G(s = jw)| = zw = ; et 3 () )
1@ R (5 2) 10,102 103 10* 105 10°, 107
201g|G(s = jw)| = —40+ 201gw  201g|G(s = jw)| = 120 — 201g w / \
LG(s=jw)=—-T £G(s = jw) = =37 2G (rad
(s = jw) /2 (s =jw) /2 A( ) a)(rad/s)

¢ 103 K w K 10°

R,
G —_—
|G(s = jw)| = R,

R, 10
201g|G(s = jw)| =201g— =201g— =
R, 1

2G(s =jw) =-m

10 102 103 104 105 106 107
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Drawing straight lines bode plots ZOl‘iGl (dB) ,+20 dB/dec
107 _ S s
=7 = — / +20 dB/dec N —20dB/dec
G(s = jw) 10 (1+ i)( // l/ \\ a)(rad/s)
103 f——f——t— j
11 10 4702 10\3 10 10‘5 108 107
S / / N \
103 |4 / \ \ \
G(s) =— / \ \\
( ) ( ,/ N 20 dB/dec
- - R — AN
\
‘ // \\
S —60‘r \ —20dB/dec
103
= —1 LG (rad)
G(s) 0(s+ 103) <s+105 A
103 105 ) 000 ot mmmmmmm——-—--
a)(rad/s)

4

103
Gls) = __( )<s n 103><

Corner frequencies M

s+ 10°

LB N P

p1 1 10 107 ‘103 104 “10,5 06 107

—————— - ————— — —

S _\Z rad/dec _Z rad/dec
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3.

Determine (approximately) the responses V,,,,+(t) of the circuit to the following inputs
o V., (t) =5sin(10*t) Note: -
o Vin(®) =2 COS(loP , r(t) = 1y sin(wt) R G(s)
e V;,,(t) =5sin(10%t) + 2 cos(10t) — 3 cos(10’t
in(t) ( )+ (101) ( ) c(t) =15|G(s = jw)| sin(wt + 2G(s = jw))
R, teady stat
Vo, (t) = 5 sin(10%t) 1G(s = jo)| = =2 = 10 (steady state)
Ry 201g|G| (dB)
w=10*"> w, K v K w, LG(s =jw) = -1 A
<l 20 + ——
(W|th|n3passband) i can also be derived graphically | |+20dB/decs \ —20 dB/dec
w; =10° & w, =10 using bode plot (if given) // . \ w(l‘ad/S)
= Vout = VinylG(s = jw)| sin(wt + £G(s = jw)) Atw = 1104|,GZ|01g1|G| =20 10/’102 10? 104 105 105\ 107
g|G| = < >
= 5(10) sin(10*t + (—m)) S G(s =10%) =10 2T / passband \
= 50sin(10%t — ) £G(s = jw) = - 4G (rad)
P A a)(rad/s)
——t— ' >
Vi (t) = 2 cos(10t) 1G(s = jw)| = R—Z— = 0.1 10 102 10° 104 105 105 107
1 [
w=10>=> 0w < w; 2G(s = jw)=="/, 2T T T TS
~
= Vout = VinylG(s = jw)| cos(wt + 2£G(s = jw)) T RN ~
~
= 0.2 cos(10t —/,) (attenuated) _37”_ S oo .
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3. Determine (approximately) the responses V,,,+(t) of the circuit to the following inputs

o V., (t) =5sin(10*t)
e V., (t) =2cos(10t)

e V., (t) =5sin(10*t) + 2 cos(10t) — 3 cos(107¢t)

e V., (t) =5sin(10%t) + 2 cos(10t) — 3 cos(107¢t)

Only the signal at w = 10* will pass (the first term)

R
G(s = jw)] = =2 =10
Ry

= Vout = VinlG(s = jw)| sin(wt + £G(s = jw))

= 50 sin(10*t — )

Note:

r(t) = ry sin(wt) ¢ G(s)
c(t) =1ylG(s = jw)| sin(wt + 2G(s = jw))

R

LG(s=jw)=—m

(steady state)
201g|G| (dB)
A
20 + Sy
+20 dB/dE‘C/ \ —20 dB/dec
/ \
SN
10 ‘102 103 10* 10° 10¢ 107
/ < > \
20+ 7/ passband \
£G (rad)
A w(rad/s)
! ! i ! ! | —>
10 10% 103 10* 105 10° 107
ST ==~
~
o S o

10
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