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Fig.1 Wheel polygon measurement site diagram
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Fig.2 Wheel diameter jump of vehicles with different run-

ning mileage
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polygon order
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Fig.5 Change of wheel radius wear with the driving distance
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Fig.6 Low-frequency vertical vibration model of vehicle with

wheel polygons
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Fig.7 Wheel polygon schematic
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spectrum of car body

F T 10 AT AT, 42 ARG 01 e o 6 4 W44 % o A
PEIR B AN FRRAE S0 B o 6 NI ik 3h Bt o, 4 Ak ik
A5 7 5 ] A Y 3R B 1 o e Ty R AR — B 7
SR R Sl B PN P A IR ) U Bl R R A KT
A, X0 I A R B B R B R 2R 7 AR IR B
B F B Ay, HAE R 1B A R 10.2 He, 5
T B 22 48 22 3008 S R B 33 o & 5 e 2 1k
R 3h 1E— 25

B4 255 A7 U % N 80 km/h, 7ERE B (4 55 1 %l
B A0 Tt I E AR R 0.1 mm B YR K 1~3 By B AR B 4
BZNIEE, W 1~3HM M LR ZhE 5 EE
5 G5 HE A 1 254 0 R Ty R I B vk AR AR
& 1117w .

10°

AR LIE 2
WEEE onms

&N
252 Hz

| — 1 Z N+ HE
—= 2 Z AR
NS Tp | At 87 .
10° 10'
f/Hz
B T1 A e J3E oy 3R 335 Bt o v A Ak ]

Fig.11 Diagram of car body acceleration power spectrum

ik pE Th &R /
((m-s*y-Hz")
5 3

with order



55

TRALE , 45 4248 22 TR0 Hb Bk 7 4l 4 (AR AR 03 I 3 ) 52 ) 957

H B 1L A5 5 IR R Z B AE )G | 21K
T B ) e v 25 0 4 R 2 0 O A R i 0
(L, L2080l A1 238 18422 3 2 R v i sl B %, JHC T i
BB AL 04 A2 R fin 3 32 ) 225 i {8 OK . 80 km/hig
TR T LB &5 2 008 7= 25 09 3 i R
8.4 Hz, ML T 2 . 3 B 456 2 1 IW 1 S b 431 2%, i 4
FET S AR SR IR B A 38 10.2 He, R 1B 42 %8
Z U AE 0 R AR A I (E B R F 2 3B R
A UL AR B A2 5 22 10101 23 ) 25 A 0 v iR Bl L G
il A0 3k i 3 A SR i Sl AR W Y AR g 230
T 5 | R 1) ZE A R sl bl Ji) 224

MK AR AS AT o [R5 B 2R I [ A LA R
T35 Jih R 2 A IR AR 7 A SR VR L SR T IO AR
IR A% 11 J5 25 1A ik s AR 4k, DL 3E B S G 1R b [ A

BUIE NS T R L 25 0 b Ak A G h R s AT e
Ay BN A5 2 i Y 5 55 [ 5 AR Y 42 1A T R
T W 12 R

Kl 12(a)~(c) HRT 3B E4 2L 53 E 59
TR 0 A T R (D)~ (D R 2
JEHAMAE 45 . 5 2B AR N B4 IR 1 1o 7
o A YRR R O TR R R TR R G A T R
B BT SR 2 rp SR R W . A X L
[l (a) A1 (d) (B (b) FiCe) (B (o) FICD JgmT 50, 5
ZWIE 5 EESYIEME T, F 5 208 R
DB ATRATY AR A o 3K U0 B 258 22 30 TR 7 22 40 iR A%
AR — BB, 2 WAL I & R RS R AN T
ZAR I AN A L 1 B A 2% R T 5 2 A A T Y
W 5 G PR T M AR I B AR 2 A BLIEAT T

N N
5 &
- I ks
g (@ 1M £ )
~  (a)Order 1 whedll ~  (c) Order 3 wheel polygon -*f A]ln?e{ri'can
HO five-leve Ho five-level spectrum | 1 | |
LS I S [N
=) 10* R 10" 1 : { : :
= 10 = 10°F 126HZ/ . 11252 Hz
® 100k 0t ’ \G |
R 101 TR QO ——— S
-12 12 L S
107 0 107 0 10’
f/Hz f/Hz f/Hz
(d) 1B £ (e) 2B Z31TE 0 3rEHE
(d) Order 1 wheel polygon (e) Order 2 wheel polygon (f) Order 3 wheel polygon

~- 80 km/h; -=-+ 70 km/h; — 60 km/h; - 50 km/h; — 40 km/h
P12 % 23000 53 W 5 908 15 F Y 22 1 2 3235 0 1o

Fig.12 Comparison of car body power spectrum with wheel polygon and American five-level spectrum

o N B 2B AR T, I BRI M7 Ml S B 7R
BEZNVSERRHM LR, HE 12(d)~ (D7)
A2 1B A 2 3008 B SR AR RS R O 4.2~8.4 Haz,
Wi 5 T 384 0 2 A Ty SR i b 39 A, LR R i R A )
o 1 B AR R, R 2 51 A R M SR 5 3 B
KR Z B WA R L R 12.6~25.2 Hz, £ &
KT AR % 2y 45 232, B o T3 15 0 328 15 7
T 1B v SR PR A B 5 2 AR B 2 By 2B L
A R R AL T 8.4~16.8 Hz TG N, & 7 35 4
A M R R A 7R XA R X TR N 2 B A £
TE 5| A 1) 2 A4 0 o 3k 5 ) R e K B S R
TR R AR PR B RGP EM . T2
By 458 22 0 A6 50 km /b 3 BT Y 350 A R e B2
R A A DR O AR R Bl X 2 B A 2 ih
T 1 U B 2 50 km/h

T AR 2 P AR R A S W Y ST
JRSEHE ¥ R e 208 o FT 2528 . it
— 7B BT 3 By Z2 Y 42 HE B 4L RN 2 2 07 AR B
Gl R B R AR AL, P 13 TR . i AR 2
RFEIE R ZINAE R 2 e Z IR AE TR

\
R
AT

o?'o"\‘ur

P13 Ao At B 2 Jr AR B 4 3 | 4 e B kAR AL ]
Fig.13 Variation diagram of car body acceleration root mean

square with vehicle speed and wheel order



958 oo oWl 5 2 W 545 %
A 4 R e D W DO ) AR
B399 B A 75 AL 2 B A6 2 30 TR )L fa
£
32 ERERXERIRDHZM 2
=
bt A pIE T LR O, R B 2 =
FR ot IR R MW . b T BT A e

Z IV 1 B 40 A2 A0 6 A A A8 AT T AR R S ) 1
BE A R 041 m, BEIE R Z B IRME N
0.1 mm, A4 17 B Ry 80 km/h Y 1 By A48 2
R BE R 50 km/h 1 2 By 4 58 Z2 5 I Sk F 5
G, %F H B A £ 3 T B IH A AR 00 AR o R
B 14 Fis

10— EnerER
......... mgﬂﬁfxgiﬁﬁé: ﬂﬁgw H%g
—E IR |

—_
(=1
ES

g _'""2["‘5:11%%&35%

JNEEFEETERIE / (m-s7)-Hz ")
=
EN

._.
S
&
o

9 10 11 12

Bl 14 & B4 2 0083 H 250 09 42 (R D R 3k
Fig.14 Car body power spectrum of old and new wheels

with wheel polygons

H ] 14 R, A0 B 4 o B R AR50 2 P 1
Jil AR AT 1.2 By A2 %6 2 3V Bh #2 3 5 B8 4
A1 By 325 45 R 10.2 Hz, JE 1 o2 4248 2 1 B 5t 42
ARSI IR Sh i sg . i — SRR R R SIS SR £
hiﬂxﬂﬁw&%v&@ﬂﬁﬁfﬂn W TH S S £
HTCAE R 220 Jn ok B 24 07 R i o L AR AR Y
A4k, W 15 FEs o

i &1 15 (a) AT, 24 3 78 40~80 km/h i H
WL 1B %6 22 30 T8 A R 22 R 4R 2 Jin e 35 O AR
5 0 R 0 4 34 B OE A G 156 B A e o A
Hb Ak A 5 A R B BE A% 0 1 B AR B &2 i 8 R A A iR
SVER . M 15(b) AT, B 58 IR 55 F L2 B
iiﬁﬁﬂﬁ/ﬂaﬁﬁEﬁ$1¢ﬁnﬁfiﬁﬁm%VFi

T ERT2Hh £ 2h ﬁ%@ﬁﬁﬁﬁ

50 km/h, b & 46 0F — L BB, EERX 2 EiR 2
1% B BURGHE B2 S Sk 40 km/ho B 15Cc) AT AT, B
RN, 3 By 45 £ 0 Y 6 AR AR B 1 5
i) 32 80 38 K, 3 B 4 48 2 00 Y 78 42 40 ™ 5 B S
BT 30 km/h B UG B X AH AR 3B SR 2B
A R 118 VKD A 40 3T A AR A iR Bl A AT AR B
TR S

Y 40380

(a) 1B ERZNIE
(a) Order 1 wheel polygon

&
B
=
B2y
=
tg
=
2. . p |mﬂ\
4y 30380 ¥

(a) 2K R Z WY
(b) Order 2 wheel polygon

I IR / (m-s”)

@
5, 20
107380 2

(a) S ERZMIE
(c) Order 3 wheel polygon

P15 R A i B2 4% 5 AR 2 | e AR A AL 1A

Fig.15 Variation diagram of car body acceleration root mean

%a@’@ |

square with vehicle speed and wheel radius

ZE TR Rk AR K N IR A S B R I
ﬁé‘)ﬂz J\,Mﬁﬁaﬁﬁiﬁmzﬁﬁzm%wﬁﬁwﬁ% =
aﬁ%bnlﬁu 1B %25 2 h J8 X 22 1 R 3h 1 5%
AT ISR 3 B R 2 i B R A AR B AR
ﬁ"**éa Wl A T RN 2 By B fe 2 A B

1) WF5E 7 58 Bk 42 5 1~3 [ 42 58 2 i B R 4t
B A IRABE R b 448 2 R AR R G AR B
Rk, 8 Bk 42 3h 1y AR RE B i 95 1k o IR A4 30



55

TRAHE 55 4240 22 30 T8 XoF b Bk 4 00 2 MRS 4 5h £9 52 i) 959

2 B %6 22 3008 X A5 PR AR A ik 2l 52 e e KL BE B IR
& ot B R AR W EE BEARXT 2 B A 2 B
A BB B 50 km/h B %8 40 km/h, 76 = 3 B 42
e B 5 BRI R 1 B B g 22 30 T R B R iR 3l AR
Mo 3B 4450 2 08 76 4250 7™ S S 45U BRI Y
30 km/h UG B

2) MR 4 A IR A% Ao AR AR e A ) R AR ) AR
P AN R R A BB L, B 1) R B Oy A 2 B
PG, A5 1) B 400 2% LA R A 2 AR R0/ 0N | T 2 5 e AR
AN DN e SIS AN L R I ]
Bl 25 BE ML A AR P DR AR B 9T 4 e 2 T [n)
BB e R R R 2 AR 2N REG R 1
10.2 Hz = PR gt 2L 4 (] B0, 4 % 428 s 40 ok R 34 n
TAEPRM AT RE M, N AL IR R T S R £
SIS

3) Bifi 5 MK G AR AS AT U ) R AR B 2
NI 2 7= 0~20 Hz WIS B0 o 224 12 3 4 0 o
LI T 44K 1 B 3 45 00 % 10.2 Hz B 23 77 A4 gk 81
G, Bl 4 A A i Sh ) 52 e 3T 7% 7R Ak AT E M
PRI, O 38 o % B 4 6 A AT 0 4 T Bk e (I B 2
TV 0 S A 5 A A R 7 A [ A AR

z % X H

(1] s, &3, AR AEREBE T ZXNNBERL
IR RENPETET]. g4, 2017, 39(5): 57-61.
SU Jian, LI Li, CUI Dabin. Study on influence of turn-
ing repair operations on wheels with initial polygonal
state [J]. Journal of the China Railway Society, 2017,
39(5): 57-61.(in Chinese)

[2] FBIH . EW-PUERG 2 ) He kRS TR Sk

[J]. B, 2022, 67(32): 3793-3807.
ZHAI Wanming. Development of vehicle-track coupled
dynamics theory and engineering practice[ J]. Chinese
Science Bulletin, 2022, 67 (32) : 3793-3807. (in Chi-
nese)

[3] &y, S8, WK, &5 & E 8 45 208

K& HLER 52 W XS 3 A [T ], ALBR TR 24, 2020,
56(16): 118-136.
JIN Xuesong, WU Yue, LIANG Shulin, et al. Charac-
teristics, mechanism, influences and countermeasures
of polygonal wear of high-speed train wheels[ J].
Journal of Mechanical Engineering, 2020, 56 (16) :
118-136.(in Chinese)

(4] JRipsfe, W%, T8, % BUE S 4R 208t
g ik e [J]. 22 il s R 2 i, 2020, 20 (1) -
102-119.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

ZHU Haiyan, HU Huatao, YIN Bichao, et al. Re-
search progress on wheel polygons of rail vehicles [J].
Journal of Traffic and Transportation Engineering,
2020, 20(1): 102-119.(in Chinese)

P DAL, R, 4oy R TE 4 2R A A B A e
& R B K A5 ) 45 s A9 50 R SR LT ). BLAR T AR 2 i
2021, 57(6): 106-120.

TAO Gongquan, WEN Zefeng, JIN Xuesong. Advanc-
es in formation mechanism and mitigation measures of
out-of-round railway vehicle wheels[J]. Journal of Me-
chanical Engineering, 2021, 57 (6) : 106-120. (in Chi-
nese)

TAO G Q, LIANG X,

investigation into the mechanism of the out-of-round

WEN Z F, et al. An
wheels of the metro train and its mitigation measures
[J]. Vehicle System Dynamics, 2021, 57(6): 106-120.
BB, R, S, F L R ZIVERS X
SC R R R Sy Hr LT 4R 3 Ok 5 2 W, 2020,
40(1): 48-53.

ZHAO Xinli, WU Yue, GUO Tao, et al. Statistical
law of wheel polygon wear and analysis of key influenc-
ing factors [J]. Journal of Vibration, Measurement &.
Diagnosis, 2020, 40(1): 48-53.(in Chinese)

TR, B, Wk, 5. RE EERLZINEE
FE T AE AT O [T, HUAR TR 22 4, 2020, 56 (22) -
184-189.

DING Junjun, YANG Jiuhe, HU lJingtao, et al. Evolu-
tion of the polygonal wear of high-speed train wheels[J].
Journal of Mechanical Engineering, 2020, 56 (22) :
184-189.(in Chinese)

PENG B, IWNICKI S, SHACKLETON P, et al.
Comparison of wear models for simulation of railway
wheel polygonization[J]. Wear, 2019(436/437): 203010.
X ar, FTIAL, 1 E, S s SR T R A T
MRy vk X e LS A A AR T [T ] 4R 3 5 o
i, 2021, 40(10) : 150-158.

LIU Mengqi, TAO Gongquan, XIAO Guofang, et al.
Influence of wheelset and track modelling approaches on
wheelrail dynamic interaction under the excitation of
medium-high frequency[J]. Journal of Vibration and
Shock, 2021, 40(10): 150-158.(in Chinese)

LAN Q, DHANASEKAR M, HANDOKO Y A.
Wear damage of out-ofround wheels in rail wagons
under braking[J]. Engineering Failure Analysis, 2019,
102(2): 170-186.

MA C Z, GAO L, CUI R X, et al. The initiation
mechanism and distribution rule of wheel high-order
polygonal wear on high-speed railway [J]. Engineering
Failure Analysis, 2021, 119: 104937.



960

/) I

w5 2

W 945 5

[13]

[14]

[15]

[16]

[17]

[18]

[19]

RN, B, XIRA . F -2 AL 4 58 PuaE "
B RGN R 2N F RN [T]. Vs SR
i, 2019, 39(2): 1-6.

LEI Xiaoyan, YANG Tian, LIU Qingjie. Dynamic
analysis and out-ofround wheel recognition of "body-
out-of-round wheel-rail" coupling system[J]. Noise and
Vibration Control, 2019, 39(2): 1-6.(in Chinese)
TR, SR, g R 4 AR 2 0T IS AR X R
P J e [T]. g E 4R, 2017, 39(10) : 26-32.
YIN Zhenkun, WU Yue, HAN lJian. Effect of polygo-
nal wear of high-speed train wheels on vertical force be-
tween wheel and rail [J]. Journal of the China Railway
Society, 2017, 39(10): 26-32.(in Chinese)

MU J, ZENG J, WANG Q, et al. Determination of
mapping relation between wheel flat and wheel/rail
contact force for railway freight wagon using dynamic
the
Mechanical Engineers (Part F) : Journal of Rail and
Rapid Transit, 2022, 236(5): 095440972110303.
OGN, SRBE, S AR AR R X e A 4 R
SR AR W [T]. W S iR SR, 2014 (4) : 10
13, 23.

HAN Guangxu, WEN Zefeng, ZHANG lJie, et al.

Influence of out-of-roundness of wheels of high-speed

simulation[J]. Proceedings of Institution  of

trains on interior vibration and noise[J]. Noise and
Vibration Control, 2014(4): 10-13, 23.(in Chinese)

P DA, JE/NUL, JAb B, 45 B TR Mk 4 A Ok ] ] A
SrmTLT] HUBE TR 244, 2020, 56(14): 152-160.
TAO Gongquan, ZHOU Xiaojiang, ZHOU Yeming,
et al. Analysis of the wheel outof-roundness of type B
metro train[J]. Journal of Mechanical Engineering,
2020, 56(14): 152-160.(in Chinese)

TAO G Q, WANG L F, WEN Z F,

Measurement and assessment of out-of-round electric

et al.

locomotive wheels[J]. Proceedings of Institution of
Mechanical of Rail and Rapid
Transit, 2018, 232(1): 1-13.

SOARAE, SOKE, WIERE, B IE G T IR
L N N 1 il R S D M 3 IR R L T
2019, 38(21): 97-103, 125.

GUO Linsheng, WEN Yongpeng, SHANG Huilin, et

al. Vertical vibration characteristics of urban rail elastic

Engineers Journal

vehicle body with under-vehicle equipment[J]. Journal

[21]

[22]

[23]

of Vibration and Shock, 2019, 38(21) : 97-103, 125.
(in Chinese)

o MO, SCOK E ., FEk, SR I XL Pinned-
pinned #% 2 40 &l AT 52 [T]. 2k 8 Bl 2 5 TR % i,
2020, 17(8): 1935-1942.

JI Zhonghui, WEN Yongpeng, WENG Lin, et al.
Study on the lateral and vertical two-direction Pinned-
pinned vibration suppression of rails[J]. Journal of Rail-
way Science and Engineering, 2020, 17(8): 1935-1942.
(in Chinese)

B EW-EOER G S (ML AR deat: Bl
AL, 2015 26-28.

ki, mail, FE, SIS T AT 208 £ X
5 B0 3 A5 AR T AR T 52w B 5T LT]. PLBR T AR 2
2023, 59(8): 196-203.

GUO Xinru, YANG Yunfan, WANG Chao, et al.
Influence of wheel/rail dynamic interaction induced by
polygonal wheels under braking condition[J]. Journal of
Mechanical Engineering, 2023, 59 (8) : 196-203. (in
Chinese)

TR, B, AW, L ERZHIEHN T R R
6] SR R s AR v T 0] kil 274l , 2022, 44(9)
26-32.

MAO Rancheng, ZENG Jing, SHI Huailong, et al.
Vibration behavior analysis of high-speed bogie frame

Journal of the

under wheel polygonal excitations[J].
China Railway Society, 2022, 44 (9) : 26-32. (in

Chinese)

E—EFE® T IRALE, P, 19984 7 A
As L o RST8] S T T 2
WEW AR Z DT

E-mail :1623258409(@qq.com

BEEEE T SOKE, B, 19794 10 A
Az W RIVBR . EEWES T
PUIE 250 F2 G ) ) 2 30008 S5k IR A% 1 e
HAL LRGSR 4
E-mail:yp_wen@163.com



