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* PID Compensation

»Need PM improvement at o,

»Need low-frequency gain improvement
/
= A common transfer function: N /
IDAs)| 2K \\ ,/
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De(s) = kp + L + kp s o
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= Roughly equivalent to o 0 //
e )
combining lead and lag compensations - ///

0.1 0.2 1 2 10 100

referred to as a lead-lag compensator
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= Example 6.20: PID Compensation
for Spacecraft Attitude Control

Disturbance
torque
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Compensation Spacecraft
+
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= Design PID controller for:
 Zero steady-state error
* PM = 65°
 As high a bandwidth as possible

 Torque disturbance » = 0.001 rad/sec
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= Example 6.20: PID Compensation
for Spacecraft Attitude Control

Disturbance
= For Final Steady Value e
Compensation /J{ Spacecraft
-2 Td + Tc =0 O ﬁ Ds) Tf@ - ? Tf—)
. Sensor
= Therefore, if T;=/=0 6 2
9 TC —_- — Td

= The only way this can be true with no error (e =0 ) Is:

for D.(s) to contain an integral term.
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= Example 6.20: PID Compensation

Disturbance
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Compensation
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* Frequency Response of GH:

= Unstable

Dq(s) = g [(TDS + 1) (s +

= Select: K, Tp, T,

= PM = 65° at high frequency

* By adjusting Tp

Magnitude

Phase (deg)

for Spacecraft Attitude Control

0.9
G(s) = 2

2
s+ 2

H{(s)

Compensation for PID design Example 6.20: (a) magnitude.
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= Example 6.20: PID Compensation

for Spacecraft Attitude Control
0.9

[(TDS +1) (s + Ti)
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Dc(s) =

G(s) =

H(s) =
10K N //
|D ©) 2K \\ // Compensation for PID design Example 6.20: (a) magnitude.
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@ = C tion design for PID E le 6.20: (b)phase.
0 — ...compensation design for PID Example 6.20: (b)phase.
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= Example 6.20: PID Compensation
K
Dq(s) = — (Tps+1) s+
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for Spacecraft Attitude Control

G(s) =

H(s) =

Compensation for PID d

0.9
g2
2

esign Example 6.20: (a) magnitude.
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Compensation design for PID Example 6.20: (b)phase
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= Example 6.20: PID Compensation

K 1 -
De(s) = — |(Tps+1) s+ — for SpacecragtéAttltude Control
S

1
—~ =0.05 2
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Compensation for PID degsign Example 6.2
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: (a) magnitude.
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= Example 6.20: PID Compensation

K 1 :
De(s) = — |(Tps+1) s+ — for Spacecragtébxttltude Control
S TI G(S) — _2
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L 0.005 2
T, H(s) = —
Ty (s) == —

Compensatjon for PID design Example 6.20: (a) magnitude.
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= Example 6.20: PID Compensation

K 1| for raft Atti ntrol
De(s) = — [(TDS 4+ 1) (S + ?) or Spacec aOF9 ttitude Contro
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* PM = 65° O
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1 Compensation design for PID Examlple 6.20: (b)phase.
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-150 |

*| D.(s)G(s)| =20

- 1/K = 20 2mﬂf/////
250 | . / |

o K — 005 1074 10 102 10" 100 101 102

w (rad/sec)

Phase (deg)




CS6K-PIDLeadlLag - 11

Example Feng-Li Lian © 2022

= Example 6.20: PID Compensation
1 for Spacecraft Attitude Control

K
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O . OO 5 Compensation for PID design Example 6.20: (a) magnitude.

Dc(s) =
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Compensation design for PID Examjple 6.20: (b)phase.
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= Example 6.20: PID Compensation
for Spacecraft Attitude Control
torque

T,
Compensation /J: Spacecraft
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= Response of the system for a unit step 6,,,, IS found from:
© D. G

Te) = o~ =11 p.cnH

(a) Unit Step Command Response with PID compensator
T I T I T T

1.2 T
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Time (sec)
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= Example 6.20: PID Compensation

Compensation

0. ﬁf D(5)

Disturbance
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for Spacecraft Attitude Control
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= Response for a step disturbance torque of T, Is found from:

©

G

T, 1+ D.GH

B (Deq)

(b) Step Disturbance Response with PID compensator
T T T T T T
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= Example 6.20: PID Compensation
Distrbance for Spacecraft Attitude Control
torque
Compensation T4 Spacecraft
60t - { 09 , " Frequency Response of
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