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Abstract

As a key core component of the train running gear, the gearbox bearing of the bogie directly affects its
normal operation through internal contact characteristics, which in turn impacts the safety and stabil-
ity of the running gear. In addition to internal excitations from the gearbox, it is also significantly influ-
enced by wheel-rail excitations during actual operation, such as wheel tread wear, with wheel polygoni-
zation being the most common excitation form. In this paper, taking the cylindrical roller bearing at
the input end of the bogie gearbox as the research object, a dynamic model is established, and the
model’s validity is verified through the velocity characteristics of internal components. Furthermore,
amethod for obtaining wheel-rail excitation based on the bogie-wheel-rail coupled dynamic model
is proposed. On this basis, the variation patterns of internal contactload characteristics of the bogie
gearbox bearing under different wheel polygon excitation amplitudes and orders are comparatively
analyzed. The results show that wheel polygon excitation induces impact phenomena in the contact
load between the rollers and the outer race within the load-bearing region. As the polygon order in-
creases, the impact frequency of the roller and the outer ring contactload rises, and as the excitation
amplitude increases, the impact magnitude of the roller and the outer ring contactload becomes larger.
Additionally, the collision force between the rollers and the cage exhibits significant random fluctua-
tion characteristics, which intensify with the increase in wheel polygon order and amplitude when
wheel polygon excitation is introduced.
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Figure 1. Parametric geometric model of cylindrical roller bearing
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Figure 2. Schematic diagram of coordinate system of cylindrical roller bearing
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Figure 3. Load of cylindrical roller
bearing

3. BHERTHARZHAT

07
C B H’E

H> e —o» B > 4k

Figure 4. Topology diagram of the vehicle model
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Figure 5. Schematic diagram of load excitation transmission
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Table 1. Bearing parameters

= 1. RS

ZH HifE B8 il
PIRIE FL A% /mm 83.5 Rk ErE 17
HMEIE B4R /mm 1135 A2 i 9 B /mm 0.05
A [ H A%/mm 98.5 Pef /() 0
VR B /A B A% /mm 15 AR R e
Table 2. Main parameters of the bogie
2. HERIESY
ZH Bl ) Bl
i /mm 83.5 — A PREEE [ MI/(KN/m) 886
L /mm 1435 ZRTECERIAKN/m) 124
4% /mm 860 TR EREAFI/(KN/m) 182
— R FREKCT NI EE/(KN/m) 919 vike st 2.429
Table 3. Gear pair meshing parameters
3 ERENESH
ZH EFhikike Wezhihe
Y%k 35 85
A7 Z L 0.225 0.024
VAVl @) 20 20
TR AL 6 6
H0 B /mm 380 380
HETE A1) 18 18
¥ % /mm 65 65

TEZERIB AT IR E N 200 ke/h N2 B8 A4S SIS0 I 8 1 % b 20 b (45 208 4 3 B 5 VR B Ak 19 % 1 30 47 L
R SHSTFREAL, AT R M. RIS o ANESIE B #AIEE o, BT EAE
[20]43 531 1«

. D
w, =—|1-—=cosa (7

2
wd, D,
@,; :E{l—(zcosa] ] ®)

IR AR B e A S PR AE 1 EE LS SR 6 P

A, o A .
He T TR L RIS X PR 2K

DOI: 10.12677/met.2025.142024 251

IR SWESSES N


https://doi.org/10.12677/met.2025.142024

i 5%

3600 30000

— {hRAE — HARE
L — HipE
3400
25000 [
& 3200} g W
3u 3:
20000
3000 ¢
2800 . . - . ) .
0.1 0.2 0.3 0.4 0.5 15008_ 1 0.2 0.3 0.4 0.5
1(s) 1(s)
(a) PREFIESESE (b) RN E 5k

Figure 6. Comparison results of simulated and theoretical values of the angular velocity of cage and rolling elements
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Table 4. Error comparison of cage rotation speed
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Table 5. Error comparison of rolling body rotation speed
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Table 6. Analysis of working conditions
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Figure 7. Contact load g, of rollers with outer ring at different orders
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Figure 8. Collision forces between rollers of different orders and the cage
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Figure 9. Contact loads between rollers and outer ring at different amplitudes

E 9. TRIBERT SMNERME T

DOI: 10.12677/met.2025.142024 254 BB TR SR


https://doi.org/10.12677/met.2025.142024

i 5%

BEAh, AL 10 AT DAOMLER 23R 15 DR KR 2R KR 8 77 (A2 1 A5 055 39 0 28 5 22 0 TR B KR AR A A
L, A Z BRI, BT SRS ) B 08 £ FR 2RI, KT 5 IR AR
fliAE ) DRI 2, RSN 2 B iR E R IR 00T, RS i &S g EH 25
PR, RYR T ORFF 2RI by SE N 5 20

Fe
180 3Bﬁm§1ﬁo. O5mm| 2 301
2160 3 IEEO. 15mm 5 :
10 1 1 1
TeH 3 IB{EO. 05mm 3MIE{EO. 15mm
%0 g gAf 230.153,
500 & AL 179.7997 28%
&0+ K _TTTTTTTTTTTTTETTTT
100 46.0066 291%
50F  @TTco--cooooopoiciciioooooooqoo--
Fe B 3FAIE{EO. 05mm 3BAIE{EO. 15mm
r 6.461 o __
o FIE 5.6126 15%
Z s+ K s
o 4t
‘ afp 28976 — |
0.0 0.1 0.2 0.3 0.4 0.5 Te#h 3 IR{E0. 05mm 3 IE{EO. 15mm

«s)

Figure 10. Collision forces between rollers and cage at different amplitudes
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