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Vibrations in Thin-walled Gears
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Abstract: To suppress the swing nodal diameter vibration of thin-walled gears and enhance their trans-
mission efficiency, a damping structure was designed for application on the gear structure. Taking the
thin-walled gear as the basic study object, the swing nodal diameter vibration modes were first calculated
using the finite element method. The modal strain energy method was employed to analyze the enhance-
ment effect of the damping structure on the damping performance of the nodal diameter vibration modes.
Subsequently, the finite element forced vibration response method was used to compute the theoretical vi-
bration reduction effect of the damping structure on thin-walled gears. Finally, comparative experiments
were conducted to verify its actual vibration reduction effect of damping structure on high-order nodal di-
ameter vibrations. The results indicate that the designed damping structure can effectively suppress the
swing nodal diameter vibration of thin-walled gears, resulting in a significant reduction in gear mesh vi-
bration. The damping structure theoretically reduces mesh vibration by 4.9 —14. 1 dB; experimental vali-
dation under the excitation of meshing frequencies close to the swing nodal diameter vibration modes
shows an actual vibration reduction effect of damping structure of thin-walled gear wheel are 4.5,7.7 and
8.9 dB respectively in the axial, vertical and lateral directions.

Key words: thin-walled gears, nodal diameter vibration, constrained damping, modal strain energy, vi-

bration reduction

Wi A .2024 -09 -23; {&ITHHE.2025 -01 -08
TEEBN . B/NE(1976 - ), 5 S0 T R4 B Hz.



554

BN S5 R B RR BT AR IR S A BELJE S 5T - 199 -

51

il

R A Fe AL STE S B B B iR s R g
BTz HAR 3 M 75 P BE B2 e 1 AR Y &
PR AR 2 HRE 25 RS EE A X A T
Ho MR B A5 Y AR SR AL 5 5 R G
WMARRE G, T RS | AR ™ R 4R Bl ) R, A7 AN
FFREET X PR T TAES

FE N Ah A R RESS M AR Sh T o¢ - 24k vh
FERLVSAR AT, , 252 458 N J A 3o 4 B IR AF
FE T AR BT vy S e v B [ A e i A e
PRERIE Tk A Rayleigh-Ritz 5047 T 3
BIAEFER i PR sl e, Il N A B
TCIEAS IR LTI AR A 1 2l g 2 i 1 28 3ok 2 ik
Je TR A R~ TN AZ [T, SCHR( 8 — 9 ] a8 i 13 3K
RE2RRRALN RGN E SR, BEFE
IO o AR AR O e AR IR S i B
BRI 25 AR T AR YR 6 # I S S U
SCHRL 1T — 12 ]38 i R4 58 A= 7 hn o A, Iz P 4
FE IS IR ARI AT 8 il B I 7 1% $R R T R
TS e EA7 6 B S R A 147 6 4 A 1 TR T
Jit, e R AR R AT

RS I 5 1 ST A R AR A A
PRI, TR A8 k5 B e AR X AR R TR ) 52 i O
TR ARSI WERESS AL AR IR S S BT 1Y
BERl bR R A R A5 A T A BRoT T R
fpHERE A R A R T R 1) R B R A T AR IR A KB e
BEAL T N T RE S i ik ST 1A e A 1A Y
A RGBT A B T men 07 35 0 4 0 96 Ak
FE LR BELJE R 19 A2 4% 3 B0 IR ROR | g WEBE 1A
SR S A ) $2 Bt — b AT 250 T AR ISR T e .

1 HEERREETRIRE KR RIE

1.1 HEERERTRIR

AR sh I 38, 2 A il L REE s
T TR

M-x(t) +C-x(t) +K-x(t) =f(t) (1)
KM —45H 19 5 5T 55 B, C—45 1 i BEL e
R K —Z5A NI BE R I s o (o) — i B ) 5 f (1) —
TIPS

BEERLLT A IR SRR, f (1) =0, KR

R EERE B AR TR AR R

w, =, /I -8 (2)
L0, —RGE WL AR 0,—REWAE
BHJE A MR ;6 — RSB L

8 =c/(2 V/mk) (3)
A m— i h—WIEE ; c—3PR REBHE .

— BB, REHIBHE HLds /N, 2w BELE 11
N S B M ENEA TR SR

w, = Jk/m (4)

XF T AU P A, A IR 25 1 BRI &
JE A DG A & 1, 24 AN R il R 5 X — [ A
FRAE— ST i, 27 A 5 B R Sl K 4
1% T HERELE R I 15 5, A AE 2L TR 1 s i [
AWM REARE, Kb o BRI Y
n =00, B & DU AR AR AN 5 n =1 B,
3 BH Ry DA — B 4 A 6 R B 118 T 2 X R B sh A 2
PRB Y =2 W [52 45 6 30 Ay 79 Gk A 2 114 1D 3 %o
FRIRBIBSIRIY MR SHE 2 T m B  12k 5l

(a) n=0

(b) n=1

1 BEEXEHNHREEREE

Fig. 1 Schematic diagrams of nodal diameter

(c)n=2

vibration mode of disk-type structure

XoF 17 T 15 B[54 B 1 AR AR 3, W RE O SR A5 R A
TEARZE IR IR BB | (HHERE D 40 450 AR XS & 4%,
AFAE S SRR G, — P R A R R, —
H 5 5MNR ARt 2s P A B W B 2R
1.2 HEHERRMERRRVIE

D) SN f () AR BIN ) T
W foe IR 2 (1) = X - fRAK(1) 15,

Y- f

(K-M-") + (¢ w)’

!
KJ[I - (f)z]z + (253)2
b L "

B X = g h = 2 ISR R E B

(5)



- 200 - wof B

A N 2025 4F

X 1
- - 6

F =X (1 -2 +482 ©

AR L A NI /N EIRR, 3h J1iok &

HOCH R/, A =1 B R 3 85068 21 5 K (H

CILSERR ) | Mt SR B 2| B SR

SEHJE U L, 3 BELJE e nT LA B AR A iR Y
PRBNIEME , — ELERE 8 7= A B B8 R AR 3l o 4
PR ks e R B e, N (6) K F , # nkH
JEXT M HHERE 7 A8 Yk s HA IR ACR

2 HBERRIAFHIESN

2.1 HEERERITEARFESF
SLEG A R A S RN 1 R, AR BB
BEZER T HE 10 B ) AR e = AR Al - X
SERHEATIE AT A, 1270 A A v 220 B 2 X 1A e
R PRI AN | S <7 W RE S5 F 1A AT FROC R
NP 2 FroR SR AT BT U AR SCHE I
x1 ZWERSHR

Tab. 1 Experimental gear parameter table

_— T4 TR e/ R/ KT
i E 4 () ) EY
4.5  19/60  0.25 8.34 20 1

B2 HEEMERERTER
Fig. 2 Finite element model of gear with

thin-walled structure

TEHIRE U5 50 4546 (14 3l ) # R e R o b, SR
ANSYS F 75 [i] 1% 18 % ( Subspace ) #E 47825 2 #7
FET RS I 0 By g 2 oy Y0 3 R A R
Wi AR, DFRE R RS X R G 3h S R 51
R SR PR, o YRS e A o1 bL T 2% SR
THLRE D A IS T RE [l B (R 25 4y AL 5 ~ 10 BB
RIVAT i TR R R SR BT 6 B iR

R AT A W RE R RS 1 ~ 6 BY A R R 1370,
2016,2 315,2 349,2 512 12 716 Hz, B4R 8 40
3 fn. B3 AL AR A B 2 X A
WU MRS A8k, 5 WA A6 5 X S5 A 0 44 A
Pl 5 e A B B R R Bl DR A W BRI
FEF RN A3 B AR R R Y BELE o

N

(b) 2 016 Hz

== /]
>

(a) 1 370 Hz

DL R {E/mm

— — (2)
0706x 10" 1.232 2.464 3.696 4.928 6.160 7.392 8.624 9.856 11.088
{8 EAE/mm

— — s (b)

0326x 1072 1.294 2.589 3.883 5.178 6.472 7.767 9.061 10.356 11.650

(c) 2315 Hz (d) 2349 Hz
LB WEAE/mm
— — — ()
0 1247 2494 3.741 49838 6.235 7.482 8.729 9.976 11.223
A W fF/mm
- I I (d)

0 1.131 2262 3.393 4.524 5.655 6.786 7.917 9.049 10.180

(e) 2512 Hz (f)2 716 Hz
PRSI {E /mm
- — ()
0 1320 2650 3.970 5300 6.620 7.950 9.270 10.600 11.852
LB R {E/mm
[ — ()

0 1.325 2.650 3.975 5301 6.626 7.951 9.277 10.602 11.927

B3 AEMETHEERFETRRE
Fig. 3 Swing nodal diameter vibration modes of

thin-walled gear at different frequencies

2.2 EHEERREHMMBER S

THERE UG F0 254 RS A2 PR, X A HEA T K B ke 3
1M H ZA TR B B AR 6 24, s Herp— A 4R B0
s B R AR 22 1Y) AR N AR A 2 X R LT
X EE AR TR N R AR T R, % 1 B
WA AR E 500N BHJE R F-2424 0. 000 2, T
P AR IR AR Bl SO T AR B2 R B, PRt



54 3

BN S5 R B RR BT AR IR S A BELJE S 5T - 201

T TR AT 5 e PR 000 SR FH 240 R L & A B 3 e 1
BEE Z5HUNIE 4 Fr 7, 15 %6 1 BH JE A4 B AH O PE g
SN 2 Fis,

B4 HESREREHTEE
Fig. 4 Schematic diagram of damping structure

of thin-walled gear

F2 MRMERESHEEK
Tab.2 Material property parameter table

it A A S RN Ty,
y = ZWa%, + thYb
z W, + 2 W,
A y— PR S F A AR IR 1y, — AT R AR
K5y, —BHJE AT BHBAE IR 15 W, —R 44 ) 1) iz 28
AE; W, —BHJE M RE S RE
*3 HEEREELENEHEESHNILE

Tab.3 Comparison of damping parameters of thin-walled

(7)

gear before and after damping treatment

A B/ I/ i
1 ARAEL RN T
GPa kg - m~3
WA 206 7 840 0.30 0.000 2
FHJEH 6} 10 1 200 0.49 0.8~1.2

. WA RELJE 1L W AAE

RAERE,  BESRIAERE/
RIS/ Ha Ky fiFERET

10 mJ 10% mJ

1370 25.8 11.2 0.002 0.31

2 016 59.6 20.7 0.002 0.26

2 315 87.1 18.7 0.002 0.18

2 349 97.1 11.9 0.002 0.11

2512 99.3 25.3 0.002 0.20

2 776 120 31.9 0.002 0.21

M Ansys BT RE G 48 29 B HL S A LS
TR G A [ AT 03 R IR Y, A SC LA — B4R B o 3], 25 1
— BRI T A4 e AL FIBELJE AR 1 AZ BE S A1 4R
KRN

(a) 55 NIAERE (b) BELJE A4 25 R
RAERE/m]  604.454 1813.360 3022.270 4231.180 5440.080
m— —(2)
0.76x 10" 1208.910 2417.820 3626.720 4835.630
RiAEfE/m] 605.389 1814.060 3022.740 4231.410 5440.080
—n E— — (b)
1.052 1209.730 2418.400 3626.070 4835.750

B 5 BEHRE T ERNAHIE R HIES
N EERES R (1 370 Hz)
Fig. 5 Distributions of modal strain energy of damping

material of gear steel for typical vibration mode (1 370 Hz)
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