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Fig. 1 Internal structure of three-row cylindrical roller bearings
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Fig.2 Model of three rows of cylindrical roller bearings under

service conditions
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Fig. 3 Axial and radial alternating forces

MR 2250 K AR
~ E-D-1
(1 -E0DL+ 1)
KD —FFEHAL , mm; —— R FAHRUKE , mm;é&——
HER /R
S HE B A IR T RR IR T 5 ORI P A B 2 (8] 4 fi
FI¥R L3R 1Y impact pRZCHE U5 AR LR PE SR ARL . Bk
SR BE TR R

(9)

1

K, = 10
" 0.13CF P +BInF,+A+8B (10
A =
8.16| 1 8.16rR,
ENI [ﬁ In0.39ENI(R, +r) + 1.15 = 0.51In (R, - r)NlJ (11)
1
B =-6.68 (12)

C:

0.43
(nowli sina )0'7 oY
L |r+r +
2 R, +r

(T]Oa)lisina)m':r—r(R r+r) :| ’ (13)

-0.03 —013
2 65705 E ( 4.08 )
’ 1-& Nl cosa

K b —— = HER AR PR R Z 1942 17 1 N N—R F
B, A sr BT YR, mm;a—HIERE A, (%) ;7
PANVE G s o—— AL, v/min ;M A B0 1 BB,

Pa-s,




63 7 TBAE . RA AL KO ALZE 3=l 7 3l g 2o 1o 54 23 A 309

3.4 REGHERITEL
3.4.1 HBIRIEGIE
WA il 7 24 B 18] 1) i 2 2 08K 2R, REAE St Al R 1 1)
Mz s R . IR TIEIRIE B T aliR shiz shing, al 1533
PRI VR T F 53 500 -
nm=;[ni(l —%cosa)+ne(l +gwcosaﬂ (14)

m

2
Ld, _[Du
n, = E.DW (n, n‘.)lil (dm cosa) i’ (15)

KA i on,—— A IMEFE I, v/min;d, —— 5 HA2 , mm.,

K U5 BU5 0 B SRR D 07 B, 9 0T A R B AT X
o,k 20 |1k 2 AR AL AR 1) v T I DR T A B
P B3z B O HA RS ST R E R 22BN TR 0.35% LU
P A 1) 5 4 PR A SR i LA SR AR B IR 22 A
2.75% VAW, 5538 sl # RV 7 Mr B B AR BOR L B0E T2 K
WL 3% = HE R VR R (7 EUAERY iz f e 1

R2 RTNRFRBEEFEESIHEENLL
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Fig. 4  Plot of time-varying response of contact force between

distal thrust roller and inner ring
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Fig.7 Time-varying response of radial roller to

inner ring contact force and spin speed
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ANALYSIS OF DYNAMIC RESPONSE CHARACTERISTICS OF
WIND TURBINE MAIN SHAFT BEARINGS UNDER
SERVICE CONDITIONS

Zuo Xu', Pang Xiaoxu'?, Zhu Dingkang', Hao Wenlu’, Yang Huiping’, Yao Dandan’
(1. School of Mechatronics Engineering, Henan University of Science and Technology , Luoyang 471003, China;
2. High-end Bearings in Henan Provincial Collaborative Innovation Center , Luoyang 471003, China;
3. Luoyang Xingianglian Slewing Bearings Co., Ltd., Luoyang 471003, China)

Abstract: To address the limitations and one-sidedness issues in unidimensional analysis of wind turbine three-row cylindrical roller
bearing simulations under single-variable operating conditions, this study establishes a comprehensive rigid multibody contact dynamics
simulation framework for spindle bearing systems under operational loading. A comparative analysis is conducted between models
incorporating and omitting the transmission path considerations. Systematic investigations are performed on cage-roller kinematic
behavior through theoretical velocity computations, simulated rotational dynamics, and acceleration response characterizations. The
model is verified through rigorous verification procedures, enabling detailed examination of interfacial force characteristics between
rolling elements and raceways in three-row cylindrical roller bearing configurations. Key findings demonstrate that transmission path
integration significantly enhances simulation fidelity to actual service environments. Distinct load-bearing and non-load-bearing zones
emerge in radial roller arrays, contrasting with the full-row load alternation pattern observed in thrust rollers. The contact force
magnitude at the radial roller-inner race interface exceeds distal thrust roller interactions by 5.67 times, while distal thrust roller forces
maintain approximately twice the magnitude of proximal counterparts. When the roller is in the non-load-bearing zone, its self-rotation
speed gradually decreases, and the degree of decrease is directly proportional to the movement time in the non-load-bearing zone. The
rotational speed and contact force of the thrust roller and thrust cage have the same alternating changes as the axial alternating load. The
rotational speed of the radial cage is more stable. When the thrust roller is not under load, the corresponding thrust cage will be driven to
rotate by the inner ring, and the rotational speed will increase.

Keywords: rolling bearing; wind turbines; variable load ; dynamic response; contact force; three rows of cylindrical roller bearings



