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= Example O0: Double Integrator

G(s) = 3i2

® Satellite attitude, hard-disk drive, motor, etc.

® \Vith P controller 1
= 1 + Kp— = 0

32
Root Locus ME A G
® Rule 1; 3 '
® 2 branchesstartats=0 i
® Rule 2: =l
® No locus on real axis 3
g X
® Rule 3: >
S 051
® Asymptotes: +- 90° g
AF
® Rule 4;
o Depart at +- 90- 135 ry 0.05 0 0.05 0.1 0.15

Real Axis (seconds™)
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= Example 5.3: Satellite Attitude Control w/ PD Control

= 1 + [KP—FKDS]S% = 0

= K = Kp ;»%:1 :>1—|—KS;|;1:O
® Rule 1- ® Additional zero: pull the locus into the LHP

® 2 branches startats =0, o0netos=-1, one to «
® Rule 2;

® Real axis: to the left of s = -1 3 $
2
® Rule 3: ) )i
. - B _
® Asymptotes: along negative real axis =
® Rule 4: E |
® Depart at +- 90- - |
-2
® Rule 5: ;
=6 -4 -2 0 2

® Rejoin and break at s = -2

Real axis
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= Example 5.3: Satellite Attitude Control w/ PD Control

® Practically, differentiation is not good

® Use the following approximation:

Kp s Kpps
:>DC(S)_KP+2§9—|—1 = Kp-+ s+
S_I_Kp—ll—(PK
= (Kp+pKp) —
— 1 4+ D.(s) G(s) = 0 s+p
_ 8T2Z K = Kp+pKp
= 1+ KL(s) =0 KS-I-P , — _ PKp
N K(s—l—z) 1 — 0 Kp+ pKp

(s + p) s2

® [ ead compensator: z2<p
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= Example 5.4: Satellite Control
w/ Modified PD or Lead Compensation

z = 1, = 12 1
p 14K 2(s—l— ) _
® Rule 1: s< (s +12)
® 3 branches, two startats=0,oneats=-12
® Rule 2:

® Real axis: -12<=s<=-1

® Rule 3:

® Asymptotes: 3-1=2, .
centered at [-12-(-1) ]/12 = -11/2, R\ |
at +- 90- ] /{
® Rule 4: A g - \rg .
® Depart at s=0: +- 90- E —1
® Depart at s=-12: 0 BDY . Y
® Rule 5: -3 - - : !

® Multiple roots: ats =-2.3, -5.2 Real axis
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= Example 5.5: Satellite Control w/ Lead
Having a Relatively Small Value for the Pole

z = 1, = 4 1
P RTINS Gl )
s2 (s+4)
® Rule 1:
® 3 branches, two startats =0, one ats = -4
® Rule 2:
® Real axis: -4 <=s<=-1
® Rule 3: 3 \ .
® Asymptotes: 3-1=2, 2
centered at [-4-(-1) /12 = -3/2, . \ »
at +- 90- 3 }6
%O =
® Rule 4: = 1
® Depart at s=0: +- 90- . {/ -
35 —4 —2 0 2

Real axis
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= Example 5.6: Satellite w/ Transition Value for the Pole

z=1 p =29 :>1_|_K(s-|-1)

s2 (s+9) =0

® Rule 1;
® 3 branches, two startats =0, one ats = -9

® Rule 2;
® Real axis: -9<=s<=-1

® Rule 3: 3 \ X
® Asymptotes: 3-1=2, 2 X

centered at [-9-(-1) }/2 = -8/2, at +- 9Qs | \/(._-—,

A

v

® Rule 4: 3% :_
® Depart at s=0: +- 90- o

® Ats=-3, B
® arrival: +60°, -60°, O° l
® depart: +120-°, -120-°, O ~6 —4

[maginfry ax
P

-2 0 2
Real axis
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= Summary of Examples 5.3 5.4, 5.5, 5.6: Satellite Control

= 1 4+ K

= 1 + K

3

2
Z =
= m
o -~
20 ——
E -1 —
-2

-3

—6 —4 2 0

Real axis

1

2

| \
: \/" \
Ny
E -1 / )

,2 l

3% —4 2 0

Real

= 1+ K

:>1—|—KP

1

— =0
g2

s+ 1

= 1 + K

g2

(s+1)

0

|
o

s2 (s + 4)

(s+1)

s2 (s+9)

(s+1)

s2 (s+12) -

[
\
N
y,
/
4 2 { 0 2
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= Example 5.7: Exercise to use rltool (Matlab)

s =tf('s")

sysL = ( s+1)/(s"2);
% sysL = (s+1)/(s"2*(s+12));

rltool( sysL);
% sisotool( ‘rlocus', sysL );

{control System Designer - Root Locus Editor for LoopTransfer_C

F RSSUILSI Al  ROOT LOCUS EDITOR

o d @ H @ & @

Open Save Edit ultir Tuning MNew Store Export  Preferences
Session Session | Architecture « Methods « Plot = - -
FILE ARCHITECTURE TUNING METHODS ANALYSIS DESIGNS RESULTS PREFERENCES ry
Data Browser X 10Transfer_r2y: step Root Locus Editor for LoopTransfer_C )
‘w Controllers and Fixed Blocks
F Root Locus Editor for LoopTransfer_C
c 8 T T T : r
G
H
6t
w Designs 41
2
=y
>
<
o Om
T
w Responses E
LoopTransfer_C -
10Transfer_r2y 2r
10Transfer_r2u
10Transfer_duZy
10Transfer_dy2y 4r
10Transfer_n2y
‘W Preview 6k
8
12 10 8 6 4 2 0 2

Real Axis
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= Example 5.8: Satellite Control w/ Collocated Flexibility

_ (s+0.1)?2+67
G = BT 0121662

(s+1)
(s+ 12)

(s+1) (s+0.1)2+67

= 1 4+ D.s)G(s) = 0 = Dc(s) = K

= 1+ KL(s) =0 = L(s) = (s +12) s2[(s+ 0.1)2 + 6.62]

® Rule 1:
® 5 branches,
® 3 ->finite zeros
® 2 ->asymptotes

® Rule 2:
® Real axis: -12<=s<=-1
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= Example 5.8: Satellite Control w/ Collocated Flexibility
® Rule 3:

® Asymptotes: 5-3 =2

® Centered at[-12-0.1-0.1-(-0.1-9.1-1)]/2=-11/2, at +- 90-
® Rule 4:

® Departats =-0.1+6.6:

1+ Yo + 3 — (o + ¢d3 + b4 + ¢5 ) — 180

P1 =

8
— (90 4+ 90 + 90 + tan_1(6.6/1;))

90 4+ 90 + tan—1(6.6)

— 180

142.6

Imag axis

%
"". ¢"1 | [.?52% [.?53
0 | g
Uy’
-2
—4
Uy
—6 &
— 8 b4
— 15 — 10 -5 0 5

Real axis
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_—
| = Example 5.8: Satellite Control w/ Collocated Flexibility

(s+1) (s+0.1)2+67

= L(s) =
(s) (s +12) s2[(s+ 0.1)2 4+ 6.62]
8
6 3
4
% 2
-
= 0
=
E -2
—4
_.ﬁ, ™y
AT —10 -5 0 5

Real axis
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= Example 5.9: For Non-Collocated Case

S) = S S — (S—I_l) 1
= K L(s) = Dc(s) G(s) = K (s + 12) s2[(s + 0.1)2 + 6.62]

® Rule 1:
® 5 branches,
® 1 ->finite zero
® 4 -> asymptotes

® Rule 2: X
® Real axis:-12<=s<=-1
® Rule 3: X OX
® Asymptotes: 5-1 =4,
® Centered at[-12-0.2-(-1) ]/ 4 =-11.2/4, X
at +- 45, +- 135-
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= Example 5.9: For Non-Collocated Case

= K L(s)

® Rule 4:
® Depart at s=-0.1+ |6.6:

1 = Y1 — (P2 + ¢3 + ¢4 + ¢5) — 180
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S S = s+ 1) 1
Dec(s) G(s) K (s+ 12) 32[(3 —+ 0.1)2 + 6-62]

_ —1
= tan” “(6.6) .
. X9
— (90 4+ 90 4+ 90 + tan"1(6.6/12) )
— 180 LR = :
S o] e Y :g;\d} >
2, i
—37.4 E °
4 5
6 l\L'i
355 ~10 -5 0 5

Real axis
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| = Example 5.9: For Non-Collocated Case

= K L(s)

[maginary axis

1

(s+12) s?[(s+0.1)2 4+ 6.62]

= Do(s) G(s) = g BT

&

) </
4

2

0

-2

B /

—6

B / >(-\
—15 —10 —5 0

Real axis
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= Example 5.10: Having Complex Multiple Roots

= 14+ KL(s) =0 = L(s) =

1
s (s+2) [(s+1)2 + 4]

Rule 1:
® 4 branches,
® 4 ->asymptotes

Rule 2:

® Real axis:-2<=s<=0 .

Rule 3: X

® Asymptotes: 4-0 =4,

® Centered at[-2-1-1-0+(0)]/4=-1, ¢ ¢ >

at +- 45+, +- 135-
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= Example 5.10: Having Complex Multiple Roots
1

s (s+2) [(s+1)2 + 4]

= 14+ KL(s) =0 = L(s) =

® Rule 4:
® Depart at s=-1+ 2.
deep —
3 = — (1 + ¢2 + ¢4 ) + 180
2 2 3
= —tan (=) - tan (%) - 90 b
—1 1 :
+ 180 z 1 ;
= 0 T AN
= —90 Ey
£ —1 "
» Al
33 —2 0 2 4

Real axis
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= Example 5.10: Having Complex Multiple Roots
1
s (s+2) [(s+1)? + 4]

N

=14+ KL(6s) =0 = L(s) =

Imaginary axis
=

. .

S AN

—4 —2 0 2 4
Real axis
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= Examples 5.8, 5.9, 5.10 . &
F o &
(s+1) (s+0.1)246° i -
(s +12) s2[(s+ 0.1)2 4+ 6.62] -6 &
2 \\ >u
(s+1) 1 S A R ——
(s+ 12) s2[(s+ 0.1)2 + 6.62] i /
. 17
:;]5 /—10 -5 /0’\ 5
™~ /
1 NN Py
s(s+2)[(s+1)2+ 4] .ﬁ 0 —1
) :; 1IN
_3—4/ -2 0 \2 4



