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Mixed Hy/Ho and p-synthesis Approach to the Coupled Three-Inertia
Problem

2 o 2

(Yeon-Wook Choe)

Abstract : This study investigates the use of mixed Hy/He and zesynthesis to construct a robust controller for the benchmark problem.
The model treated in the problem is a coupled three-inertia system that reflects the dynamics of mechanical vibrations. This kind of
problem requires to be satisfied the robust performance (both in the time and frequency-domain specifications). We, first, adopt the
mixed Ha/Ho theory to design a feedback controller K(s). Next, s~synthesis method is applied to the overall system to make use of
structured parametric uncertainty. This process permits higher levels of controller authority and reduces the conservativeness of the
controller. Finally, the feedforward controller is also used to improve the transient response of the output. We confirm that all design
specifications except a complementary sensitivity condition can be achieved.

Keywords : three-inertia benchmark, mixed Hy/Ho theory, w -synthesis
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Fig. 1. Coupled three-inertia system.
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Fig. 2. Block diagram of mixed Hy/He control.
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a7 NER #o} Case
":*;X(H <3 1.9637 2.4508(CAse 2)
maXI";O— 9z| <0.02 0.0015 0.0023(Case 2,3)
t2
ma"iezo - e3| <0.02 0.0121 0.0197(Case 2)
2
| B — ‘T—bvv_'i_ r
0.05 !
AN _ o8
E. o/ ,‘f\ \:_‘f = 5. AN\ ~
£ ' v IV
-0.05 1.5
: |
0.1 02 03 04 05 01 02 03 04 05
x10° Time [sec.] x10° Time [sec.]

|
|

0.1 02 03 04 05

01 02 03 04 05

Time [sec.] Time {sec.]
a9 7. 29 g g S 73,
Fig. 7. Responses to step disturbance.
E 5 A @0 s A
Table 5. Result for spec. (2).
274} 71 #o} Case
ma"l‘f <3 0.5563 1.5471 (Case 2)
20
ma"l‘t’;o -8, <0.02 9.11x10* | 0.0011 (Case 3)
maxlez —93| <0.02 0.0057 0.0066 (Case 3)

£ 4] 3L ol 22 el o] Azt BT
IREAGE FEE WS AL S 5 AU
2. ALH2) AR|Abel oztof Cist SE

Y 78 A @9 29 ikl ti# &7 HYolTh o
A AEE 27 RN A~ A ,=1[Nm]] 24
o e AR WY AoiF g, Ao 9 L4 A
Aol MR 6,0, 6, 6,% HAISHT Atk ol AEE
EUES sehriEd) 23U o] AP E BT B
£ 878 BEen Yok FAAAE X 5o F A,
3 ALY YEHA 2lziof st S

a9 8e Jux @l i STk AWE 27) 4
B2A shed =0014 7,=001[Nm]l QB2 e} dug
7ML ) Aol g, Aol e 3 2 A Aol 9 )

0.1 02 6.3 04 05
Time [sec.]

0.1 02 03 04 05

x10° Time [sec.)

2 0.01 ]
g g |
gt 0 <7 w |
® 4 ® 001 i

01 02 03 04 05 01 02 03 04 05

Time [sec.] Time [sec.}
a9 8 JHE2A oo uig &9 4.
Fig. 8. Impulse responses to disturbance.
E 6. A% (Dol oig A
Table 6. Result for spec. (3).
|7 AR 71&%k o} Case
max|T
tz(l | <3 1.5177 1.5792 (Case 3)
ma"[‘:;o—"zl <0.02 0.0018 | 0.0022 (Case 3)
ma"l"go“esl <0.02 0.0112 | 0.0113 (Case 1)
12

E9 6,— 06, 6,—6;F AL Yrh. FA BE gt g
Hol gisiA AAANGE B53tan Yk X 69 XA}
£ At
4. AleHA) AR Z T ES

I9 9% X 39 BEAE mEtvE HEd tid A=
o o] F5 M Eojtt. A FaFul g oA o] 5 o] 20[dB] ©]
gete 87 i E BEEA e EAdx E7eta v
F A7) 3 gl o1}, 300[rad/sec] o] AHo] FaFh G4 o) 5
o] -20[dB] o] &t 2 Hojof gt AL o Cased M &
TEAFIA K )l FX AR E F 7 A2l

ritimiet-rin

THIm

—+ HIHI—
Jomz

e
T im

irm -

i
i
I
)
1
'
t
i
1
i

FHIE -
I Liour

Frequency (rad/sec)

I8 9. AEABEFTFY o|EHE.
Fig. 9. Gain plots of complementary sensitivity functions.



902

£ 7 AR @) WE Ak
Table 7. Results for spec. (4).
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Table 8. Results for spec. (5).
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