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Abstract: By use of a discrete element method (DEM), the design methodology for cav-
ity size and filling schemes of particle dampers applied to a wheel structure was investigated
through a series of orthogonal simulation tests. A two-dimensional equivalent vibration mod-
el of a typical wheel was established, in which the configuration was evaluated based on the
specific parameters when it vibrated in the umbrella-shaped mode. On the basis of experi-
mental tests and analytical study, conclusions can be drawn as follow: (1) with the capabili-

ty of describing the umbrella-shaped vibration of the wheel structure, the two-dimensional
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equivalent model is effective to reflect the influences on the cavity caused by interior

particles’ motion; (2) a dramatic increase in the attenuation due to the presence of particles

is clearly evident while it differs in particle types; (3) the damping performance is signifi-

cantly affected by the cavity size and particle mass ratio, moreover, the latter should be

guaranteed first; (4) enough clearance between particles and wall of cavity is also required,

so there is an optimal filling rate for an immutable enclosure, fixed particle size and type.

Given the fact that the design scheme agrees well with the optimal case given by experimental

tests, the design methodology can be used to acquire the optimal cavity size and filling

scheme at the design stage of a wheel structure.
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Fig.1 Two-dimensional model of a particle damper
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Fig. 2 Solid model of a wheel structure
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Table 1 Modal analysis results of a wheel structure

1978 WA/ Ha P #Y
1 381. 504 1948, 1B
2 473. 766 0WfE, 1By
3 627. 370 0. 2 By
4 955. 677 2R, 1H
5 1381. 000 19548, 2 By
6 1379. 000 28R, 2B
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Fig. 3 Variation of the axial response amplitude

with radius under sinusoidal excitation
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Fig. 4 Schematic of the procedure to establish the
two-dimensional equivalent model

for a wheel structure
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Table 2 Factors and corresponding levels in orthogonal numerical simulation

K do/mm 23 JEE i B h/mm Wk B A% d,/mm TRE V. /%
3 10 1 20
4 20 2 30
5 30 3 40
6 40 4 50
F3 EXHERBAER
Table 3 ' Ttems of the orthogonal numerical-simulation
IEsZ i HE T & SLPREUE T R
FREE  EAR kR BRAER - BRR SRk SREE PRAER O BR%
d./mm h/mm dy/mm V./% d./mm h/mm d,/mm V./%
Al 3 10 1 20 3 10 1 20. 94
A2 3 20 2 30 3 20 2 23.27
A3 3 30 3 40 3 30 3 41. 89
A4 3 40 4 50
A5 4 10 3 50 4 10 3 26.51
A6 4 20 4 40 4 20 4 31.42
A7 4 30 1 30 4 30 1 29. 67
A8 4 40 2 20 4 40 2 19.63
A9 5 10 4 30 5 10 4 26. 81
A10 5 20 3 20 5 20 3 16. 96
All 5 30 2 40 5 30 2 33.51
Al2 5 40 1 20 5 40 1 19.63
Al3 6 10 2 40 6 10 2 41. 89
Al4 6 20 1 50 6 20 1 49. 74
Al5 6 30 4 20 6 30 4 21.72
Al6 6 40 3 30 6 40 3 31.42
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Table 4 Items for the comparison of numerical simulation
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i dy/mm g A, /mm h/mm
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Fig. 5 Diagram of the displacement response
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Table 5 Cavity size of particle damper and its optimal

loading concept
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6 RIGIGIE

UKL BH JE 25 A B 28 22 2 05 SOR AR R AR 454 1Y
AL B I ALIR AR L NS FEURL 3 Bl 22 3¢ 7 X
AN X BRI S0 L K o A 7 A T B S . 4T AL
37 14 308 JBCE e A AN [ 57 5 B R BEL e 4% 89 7



55 10 41

XU WA RS A BORL B JE A8 B3 D5 1% 2483

I UL 10) , G SR B o7 &R A 3d L 7T LA
B R O 48 MK BHL R 5 PR BR AN 2T R R R
G,

Shy 26 FIURE 1 330 70 5T S R 4R S DL An i 10
JiR ARG M AN B8 5T AR B2 T 10 Ab 0K FH e
25 S IR S AN G AR T, 1 B A it A R
8099 Hz, 3z fm T3 55 OC v 19 4 28 1 Bl 20 ~2 000
Hz , PR 1 % 46 A 45 14 <= T8 9 20 1 52 i AR /]~

P10 HMG 22 OB B JE &5 B fe 1R 45 1

Fig. 10 Wheel stucture with particle dampers

installed to its rim

A o2 s X Jir s AR 45 A 199 52 ) 3 Sy R AR BT
2 RS I R A TR 213, 13'g, B I f
XI5 KO AR G5 AR e Tl 1 R B e TR e AR Dy
560 Hz, BEARZY 10 26 , X 4 4K 4K S < T #i2.
TR TE o 0 R 1 g (E 5% A AR A R R A5 4
(R 7 . S SRR T S A R AR AT iR B0 £ 1 A Y
e AR /0. [ B o B o 0 235 A 4SS 245 I A T 4
IR HUREL 25 R 5 S A8 AT B AR a2 T {45 321U Ty
L5 HIEERAR FAT L7 28 AH PR 350 R 1A
R & B T 3k o 52 M) 32 R il 2 (1) rp AR 1R 45 48 45 2
T ome BER, IE N RS M U T SR AR R A AR

I ] 1.S232-GT500M 2t ¥k 5h &,
F R m+p 2 A B Vibpilot-8 8% 50 5 i &
F5 M, LR % 9 B &W JE i =X o 1%
AR

I I 252 20~2 000 Hz JE B A 1g Bl
[f1) 1E 52 F01 48 ) A5 57 T T 28 i AR B T O 0
A AT ORGSR R R LA 11

T At T BBV 7 Al ) £ 25 e (k5 ) B
Wk T EAA 1 mm PR N, RS E R
fE R VEI B2 2 mm & 3 mm [ H62 % #
i Nz GBS # 45 JURL X 5008 A2 400 35 By I 78 O 8
HEAT B AIE.

140 55 4 5

24 45,

IR g SUIPER VA w2y oL

Fig. 11 Sketch of measure points on the wheal

FAE TR A 10 42 FEE R T
L) 58 R S5 AR A Sy o BRZ5 44, 1F 2 56 I G i
T35 UK 45 0 kA S 8 SRR I 9 B JE L Ca N
0.33%. M T He H A% IR A8 5 2 Ak A0 5 52 ), ik
50 A5 o BRI TG % b A B 4 AT A AT
VB2 A AT T 1 R ] g T 5 A e
SR H O FEEE 5 R DU i 56 45 R
AE.

6.1 M EMZIE

VEEUEL 72 -2 mm (945 5 4 00k, ok W) 4% 3
FR V. TE TS0 G #E17 L8, 45 R WA
12, f BT, R 08 I A5 BELJE L Rl I e R ) 3
KACHE J5 W, IFEH AR R 500 R A, =2
mm) Zb B B JE AR KAE . 45 R 5 1E 38 50 B 45
AR M 25 R — B B h B e PR AR T 2
Fo BRI 2 5 4 ) ORL B D B A A
R W R, FURL B 4G 04[] B, 0B 5 B0RE
AURL 55 7255 s () 1l 48 0 K50 R 4 . 4 3 A R 4k

0.52 r '
—o— Y} (2 mm) a
048F _A— # (2 mm)

0.44 |

-
040} /"/ /

g 0.36 / L 4
s
0.33%
0.32 R
e./A
0.28 +
024 ;;;;;;;;;;;;;

V./%

B 12 AN[R) B B AsORE B9 B ROR X L
Fig. 12 Comparison of damping effects of different

material particles



2484 Wi 2 @

VIR %29 &

SR 2 5 T LR A S T ORLSE 3%
/I o I A R T R L 7 i 0 K
T T AN, TS IR R R L 7 %
FLAR A 2 mm BOHITORE B JE 2R B 08 T 12 H
2 mm 1 5 ORE B8 175 5 0k BELJE 58 1 97 48
57 1 1 R R A 635K A 5 M (B AL 4 o
O B — 5L
6.2 BRERNZM

VA4 2 mm 5 3 mm B4 BURL 4 5t
R4V, AT B, SR L 1. T
1L T AR L PR A T 3 . 0 IOR 19 5
A AR, T R 3 mm 19 0K 19 8 3R
AR T B2 2 e f9 0B 19 603 2 5. 9
R T 4142 19 TR BEL 2 352 7 6 % R 9% ik o3¢ 1 3
T A5 P R 0 o e 00 B AEL 1R M 3 mm 199 T
B 55 B % 7 £ S50 A A8 I 5 75 0 7
R L H B RIR T 25 % i [ SE B R 2R 3
. B BURE 19 R RO B F LA N 2 mm (99
B 4 1 7 A ] 2 % K AR T 0K O
A R TR TR R X — B 5 5 0F S B fi 4
IR T W, B 0 [ 2 K0 b B 3 3 S A
.

0.52 : : :
—o— HM2 mm) o
0481 _o— (3 mm) /
0.44 | e
.
/ U/
= 040F u/
< ! o
036 !
032 e .._._._ —————— ] 033(;}(.
028} \,
0.24

V%

13 N[ AR JURL ) BHJE ROR L3
Fig. 13 Comparison of damping effects of different

particle sizes

Li LPTig e BOR A 70 02 HAR N 2mm
4 45 MORL , S FE R R 5026, A, = 2 mm, {H A {H A2 40
Hh A 2 M T O A 5O L 1 ) S Dy (B A B
JEE o R TT S52 o AR e BORICRE 1 A7 A2 — 2 19 22 531
6 Al TR RS IR A5 R 1 T
B AR B e R I T R A — B —
U T AT SC RS 480 5 3k A AT D 58 32 BB ) AT
k.

x6 HESMRTHERERXEMNKERITR
Table 6 Comparison of the results given by

simulation and experiments

S8 BUE B T 5 RS
ZEBK d./mm 6.0 6.2
23 W h/mm 40 40
R % 171 144
UKL A ST H B
Wik B 4% d,/mm 2 2
U 7 ] B A, /mm 2 2
WAL V/% 47.74 50. 00
7 % it

A — 4 ks fE B oo e I 45 1E 2
BT IT 58 B T B BN A AR 45 A0 URL FH JE
o AR s 48 8 P XN O ik 0
TG BRT AT g < 1 2 X RS ARG A AT RS B
Wi 187 53 BT A A A 5K T A0 3R 3 T PN 8 A 4 4 < JE
il K S L R4 3% 5 e A A 8 AR 45 A o
RLBHJE i 22 0 (0 B — JBCHE A7 137 B8 i 1 i K
R e 3 R e KR W A — 1) 1 HEA T RS 43
s -5 3 E B 0 oK A A 25 08 B 1Y 8 AR 45 4
SERUT me S BH S s T2 A0 B A ORE [
SERUFRAL s WS L TE W L 25 K A1 T 5 2 R Y
BTS2 o B s Ji NST B R AR #5158 2 50 it
TEASHEALLT5 58 FF X 58 1A 25 4y < B ik 2 1) — 4
SE RO R PEAT RSN 5 20 M IE AC B0 O 5% L R 4
A5 IR E— 2D BT IR B, AR B8R
DL UL LR 45 24 5 fie i o 308 a6 o L A I 2k
R BEAT L

A o R A AL P R A A 45 2 1 X L
A HE— 2B BANR B

1) TEd 2 58 PR 4540 SN I i J3E 2R /Y | $2
A RS nT RE R LA AR I UKL 58 B ke

2) SR G TE K IR IR Sl R 20 L 1Y
M 17 f5 K o A9 DR TR A2 g 14 URE 25 2880 o e, 22 2 B
B R O R 2.

3) 7B PRA e JBURE T 4 1) [a] I 107 B 3
> 42 [ Bt B XF T 4 R RS 8 s I A A e 3
FE A AH UL IR IR R B £

4) YA A R AR B B A BT LA AR A B
R JIURE D41 20 50 - B 2R =5 s S R —
SE S WG 58 25 P UKL BT i 5, IR AR I B4 B0



% 10 4 X1

W45« HE IR 54 UKL BEL 8 &% B0t Uy ik

2485

B

B Y BORL ELA.

Brigt:

SRR A U ) AR ST BT R S R TR R

L5 R T7 T DL B R A K B S Bk £ AT BR 2> ® B 57
i PN SL B AN BRG S A e g B P 4 T R
T SR AR B

SE Mk

(1]

(2]

[4]

[5]

[6]

(7]

[8]

L9]

[10]

[11]

ZW AL RAEAR L RIBTL 55 G5 R G B ) R T M.
JEHT AU TS UK 2 A L 1989.

Hollkamp J J, Gordon R W. Experiments with particle
damping[ C] // Proceedings of SPIE Conference on Smart
Structures and Materials: Passive Damping and Isolation.
San Diego,CA:SPIE,1998.2-12.

Panossian H V. An overview of NOPD:a passive damping
technique[ ] ]. Shock Vibration,1991,1(6) :4-10.
Panossian H V. Structural damping enhancement via non-
obstructive particle damping technique[ ] ]. Journal of Vi-
bration and Acoustics,1992,114(1):101-105.

Panossian H V, Bice D L. Low frequency applications of
non-obstructive particle damping[ R]. Pasadena, CA; 61st
Shock and Vibration Symposium,1990.

Panossian H V. Non-obstructive particle dampirig: new.ex-
periences and capabilities] RJATAA-2008-2102,2608.
Kielb R, Macri S F, Oeth D I} et al. Advanced.damping
systems for fan and-compressor blisks\R.]. ATAA 98-
3863,1998.

Fowler B L. Mualtiparticle impact damping (MPID).-design
methodology for extreme environments [ R ]. Mountdin
View,CA:CSA Engineering Inc,2003.

JA AT UL JE B HeAs il A i 58 5 0 FH LD J. R 5 . g &t
A2 LR R 22 4 2008,

ZHOU Hongwei. Study on particle damping and its control
with applications [ D]. Nanjing: Nanjing University of
Aeronautics and Astronautics,2008. (in Chinese)

Xu Z W.Wang M Y.Chen T. A particle damper for vibra-
tion and noise reduction[]]. Journal of Sound and Vibra-
tion,2004,270(4) :1033-1040.

Friend R D, Kinra V K. Particle impact damping [ ] ].

[12]

[13]

[14]

[16]

[17]

(18]

(197

[20]

[21]

Journal of Sound and Vibration,2000,233(1):93-118.
Bhatti R A, Wang Y R, Wang Z C. Particle impact damping
in two dimensions[ J]. Key Engineering Materials, 2009,
413/414:415-422.

Cundall P A,Strack O D L. A discrete numerical modal for
granular assemblies[ ]J]. Geotechnique,1979,29(1) :47-65.
Saeki M. Impact damping with granular material in a hori-
zontally vibrating system[J]. Journal of Sound and Vibra-
tion,2002,251(1):153-161.

Saeki M. Analytical study of multi-particle damping[]].
Journal of Sound and Vibration,2005,281(3):1133-1144.
B0 B AR LR M UBURL BELJE g 3805 19 F 5 Bowi LD, v
e VLS K 1996.

MAQO Kuanmin. Mechanism of non-obstructive particle
damping and its application[ D]. Xi’an: Xi’an Jiaotong Uni-
versity,1996. (in Chinese)

FE, EAESE, AR, 56 5T B A 0 125 19 Z 2 URL B
JERFFELT ] fizs 3 1% 4 . 201417,26 (5) : 1159-1165.
TANG Wei, WANG-~Yanrong+WANG Xiangping, et al.
Numerical study of\particle damping in two dimensions by
use-of discrete ‘element method[ J 1. Journal of Aerospace
Power,2011,26(5):11§9-1165.'(in Chinese)

R T RE SRR L S, 4 PRsh 45 i 0 BELJE R 56
(I, Wizs 8 F1 248, 2001, 26 (3) :628-634.

TANG Wei, WANG Yanrongs WANG Zhoucheng, et al.
Experimental’study/of particle damping for a two-dimen-
sional vibrating structure[ ] ]. Journal of Aerospace Power,
2011,26(3):628-634. (in Chinese)

Tsuji Y, Tanaka T,Ishida T. Lagrangian numerical simula-
tion of plug flow of cohesionless particle in a horizontal
pipe[ J]. Powder Technology,1992.71(3) :239-250.

FFR. BT ANSYS A FRICA T A9 BEES B 1 H 55 07 i [ .
ISR IE A, 2011(3) :55-57.

SHANG Lin. Modal mass computation based on ANSYS
finite element analysis[ J]. Missiles and Space Vehicles,
2011(3) :55-57. (in Chinese)

Silbert L E,Ertas D,Grest G S, et al. Granular flow down
an inclined plane:bagnold scaling and rheology[]]. Physi-
cal Review E,2001,64(5):051302. 1-051302. 14.



