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Analysis on the Running Stability of Rolling-stock according to Wheel Profile Wear
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To analyze the effect of wear of wheel profile on the running stability of rolling-stock, theoretical
and experimental studies were conducted on the profiles used in conventional lines. In
experiment using 1/5 scale model to verify the results of the theoretical analysis, the fest results
of the critical speed for worn wheel profile samples show similar trend. In case of the conical type
wheel profile(Profile 40}, the equivalent conicity is increased with flange wear. But in case of the
arc type wheel profile(Profile 20h), the equivalent conicity is decreased with flange wear. And the
critical speed of the bogie was inverse proportion to the equivalent conicity. It is shown that the
variation of the critical speed with the wheel wear could be changed according to the design
concept and wear pattern of wheel profile. Results of the theoretical and experimental studies are

discussed here.
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Fig. 5 Wheel dimension parameter
Table 1 Worn wheel profile samples
Profile | Sample FT FH qR FA
K41 3293 | 26.62 | 10.26 | 66.65
Wom Ty 3001 | 2621 | 778 | 7692
Profile
40 K43 2770 | 26.57 | 5.18 | 76.80
K44 2535 | 27.02 | 494 | 77.10
H21 35.30 | 27.47 10.3 70.53
Worn [ yy | 3444 | 2747 | 977 | 7133
Profile
20h H23 33.00 | 27.84 | 837 | 75.49
H24 31.28 | 2942 | 7.72 | 76.18
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Fig. 6 Dynamic model for critical speed analysis
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- time o =1

- length 0 =0

- velocity 0, =p

- acceleration 0, =0

- mass o = (03

- inertia 0 = (/)5

- stiffness o, = (03

- gravity 0, = 1

- Young's modulus @, =

- Poisson’s ratio 9, =1

- wheel load Py = ¢,3

- contact area Do = ¢)2.67
- creep coefficient P =P = ¢2.67
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Fig. 7 Flowchart of the critical speed analysis

Table 2 Parameters of the bogie model

Parameter full scale 1/5 scale
bogie frame length(m) 2.97 e | 0.5%
bogie frame width{m) 1.97 Ve | 0394
bogie frame height(m) 0.75 Ve | 0.150
| Bogie semi wheelbase(m) 1.05 Ve | 0210
Wheel radius(m) 0.43 o | 0.086

Lateral semi spacing of

primary spring(m) 1.0 e 0.2

Mass of wheelset(kg) 1687 |1/¢’| 135
Mass of bogieframe(kg) 2150 \l/¢| 172
EE:;E;’;E;O? mertiaof |y oas et | 0334
ggeﬁzrf:?;g“fn ‘z’;"ma 1 015 1er| 0.965
Stiffness of primary 6.7e6/ 1 5.4e4/
spring(N/m): x/y 4.9¢6 3.974
Young's modulus(N/mz) 2.07el1 1 | 2.07ell
Gravity(m/s* ) 9.8 1 9.8
Gage(m) 1435 |(1/¢| 0.287
Flange-back distance(m) 1.354 11/¢ | 0.2708
Roller radius(m) 0.75 Ve | 015

Roller profile
Wheel load(N)

60kg rail | 1/¢ | 60kg rail
47,850 |1/¢ | 1084
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Fig. 8 Limit cycle diagram for worn Profile 40 samples
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Table 3 Simulation results for worn Profile 40 samples

Critical d(m/s) Variation of
i ri e s
Sample Equn.'a‘lent et spe critical speed(%)
conicity
full scale} 1/5 scale jfull scale}1/5 scale
K41 0.049 68.0 16.2 100.0 | 100.0
K42 0.125 41.0 8.8 60.3 543
K43 0.163 37.0 8.3 54.4 51.2
K44 0.138 51.0 12.5 75.0 77.2
2] 31 Fig. 9 9 Table 4 & Profile 20h T}E A
ZE Ao 3 full scale REH 1/5 scale ZE
date) 78 SAERTH % AASE N A

olth, Wl Profile 40 A& W)g UAL T A4
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I UeE L F A
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Profile 20h #&9 F7hddFuls 2388 H2t of
viake] H22, H23, H24 9] A9 #AEE EA4d 7]
U3 Aijolty. & Y¥tH]l 4FE AEYWIY
& viRd wE FIFEETFEL 270 wiEtd F
bt Aee Bdo] wsle 938 Profile 20h
GEELE 27 FEAETEE 3A AA A7
ol wtee] wet FrigE T Aot

@ 4 gl

Table 4 Simulation results for worn Profile 20h samples

. Critical d(mis) Variation of
Sample Eg:g;lgnt ritical speed(m/s critical speed(%0)
full scale] 1/5 scale|full scale|1/5 scale
H21 0.395 37.0 8.5 100.0 | 100.0
H22 0.216 485 10.8 | 131.1 | 127.1
H23 0.197 46.5 109 | 1257 | 128.2
H24 0.240 39.0 8.9 105.4 | 104.7
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Fig. 9 Limit cycle diagram for worn Profile 20h samples
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