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Robustness of H,, Loop Shaping Design
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Abstract The uncertainty of the system in the loop shaping
design is represented by coprime factor perturbations. These co-
prime factor perturbations are analyzed in detail in the paper,
and it is pointed out that the lightly damped resonant poles of
the plant can increase the norm of the coprime factor perturba-
tion and greatly reduce the size of allowable perturbation. Thus,
the robustness of the system is really lost. This means that the
H . loop shaping design may not be a robust design as expected.
An example with parameter perturbations is also illustrated in
the paper.

Key words Loop shaping, coprime factor perturbation, lightly
damped mode, robust design

Hoo [R1 T A2 TR A BERR AR RE R ST K TT 41 4% 34 R
H, B Hoo BOVFRAIE RGTRIRGE PERIERRTE. [0]# 1 TE
IR B2 BN 5B, A O IR £ ) [ ok B R
g O 20 AR L DR 4R R i O VR B, ST
[1—4] WA R BB FAHE A > 0.2, XA BT RAT 64
P ARSI AR, ASOR I S S BT H, BIAE ~ (8
REER, H oo [R1BE L BT T REACA S PR IE.

1 [EFERREER T

SCHR T R T PR AL 3 R BORK O 1] 2% 4% 5% #6 4L (Loop
transfer function), [B ¥ T8 I B v K AR /2 44 i [0 2% 4%
BR ALK 0 PR RS PERE K. RS MR B R PR
ARBARE I — A nT AR P RE LSRR v R E R . LAk
SEEE X G R IAMEI Y, I H A PRI AR L. X2
NZ RGN, A3k o BUOE B AR I A2 e ANAT e 58, T
HIC I AMEER AT AT EMEE (W) RUSAMs (W), *MEG
IR LI % (Gs),

Gs = WGW, (1)

ks W 2008-11-05 s HIY 2009-12-29

Manuscript received November 5, 2008; accepted December 29,
2009

% FARRHE SRS (60674102, 60374027)

Supported by National Natural Science Foundation of China
(60674102, 60374027)

1. MR TR 2 A dI AL 5 TR AR IR/RE 150001
250022

1. Department of Control Science and Engineering, Harbin Insti-
tute of Technology, Harbin 150001 2. Jinan Foundry and Metal
Forming Machinery Institute, Jinan 250022

2. SrEatEBT Ui

KT RIE G R R MR E N, X Gs T Hoo Wi,
Wi Hoo BHIA Koo. Koo 5 Gs IMAMEIRAT R B2
SHEAGHIERS

K=WiK W3, (2)

R RRIE BN Hoo [PIEERRIE BEIE.

KHZ P VEER A Heo BEUF, B Hoo [91BSE 12
PAMHAECRE RS R E E, T Hs BT bkl i
W Hoo BUHREDSRIBIIN R Gs KT, 4 T itk
P, THEHOR 2 T AR S, 1 H ] G RERIZA BB
%.

H oo A1 B R N B2 FT LR 7 R IR 1. i,
BER AT TLTI i, WX 5 A2

G=NM""' (3)

1% LSRR BR AR EL B2 (Normalized coprime factoriza-
tion), B3 (3) I N, M € RH o 2 /2

NN+ M M =1 (4)
R IA S R N~ = [N(—s)]T. 2 (4) S T2k
N1 mpy s,
M

200 G I H SR 1R AR OR I, S5kl ek Gt Y LS A
Tk EEsk R, B

Ga = (N+AN)(M+Ayu)"" (%)

K An, A € Hoo WRGENALEREL. B 1 Ga w2
AR ILRN 7 I s R R 7s (K (83h) xi%. I 1 T,
XA G RAN 8 PERE— N T, 0 AR R Ik 20

Ay
A= [ N } )

TXRHANS 5E PEAUAR A B3 PR AN E

1 HRETAEEE N RS

Fig.1 System with coprime factor uncertainties

MAERRRGE PRI A BEOR T S, DR TSN 7 A e 1 A
BB Y, KR 1 BB RRIE 2 METIES, 1B 2 T Fi(P K)
B AN R R R AR S0 AR B R A, U PR Ga
TERE (AN, Anr) BUAN R BB BT R B T SO0 5.
Fi(P,K) [ Heo Y8404 ~, B

[F(P, Koo =y (7
U SR TR AN SE PRI e,

An

N H R
M

‘ =¢ (8)



6 Y]

TIREE: Hoo [ BUIE WU 1O R 1E 891

DUIAR A /N 1 2 B, 24
ey
I, RGUHERE 1.

F|(P7K)

K2 BRI AE
Fig.2 Scheme for robust stability analysis

Hoo [PI88 BOY RHRARER v (A KT 4~524 &
FE, 288580 e 1551 20 % N RGN RERUER), RLEAT BRI

Z}}@%ﬂ%%@@ﬁwzﬁ~¢Wﬁw

JEH H oo MRS, B

TR

|FZ(P7K)|00:H|: —Fl(PaK)

N
M (o)

LAk FL(P, K) B Hoo MBS, WA LUK 2 AT N
M B, BOIPIANEH (21, 20)7, WA 3 Bk, XA A
HERLN Hoo UHEBER (7)) 10 || FU(P, K)o, MK 3 &
G AT ER P AR 2, ATLEBERAXNS G 55K
KRR Hoo 1. ] 3 BLZMIE KB Hoo WITHTHMZR
4. T LR B R 2 — RS T T I AR, (E SE R
BT I AN TG B L AT B R AR

K3 He BIHNIMARS
Fig.3 System for H ., design

BUE I — M7 R U Hoo [RIES R BT AT REA77E 10
. I A R R, B BAT Rk g, FiApk
it b Kok 1)

10ds 4 10k )
s2(s? + 11ds + 11k)

A, d, k AEERIRE, FEEE AR, 44 SRS R
Tk = 0.001 #l d = 0.0036, RIHAL I ECH

0.036(s + 25)
s2(s%2 4 0.04s + 1)

X (10) FHMEFEN w, = 1rad/s, € = 0.02, M (10) 7>
T B B 0.9 wp.

2 (10) FURARYE0 A B 41 1A% 3ok bR 40, AR oot
TERGETHF N —4ME W LLRHIRG R, % W =0.2, 13
BRI 5

G(s) =

G(s) =

(10)

0.0072(s + 25)

Gs =WG = s2(s2 4 0.04s + 1)

(11)

A Gs ikt Hoo BITFITE 3 T G.
K 3 mRSG R —MRUE Hoo W8, 1 RH] Matlab 1
hinfsyn FREGHAT Hoo AL, ALK Ho T0EL

v = |F(P,K)lloo = 3.2945 (12)

AN H oo 55517 0
| 7492598.4335(s + 0.1575) (s> — 0.03095s + 0.9934)
(s + 2.387 x 105)(s + 0.9725)(s2 + 0.5127s + 1.585)

(13)
AR N2 e B W=0.2 J5 pOFElds, W

K(s)=WK_(s) =

_ 1498519.6867(s + 0.1575)(s* — 0.03095s + 0.9934)
(5 + 2.387 x 105)(s + 0.9725) (s> + 0.5127s + 1.585)

525 10° () AU i 11 BB 2 2

~0.6278(s + 0.1575)(s — 0.030955 + 0.9934)

K(s) =
(5) (s + 0.9725)(s2 + 0.5127s + 1.585)

K 4 (a) REXAERIG K(s) 530 (9) XS G(s) Pt
RBHE R RGAEAIRSA (0) = 0.2rad T AYTFTILRE.

0.3
02
k=
£ o1
g o0
-0.1
0 20 40 60 80 100
Time /s
(a) HXARZ
(a) Nominal system

0.3
0.2
g o1
= 0
=01

0 20 40 60 80 100
Time /s

(b) H3hFRL
(b) Perturbed system
K4 BTG RGN FHIAR AT R N 2k
Fig.4 Transient responses for systems without/with

perturbation

WX (12) W4 R, v = 0.3035. K ULARSE 1
B BT ELS, XA ARG RVR 30% MRS, BifE L
e e T2 M (10) WA MR w, A1 3802
1.035rad/s, Bl w,, MRS 3.5 % I, REHETRE M
BT (WK 4(D)), WA BB (ws) 3 kr L
RGN, MM AIERN He MIERIERHT, X2
Bk ah B S PR TR 7 330 T D8 1 B Sl O Rk AT
L.



892 H | 1k

F {4

36 &

2 HERETFREIHEFS

H oo A1 AL PO AN 22 12 11 30348 P 1l A2 L R 7
$e5h). SCHk I 7E AN TR T R I A R MG
B E 491 ok Ut B X P B BN R A A P, SR ) S R T ke ik
55 B JR REAS r B s =2 AT LB 4T SO R, X R
KR sh 3 8E FAEE— 25 e, #5327 1R R 11530,
HRIAREN Hoo [BIEE BUGIE RS, (02 B F F a2
HALF BRI, A2, RIS Hoo RIS RBOBE, BT 4
R BER A G

NSRRI N7 e NP i S LALLM a SR E I P RE W
A 743 R RIS BT Tl A A

BUH R F 53 il 215 G AP AT BTy AN 2 BT o3 i,
X R E TN T 2 AR RS (14) A (15) RISKRR, miak (15)
ff) 8 A~ RH oo BT LA MRS 2T v 1) 28 2SR 739

G=NM"'=M"'N (14)
X -Y M Y

o =1 (15)
-N M N X

R (15) 1 8 A RHoo BE, AT LMt — S H L I 2276
i K,
K= (Y -MQ)(X-NQ) '=

(X =QN)'(Y -QM), Q€ RHw  (16)

A[LLGEI P XA SR PRI K OaTBGE G
IR P 20 O 50 B 5 D 3 B R PR H oo [

B2 B VYRR 1 o L. I L b R AR K S R
SRR ORE bR B AR GOR UL, AT A TGRS TS DA, B
(14) ¥ M = M, N = N. TORFEE RGO, AR
iR AL A X

N(=s)N(s) + M(—s)M(s) = 1 (17)
AR (17) WA AR (15) SRR R AR TR

{M(—s) N(—s)HM(s)
~N(s) M(s) N(s)

—N(-s)

=1 (18

M(—s) } (18)

¥ (18) KL (15) #bk, i (15) i X FY N
X(s)=M(-s), Y(s)=-N(-s) (19)

WSHME Q = 0, 20 (19) A (16), w15 —REBLE BhxT
% G 4

K(S) = Y(S)X(S)_l = - M(—S) (20)
B K A1 G Rt s R G [ 22 fE
N(=s)N(s)

1-K(s)G(s) =1+ =1+ G(-s)G(s) (21)

M(—s)M(s)
DUAE R A% 3 R U 7 1 o3 B 2 ORI

G(s) = %

G(s) = N(s)M(s)"* = % [%} )

XEHKREFRERR RHoo ML F/NGFRERRZ I

AR (21) 05 A3k R B R G AE O R R 1 +
G(-s)G(s) = 0, K (22) A, IHFFZERX (17), I
IEARRAE 75 P R A

d(—s)d(s) =0 (24)

X (24) B, W% G RARFR LR A3 S 7 B2 3K d(s)
HAInfZHesEas (X (20)) 8 5CBER SERRE DT 1
XEEAR FHA XA BRI IE 7 2Ok HE
TR T R . MR (23) AP SRR A

Ga = (N+AN)(M+Ay)"" =

[@ s Ab<s>] {a(s) Aa<s>}1

d(s) " d(s) | [d(s) T d(s)

B LG R A5 AH Y 1R H 5 DR R Bk sh T Ay

- Ab(s) _ Aa(s)
T d(s) T M T d(s)
A1, Ag(s) Al A(s) KSEFRATESS T BRI BRI G4SN, 1M

AN ATA N SE[RNE BE Bt PSSl ditn] W, d(s)
HEHGE R BT BB E K Kb

An

(25)

Root locus

2 -
15} \/
i .

Lmaginary axis

ok :
15} /e\
) i L

-1 -05 0 05 1 15 2
Real axis

B 5 R R ARz

Fig.5 Symmetric root locus in the analysis
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