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Structural Active Variable Stiffness « Damping Control
System and Its Optimal Design
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Guangzhou 510405, Guangdong, China)

Abstract: Authors introduced a new semiactive control system, active variable stiffness *damping
(AVS «D) system, whose composition and work principle were described. The AVS «D system
was capable of amplifying the interstory drift and velocity and made dampers dissipate more
energy. In this study, the control law of the AVS D system was derived based on an
instantaneous performing index. To optimally utilize the AVS D control devices and
economically improve the control performance, genetic algorithm (GA) was used to design the
multiple device location. Numerical simulation indicates that the AVS <D system is a new
semiactive control system with high performance and the proposed instantaneous control law of
the AVS «D system is quite effective. The proposed procedure of optimizing the placement of
AVS +D devices is high efficient, which can make the most advantage of AVS «D system.
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Fig.1 AVS +D Control Device
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Fig.2 Response Amplification Principle of AVS <D Device
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Fig.3 Deformation of Structure with AVS «D Device

[KS‘FIEETK‘EI}] 0}
1= ~ |3

0 K,
0
I'E"K.A(z,) 1 0
R(to):|: };12: H
0
1 0
1
—1 1
Ih:
—1 1

SRR Y (0 g G B 1 i o A4 52 4 2 5 s
S B 7 91 16 Bk 3 68 I R ) T8 o O MR A
(.Y (O =[Y.(0) Y, ()] s M, K. .C. 5331 J5 2 4
g 1 6 L 9 R A BELJE I 5 ML K, L C.
A )y 2 TR O A L 4
M, K, .C. 4350 I 14T TR0 £ 3 30725 R e « B J@ 2
S 5 B O R SELJE A I 5 T, A B )
T B= BB 4 12 1 5 A0 K R BB MR
W Y0 T 0 T L L0 5 L 4 0 % 1 T 0 T 0
5T S A A 4 £ s Ry () BT Y
A B 5 2 7 M U2 12 £ B 45 T A B 22
2%, 2R (8) L R R B TF 56 BB (o) L 4 B
BRI,
e ZS 2 ) o, 2 (8) T L e

X(O=A (D)X +Wu, (1) +LR (z,)
Y ()
X(t):[. }
YO
0 E
AI(Z):[ . 1 }
—M; ' K;, —M; (G 9
0
W i)
Mllnl
0
by
M;!

K E RIe R 1A,

T2 32 4 il JR Go 0T A0 e TR ) 52 s 5 44
Jiti in 3= 4 A7, R s R g R R R Y 8K
TR AAEROABRE., 4l HikEE
A Bl AR I« B2 2% ) 4 R G nT AAEAT — 45
il 1) By A AR R 4 B R R B T OOIR S .
B EBE R 32 AR NI EE < BELJE R G2 45 i vk i
PAAS 3 Bl AR I EE - BHJE 26 0 T O FE 2 sk Sr i L (5
SR FH — i 45 v 1 4 o SR e R 3 8 I - BH 4 B
(18 T DR A AN 2 (SR 8 L e £ A3 8 A 25 4 1) Sy 38
Bl F7 BN T A2 DU /N 235 ) 11 358 K B8 1 s i Y 2% T
S AR I - BHJE R G5 T A% 8 1 2 A T SR

AR SO T — R R SR O A AR T
ShAE NI < BILJE 28 4521 32 sl il 3300 L i 4 ol S s 2
1 — i B 20 3 B — 2 P VIR S T (o) A2
ey NE N DARICIIA 7 3iN  N= cos eaf E3
Je T R G BE ALy R AR (o5 JLI() ] =
min{Y, [ 1) ]"QY, [ I() ]}, b Y, AT EEH M
SERY BN 1 B 5 @ A — SRR A2 TE G 0 AUSE B
AT R 209 BP0 R 4 Bl 00 N RGE
BT,

BE®.0 5350 B G B Ay (o) BRI [ 40 B
FVERAE (B0 1 5 1% X (O =®@Z(1) . Z(t) } T LA F5 1]
B, ¥ o 'Ad=0 1t A (9) . 115

Z()=0Z(t)+® '[Wu,(t)+LR(,)] (10)

K (10) Wy N

Z(t) = exp(OADz(t — A1) +J

"t

exp[O(t—7)] -

—A

@ '[Wu, (1) + LR (1,) ]dr (1D
A R RBEEIY .

18 5 1 7% Bl A R R S ) 2 2 AR AL R
T Ry 7ERF B (20 o0 W i (e <<t — Ar<<o) , i ML AT A5
R(t)=RG—AD), 1E FRFATF . XADAE SR
Z(t) =exp(@ADz2(t— At) +F Wu (1 — A1) +

G'Wu, (1) FNLR(:—Ab) 12)



10 AEHAFE TRFIR

=2
F’zoﬂexpwm)qﬂ—io*zexpwm)qr%
I
AZO @ s
G=—0 '@ 19 'exp0r® ' — L0 ‘@',
At At ’

N =0 'exp(0ADD '—0 '@ ',

B L o PR A B [ S ) AT A SRR Ry

X(1) =exp(AADX(t—At) +Bu, (t— At) +
Cu,(t) +HR(t— At) (13)

XH:B=®FW;C=0GW;H=®NL,

X T E B A NI EE B4 R GE . a5 ik E
m A~ B0 A8 WL« B e 2% 8B 7E B — A SR A R
BRI RG A 27 MY T8, #id 5iHE RS
MIPERESE br J LI (o) JHEAT LA, T A5 21 2 3 2 2 il
F G0 FF O i A, /)

Joiw=min JLI() ]=min(Y.,Q,Y.) (14)

1) =1J;,) (15)
XRE S TE A — AR AE T P 3 3l 2 W B « BH e 455 1 3R
oM 2 B O P BE R — R R AR 0 TARRAS O E i
Xof 4% 2B B IR T A O O il S B A R R 25 4 1 Bl )
SR AE B — 45 ] B Z0 R K B e /N

4 BHL

S AL 45 ) 2R S8 R M BE — 7 THD IR T4 o 2R Y 1Y
YRS 805 o T 2 1R A 5 — O TR e T 4 o ke
B ENE ., T 5ok E AR R - e
Pl R G R PR RE L 2 T R R T
— b 3= 3h 2 I EE - BHJE < 8T B R A5 A b iy 47 B
5k . S TR )L B A 4 ) e B A )
)W) B 2880 ELAE - A D0 4 T 2 6 T 0o R
b, iR 32 Bl AR W RS - B JE 2 ER AL TR 1T AT IR IR
5, B Passive-on R 2%,

&l 4 Jhy 325728 MR « BH @ 2 8 0 & 0 Ak T s 1Y
. Xt BRI B R R, I
G SR AL A2 00 A6 B A s AL B i R TR
FoR R R — AR W — R AR E T A
F RN R BRI B — R RE R B AL e
A B — A~ 5 PR AU B T A5 A B — R E R R R R IR
BHEGREE., KRS B S8AE 7 EHN T
BE o X7 RE v A — AR 8 B R AT 3 N BE VAL
B AR 7 B re 1) i DI AR EBA R DR A b 3 o R

IR A AR IE BB — 1Y A
i N b U N [ A TN
HEE o F8 e 1 B R AR
i ki,

A BT B Y 3 B AR
Wil BE « BHJE 425 i 266 ¥ 07 G
. Z. T HENTEYS
M R S R, BEET
BEPLIR 2 B IR HE S T 45 TE
Bl HL b 72 D I 45 R AH N Y
W 2. ZITEWNAL S AE T AT
IR 2 10 H 45 2 AT BB
A B PERE B Ar ek Ok 0L 3
SRR -HIER BN E, ma4 Ba2Ems
M TG 225K 1% H b ok BU7E 2 oAk g it e
LA DX B P 3% 2R hT R, Fig.4 Design Procedure
I 3 ) 25 W B - BHJE 2 %5 9 of Location Optimization
0 B bR 2 B A5 H 1 4
PE . BIIB/INGS 1 1 B KZ TR 2 6 10 R e B T Y
H r pR £

of Control Device

max oy

i=1,2,,n (16)

max oy
o, KRR R 2 R 1 27 R
oo, WA RITHE G IS i J52 IR I RS 37 AR
FEFH B 2 C16) I 25 H 5 2 07 KR 0 R SR AR 4
Lyapunov J7 8B 19 . %% 3T Matlab (%
fERE T AR RS T E S L % 8 0 11
LR . WAk F ik 3 - B B
B3 08 7 v T 4 7 R T R A = 3 o
2 0 o A

5 (FESWH

S TR 5 2 B A W - BHE FR G 0 4 AR
AR S Y 2 B AR W EE - BELJE FR Gt B B e O 4
Sk B A B AR T IR A R B E X 12 SRk
B YIR SR AT TSN BT . RS R Y
SRS WL 1, B S5 R A5 B PR R JE L 38k
3% . HbIiiz 20 Jin K B R ] Kanai-Tajimi i 5% 3f i
BURE RS, 3% S 5055 00 R« % w, =15 rad » ™',
FHJE L 6, =0. 7, ik B+ S, =4 X107 m” -
2 B0 AF W B BHJE e B S 800 R
m,=105.56 kg.k, =15 000 kN +m~',C.=15 kN «
sem ' 25 B AR R < B 26 B R RECh p=3.

2 ARSI AR T VA AR B R

rad les ?,



% 24

WORLF A ESHTRE [ RES R G R LR 11

x1 ENREZHNEMSH

Tab.1 Structural Parameters of Some 12-story Structure

M2 i i kg MIEE /(KN em~ 1)
1,2 5278 22 500
3,4,5 5278 20 880
6,7,8 5278 17 680
9,10 5278 15 060
11,12 5278 10 880
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Tab.2 Optimal Location Project and Corresponding

Performance of Control Devices
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2 1.3 84.17
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6 1,1,2.3.3.6 67.23
8 1,1,2,2,3.3,4.6 62. 36
10 1.1,1,2.3,3,3,4,6,6 58.04
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in Each Generation
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Fig. 6 Relation of Peak Interlayer Displacement and

Amplification Coefficient
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