ZHUTSIE|X| M 41 HM 935 pp. 699-705

September 2024 / 699

~|ron

Korean Soc. Precis. Eng., Vol. 41, No. 9, pp. 699-705

Jm

& - E=XIE 2 Vs
}

oL x| 7|k == 83

http://doi.org/10.7736/JKSPE.024.071
ISSN 1225-9071 (Print) / 2287-8769 (Online)

(Railway Vehicle Derailment Prevention Technology)

EEI:-II% I‘Igol- OI-OI% EE.“% uI.Egl.Ik_'ll

Fretting Wear Simulation of Press-fit Axles Using an Energy Based

Wear Model

Dong Hyung Lee'* Young-Sam Ham', and Chan Woo Lee'

1 SR A7 &1 HEFHATLMIE] (Railroad Safety Division, Korea Railroad Research Institute)

# Corresponding Author / E-mail: dhlee@krri.re.kr, TEL: +82-31-460-5246
ORCID: 0000-0002-2163-9095

KEYWORDS: Press-fit axle (I21=), Fretting wear (Z24|2! Ot2), Contact pressure (R &), Slip (O]|11&),
Wear model (Ot 522, Finite element analysis (582 A8HAd)

Railway axles are among critical components ensuring safe and efficient train operations. They are particularly
susceptible to damage mechanisms such as fretting wear and fatigue. Fretting induced by high contact pressure and
microslip between contact surface can significantly deteriorate fatigue strength at the contact edge of the press-fit
section. Recent research has been conducted to enhance axle strength and reliability. However, fretting wear or micro-
crack formation at the wheel-press-fit zone of axles is still an active area of investigation. Accurately analyzing fretting
wear is challenging due to its sensitivity to numerous factors such as changes in friction coefficient, influence of wear
particles, and selection of an appropriate wear model. This paper aimed to establish a comprehensive analysis method
for fretting wear in interference-fitted axles using finite element analysis (FEA) and numerical analysis techniques. Two
wear models were applied in simulations: an Archard wear model and an energy-based wear model. Analysis results
were compared with experimental data from rotating bending fatigue press-fit specimens. This comparison will help
validate the proposed analysis method and assess the effectiveness and accuracy of different wear models in predicting

fretting wear in press-fit axles.
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Fig. 1 Axisymmetric solid element FE model of press-fit specimen
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Fig. 2 Non-monotonic variable coefficient of friction
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Fig. 3 Surface wear profile versus number of wear cycles

e

TolAe Yol Ay vhmajloly v mE Hg
Amel] 4 §9 D8 AL e 208 olga v
ASlek. B0l A8 oA P B
=4.17 x 10 L 8359} oA 74k np el 3
& A oA pe Asol7] G99 Helshe nhiEe g5
913 um Afo]Z Nojl ufe} WiSkshe the 42419 kS 21851
Om[27], uRi Abo| 2 vl Alg=o] HSl= Fig. 2 o gt

N
—r ) o
1.06 x 10

ni
1

H(N) = 049+ (3.65x 10 *N + 0.481)e(7

3. oM At

3.1 OI2 YA of| 5Zat
Fig. 32 3# #3138 180 MPa |4 Archard n}2 Hd-&
Hgao] nhm Alol2H A% BuY UhE S 3T

2 T T T T T T T T T T

—o— Predicted
Measured

Surface profile (um)

T T T T T T T T T T
0.90 0.92 0.94 0.96 0.98 1.00 1.02
Contact position (x/a)

Fig. 4 Surface wear profile after 18,000 wear cycles

T T T T T

contact edge

—o— Predicted
——————— Measured

Surface profile (um)

E T T T
0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02
Contact position (x/a)

Fig. 5 Surface wear profile after 72,500 wear cycles

Aatolrt. upE/AFa= oA 7|9k vk wdle] H-85H3H of
YA np g FUskA A-gshlet. ™A xFS HEH
o] Zoj(a = 14.5 mm)Z o] TASIHIL, x/a = 19] I
A& Eg ou|git). upi 27)oll= HE EdtolA] opR
7H Y=, uki Afo]Eo] F7Hgte| whet Ak QFHO R uhi
7F e @42 & Vel 9lot. Fig. 4 = 18,000 vk
Aol 2ol A o] AlE Aot a4 ARE Blugt Aew, sf4 2
e A Aet & dAskleh. ev Fig 5 9F Zo] mh
AtolEo] B F7HES o, HE ] npr Zlojdyt ofujet
& 2 OPEEI UhE e BEsHA ol SEl= ARE Bl

Fig. 62 off] 7|5t npit mElS 4-8-5t0] 18,000 ARo]E9]
*d= %ﬂi 2t ut PSS 2aE AIE A} vt
Zoltt. Fig. 39] Archard vhi 22 ZA7}e} vl sHH, upkgFo]
A AdpEct oF AA| ASESIck Fig. 72 72,500 Ato]Eof| 4]
TYE HE B vy oS A A ket vlagt 17
o|t}. Fig. 59| Archard u}i 2@ Ao} vl walH, o =] 7|4t uf
W omE o) upnt P4t ol & Ail= A ATel A YAzt



September 2024 / 703

e —

contact edge

—o0— Predicted
Measured

Surface profile (um)

- - : . : - T . -
0.90 0.92 0.94 0.96 0.98 1.00 1.02
Contact position (x/a)

Fig. 6 Surface wear profile after 18,000 wear cycles

2 ¥ T ¥ T v T v T ¥ T ¥ T
—— Predicted contact edge
------- Measured 3

Surface profile (um)

B R I
088 09 092 094 09 098 100 102

Contact position (x/a)

Fig. 7 Surface wear profile after 72,500 wear cycles

32 H% o BE W AN ZUE
oo

Fig. 8 = b9} Al whazt RAYsEA] of2 Agefe] dds H=
o sl Akl 72,500 AtelZe] wii FF o= Ak o8
g ddEe] A5 A sl AkS vt Zovt. vk whAy
SHA] o2 271 Aol = S B (x = 1.0 9R])olA & 1
Fol WAYBHAE, 1= 7pA] whit el Wi whevh 9 & S
Aol T3] Aasto] A5 o] 01 Feo] WAt

Fig. 59] Archard n}i2 24l & Av}= Fig. 79] o x| 7]
v ol we g At ohw o] o 27 ofSEglenz,
ol © A vepylth A 23]l
w2 g% FAUA PAE U BuolA 550 mm 914

o)1, Fig. 89] x — 0.996-0.999 9130} SjeIch. eHeie] vz
e 2 vhael 1% ghelo] FHL olRk delolx W
A8 ¢ wf, Archard Wi RE O] 79 31 Alo] S o]
X s Tioal) djEsis e Rtk tAkeE 2
Ao 1 AlolZe] nhmaks £ 4 9lA, o A Fig 49}

x%io] H]—}J-Ig].x] o}-g

Press-fit

10 : :

—c— Initial :

—— p, Archard model
§ —— p, Energy based model :
Il T i
3 | ’
S
=
7 5 |
W
: J
Q i
k3]
= ‘ P
= i
g Mﬁ
U o

R S «Tr\ .
; T T

0.96 0.98 1.00

Contact position (x/a)

Fig. 8 Contact pressure distribution after 72,500 wear cycles.

N

Yo A Ao]2e] upmaAto] 2 o EEL EA} ey,
240 F Archard ntR REL HlAFEHOZE V5= OY
of e vk e Aokl e 4 gich

Hhd, o | A 7]Hk npil A2 Fig. 69 A{Afo|E vkl <
oM oz A AISH AN, Fig. 79 JLAto|F vkt ol A
= Ag Aol A9 YxsH: AE Bt AxjolF nhn o
oo 4 uhzl 17 o= YL el ALgE 4@ v
Ad 54 uhom pekEch A@)e] vhaASE 1,000-3,000
AfolZ AtolollA FA3] #Ashal, of 5,000 AtolE ool
oF 0.5% UfEhiIct. gel%o) nhmek vish AYAIE o] 5to]
H] A9 npuAleE AlEste] niiside g, oy
7w ke mue v Agos Lk gelSe) xag vhe
FAS F ST Jor dEy, 5 o] ndls g5l

SF9IZ o) uhmalA @ 5y Bojo] B8 e Holt).

Ay m&
[

4. 4B

2 AolMe G ZHE nhe iMS flstel f3ta
adf A FAs A W L 7] 4 i B,
Archard vk 2R3} o 2] 7]RF vk 2Elg wlw EAsHelc)
3% w8 59 180 MPaollA] = REls 2-§-5to] mpit 3 A4Fat
qE o8 2xs l~o}1 I AIE Ay vlolE 9 Hlastel
[e]

=3
= U}E g e o 4T 4 Qlrk



704 / September 2024

3) Archard mhi2 HE2 AAto]F P M= oS0 & A
T, AelE GYollAe] o] IS ASHE A=
s wAdF 2] 2 niil YA Hes] Al SHA] St

4) oA 7|9k vpi BE2 upkl Afo]Zo] Frgte] whet A
o Anete] dA Tt oA, HIAR AR 2 Y vhil P4t
= & A5 5= Ao 59, vk Al wjAdY 54 vkt

=
A9 clze) ekrt g PP A0 Bl

ACKNOWLEDGEMENT

This research was supported by a grant from R&D Program
(A study on the development of derailment prevention technology
for high-speed train based on artificial intelligence, PK2303G1) of

the Korea Railroad Research Institute, Republic of Korea.

REFERENCES

1. Hirakawa, K., Toyama, K., Kubota, M., (1998), The analysis and
prevention of failure in railway axles, International Journal of
Fatigue, 20(2), 135-144.

2. Smith, R. A., Hillmansen, S., (2004), A brief historical overview
of the fatigue of railway axles, Proceedings of the Institution
Mechanical Engineers, Part F: Journal of Rail and Rapid Transit,
218(4), 267-278.

3. Lee, D.-H., Kwon, S.-J., Choi, J-B. Kim, Y.-J., (2007),
Experimental study on fatigue crack initiation and propagation
due to fretting damage in press-fitted shaft, Transactions of the
Korean Society of Mechanical Engineers A, 31(6), 701-709.

4. Nishioka, K., Komatsu, K., (1967), Researches on increasing the
fatigue strength of press-fitted shaft assembly, Bulletin of Japan
Society of Mechanical Engineers, 10(42), 880-889.

5. Nishioka, K., Komatsu, H., Morita, Y., (1971), Researches on
increasing the fatigue strength of press-fit axle: 2nd report press-
fitted shaft assembly two dimensional photoelasticity, Bulletin of
Japan Society of Mechanical Engineers, 14(73), 629-635.

6. Nishioka, K., Komatsu, H, (1970), Researches on Increasing the
fatigue strength of press-fitted axles: 3rd report, effect of tuffiriding,
Transactions of the Japan Society of Mechanical Engineers, 36(291),
1805-1811, Japanese. https://doi.org/10.1299/kikai1938.36.1805

7. Nishioka, K., Hirakawa, K., (1969), Fundamental investigations
of fretting fatigue (Part 4. The effect of mean stress), Bulletin of
Japan Society of Mechanical Engineers, 12(51), 408-414.

8. Kubota, M., Niho, S., Sakae, C., Kondo, Y., (2003), Effect of
understress on fretting fatigue crack initiation of press-fitted axle,
JSME International Journal Series A Solid Mechanics and
Material Engineering, 46(3), 297-302.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lee, D.-H., Kwon, S.-J., Choi, J.-B., Kim, Y.-J., (2007), The
effect of fretting wear on fatigue life of press-fitted shaft,
Transactions of the Korean Society of Mechanical Engineers A,
31(11), 1083-1092.

Lee, D.-H., Kwon, S.-J., You, W.-H., Choi, J.-B., Kim, Y.-],
(2009), Evaluation of fatigue crack initiation life in a press-fitted
shaft considering the fretting wear, Transactions of the Korean
Society of Mechanical Engineers A, 33(10), 1091-1098.

Zhang, Y. B, Lu, L. T., Zou, L., Zeng, D. F., Zhang, J. W.,
(2018), Finite element simulation of the influence of fretting
wear on fretting crack initiation in press-fitted shaft under
rotating bending, Wear, 400, 177-183.

Zeng, D., Zhang, Y., Lu, L., Zou, L., Zhu, S., (2019), Fretting
wear and fatigue in press-fitted railway axle: A simulation study
of the influence of stress relief groove, International Journal of
Fatigue, 118, 225-236.

Dong, Y., Zeng, D., Wu, P, Lu, L., Zou, L., Xu, T., (2024),
Numerical prediction of fretting fatigue crack growth in scaled
railway axles considering fretting wear evolution, International
Journal of Fatigue, 181, 108150.

McColl, I. R., Ding, J., Leen, S. B., (2004), Finite element
simulation and experimental validation of fretting wear, Wear,
256(11-12), 1114-1127.

Madge, J. J., Leen, S. B., McColl, I. R., Shipway, P. H., (2007),
Contact-evolution based prediction of fretting fatigue life: effect
of slip amplitude, Wear, 262(9-10), 1159-1170.

Cruzado, A., Urchegui, M. A., Gomez, X., (2012), Finite
element modeling and experimental validation of fretting wear
scars in thin steel wires, Wear, 289, 26-38.

Fouvry, S., (2023), Friction energy wear approach, in: Fretting
wear and fretting fatigue, Liskiewics, T., Dini, D., (Eds.,) Elsevier.

Lee, D.-H., Kwon, S.-J., Choi, J.-B., Kim, Y.-J., (2008), Fretting
wear simulation of press-fitted shaft with finite element analysis
and influence function method, Transactions of the Korean
Society of Mechanical Engineers A, 32(1), 54-62.

Ugural, A. C., Fenster, S. K., (2003), Advanced strength and
applied elasticity, Prentice-Hall, Inc.

ABAQUS Analysis User’s Manual, Version 6.14, Dassault Systemes
Simulia, Inc. https://www.3ds.com/products/simulia/abaqus

Lee, C. Y., Tian, L. S.,, Bae, J. W, Chai, Y. S., (20006),
Application of influence function method to the fretting wear
problems, Proceedings of the Korean Society Mechanical
Engineers Autumn Conference, 13-18.

Johnson, K. L., Contact mechanics,

University Press.

(1987), Cambridge

Llavori, L., Esnaola, J. A., Zabala, A., Larrafiaga, M., Gomez, X.,
(2018), Fretting: review on the numerical simulation and
modeling of wear, fatigue and fracture, in: Contact and Fracture
Mechanics, Darji, P. H., Darji, V. P., (Eds.,), IntechOpen.



September 2024 / 705

25.

26.

27.

. Archard, J. F., Hirst, W., (1956), The wear of metals under

unlubricated conditions, Proceedings of the Royal Society A,
Mathematical, Physical and Engineering Sciences, 236(1206),
397-410.

Fouvry, S., Liskiewicz, T., Kapsa, P., Hannel, S., Sauger, E.,
(2003), An energy description of wear mechanisms and its
applications to oscillating sliding contacts, Wear, 255(1-6), 287-
298.

Shu, Y., Yang, G, Liu, Z., (2023), Simulation research on fretting
wear of train axles with interference fit based on press-fitted
specimen, Wear, 523, 204777.

Argatov, I. 1., Chai, Y. S., (2021), Fretting wear with variable
coefficient of friction in gross sliding conditions, Tribology
International, 153, 106555.

Dong Hyung Lee

Principal researcher in the Department of
Railroad Accident Research, Korea Railroad
Research Institute. His research focuses on
fatigue life evaluation of railway compo-
nents.

E-mail: dhlee@krri.re kr

Young-Sam Ham

Chief researcher in the Railroad Safety Divi-
sion, Korea Railroad Research Institute. His
research focuses on derailment mechanics.
E-mail: ysham@krri.re.kr

Chan Woo Lee

Chief Researcher in the Railroad Safety
Division, Korea Railroad Research Institute.
His research focuses on safety evaluation of
St railway vehicles and railway systems.

\'—‘_ j E-mail: cwlee@krri.re.kr




	Fretting Wear Simulation of Press-fit Axles Using an Energy Based Wear Model
	1. 서론
	2. 유한요소해석 및 마모해석
	3. 해석 결과
	4. 결론
	REFERENCES


