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Wheel polygon order prediction based on grey neural network
SHI Mindong, XU Mutian, ZHU Wenjie, CUI Yue, ZHANG Cheng
(School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Aiming at the development trend of the wheel polygon order, a high— precision wheel circumferential irregularity
detection equipment is used to measure, and the detected historical data is integrated, and a grey neural network —based wheel
polygon order prediction model is proposed. The model makes full use of the grey model’s small computational load and does not
require a large amount of sample data, as well as the strong nonlinear mapping ability of BP neural network. The model is used to
predict the irregularity data of each sampling point in the wheel circumference, and then through Discrete Fourier transform, filter
processing are used to obtain the roughness grade of each order of the wheel, so as to judge the development of the polygon order of

the wheel, and to a large extent solve the problem that the wheel is not repaired in time.
[ Key words] polygon order prediction; grey theory; neural network prediction
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Fig. 1 The 1* order is not circular
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Fig. 2 The 2™ order is not circular
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Fig. 3 On-site collection of wheel roughness wear

HOLIER G
fie
BBz
Y X
2Y
R

B4 FRERNEHZE
Fig. 4 Measuring method of wheel diameter
HIET 4 B, 2 AR r 2 AP Z
A1 B R 2V, OB RO R I i1 5 %K
SO X o0 0% TS S DN P 4 4 I v 9 1
TR R, AR e A R P AR e A, RV AT 45
getee, b Y X o IEUE R PSS BT E
AR ) B HEA
R+ =YV +[R-(X-x)1" (1)
G
VVP+(X-x)2-/

k= 2(r + X — x) (2)




78 oBe

2N A | S T A ¢

12 %

2 ZAtEE GM(1,1) T4 BY f 3 57

RGN RER , 5 AR 2 B iRk i) &
JEde— M PE R KO RGE, Hoh, R0 B A SRAE S
TJ?WE;EE 5B I E SR R R K
OAFR” A BEXS B AT 1952 il R 3R 647 58 & o3 o
%u%*ﬁi?%ﬂﬁ/ﬁﬁk}%tﬁiﬁyxﬂﬂﬁﬂFﬁUﬁJ
JE2% &, I a] ) 28 A 2 S i 42 %6 22 30 [ ik A2 A 1Y
HERR, BT HRKORGEHRNH T 482
BB U B T , BE % 1 A T % R, X
GM(1,1) &iﬂmﬁi,l_@%, HIERSEIRIT

TR S TINBARA X &4 n D
g 00X = @ (1) 1 (@2) @ (n) 15
Xfﬁﬁbﬁﬁmmﬁ%ﬁﬁ%’ibﬂﬁfﬁii iﬂﬂﬁé‘wﬁ?ﬂ
M

X(l) - [x(l) (1) ,x(l) (2) ,---,x(l) (n)]

(3)

Hep, 2@ (k)—Zx(O)() k=12,

*Eﬁ%f@/%éﬁﬂlb GM(1,1) FEARHSE—Fr
o T ARSI DRI ST K oy TR R
dx P
TR
HR A Fe /I 3 v i A S 3 AT oA A 3 X
(4) TR B R B o R EOAERR b, AT T 7R
KA, BV AT A5 BI85 A8 1 B Tag e )i =X

%”w+1)gﬁ”0) i g b
k= (5)
3 REIRERRNALEE SRR

3.1 E-T BP #HEMEZRNZHEEILE

S 3 ST B — K A AR X A SR A A A T T
W ZEAR A FONM B AF TR K 1R 2% . BP #HZE M
ZEBIARITE VN GR i I B e B2 1Y A 5 ) DL ARk
B RE T, I H BB i /r Z B Y AR B A Lotk iy
fIE AL Z A0 24 22 1 [l 1, X T Jo R0 AR A%k
HE RKa95% 22 551, K H BP #1482 Xt Ho k1718
IESHE RS TEE . XL RUB IR /iR an

(1) T FR 2750 S A — A Ab 3 S ) Ji
Uy 20 ) 1) AN T IS 5 K e A A A5 281 ) S0 K
25 A 35274 .

A() =2 (1) - (1) (6)
() P I B0 4 2 A 3 R

ax =b (4)

A Sigmoid PRER, VI 2R R W SIGH BE AR G2 R
BUL I EET Levenberg —Marquardr ( LM ) #1491 2k
PRIERL, TR AU I ZRi 2245 R 0.001 , AR IRECH
1 000,

(3) BP 225 (9 # 37 S505 5, BEgEH,
1 ~ n(n ARG BUNE T 5550 2 M 28 % A
(inputs) , FH R 1 FMAE T 51 R H (ouputs ) X I 45
AT, n + 1 ~n + m(m AR E) VA i
WREAS ) R sim SR HAR B m KB FIE T 51
2, I e B BEE AT RO — A b 2R, RaT 7539
BRI F 5k 22 51

(4) 5B TE . FIHIVIZRGF () BP P 28 ) 45 %t
BRZEFFH) A(r,) #EAT IR 2E IE 5 1Y 5k 22 )7 91

A(tk) PSP WML+ (e,) A0, 15 5] 5%
TR BEASRAE KUY FI000 {1 -

x(1) =AG) + 2 (1) (7)
32 WURRTEMIEH
AR T H 47 0« R 2 E SR Gt 2
OO F8) T 0 S e S 4 X R 25 (MAE) il
) Jr IR 2 (RMSE) KM i R A BT, 3 HL 4
R ST AR

E:yi_;i (8)

1 N R
MAEZNZ ly: = .| (9)
i=1

RMSE=J12 (v, =) (10)

oty o SEBRAE ; y, AT ; N TR A

/l\ifﬁto
S 1) 246 % 15 2 SR A5 T A 15 2 B A W SR
TINS5 B 508, 6 720 UL I e 750000 A5 764 f1 o4
P, BT RR R R RAE S B E R 2 O,
FEXT AT RN, AR T R4 T T, 30 2 A 0] A 7Y
TODNORS B A A8 b . (A 8IS | 3R I TI0IDORG B B

o
=)

Mo
4 SEBISHT

AL BT R B AR G A Y
D7 s JE ) AN A 7 910, ST 43 52 3 44 4
BN 840 mm, T DAREAS 4240 1 K K MEAE 2.6 m
Zidn , SRREEI PR E N 2 mm, RAEJE] di = 0.002 s,
AR R B RAEHH F = 1/dt = 500 Hz, R4 A5
P R 1300 A, BRUCRAE B 0 I R] (A1 FE S 2 S



55

IR, 2. B TR O 2 M 451 42 58 2 01 B i Bt 79

3 POV A TS A o 0 2 A 30 ) AN P I Al
WELS PR, 2l UE AL FE | Bl B AR 4| PAR
PEATRE B 7 SORMLRERS 21251 B v i HLRE JE (EL AN 151 6
PR, AL 6 HRT LR Y, — B fi O 75 1% 4 5 19
FE (5 5 32 S 0, ] Akt A7 A — 2 A4 — B [ £k
A, At — S B U AR AL 38 S SORUEL RN, BT
IFBA AR A ) LA B E AR,

200
150
100

50

X um

0
=50

-100
0 500 1 000 1500
KA A
5 EREENTFITRELE

Fig. 5 Sampling data of wheel circumferential irregularity
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Fig. 6 Wheel roughness levels of each order
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Fig. 7 Grey models predicted data
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Fig. 8 Grey neural network model prediction in polar coordinates
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Fig. 9 Wheel roughness levels of each order
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