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Generalized KYP Synthesis on the Phase Stabilization and
Gain Stabilization Compensators for the HDD Benchmark Problem

Masato Kanematsu*®, Student Member, Hiroshi Fujimoto®, Senior Member

Feedback controllers are used to suppress disturbances and modelling error. In particular, position control error
depends on feedback control performance. Therefore, extensive research has been devoted to the development of feed-
back control design. However, mechanical systems have many resonant modes, which disturb system stability and limit
feedback control performance. Generally, notch filters are used to suppress resonant modes at the expense of phase
delay, which also restricts bandwidth. In this paper, a method for the simultaneous design of a feedback controller
and phase stabilization and gain stabilization compensators using the generalized KYP lemma is proposed. The gen-
eralized KYP lemma enables feedback control performance to be optimized while considering system stability. First,
the structures of the feedback controllers and stabilization compensators are defined. Various control performances
are formulated using frequency domain inequalities. Using the generalized KYP lemma, the feedback controller is
optimized while considering various types of control performance. The effectiveness of the proposed design method is

verified in application examples on the HDD benchmark problem.
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Table 1. Plant Parameters of HDD Benchmark Problem
w1 [rad/s] Of [«1| 1.0] | & 0
wy[rad/s] | 3950 x 2| |k |-1.0| | £ | 0.035
ws[rad/s] | 5400 x 27 | | k3| 0.4 | £310.015
wylrad/s] | 6100 x 27 | | k4 |-1.21] | L4 | 0.015
ws[rad/s] | 7100 x 2 | |ks| 0.9 | 5 |0.060

K, 3.7 %107

HINTWS D, ARTIE GKYP #il %z W 7= hikH 2 e ft
fitESR e 7 B EER O R TFIE R RET 5,
AFEDFHINE I ZHER, ML E e 71 v el
fE 2D ERFROELRE . WO SR Ml ENTZ b oz
MiE%Z GKYP #if# % H W T o 72 d b, FIZ, ek
GKYP i T3S B BIR DBV — TR 2 B3 2 k%
FAFA MR EOHBERT L0 EE B FHEEHANT
BZTWiz, U LADs, BYAREEmE2RET DI L
13 HDD A7 &7 b Hilfill 70 & DG ME AR FIAIR &Iz B W T
L\, Z£ZTET, WilidEFEZ2 AW OEEBEBIS OB L —
THEMEDOHREZ R U, I, SRIBE— 271 U K&
UL EALS B 7D OfilfHgE %2 €/ L. FrEOMaE
kg (780 24— NFEREL SR, 71 U RBRY) %
FKET 2 ENBESAEN %2 EHT D, HEBIZ GKYP
EEAVTEIIEE — o UGl A2 e b2 Tnish
5 IR 2 LT 5 & 5 A filflgs 5 A — X & HEhE%
19 %, GKYP iaHETIXBOE R I & D S HilfHgs 5
A—REHEEET 5720, L UMP RO SR8
B ITRF B DR U 72 B LRk & i 72 3 & D A dlgz o 8
T A= ZADPIFAELIRN, FDD, ERTREZRMERER R 2
EWHIBIZEDE SN D, iEIZ GKYP ZEHEIZ TR S
7= IS & ST TRENTWB T A el s & fr
2 ALME AR AN IR U 72 Hlfg 2 bk g 5 Z & T
AFEOHHMEE R,

2. FENRETIL

HDD D~y FALE RO EERERICE W TIEHIESRET
IV P(s) IZR (D) DX ITET B Y,

N

Pe(s) = e_STde ; s2 + Z{Z)i + W 1
ZITCK, Z3EBTA Y. NRETY VZIZHWSE—F
B i EEE—FDE— FREEHN. o 3EE—NOEHE
RE. & BEE—NOWBERYK T, ZLERKHTDH 5,
B, i=1DE—NIAKE—-RNEIFIENE, £8T7 A —
RERIVIIRT O, ZOHIEIXSRE TV U TE 721
EHEDBEREF—INV NI OEBLL 723 D2 N RET
Neds, —fleLT, 3TV UIEY T, = 50us KO
LW Ty = 15us ORORIERE TN Pylz] DR—F
MR RO T F A MENEZR 1IZRT,

Amplitude[dB]
AN
o

0|
|
=20 .
-30

C _

9
-180
—270ﬁ
-360L . -2
10 10 % 0 1 2

Frequency [Hz] Real

phase [deg]

(a) Bode diagram (b) Nyquist diagram

Fig.1. Frequency characteristics(discretized plant)
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Fig.2. Bode plots of general stabilization compensators
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Table 2. Design Parameters of LMI Conditions
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Fig.3. Graphical expression of FDI conditions in Nyquist diagram
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Fig.4. Simulation result 1(sampling period T's = 50[us])

Table 3. Comparison results of design 1

conv. prop.

crossover frequency | 1150Hz | 1200Hz
4.94dB | 5.23dB
Ist phase margin | 30.4deg | 30.0deg
2nd phase margin | 62.0deg | 42.6deg
IS (jw)|so 8.43dB | 7.97dB
IT(jw)loo 6.01dB | 5.90dB

gain margin
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