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Influence of bearing arrangement on vibration characteristics
of rotor shaft system

LI Miaomiao, LI Zhuo, MA Liangliang, ZHU Rupeng, MA Xizhi

(National Key Laboratory of Science and Technology on Helicopter Transmission,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Taking the three-span rotor shaft system as the research object, the orthogo-
nal test method with interaction was used to analyze the influence of bearing position on the
vibration characteristics of the rotor shaft system, and find out the optimal combination of
bearing position-and the primary and secondary orders of the influence on vibration. The
simplified rotor shaft system model was introduced into ANSYS Workbench to simulate the
vibration near the critical speed of the system at different bearing positions. The minimum
vibration deformation in the first three order vortex states was the target parameter, and the
relationship between the bearing position change and the target parameters was obtained.
The results show that the interaction of bearing [ X | has a great influence on the vibration
characteristics of the shaft system, the position of the bearing | has the greatest influence
on the vibration characteristics of the shaft system, and the position of bearing [| has a rela-

tively small influence.

Key words: rotor shaft system; bearing arrangement; vibration characteristics;

orthogonal test; maximum vibration deformation
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Fig. 1 Diagrammatic drawing of three-span rotor

shaft system
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Table 1 Rotor shaft system parameters

ZH Bl
i Di/mm 15.3
Ml KE L /mm 625
M0 KE L,/mm 330
MERKE Ly/mm 27
WMESME D, /mm 28. 4
A% 1 E Ly /mm 50
Befh &AM 2 Dy /mm 44
)R Ls /mm 8
¥ #L4ME Dy /mm 150

MR T BB 1 A v AV EE RS Le/mm 68.5

g BB 2% 11 20k I BE 28 Ly /mm 150.5
AR I A b 11 A 0% 1 B52S Ls /mm 0
S S 4% W BE (K = K) /10° (N/mm) 1.7
WP SN EE K5 /107 (N/mm) 5

W = SOREE T3 R B 250 2 8 R UG
RS S AR R A TR P Y S AR B R S
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Fig. 2 Finite element model of rotor shaft system
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Table 2 First three order natural frequencies and

maximum vibration deformation of rotor

shaft system

N f~/Hz wy/mm
1 95.279 0. 488
2 136. 22 0.688
3 136. 29 0. 688
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Fig. 3 First three order modes of rotor shaft system
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Table 3 Orthogonal test level factors for bearing

position parameters

m x| /mm 2y /mm xy /mm
1 —40 —40 —60
2 0 0 —30
3 40 40 0
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Table 4 Orthogonal test scheme and results of bearing position parameters
i xy/ xn/ Tixnal/ Trixne/ xn/ Ticma/  Tixwe/ xuxma/  Tuxn.e/ w,/ £/ Hz
mm mm mm mm mm mm mm mm mm mm
1 —40 —40 —40 —40 —60 —40 —60 —40 —60 1.618  126.47
2 —40 —40 —40 —40 —30 0 —30 0 —30 3.769  123.48
3 —40 —40 —40 —40 0 40 0 40 0 3.727 122. 6
4 —40 0 0 0 —60 —40 —60 0 —30 6.915 121.71
5 —40 0 0 0 —30 0 —30 40 0 34.788 120. 32
6 —40 0 0 0 0 40 0 —40 —60 101. 760 119. 89
7 —40 40 40 40 —60 —40 —60 40 0 1.849  113.45
8 —40 40 40 40 —30 0 —30 —40 —60 1.593  112.76
9 —40 40 40 40 0 40 0 0 —30 1.523 112.56
10 0 —40 0 40 —60 0 0 —40 —30 0.500 136.63
11 0 —40 0 40 —30 40 —60 0 0 0.520 132.3
12 0 —40 0 40 0 —40 —30 40 —60 0.526 131.05
13 0 0 40 —40 —60 0 0 0 0 0.537 139. 86
14 0 0 40 —40 —30 40 —60 40 —60 0.651 137.13
15 0 0 40 —40 0 —40 —30 —40 —30 0.688 136.29
16 0 40 —40 0 —60 0 —60 40 —60 0.745 134.54
17 0 40 —40 0 —30 40 —60 —40 —30 0.823 133.34
18 0 40 —40 0 0 —40 —30 0 0 0.850  132.96
19 40 —40 40 0 —60 40 —30 —40 0 0.287 144.42
20 40 —40 40 0 —30 —40 0 0 —60 0.282 139.06
21 40 —40 40 0 0 0 —60 40 —30 0.279 137.54
22 40 0 —40 40 —60 40 —30 0 —60 0.402  157.95
23 40 0 —40 40 —30 —40 0 40 —30 0.345 152.79
24 40 0 —40 40 0 0 —60 —40 0 0.354 151.27
25 40 40 0 —40 —60 40 —30 40 —30 0.841 164. 46
26 40 40 0 —40 —30 —40 0 —40 0 0.746  161. 35
27 40 40 0 —40 0 0 —60 0 —60 0.720  160. 36
4 RIS L B ANE T 4y AR R 1K 1B s AR 2 {E K1
K. =S../9=17.50478 (2)

FE T AR R B W) 46 AL B O AL AR R LU

o HIETT AL N IE . R 4 FTRUE W BK |

KA TR RE R S AE S 1~ 9 S BlR 1K

2 BRI SO AE 10~18 Sl b, Bl R | K-

3 s R e 19~27 Sk b K [ K1
JIE T I IR B A bR 2 A S

Sii= > u, = 157.543

n=1

@)

BhR 1K 2 B BB 48 b Z A S 1

18
SL;; - Eu,, = 5. 841

(3)
oK 1 ACE 2 IR bR 2 (H K 1
Kl,ii - S].il/g = 0. 649 (4)
R T K 3 B X 0z 9 IR A bR 2 F S L
St = Dou, = 4.257 (5)

n=19

R T K 3 IRER e EIME K 1
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K = S1u/9=0.473 (6)
R 1 KR ZE Ry
R, =K, ,—K;u =17.032 (@)

[ri) BE AT Aol N1 N2 Ak 45 PR 3R K P T X
IVAURENE R R R RN v R 0 N BN T

AYFINERL 12,3 K+ S S« S 43 51 R X6t iz 7K S
TRARIRS A2, K K K 28 910 %5 B
KT R R G AR ME . S Bl R 1 7EK
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Table 5 Corresponding test index of each factor level at bearing position

Z¥ x/mm

Zy/mm xyxp/mm xyxyg../mm xy/mm xp«g.a/mm xp«ge/mm xyxga/mm xyx.:/mm

S; 157. 543 11.508 12. 634 4.183 13.696 13.820 13.729 108. 37 108. 296
S 5. 841 146. 441 147. 317 146.73 43.518 43. 286 43.746 15.519 15. 685
Sii 4. 257 9.692 7.690 7.614 110. 427 110. 535 110. 166 43.752 43. 659
K; 17.505 1.279 1. 404 0. 465 .522 1. 536 1. 525 12. 041 12.033
K 0. 649 16. 271 16. 369 16. 303 4. 835 4. 810 4. 861 1.724 1.743
K 0.473 1. 077 0. 854 0. 846 12. 270 12. 282 12: 241 4. 861 4. 851
R 17.032 15.194 15.514 15. 838 10. 748 10. 746 10. 715 10. 317 10. 290
FTAPEHTH LS MR T, MR E ®o6 HWAIXIZEEH
AR e KRR B AR T J 2 W i o A 45 28 . 4G T@le6 Begging ] X I interaction
ATLUR R T LI A BIXERE 40, — 40,0 T e
mm AR BN RS EAMEIOLE o S 1 ,a e 3o
fFF ., JU 40.40.—60mm Jrh % I g TN —10 0 4,5.6 143.463  47.821
(A= T2 B s S N OB A P R VA= = | B v Y - 0 e L ose s
B MEIE 3 AR B s BEAEALEP L X,
T < I 46 PP R oz 8 76— . 1 O T IR e 000
%GN%S,#QQIEH*H@?Q%%%,QH@4NE60 0 0 13,14,15 1. 876 0.625
F6~FK8H Sy SinSywn s A KRRl 0 10 16.17.18 2. 418 0. 806
I X1.1 XM\HXmiﬁfﬁﬁﬁfﬁiﬁﬁﬂ%jﬁ%ﬁj 40 —40 19,20,21 0. 848 0. 283
ﬂ{‘ﬂ:/;iZ*ﬂ;Kmn \K|><|]|\K[[><||I§}5IJ%%ZT_\‘%% 40 0 22’23’24 1. 102 0. 367
T XTI XM XMAEZEEERT AR KRIES) 40 40 25,26,27 2.307 0.769
TR EEFHE. NERE 4~KE 6 afLIFE
e 2 1) BB AE AE S AR L ol L 4 AT LA i ®7 WRIXAZEEA
% I E{SUJ(%Z 3,%7?(]]@7](%2 1 Eﬁ{jﬁ»lﬁjﬁﬂ‘%ﬁ( I Table 7 Bearing | X [[ interaction
D7 B OOK P 1 A ) 2 3 B0 R | SRS K xy/mm ay/mm n Sicu/mm K.y /mm
H S o] DUE L Y8R T BOKF 3 B ok [T Y 1 1 1.4.7 10. 382 3. 461
{7 5l 25 T 5 5 AR U S5 0 A £ . s wss 0150 13383
RN R 1 B UK P 1, 7 0 4 S O 1 s sk onolo ssen
AR, I 6 AT UK ITBOKT 1 s easas L osol
AR 1B 2R I8 e/ ik I BOKF- 3 B, ) ) e L oot o, 665
i T X AR T 5 ) AN B S 50 0 il o A G A2
R 1 38 S5 TR T 2., 75 05 7 T S
SEC 2RI, B S T DL i R ’ e
T o< I A 58 A A 8 S IT < T 9 56 7 ’ 2o e LT 0495
3 3 21,24,27 1. 353 0.451
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Fig. 4 Relationship between bearing | X [[ position

and maximum vibration deformation
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Fig.5 Relationship between bearing | X [l position

and maximum vibration deformation
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Table 8 Bearing [ X [[ interaction 2F —e—HE I, m=2
51| —a— K T, m=3
Zyp/mm xy /mm n Suxy/mm Ky /mm =
E 50
1 1 1,10,19 2. 405 0. 802 iz
N 13+
1 2 2,11,20 4.571 1.524 bl
R 12F
1 3 3,12,21 1.532 1.511 ﬁ 1k
R e
2 1 4,13,22 7.855 2.618 2|
A /—‘-’“ﬂ
2 2 5,14,23 35. 784 11.928 1+ — A A
= £ [ [~ 0 1 - 1 1 L !
2 3 6,15,24  157.949 52. 650 " - Y p
3 1 7,16,25 3.436 1. 145 Hifi7R M & /mm
3 2 8,17,26 3.163 1. 054 6 R I I AL S R IR 8 B 2 A 6 R
3 3 9.18.27 3093 1031 Fig. 6 Relationship between bearing [l X [[I position
and maximum vibration deformation
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Fig. 7 Relationship between bearing [ X || position

and first order natural frequency
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