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1 5| & (Introduction)
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Viscoelastic active control for pulse disturbance

LI Shu-pei, SONG Li-wei
(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: Based on the excellent energy dissipation characteristics of the viscoelastic material, this paper proposes
the viscoelastic active control method to suppress the high-frequency or pulse disturbance. Also, the basic structure of
viscoelastic active control technology is discussed. Besides, according to the energy model of viscoelastic material, the
principle of selecting a viscoelastic control law is put forward. Moreover, combining with the generalized maxwell mod-
el, three viscoelastic control laws, the viscoelastic proportional derivative (PD) control, proportional integral derivative
control (PID) and active disturbance rejection control (ADRC), are discussed and applied to the common second-order
system. The results show that the viscoelastic active controller has excellent performance of suppressing high-frequency
and pulse disturbance. Since the active control has fast response characteristic while the viscoelastic active control has ex-
cellent disturbance rejection performance, the switching control between these two control methods is designed and studied
to combine their advantages. The simulation results show that the switching control method has not only fast response
characteristic but also excellent performance of suppressing disturbance.

Key words: viscoelastic active control; viscoelastic control; viscoelastic active disturbance rejection control; viscoelas-
tic PID; pulse disturbance
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FIWFe ), S L AFERR IR R B T B 1B S0 T4
BERFEH AR — N BRER, X T FHshi R, 212
—MHUERREE. BT LR FRER, Roy a5k
T3 8 To A AR st EE 43 43 (proportional
derivative, PD)¥% fil] (7£ A% 3C & Tk 3814 LE A5 (propor-
tional, P)Fz ], 1 WL J5 SO B T 42 i fddd A& U2, 556
gh IR, (R I R ey, Tt ge A T L
—FA5r 135335 1] (proportional integral derivative, PID)
). B b, AR — P s s s R, T T
RESERDRL) E sh . e 2, AT — PP 5 )
P BRI T o B SRk s, B DR H
AN P PR AN e X — SR IR SR A
DL AR S5 SR B R SRR PID . R 53 5 Bz
fill (active disturbance rejection control, ADRC)H 32J 1§
FINIESE.

MR EIRBTEIAR, AT 4R T el 3 Bl 45 )
F A VEE AR 31 2 BRI R R AR R R S
HAR. 56— KRG Hprdt i gedAT 17 bt
2 FFLTRPEREH] (Viscoelastic active control)
2.1 E RGP 4 6] ) B R B Al (Basic theory of

viscoelastic active control)

FRYEAA RS, F ARG S AR FERE R RE A TR
AL ] FH R 2R SO 2R (B 1 (b)) R s 4 [ 4 5 23
1) 13 54k, BT N R II%% 77, 19381 7 X
ARSI BRI /R SO 5T L) Max-
well R AH FF I (AN &1 1(b) 5 &I 1(e) JF 1K), B8 A FH
HEE AR 5T L IMaxwel BB AH B 1(c) 5
Kl 1(e)FF BK), 1X FF 15 2 10 kG 5 EBL Y B B R g
PR 1314 LR ARG

G1 (S) — Kl + CS,

B K,CS
GQ(S)_K1+m7
n KgiCiS
SY=K,+CS S
Ga(8) = Ko+ OS5+ ) s iy
K,CS n KzCzS
Gi(S)=FKi+ o+ oo

CS+ K, = CS+Ky' 0
X Ky, Ko 2tk 2450, CRIE REL G1(S)2TT
IR, Go (S) RARHER AR, G (S) ) XIFR
SO, Gy (S) R ORI AR, i 3 3h 2l
TSRO Z A AL T, JCHRBURIE R ELE
SR, X0 ERNEHIEOR S LRk HI
A, G IR RE SLEEAF A1 (h) FR).

FEX1 I (o s ) A 1 T Sl 4 o
BOR, TSR]

DT EE T SR BRARE, AR S ARG Rl AR SRS
TOBIBEAT IR BEhACH § 1 (0 SCHEAE W& 1 (a)

FiaR, 24K FIPDI I, FLThREA S T — A gt fH e
ZR(UE 1(b) [E 5 2220, PDI& 2% vl ik v

F
f =K, +CS. (2)

A PD IR ] ] 38 9 (S5 LA F TR 1(d),
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Fig. 1 Viscoelastic control law

2.2 b 482 0% YR U] (Principle of selecting
viscoelastic control law)
DA IR SO RAE J R S ) S, AH 2 T A
FFIRIIPDA% I &5, WA

CAARHE R AR R RS R, W] iRy
E. K,CS
— = (K1 +Ky) +CS + o O

M5 (4)—(5) AT LA H, DI /R SO Bl b
[ AR AR R S RN, AR G SR A RRUE M
e, HE RS MBIARE. G T IR —
5 F-FHLJE a8 AR TN I R G I Ra e PEAN G
BAEATRZN. JF H., R GHIZ o0 5h38-FHJE &3 103
ARG B AN A T, T LA, R A ] A% o
PRt PR A S R A S B - BHL e 44, B

K,CS
Gver (5) = 052+ K,

(6)
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DL A B EE— 25 0 #r. AR 3R =R AT BA
F i, BN ]S RS — AL i T B R R
R, F23h3a A R BECCR T /R ST, T X Maxwell
RS HRETCRE N J7. [FIRE, B8 O3 b o [ A4 A5 24
HRST IS T S, o AR SRR R TCRE N ).

AT LXK AE KRB, 5 3= 335 i 28 I T RE S5 30N
SIS HI TR OB Bl 2 O IR N 32 304
HFI bR e AR FEAE S hds i 2% L B — AN
N Maxwell B8, X e AR SCRE S5 3 “ T3k
CE AT N

Rt v A B e — PR, LR A 3@
PR RURE P 425 1 A BB A FE Rk 1 e, HLIH A%
TR BT R R AR .

IR RS M AR T S Maxwel IR (4
F1(e) T ) U4151 s L 56 44 A Maxwell47% 1] 3¢ (max-
well VCL, MVCL), 5 —Fiohifi s 14 4% il 43 Can L (D BT
78)-5 Maxwel #5514 BEAH 24, [AIFF 76 44 AMVCLI,
e — Pk s R 5 PID % 1) B8 i b FELJE 45 44
AHALCn B () BT i), # L 7eE 44 I PIDAY 53 1 i i) 43
(PID VCL, PIDVCL). _E iR 37k 38 2 1] 428 1) 4% 32

B Gvon (S) AR N
n kJiKgiCiS
Gver () = 2 o7
n kiKQiK?)iCiS
Guvena(S) = /
mver (5) S (Ko + Ka3) O3S + Ko K5
n ki Ko K3,C3:S
G S) =
piov (5) ;[(K% + K3;)C5,S + K2iK3i+
(Coi + Cs:) S + K3;™’

(N
A ke RREBMETI REL, Koy, K RIEREL, Cos,
Cai BB REL.
2.3 Ki#atkP, PD, PI, PID 4 (Viscoelastic P, PD,
PI, PID control)

P, PD, PI, PID¥% ill #8 1 i B A N %0, e AAS F
VEIR. DL B 4245 HUkL 9 PEP, PD, PI, PID¥% | 2% % H
MVCL | Euh
. n kiKQiCiS
L kiKgiCiS

=K, +CS —_—
Upp [ 1+ ]€+;CZS+K2167

UPI - [Kl + ?]e—’_; CiS+K2ie7

S * 1:231 CiS + Km]e’

Upip = [Kl + CS +

(8)
K KRR B3 e RIRE, e RIRZE N —Msr.
FATLUE Y, B K #1095 KN, Rt pa i &5 o] 55

RONPDYEH 2%, R P i) 28 i SOV PID Y 1) 25
Pzl 2% LR A, 75 B SS9 4 RESEBURL 5
PRI, G PI 2% 1) LB v B 2(a) fiw. 3
EAEME T PR Eshizl gy, Rk h 2%
(RSB T V] DA SR
DAAE AL e 1 PD ) 4 ) B A 2(8) HR up T2,
X 2) B A, BASE BRG 3 PD% il AH 24 T 7E 5 o)
SEHIIN T —/MEIEE %, PDYEHI AR AAR e M
A AR N(8) T LA H, 2(7) T 7 1 3o e
P S PDYE I 2 AH AT, HARR,

2 kK

0
I
P STK, |1
|

(b) khE ADRCT il 28

P 2 REFRAEPLL 5 E ADRCEE %%
Fig. 2 Controller of viscoelastic PI and ADRC

2.4 K9 1 25 ¥ ADRC #% il (Viscoelastic linear
ADRC)
EE7K7KuiEs % NN WP wics < v xS

HERPLBN AP, AR B 55 2% )
ARUOL AT ERITISE R h IR RN, AP
il o ELFE PR ERTI S 45 I IR I8 LA SRS R 22
SR A 3 AN A3, BRER T2 28 5 4 Tk DA
#%(extended state observer, ESO) /A~ & ADRC 5 fli g 4
ADRCIH)EZEX 5, A& A5 L ADRCI) 3= 220 78 A
25, WA VEIR. T8 W B 548, L4 2t
IRAS 1R 2 2 15 (linear state error feedback, LSEF)$4 i
R HREA N

€1 =0 — 21,

€2 = Vg — 29,

ug = By €1 + Byge2,

u = ug — z3/b.
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MARFTATLLEH, HELBE THRENMMES.
SR PD RIS ) SEI VAR, s G S
HEATACFE. AR _ESCORE S PDY% 1 2% A S BT i, AE
I Ky = By, C = By, itk ADRC KA MVCL it
(R AT A N

/ / n ki Ks; z
ur, = Byr€1 + Byge2 + ;(QTQI(%)Ciez — 33
(10)

ADRCH 3 Z IR % , U5 E LWERINME. A%
S ECE e WMEFE, fERG 5 EADRCH, 18 % HLC; =
Bho- # WK 5 = Ko, K3 1E ADRCIF 52 8L 77 %
2(b) Frw. 2 f ()& G eR B, SN2k 1% ADRC; f(+)
S ARZR M R BN, 9AEZE I ADRC. e & A o5
SR B i A, ORGSR g ) 2 K ST VR T
DAL, MVCLI, PIDVCL 528 5 MVCLZEL.
2.5 kb9 JE 24 tEADRCH il (Viscoelastic non-

linear ADRC)

TEH W = KRG, G NAELIERE R ZE R
T(nonlinear state error feedback, NLSEF)#% fill f3 o] 4%
ARUWIF:
€1 =701 — 21,
€2 = VU2 — 29,
€11 = fal(el, Qaq, (5),

(11

€99 = fa.l(€2, g, 5),

o = Porerr + Pozeaz,

u = ug — z3/b.

D) EH, BRI T ARG MRk S s
HME Ter, exfe N T ern, ean, (HFFARIG INSE IR
PR B REE, AR b SCRG 3 26 ADRC I 523 7
%, WK = Bor, C = Boo, IELMEADRCE FIMVCL
P H R TR A

n kiKi z
un = Bore11 + Bozeas +i; (CiTZKQi)Ci@zz - 33
(12)

e 17 S 4l e D 7 SR K o NI 6 95
TR ], SCIINE BN R, G.(S) =21t
G510 S ) 2 R TG B, Gryon (S) A2 K3
P2 ) R 0 A 8 R B A ) ARG B R 4 ) 2R
Gv(9):

Gv(S) =ule = G.(S)+ GvcL(S). (13)

3 EFidtEEH ThEEd B (Extension of
viscoelastic active control)
3.1 & A 3 ¥ ADRC (Viscoelastic ADRC for
high frequency)
L B R B, HKL T G5 R, kP
25 1 4 P 45 RO PDE | 2%, Rl 1 PI ] 2% 7] 45 2%

NPIDFE 2% X Ut BH, 7F— L8458 I il 4, E3)
RSP R DI REREEAS B — P .

BRSBTS U e A
Posh, ET 55 X BSR4 ADRCAE X 43,
LG Ab 25 K 3 P ADRC e 44 24 i UG 5 14 ADRC (high
frequency viscoelastic ADRC, ADRCy,), F ELK A
PENLSEF$z ifl| 4 it 44 A v AU 4 14 NLSEF(high fre-
quency viscoelastic NLSEF, NLSEF,¢, ). # #& I 3C Kk
FPERS 2R P SEIN T E, IUK = Bor, C; = C = Boas
ADRCy,¢, I B u n #iR R

Unge1 = Boren + 1:21 (%;j?%i?) - %3, (14)
o Ky 2 mA AN R AL, H10 > ky > 1L, 5T
T RS, @2 > k> 1, SRS AR S) A
R T, HSHEARHE SN M ] Ve e 2 BN, Ky,
K, PSS BEBRE, BhA A SLE A S (5
KSR B P RE AR F)), BRSSP Sh 3 M Rk 2.
57 kg = LI, 0P S AR SN )4 1 4 B 5 J0 W 2. 2
H. Mk < 1N, REBHAARE. UEKBTLTK,
Hn = 10, HAFRCHE St HINLSEF.

3.2 fRAks#E ADRC(Viscoelastic ADRC for low
frequency)

FEH WL B RS, w02 LR IR Y, 2
BUE LT TG S AR AR LK. ESRADRCEA
By ahtse, HARSHLshmIERe IR A A —
E HIHR T2 [6]. 15 2|ADRCyy, J5, 1R H ARt 2 B A 2|
AR 3814 ADRC(low frequency viscoelastic ADRC,
ADRCyy, ). H#50(14), 45615 M08 ik 25 KB e v,
TR 75 5y A8 2144 v T 8 I8 245 0 21 £ 48 ADRCHE il 25 11,
RIS 2 ADRCyg,,, I [FIBERE H R 5 ENLSEF{% il 4
& 42 NAERAIURG 3P ENLSEF (low frequency viscoelastic
NLSEF, NLSEF¢, ). ADRCy¢,, HI% il fw AT iR
ﬁw]ﬁsﬁsfﬁﬁozezz - %3, (15)
A kRS H R 2, Bk < 1, @3k =
1, GE XA B0 (R 3 SR B e, ot i SR 50 () 40
HIPERE R AN, k)N, AP 1 Rk 22, HL
FEAR IR WG AL HIERE, 2k > 1N, RAEHE
GIAFRRE. MK BT EN, SR8 ESINLSER.

4 S (Tuning parameters)

X8 ILE B RS, BT B4 28 S A T
AT, Z 808 € LR B 40PD, PID, ADRCH% il
R E A A PR LR B MVCL R, B 42 B
MVCLH I8 R ECAPD, PIDFE i 88 fC, FhE T
50T R e R RE A B, B 5 VE FUBh i R 2K
K, BEWCHLI0 > Ky > 1. K BOK, P3040 i) 14 BE Bk 47,
HEhAPEREEZE. FIFE, TEADRCH, BXMVCLIFH

Uiy = Pore11 +
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FBOVIRZS 17 22 [ w35 1 2% 7 (1) Bog, PR 3 15 14 1
T A R 3 UK, G WCERSO/R > Ky > 107k, WA
K, SxF 8 FLL SR B 428 ) 2% B 80 B ), e TR Rk
R, BVELI0 > k; > 1.

TEP, PIZ il d5 H, SECR e MR — 28, 15 61%
TTP, PIE il 4%, BOUEP, PHE i 28 2 805, 17E 2501
et b, K H o0& WPD, PIDIE il #s, BB 15 3 15040
ZHEHEP W5 E AMVCLEIBHJE R E0C. &€ K, kiff)
TS BIE.

FEMVCL1H, AT S € A, AL g R
K = Ko, Z%0% % [ W [RIMVCL. 7fEPIDVCLH, [F]
FEBUK s = Ky, BLCs % FMVCLH [HIC, BLCy = Cs/
108# B/, Oy, HAEREMIEEEMVCL. HARZH
WESMVCLAFEL. 4R, FIRSHEE €I
PRI, ATk — 25 22 Rt S A RLEOR SISO R 5L 5
I SHUEE IR, AT
5 EFhIEH/ TSR ) HAE ] (Swi-

tching between active control and viscoelas-

tic active control)

MRS A PEREOY. b Tl s o e IR B2 1, Ay )
I SEIT A T YLl 5 DU e N, A SR Y 3 shis il S
B RG AR PE H AR DI B )TV AR B RS,
T W EsaanfE 5, &d — x5 kiR
orPUE, ARy

w = Asin (wt + ¢),

wy; = — (Alw) cos (wt + @) , (16)

wy = — (A/w?) sin (wt + @) ,
K wRMANE T, w2 KR EER, M BARZER]
—BME T, wort TR EIR, M RARZEEE T
KA FTLLE , a5 5 IR SR, REES
HREW—E TS T ISRE SR,

R RIS, BONEAE VI B IE 5 R R
— I 5 S R .

HIFPHEHITEMME =, E3(a)%a 7 PHERI S
SEPEPTZ A VI e O SEBLT %, S 15 5 e/ Gl Ul
SR XS V)T IS AT A2, 2 75 ZORG S E S I, Rt
FEFEVERE S 5 I A2 B m b AR A S B
ST ] g, HY) s J7E T DA RHE. ADRC Y
H L ADRCH VT I, Rt eo /F 9 U #4245 5 (I
EI3(b) ). % TR S PD, PIDAE &5 13l 3 K X
A, IR fI 7T AUSRAE.

By K BR BD) e P ] SRS 1) 24 R SR Bhis AT I
(t < T, THRGHENFCSHIN ), PIHoy T shfi).
DHAJHANREBITE>T)E, % '] > Aolw
(Ao A U 5 ZEAM AR ISR SR L, wo A& T 75 ZE 0

(1) 38 3l 4503, T 5] $e 2] 3 Bl Rk 50 M 45 1, e’ | <
Aolwe, T 31 =5 542 1. 12 55 WS 110 ) 197 3 55 R,
{HPUHCHERELL N —Fh g £,

HETRVT 5 PR AT A H SR 1) 4 RS S BhigdT
N [E] A K bR D) e g5 ) SR . 2) M R Gt N Fa s
1Tt = TG, #7e' = Aglwo, WV 2 3= Bk s 4 45
], e’ < O, )4 21 sh %], #e' < —Aglwo,
ML E ks i), e’ > O, MIT#e 3] 5
il 1SR WS I PTHEVE BRI AT, (H e B FE L b —Fp s
HEAH 22

(a) M EPTE B b1
- fufier)
V2 €,
ﬁ—‘ BoS(e,) :

(b) K ADRCY) #ed% t)
B 3 Y)Hed

Fig. 3 Switching control

6 =il §E 73T (Performance analysis)
6.1 Bt e 4 Bt (Performance of disturbance re-
jection)

RO S SR SRR ) 28 B PLEL M RE, DL KRR
FASSGE S0 BB AT . HIL: 300E 3
BRI B B B e R H 02: SRR
S5 BN AR IS ] 508 S SR s . 8
W R T R4

j;l = T,
Ty = w + u, (17)
Yy =,

KArw ks, ERT)FHn = 1, &
a=Ky+ K, c=K)Ks, d=Cy + Cs,
K HIPD 5 kL3 1 PDz il I, 245 7€ & S & 2 A1 1Y
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HIRME IS RO
D(s) = (Cs+ Ky)/(s* + Cs + K,),
D (s) = (C%s® + Bss + K Ky)IT,
Pyp1(s) = (aC?s® + Bys + cKy)/1Y, (18)
Pp1p(s) = [adCCss® + Bys® + Bys+
K\ K)/T,
A D(s)EPDE I % B AL 18 PR 2L, P (s) 72 BA
MVCL Kl 584 425 1] 4 (1 4% 3 2R 28, Do (s) 22 BA
MV CL1 Ay il 8 42 i 8 10 44 366 06 45, P () 2 LA
PIDVCLIY RGP R A 4% 34 R 4L
I'=Cs*+ (Ky;+ C?)s*> + Bss + K, Ky,
I = aCs® + (¢ + aC?) s* + Bys + cKj,
Iy = adCss* + B3s® + (cK3 + By) s+
Bis + cK K3,
AP &N REFEA T
Bs = [Ki+(1+k) K3 C,
By, =[aK;+ (1+k;)]C,
Bs = aK3C5 + c¢d + adCCs,
By = adK,C5 + ¢dC + aK3;CCs+ (20)
cdk;C3 + k;adK3Cj5,
B, = cK;C + aK 1 K3C5 + cd K+
kicK3Cs + kjcd K.

Pesh &Sk R M I R EON

(19)

D,(s) =1U(s*+Cs + K;),
Dym(s) = (Cs+ K)IT,
D (s) = (aCs + c)/1, 21)
D,pip(8) =[adC3s*+ (cd+aK3C3) s+
cKG|IT.

HUK, = 22000, Cy = Cy = C =355, Ky = K3 =
35500, k; = 10, Hbode & Ul F4-5FT 5. X bb A S %)
ZE () 3Pkl 3 4% 41 (K bode B T &1, PIDVCL A s
Pesh I R A 4, (B 45 e = S &= 2 Al
FHAMERER M 5 K MVCLIX 45 € e S &

Z RIS A PERE IR M B/, (B i P Bl 4
et 2.
10 — T T
*‘.N
0 —.‘b\"‘ \{’. =
g 3,
=~ -10 —PD '\“ i
5 --MVCL N\
= = =MVCLI
201 ... PIDVCL
730 Lol
10! 102 10° 104

MR [ (rad - s7h)

0 I-I“Ei‘:i\‘. LEALD
~ 45t
{E -
£ oot e MVCL -y Py
-==MVCLI1 LR Ll
----- PIDVCL et
-135 TR SR A R L
10! 102 10° 10
AiZe /[ (rad - s7h)
Kl 4 45 &/ Ebode &
Fig. 4 Bode of input/output
-80 T T
"\_,:\\
-100 |- RN
\,\~
8 -120F ——PD
% ...... MVCL
® -140F —==MVCLI
----- PIDVCL
-160 |
,]80 1 1
10° 102 104
Bz [ (rad - s7h)
0 mr==m T
'\,\‘w\

_45 - .\’ . -
= -90 - b AN ]
=
= - -==MVCL1 X

“1351 ... PIDVCL
,180 1 |
10° 102 10*

R / (rad - s71)
Kl 5 ahE A Ebode &
Fig. 5 Bode of disturbance/output
M-SR LA H, SEAAE K, R ARSI PDE
1 9 2R B . 2R 4 g B B Y R TR pR R B
ASTERE, PishE St & (845 38 o B sh S VR
lJ B2 5, IR IR SE S SRR e e sl 4
PERERLT.
6.2 )3 il 14 & 2 Hr (Performance of switching
control)

D SE A B L BIpRG A% ] 5 DR T

PLkRe S RGR T, SHUSFAEXS L, H & Tk R4St

Ty = Tg,
Z"Q = —Qopr1 + bou —w, (22)
Yy =1,

A ag=646960.1, by=45.1, wNTEE50E £10.03 s
17 75 HE50% 1 77 . K A AE 26 1 ADRC/AS 38 1 JE 28
P ADRC ¥)#:4%4]. ADRC #8850t R
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1) NLSEF#%#l#5%0:

Bo1 = 200, By2 = 50, a; = 0.3, ay = 0.95,

§ =0.001, b=45.1, Ky; = 3.5e5, S k; = 5;

2) ESOWIZZ44:

01 = led, Bos = 6.25e5, Bos = 113671330,
a; = 0.5, ay =0.25, § = 3e — 5;
3) TDIH SRS
r = 200, hy = 0.001;

R ATELK) R = 1e — 4.

P61 477 5 285 S22 W, A s M 4 o) X B M e A
U, ALV B3 B 4. SR FH U 4 4% 1, i 1k me A
T ADRC, Wi B2 FEARL A5 4 ADRC.

%107

"
A — - = ADRCv |
-6 %W L I
0.00 0.01 0.02 0.03

t/s
Kl 6 Uizt Re i

Fig. 6 Properties of switching control

R Y TR U R S s et e e R Bl R
REfcter, LB R ARG S PID XS E A SCHI 24 R 3 ok
PR R R U v e T X (17) BToR R 4 B
PID# il 23 AR 73 R = 1000, HApR RE5:021)
I EELAR R 43 5 ) IR AE SOk 55005 s 8975 38 (n
P 7 Hit 7m) BA B R B 20 451 2R 50 Hz [ 1E 5% 3% (4an FEI 8 Fir
ANE R ) Bw. v LLE H, PIDVCLE M §8 5 4f,
MVCLI Mg i 2, 3ol 1 RS2 458, [,
WAESE 7RG S A T PID 1 85

.p-n--':.::.’..':v i
o5 -
— PID
------ MVCL
- -==MVCL1
----- PIDVCL |
0.1 0.2 0.3 0.4
t/s

B 7 Fhs e PIDHIK SN

Fig. 7 Pulse disturbance of viscoelastic PID controller

x 10

0.04 0.06 0.08 0.10

t/s
—PID e MVCL
- ==MVCL1 === PIDVCL

& 8 Fhaf ik PIDHIIE 525N

Fig. 8 Sine disturbance of viscoelastic PID controller

7 A 45(Conclusions)

TATT— P S 153 S sh Az AR, eiid i 32 3 kG e
FEHIBAR LG, ot mit sl ph i sh r 4 i se
P19 31 0 R 1 .

PR A BRI 38 P M iR R s 4 i A B B
FEREDIIRYVERE, HIALIL R BT R KRG IR e .

FIFH 5 h45 ) 5 kG gt 32 S 4 gk AT U e g o
ARG EAT NGRS Fr BRI AR A

NPT TAEN F G TH R IR T, 5ok, S50
S JE U 0 75 4t — B I 7T, TG AT DA SR g i A )
BERL ) SR SR I, 6F S50 e 3 T E =
SERE; UMt ) S s G Ay ok, U3 B T s miR
73 TR A A 7 e 7 SR B L N g
TR

2E Wk (References):

[1] WU Congxiao, LAI Weishan, ZHOU Yun, et al. Experimental study
on seismic behaviors of new energy-dissipative prefabricated con-
crete frame structure joints [J]. China Civil Engineering Journal,
2015, 48(9): 23 - 30.

(CRBE, BRI, 2, 55, B T i i e TR LA ST
HPURTERERIGHTIT (1], TARTLIEAHR, 2015, 48(9): 23 - 30.)

[2] WANG C S, WANG L H, CAO LY, et al. The vibration control re-
search of viscoelastic damper for the eccentric structure [C] //The 7th
International Conference on Measuring Technology and Mechatron-
ics Automation. Nanchang, China: IEEE, 2015: 1325 — 1328.

[3] WANG Jun, WANG Jiachun, WU Fenghe, et al. Research of vis-
coelastic damping anti-vibration grinding wheel spindle with com-
posite structure [J]. Journal of Mechanical Engineering, 2014,
50(15): 192 - 197.

(EZE, I, R, 5. S5 55368 E BRI FE T IR
¢ [7]. HURTAZE44R, 2014, 50(15): 192 - 197.)

[4] SKAAR S B, MICHEL A N, MILLER R K, et al. Stability of vis-
coelastic control systems [J]. IEEE Transactions on Automatic Con-
trol, 1988, 33(4): 348 — 357.

[5] XU Zhaodong, XU Chao, XU Yeshou. Microscopic molecular chain
structure model of viscoelastic damper under micro-vibration exci-

tations [J]. Chinese Journal of Theoretical and Applied Mechanics.
2016, 48(3): 675 — 683.



374

7w oo 5 MM

34 3

[6]

(7]

(81

(91

(10]

(1]

[12]

[13]

(14]

(BRRATR, R, 1Rl sr. DRI T 2 381k BEL 2R oW &5 44 71
FERY (7], S35, 2016, 48(3): 675 — 683.)

GAO Yonglin, TAO Zhong, YE Liaoyuan, et al. Shaking table tests
of mortise-tenon joints of a traditional Chuan-Dou wood structure at-
tached with viscoelastic dampers [J]. China Civil Engineering Jour-
nal, 2016, 49(2): 59 — 68.

(7K, BRAE, BRI, 45, (et or ARG MR A N AR 1R R
JESREN G5 (7], LARTAEFR, 2016, 49(2): 59 - 68.)

HUN-OK L, KAZUO T. Collision-tolerant control of human-friendly
robot with viscoelastic trunk [J]. IEEE Transactions on Mechatronics,
1999, 4(4): 417 —427.

BHASIN S, DUPREE K, WILCOX Z D, et al. Adaptive control of
a robotic system undergoing a non-contact to contact transition with
a viscoelastic environment [C] //IEEE American Control Conference.
St. Louis: IEEE, 2009: 3506 — 3511.

LI Y J, CHRISTOFER H. SU-8 as a torsional spring: viscoelastic
creeping and closed loop control [J]. Journal of Microelectromechan-
ical Systems, 2015, 24(3): 608 — 617.

DUTT J K, TOI T. Rotor vibration reduction with polymeric sectors
[J]. Journal of Sound and Vibration, 2003, 262(4): 769 —793.

DUTT J K, NAKRA B C. Stability of rotor systems with viscoelastic
supports [J]. Journal of Sound and Vibration, 1992, 153(1): 89 — 96.

ROY H K, DAS A S, DUTT J K. An efficient rotor suspension with
active magnetic bearings having viscoelastic control law [J]. Mecha-
nism and Machine Theory, 2016, 98(4): 48 — 63.

XU Zhaodong, ZHAO Hongtie, GUO Yingqing, et al. Theoretical
analysis on modern control over the viscoelastic structure [J]. Jour-
nal of Xi’an University of Architecture & Technology, 2000, 32(2):
108 - 111.

(RBAZR, APk, R0 R, 4. Rho v BH B 25 14 i DA i B8 23
BT 0], PELe @ RO 2244, 2000, 32(2): 108 — 111.)

LI Chuangdi, GE Xinguang, LU Yunjun. Random response character-

istics of dissipation structures with viscous and viscoelastic dampers
[J]. Chinese Journal of Applied Mechanics, 2011, 28(3): 219 —225.

[15]

[16]

[17]

[18]

[19]

(EOUEE, W, BhIZ 2. R ARG 3 BEL 8 3868 45 7 i BE AT L)
R (3], R 7757254, 2011, 28(3): 219 - 225.)

ZHANG Xiaobing, YIN Shaohui, ZHU Kejun, et al. Simulation of
compression molding aspherical glass lenses based on generalized
maxwell model [J]. Materials Review, 2013, 27(10): 148 — 152.
(/N FHERIE, RBHE, 85, BT X Maxwell R 1) BRI DY
B BAUEHLL (7. #PEHTAR, 2013, 27(10): 148 - 152.)

ZHOU Zhenxiong, QU Yongyin, YANG Jiandong, et al. Levitation
control of a planar magnetic bearing based on improved ADRC [J].
Transactions of China Electrotechnical Society, 2010, 25(6): 31 — 38.
IR, HIAKED, AR, 55, KA SSodt Y B iz 48 -1 T il
AR (1] RLEORZAR, 2010, 25(6): 31-38.)

LI Yi, CHEN Zengqiang, SUN Mingwei, et al. Attitude control for
quadrotor helicopter based on discrete-time active disturbance rejec-
tion control [J]. Control Theory & Applications, 2015, 32(11): 1470
- 1477.

(R, WREGam, PhIAEE, 5. B B PIiiEh s e DU e WIS
FEfITh RIS (). EHIEIE SR, 2015, 32(11): 1470 - 1477.)
LIU Yisha, YANG Shengxuan, WANG Wei. An active disturbance-
rejection flight control method for quad-rotor unmanned aerial vehi-
cles [J]. Control Theory & Applications, 2015, 32(10): 1351 — 1360.
C—95, M, A6, DUBEE AT 3810 EPuh AT 4l ().
IS 5 R, 2015, 32(10): 1351 - 1360.)

LI Jie, QI Xiaohui, XIA Yuanging, et al. On linear/nonlinear active
disturbance rejection switching control [J]. Acta Automatica Sinica,
2016, 42(2): 202 - 212.

(A, FFRRE, B IuiE, 5. R M/AE LY B Bk U % 4 77 VL
7 [J]. AR, 2016, 42(2): 202 - 212.)

A A

ZHE (1981-), B, WA, BRTHFET RS RERoR,

E-mail: lishupeil 98107 @163.com;

RILFE (1970-), 53, B2, LA 0, HETHRICIT 1) 0 Re i e

HLBETH Bk sh4z 1, B-mail: song 1w @hit.edu.cn.



