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NATURAL FREQUENCY ANALYSIS FOR TORSIONAL VIBRATION OF A
GEAR-ROTOR SYSTEM WITH RANDOM PARAMETERS
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Abstract:

for the torsional vibration of a gear-rotor system with random physical and geometrical parameters. Its stiffness

Based on the generalized random factor method, the time-variable natural frequencies were analyzed

matrix and mass matrix were discomposed into a sum of matrices with same random factors, respectively. Based
on the Rayleigh quotient formula, the natural frequencies of the system were changed into a sum of partial ones.
And then the mathematic characteristics expressions of the natural frequencies were obtained by utilizing the
algebra synthesis method. Finally, an example showed the influence of the randomness of the physical and
geometrical parameters on the natural frequencies, and verified the feasibility of the proposed method.
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Fig.l1 Themodel of torsional vibration of gear-rotor
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Table I The results of this paper method and Monte Carlo
method on the second natural frequency of the system

AR V=01  v;=01 v;=01 v, =01 v;=01
o 2.7862 2.7543 2.7681 2.7581 2.7829
A 0.2637 0.1343 0.1337 0.0006 0.2477
. 2.7861 2.7541 2.7676 2.7579 2.7732
MC i
0.3461 0.1369 0.1460 0.0008 0.2849
TREH  v,=01 v, =01 v;=01 v,=01 V=0
K 2.7580 2.7580 2.7579 2.7580 2.7580
0.0002 0.0007 0.0008 0 0
MC K0 2.7580 2.7580 2.7579 2.7580 2.7580
0.0002 0.0008 0.0010 0 0
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Table 2 The results of all natural frequency of the system
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0 0.1337 4.7728 23.8654
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0 0.0006 118.9087 183.1916
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0 0.0002 37.9392 69.9580
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0 0.0008 0 0
BEHLELR v, = 0.1 0 2.7580 859.2869 1589.1763
0 0 7.6082 12.0340
BRI v, =0.1 0 2.7862 836.0550 1545.9736
0 0.2637 124.8421 195.3359

B2 200 T G P G I K,
BEALAZ BB ERE I (] (A k. b T brikide
MR 5 AR IS A2 SR 5 B B (R 5, 18] 3 2t 17 &R
e 2 B A SR B LA R (I EAE Bk S
JES A IARA 2 bl 2 FHE 3 W e I BE B4
Bl () A 2B A4, HAE RO AS NG 15 I 2 R AR



T &

i 2 177

Az AU, 52 B AR EE AR A A
(G A I E b, IO EAR a3 e 4 — B 1 22 K
JEXFER 3 B 2R 4 B [T AR IS AN AR W
FENERE 5 AT ITANIR, (HEL AT ) A2 4
L5 I AR W B ) AR 3R e 4 — U

1400

1300}
= 1200+
1100+

1000

PG E R &

i

900

800

700 U DR

0 03 04 05 06 07 08 09 |1
(< F )

B2 mEE NI k, B AR 25

Fig.2 The change curve of £,

0.1 0.2

2'00 01 02 03 04 05 06 07 08 09 1

o/ (fi5 = Ji 1)

35 2 B A R A AR A £k

Fig.3 The change curve of the second natural frequency

5 it

(1) ASCHENUE 3 545 545 Monte Carlo
BTV 0 48 B & B 0T, E ) T BEHL S -
I R AL B 7 P SR AR VI T

(2) FRG WA B [ I A5 5 A 0 e T £ W1
FERI A PE . 6 BRGSO B i o, S
Y SE Ay AN RN Z0CRLE), AL A 3RAT BUAR I
200 (Ao ) A7 S 0 B A

(3) VELLE R, YA S HO AT B
I, RARASRI B, ST 4R,
1 Wi - T R AUV RUBIAE N, b T 47 Hh 42
I s T RS A S 1 4O, 200 R T R
LR A B, SLUOR RIS o ek, 1
ROAT AR R G LT ST 0 TR B

() FR Tl L O P T L £ £ O E K

12, FrUARGTHIEE 3 B 56 4 Bl A S 2L 5
2 BriEA MR K2, IF HS WA RSB
PEXS SR 2 B AT A5 (R 5 2R LY, 15 A O 1)
ZHUBEHLTEXS S5 3 By 55 4 Wi R 400 1 5 i 22
KL DA £ (10 I AR A BE XS 55 2 o 1 A7 404 5 i
WA, V2R 3 By o5 4 BirfEH AR s A ]

S K

(11 27, EE%F. Wi R e — kg il s
M]. %5 1 hR. dbxt: REZEHRRAL, 1997.

Li Runfang, Wang Jianjun. Dynamics of gear system—
Vibration, shock and noise [M]. Ist ed. Beijing: Science
Press, 1997. (in Chinese)

[2] sk, EVE ARBDA N BT[], MUK AR AR,
1986, 22(3): 58—65.

Zhang Yongzhong, Wang Hong. The dynamic stresses
analysis of tooth root [J]. Chinese Journal of Mechanical
Engineering, 1986, 22(3): 58 —65. (in Chinese)

[3] Lee A S, Ha J W, Choi D H. Coupled lateral and
torsional vibration characteristics of a speed increasing
geared rotor-bearing system [J]. Journal of Sound and
Vibration, 2003, 263: 725—742.

[4]  WRCEAR, E=R, s RS EIH T RAa S

H 5 iR 30 23 M (K i v oCVA D). WA s J A4, 2005,
20(3): 537—538.
Ou Weilin, Wang Sanmin, Yuan Ru. Shaft element
method for the analysis of lateral-torsional coupling
vibration of a complex gear-rotor system [J]. Journal of
Aerospace Power, 2005, 20(3): 537—538. (in Chinese)

[5]  JERE, ot BR DAk, Z VAT RBEH T R2ED
PRBNEFPE W], Hesh 5o, 2007, 26(6): 21—25.
Pang Hui, Fang Zongde, Ou Weilin. Analysis on
lateral-torsional coupling vibration characteristics of
multi-parallel gear-rotor system [J]. Journal of Vibration
and Shock, 2007, 26(6): 21 —25. (in Chinese)

[6] BT, PRIL. S5HIBEHLIIHTIN Monte Carlo AU (H %
). h5gif 2% R, 1996, 13(2): 193—200.
Zhao Lei, Chen Qiu. The weighted residual method by
Monte Carlo for random numerical analysis structures [J].
Computational Structural Mechanics and Applications,
1996, 13(2): 193—200. (in Chinese)

[71 Chen Suhuan. Matrix perturbation theory in structure
dynamic design [M]. Beijing: Science Press, 2006.

[8] HHNM, BREZE, 1RV 5. BENLZHCF TH RIEE 45 1) 50

R IBENL N 195101, HUMGEREE, 2006, 28(2):
196—200.
Hu Taibin, Chen Jianjun, Xu Yalan. Random factor
method for frequency characteristic analysis of stochastic
frame structures [J]. Journal of Mechanical Strength,
2006, 28(2): 196—200. (in Chinese)

[9] Chen J J, Che J W, Sun H A. Probabilistic dynamic
analysis of truss structures [J]. Structural Engineering &
Mechanics, 2002, 13(2): 231—239.

[10] A%, HUbRS 854 R T SErEM]. 922 G2
TRHERE R, 1994,

Chen Jianjun. Reliability of mechanical and structural
system [M]. Xi’an: Xidian University Press, 1994. (in
Chinese)



