514 545 5 1512016 4£ 10 A
1672-6553/2016/14(5)/448-6

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 14 No.5
Oct. 2016

BN =B WIRaE U "

FEH HAES

ER

(A FERER AL =B, A5 050043 )

WE UM =R AR X G W5 TR T H A HE Y R G2 Bl LR A . 15,
K H IR RS PR 5 | A B33t s 3 Sy Wit b, O SL T IB S oy O AR A B0 T RGN AT BlS
AR GE R AT A R WFFE N G R AR GEAFAEAE =[RI8 5 i BEIERE = A8 8 B T[] — i B2
T2 T 3 7 W AR A A 5 I TR EE AN SR D M RE EE B 28 2K, R MR H, D10 P o U3 5 /) 0 WS A0 fb 2 199 8 K
AR T RS BT f , 5 SR 5 A AT ik 14X L E R 1 BT i B LE 4, JFIE R 1

Moo = BRI Bl ) IR A A I AR AR

K SWdRE:,  BEDERE, H.o ik, SHdife

Dpol: 10.6052/1672-6553-2015-82

5l

T

PRBELE M TG P — Rl WL SR Bl 12
S AN =, MU 3 8 ) PR 3l (DR i 32 2]
MRS JEHAEAO IR BT, ik 30 AU 5
FIRA AU 15 55 451405 , 7 W B 4 1) 7 i, 3 2%
FEARA A I R IR A 3, 3 Bk vl 8 55 FL R A F
ARG TR R, [FINIR S0 A 0] 5 G 7= A
W, SRR N O IE Y A B A H AR
TN E ARSI LR AT TR TR
FE, 4R T G i BRI B IR | 3h 1 AR 2 2 Mk
SRR, SCRRL L P58 TR HL AT S 2R 24
VCPE ORS00 | REAS AR L 3t e ARt o
HLEIRS. SCHRL 2 TAFSE 1 e B i s &
e RIALIR SN AN, S HEHL B 3 SR i S 1
TSRS, SCHRE 3 T05E 1 AR e Xt L g
HAR RGIRSRAE AR, o AE R HUR R SE )
BTt T EES . SRR [4 ] TAT 2 HEUR
FEI R AL S R EARS, N IR G 3 R F iR
o KA PERERE e 2% SCRRES THE9E T %M
BE TR Sl 0] HE A TP 3 3 1) 2 70 5 B e
F IR P BELE JBUIR ik, 6 LA IE S B2 2y = (19 B Rl

2015-11-11 YCEIEE 1 F5,2015-11-16 W B & ek,

WERHJE A RL, i S5 AR REAIC T 2. 2dB(A).

) Sy W AR 7 SRR R B e A, 3 1909 45
Frahm"® % B T 45— >3 F1 Wi LUK , A%
R CA — A ZAER P s X FhICRLE /9 31 7 Ak
i IR AN AT R 5 T R GRS A S I 2 U
RGP I IR , (A IR IR 25 IS, = R G2 i
RSB IR AR . — B A O 5 3= SR
SR A AT BE PR G R R A BRI L, JIr A3 2%
RN IE FH AT 590 L 42 1928 4F, Den Hartog #l
Ormondroyd"” % BL7E JGH JE 3l 7 W AR %% F i A&
B BELIE 240 58 2 F1 AR A DS HR AT . AR A
TUSE B PR R Voigt B3 1 W R4 1M H .2 280N
B 1 W AR A 1 28 AT R

FRT Voigt Bigl Jj PR , AT T2
HAth ¥ X 3 77 W P #%. WL A4 40 2001 4 Ren 55
R Tt 3 B0 R AR A T v
LR #RH A EEEEEREM T REZ A, e H
T RGUMEEH (B8 3L ) . Ren 5 AR H S
BT T Ak, 5 Voigt BERL X EL UL B T i 5 Al
LA T AR AR 2005 4F Liu™ ™' 25 A X %
RUR ) —Fp O ik 3647 T S84, 9478 2010 4
Xif 32 R G0 BELC 1015 0 38 1o [ R e A7 A I AR B A

= [E R HABE R4 (11372198) b4 25 56 2 A3 A1 BA 5125 A A 31 R (LIRCO18 ) L il b 45 5 45 2 A J2 IR A AT BE 2 B 58 3 H

(GCC2014053) JAT-b4s & )2 IR A B W5 H ( A201401001 )
t @IRFEH E-mail; shenyongjun@ 126. com



%5 1]

TR P s =B J IR Y H . Ak 449

2 TS HL. i T IRshfa i TR KR
RESRPEATRE, DR ST AL AN DA BELJE 1 ot F
FRIEEPERT, B AR Asami 45124 T =8
RN SRR IR H AT T 0Bt A B
MR FEAR 00 T, A B LAY S A 14 R R
SCHRL 13 — 14 JBIFFE 1 i X 3l g Wi s 1 52 0
25t T Qe A P N i s i s 2 A SOR 9 REARL ST
BRL 15 =16 JF5E 1 DU 3230 30 ) W AR 1) 3 0
SR AR, o b 7 2 3h 3 iRAR 9 2 Bt A
R XoF 2 2 Sl P ) ML S . SRR [ 17 - 18 ] F
FE T e B AR LA Bt SCRRL 19 JESE T
BELER SRR ARAR Bt SCAR[20 [ 058 T
— R S BE ST BT R Bl T R AR R S B

ARSI T —Fhfe st =2 Bl ) iR
WL H, AT 508 2% 80 1 W ik 24T 3 12253 #r
S AL, A5 20 T SO0 TR M L S 0 W E A e
PLBHIE LAY BETH 23X Fad s A LB SR U 1 3% M
s PRSP I ROR.

1 BERRBRERERR

N TR AR SORIE S 14 4l 5K = 2 R T By
Ty IR, o my ARR TR G, m, UK
SRR Rk Ak, 2 BIANER E R G )
AR AN &, 1 232 5 B RDRY S PEAR TR 1Y
WIBEFIREIE , Fy T w 7350 378 IR F1 4R i A
2y X5 TP IFRAR TR GE Bl AR L HR K
FEAPHE 70 B R LS.

M2 _l_
X2

K2
FcSinWt

AL H ©

Ka
K1

BT B R R A
Fig. 1 Model of grounded three-element type dynamic

vibration absorber
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Fig. 2 The amplitude-frequency curves under

different damping ratios
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Fig. 3 The amplitude-frequency curves under different damping ratios

HTPEL 3 FATTRT LA M-t WL 25 3] 24 7 > S i e
T[] — 5 BE IR, Q A5t Y B30 T S R A0 Y £ R 3
TR, Q AR AL AR B 25K, W] RIARYE Q 45
A A A o R I B ) S U RELJE B

A5

2
aw_,
oA

kE=2Ju

/ 1
‘s 1 +Ju-u
)\20 =1 +w’
LR
plw’ =+ dw)’e]
-1 —\//:+/_L
TS 2 2T f A RELE Lo
£ = 2
" 1 +\ﬂ
P4 g5t T AR 3R A 0 A 4l 2R A5 21 A9 et it
2, ARV BUEEASR SN T 04 H Y.

6 r

(23)

(24)

(25)

o] Oj5 ‘i 1.I5 2
A
P4 TRl URELIE BEIT i 3t 2%
Fig. 4 The amplitude-frequency curve under

approximate optimal damping ratio

4 HERE

N T B UE R SR B 45 R A IE R, A e e
{HN F =1000, PEHUR & Lo o= 0. 1, AT AR 35 i
RERGE AR ESHON £ =0.632,0=0.907,¢
=0.2765. F I DU B A% P85 05, e O3 Ik 1] Oy
100 15 A3 A9 , ol AT 2045 2 U T R4
W IO 14 L. 25 e 28 M O, BB 85 Ak 1) e R AL
S Wi SO L T AR 2V — AL A B At £, Al S o
B R fr 7. ARAE K (6) 1815 Fb o [ i T 5 24 ) i
T ARG AR I 2. MR AT DL R A S R
3 ARICACES RA HUE, 38 1 e A i HE A LR e 4k
TR R L [R) IRAE AR 5 AT AR W), D

TARSCR AR R R IERA .
a8 R
5F & @
&b R&
ORG L
al @ R ¥
3 ¥y
o] 4
= pel @
v 3 &£ ¥
< & &
& R
- 4 R
2l & B
& B
> 4 B
1 (B @
R
.
%m
0 1 1 | ——
0 0.5 i i.5 2 2.5 3

K5 BRI AT X0 L

Fig. 5 Numerical solution compared with analytical solution
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H,_, OPTIMIZATION OF THE GROUNDED THREE-ELEMENT TYPE
DYNAMIC VIBRATION ABSORBER"

Wang Xiaoran Shen Yongjun® Yang Shaopu
( Department of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract Taking a new type of the grounded three-element type dynamic vibration absorber as the research ob-
ject, the optimal analytical solution is studied based on H_ optimization principle in this paper. Firstly, a series
viscoelastic model is introduced into the grounded dynamic vibration absorber, and the analytical solution of the
system is obtained based on the established motion differential equation. Three fixed points are found in the am-
plitude-frequency curves of the primary system. Moreover, the design formulae for the optimal tuning ratio and
the optimal stiffness ratio of the dynamic vibration absorber are developed by adjusting the three fixed points to the
same height according to the fixed point theory. Then, the optimal damping ratio is obtained by minimizing the
maximum value of the amplitude-frequency curves according to H_ optimization principle. In addition, the com-
parison between the numerical solution and the analytical solution is investigated. It verifies the correctness of the
analytical solution, and illustrates that the grounded three-element type dynamic vibration absorber exhibites bet-

ter performance of vibration absorption.

Key words dynamic vibration absorber, fixed point theory, H_ optimization, Parameter optimization
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