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A Vibration Attenuation Structure Based on Negative Poisson

Ratio Metamaterial and Its Experimental Validation

Wang Yilin Qin Weiyang" Liu Qi

(School of Mechanics, Civil Engineering and Architecture, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract For rotor components in a rotating machinery, if there occurs a fault, the rotor’s vibration
will increase rapidly and even result in serious damage. So the rotor needs a type of vibration energy ab-
sorption structure that has the feature of light weight and high energy absorption ratio. In this study,
based on the negative Poisson ratio (auxetic) metamaterial, we propose an asymmetric star unit cell with
negative Poisson ratio, and then design an arc-shaped vibration attenuation structure suited for the rotor
system. First, the unit cell of negative Poisson ratio is proposed and the metamaterial vibration attenua-
tion structure is designed. Then, the collision model is established and corresponding simulation is car-
ried out. The influences of some key parameters are investigated, e.g., the impact velocity and impact
angle. It is found that for the low impact speed, the large impact angle will lead to a good energy absorp-
tion ratio; for the medium impact speed, the small impact angle will give a good energy absorption. Es-
pecially, for the high impact speed, the structure experiences plastic deformation and can reach a high
energy absorption ratio. Finally, corresponding validation experiment was carried out on a rotor setup.
For a rotor with two disks, the imbalance fault is produced. The experimental results show that the pro-
posed negative- Poisson-ratio structure can attenuate the rotor vibration significantly, and absorb the vi-

bration kinetic energy effectively.

2023-02-03 Y FI % 1 %% ,2023-03-28 Y BB M.
t W E/E#H E-mail: qinweiyang@nwpu.edu.cn



54 g o o 5 E M o M

2023 45 21 &

Key words negative Poisson ratio,

uation structure

5l

il 1

Rt 2s K shbl R A ML 55 7 SR PR 55 AR
S M BRI B Bl 23 T R & R, WOR R AT
VO AR i ] L 2 3 ™ S L S — T i, i T R R
il AR G5 H AR RN R TR R
T R Ge30 UI P 25 K ] o R R RE AR
T B4 Bk I 235 A0 30T A SR 1 B £ 7031 Py L e S R R AE
X5 AT O B, FLAERRE R I8 1 2 B bRl D) RS
AR 5 A R AR ISR BRI Y B e 4 R — R
A A T AL C AT 1) B 1A B AN 8 7 R
Z AL AR AE P A LR L, YA S Y B
M — o B X R A RLE 5T T L B ik S b
RHEEVE . AR 50 JF e T AR LM S b O ik i
et AR 5 Poincaré WL KB T &
4t Melnikov J7k , I FH T 70 1A 08 b 96 55 ¢ J22 A 1Y
Z Wi 2 55 2 Z AR etk 3h 1 2 o RS T RS
JEV B 3 1) A7 A AN BOORE R 1 2 0 T 4% A
KT AR T EE AL T UEETE O L W T A A L ke R
MR TE P e v BE S K A A O, b T
K BRI f 205 e . A e AT 5 g A 5T
S B, %t T AL T M G 5O AR R R 7R Y b
T il R A R T 22 B T e L 53 A A
[ A o T L 7 5K A K D I B HE B /. Meng
S5V o B 5 BT A . R BT B B KON 2%
o 55 08 5 b e ) S A5k AR T L RE R ST
A1 7 VRS 98 o o e o BT A BE AR TR 0 T e 0
BRI S 56, 45 SR 22 I L 78 R 0 A A R 38 K i e
RE JEL 25 (i A5 B R 2 S8 A8 50 DA e 40 2k 46 1) 25 il 2 2
k. AL SV I F R AUE B S Timoshenko RIS
BT A 1 S R O R B R B
2. Alomarah" ' Xt LBFSE T P9 M- PR 2544 (RCA) %
G 7S T W 5 45 b 040045 T 45 4 1) 1 A1 T BRSO
K RCA M p} e HAT fie KW 1 4 AE & Uk R
Balawi'" 25 [ T e 55 A0k R T T4 22 2 80 Moo
RHREAZ A, 25 10 T P A Ak il R SR A N TR
W % B L AR B R A i 1 2 3K 5K

[ B 38 2 20 A5 AN [ A e 65 4 i 3 2 i s A

rotor system, energy absorption,

metamaterial vibration atten-

FEA U S50, Z Fh Dy REPE G700 B H 45 4t g
ke, BT R AR L T W SR AR A U R L R
G BT T R 45 A AL X A [R) A B R BT 2
A 11 T A A0 % LA R iy B S PRl kAT T 0 5 45 B SR A
FOTRRARB AL, BT BEAR 0 BR ) . Gao T
I S RIS HE T R T TR B A B
A oot R R T 1 48 R T 8 A Y L R
45 (DAHD . Guo 251 3l 1 41 A 75 i JE W 55 A
ST AR Fe e BT BT T — R PR HE RS T o S
FE 48N A 4 1Y fig e IR T I IR L (ZPR)
W T S R Fu A S S A R SR T 5 A ik A S 4G
T M TT , 26 AT BB AN R IR0 LU A L IR Rl AR 1 1Y
Fohth b A5 B T —Fp HAL 8 2 FL RN EE B R Y 67
TAFA FL M IC. Qi 450K 400 45 T i T A P 111 A e
BB 4 Sk T, A5 B T — BT A% 4 45 -0 i oo
(REC).Su 5706 1F 5% i 28 I8 22 M HE R 51 A 80 2%
TE 25K A6 3G I A RE W BE (BN 4 T R EE 22 A
ity B 1 () BsF L A7) fi DR 45 A Y BT s L AR T
S8 AR AFHBE T T RE R R AR B ME L 0 0
BEJELRE ST 1 A R BE Y N M1 308 S0 B
Fb e 5% 6 AL, Xt El T 8 5 FIRE BE LA A L b R AR
i RE R B AR T AR 2L Bl A i R A RE R A A
P L ke BURR EE I R LU A BRI 4 1N g W (AR, BB i
Wi 2% R 4. Yang 00 3 F O VR 45 M
(DVHs) ¥ iEH A AT R AL B, 1558 T U 2
G 2B, ] LLRE G A R T o B R 0. 5 A L i 4R
T AR Z2 FL A ARRAE (1 D) R IR LY 0 A R, a2
A G N B BERFAE (4 U RS A L AT

TUIA RS I 55 88 1 ) 25 W R 5 7 R B AR 1Y
— PP ERAR 5 R, H R H AT T A gE SR A AR
> AR SR XA 0] L R T T RGNS B
2R B T AR B R E BT, BT T U
TARA LU MR IR 4548, RS A2 7% T R ek 3h it K
P ST 30 2 204 I R U e

1 fiAH LR AR E

1.1 FEXFREF S TRt
T N A8 S RRAE B T A AR LEAS



55

T JERRAE - GOA N L BRI R 45 F BT 5 S8 4k 55

SRR M AT SR AN & 1 TR L & LA 2
BNz 1 s,

ol

(IR I AU kg o

Fig.1 Cell structure in polar coordinate
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Table 1 Geometric parameters of unit cell
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