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Flange size measurement based on laser displacement sensor

SU Zhao-yi', ZHANG Hai-qiang' , XING Zong-yi’, WANG Xiao-hao’
(1. Guangzhou Metro Corporation, Guangzhou 510335, China;
2. School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Aiming at solving problems such as increasing flange wear of urban rail vehicles and low accuracy of manual measurement, an on-
line non-contact measuring method of flange size based on 2D laser displacement sensor was proposed. Firstly, the functions and importance
of the flange height and width for urban rail vehicle wheels were introduced. Then, a measurement method of flange size was proposed. The
2D laser displacement sensors installed on both sides of the track were used to collect the tread data. Techniques including tread data seg-
ment, data preprocessing, coordinate transformation data fusion and so on were applied to process the output data to obtain the tread profile
line. The flange size can be calculated by tread geometric relationship. Finally, the field experiments were conducted and the obtained re-
sults show that the error of the proposed method is below 0.2 mm and has higher consistency than manual measurement. The proposed meas-
urement can meet the requirements of measurement of flange size.

Key words: urban rail train; flange size; non-contact measurement

0 7 = XS AT 2 bk KPR A AR . 7514

BT AR, ARG B s B A AR e, A

AR DRUEE S 4 & aia A7 B MR, AL I AR BOC R 2 AL, BRI 0 3l ) P RE RNl 42 47

TREHE G A (0 R A I RS2SR ST Al DRI i B 0F 4 48 S 04T I A, SRR

93, B RS RAF IR ARE T . BGRTER BMRSRAU, IE T  AAE BR XA 4
HEYURER Sy, RUES e S HE I BE A, SRR AR PSR A T e B e, AT PR A 4

Wfs HEA.2014 - 12 -29

LT : ER AR (863 HH) VeI H (2011 AATI0506) + 1 i 2B Py ) 013 k4 5095 B30 H (201508010010)
PSRBT (1980 ) 3, TR M 520 TR, 5 DASERA 30 2 )7 G55, E-mail : suzhaoyi@ gztr. com

BB A X, RIS, B R S0 E-mail  xingzongyi@ 163. com



. 794 . HL L

™ % H32E

2 e AP EE D

TEFN BB 4T 1 R P, A [ 42 5 10 50 4 R AR S A
[7] , FLIA)— %1 4 v 22 4 (IR AR IR TR A7 25 5, PR 42
RGO ARAE AR, {4556 2 I i BN 2258 R~
P YRR, FEBLA R O v, R R i X
R R B A IR P R X B Ak R )
BRI A A B2 AT R T RS
AT BAE 25 B AR B R AR 2 M L B . AR
KR PO % 15 TR S A A 1 (68 485 =X 40 4 2 0
A8, 308 1o A ) PR 4 BTN 1 50 ol O A% TR AR UK
FH A TR, AR ISR B B T 4 B, DT S B 2%
SRR AR ol 30 32 R R A PSD Bk
CCD SOk, % F A5 AR 9 7 2 0 BB T 46 )
2k DT IEEE R 2 R R B K, AT SR 2%

AWFSEAR H—Fh LT 2D BOL MR L A i 1
fl LRI TT e o OGRS AL TRAS 2 LE L P 41
AN , oAyt 2 it A A e 5 B Rl A S S A PR
BEN RS THRERZ , IF L 40 Bk L 3 215 55 4
Rt

1 R Bk 5 kil 7y 5

1.1 ERBHESRERT

G AR R IS AR 1 O 3 1] B SR TN £%, oh
T M A % S L, R R B Lon R I 1
FioR .

70 mm

H
N K o
e —

ﬁ \\//
5&;‘3_

REIE
1 FRERLRE

R

RS TR I AE AN L Y 12 fph 35020 Pk A B v, 4 S I
T A — T R R SR B I 2 A e 2 . IR N
MFEEEL 70 mm Kb B8 T _E 9 S BEPR O JE i B A
RO Z MR RO R 40, B Bk A 12 mm 4b 48
SRR R

TEREAE AR It , 32 2m a4 5 SME 2 00k K
Wi B FERR L, RS MEFE F R AR RERE
JEE T PR AR M LS FE A, b LA R | i
FEf O RHE . T R ER R GR RGm ETH)

ARAEAR L , W A G RO HEA RS B A DU A0 S A JE 2
1.2 ®WAFE

LT N AMIN Y P2 2D SO RS AR IR L
—RE B LRI A B IR PR 22 T HE PN, 234 2D 3%
SO AL I S HE AT EE S L, (L, 3774100 mm ~
450 mm , P2 AL AR AOTHOE BRI 17 Ak 7 () — P 1 -
PR EAR T B0, 2 ML T S TR I A B, B,
H45°,

HAZZ R B RN 2 fios

4
y
4
y
B B
AMim
M P
I 1Ee Y <
L L

K2 fRREZon R

\S]

it N R 1K RFS
SR I BB AL S AP 3 %

sy Bl

Y

Bl

v
AL

¥
Hodrhy

v

KRR %

BGFRHR

K3 kAR A

RGIT UG TAEMS A G R AT R 3R
R T T s T A0 20 B e A B AR R AR e B
Par G O RE A PERESED BRA SR AL P
2.1 HESER

B 2 e G DX I, SO AL AR A T i SR A
TARIRZS, PR TC 1 2 DX 53 A 425 i % 1 1) J5L 4y



56 1

AR, A5 T HOCO AL R R Fe G NS T TT 5T - 795 -

Bl o AWTFERT e T B0 L S , AT 200 i i
ShRE S R P DX B e e i A S 4 AN
R , DRI 5 A 2 R Xk >R 2 310 1 it i Bl 2
Fr Rt BE AR HE A EOC A% IR A 5N Y ] A%
R i RS, O A AN e i L A A 45 L
H R , D22 BERICHE S X I 4 e B4 A SR B BT
DA 2 A Sy ik A AR SRR s, T S
TR RG] A — 2, AT Rl o B BB R, SE Bl
LE/ES LIS
2.2 SiRTER

POCL RS A% BAS  22 A 0L 155 7K T B o g4
TE—7E BIFAIE , DRI B2 45 1) 3 o e B 4 it e e A
TERRZE | I 2l i Hh A A R R AT A A A 48 L
FFIEAS AL . o T HR R, AP TOR AR A S Y
AR R BRI Y EARAR 2R | AR B AR R 2 Ji5 Y AR AR R AR O
] AL bR 2, Rl 5 2 5 O ARAR AR MRS AR BR 2R

SMUEO AR 1 AN IO L R 2 4 BHLA
PRFRAP IR R 2V oMy VR 2 0Py HAR R AL
BEIRARME 4 R

e

|

I

I

|

I

I

|

I

|

el !
) .

|

K4 (LGB AR BRI

SMUBOEAR AR | RN MIEOEE AR 2 (v a] A
FRFRIF IR R w0t o R w0 0 T SMI
Jet i 1 AR AN S TR

P S SMUMOGHE 5 Ko A b A P
HARFRAS A A -
uV = /a7 y(Dsin(0+8,) =

%, cosB, +y," sing, (1)

0" = a4y eos(0+8,) =

vV cosB, —x'" sinB, (2)
A (), — AR R oy TR —
M O—ZS v ISR s (w0 ) — S e TR ]
Hep g w0V ot P AR BRI
PO A5 s 2 (1 A bRAZ B an BT 6 Ffs o

Fl6 IO AL AR K AL Am AL e 4]

HARBRAE AN -

w? = /x4y sin(0' - B,) =

x{Y cosB, —y\¥ sing, (3)
v = /a +y cos(0' - B,) =
yiz)cosﬁz +x,(12)sinﬁ'2 (4)

A (o ,y, ) — AR FR R 2 0Py L E—
M0 Y AT A (w0l ) — 5 ]
HEFRZRAE ' 0P 0 Y ARBRE o
2.3 HEmRE
PAANFOGAE A R B R B R A0 B 3 47,
I T BN P A R 1 I 5 2R A7 5, DA T 7
G AR R TR B SR R B BE . SMIUEO AL IR
1 AN AL RS 2 b ] A bR 2R w oot u™
o0 G AP R R WA T FTR

1O

BT WO RGBS R B R
HE ARG AR
w” =u" va uw'” =u'P +e
¥ :vil) +b 2 :11,(12) +d (5)

Hia, b—o' "V FERE AR FRFR w00 R I RE G AL
bise,d—o P FER A AR FR w00 T IIBE AR
2.4 XEBHIRARE

LR AR A AR A RO DX I B 81 4 i



- 796 - L H

™ % H32E

B P AL S RAE I B AN [) | SO 1 s 2 i i
PO AR 2480 o s Bl 5 BT A3 52 i
P TR B2, AT AR B TR LA G A A 1 AR L B ) 4
GRF X 2 4B A AR ERL DAL RS & S RGO 2k
T AR B0 s 20 I %ok IO — 2 RS DA S B RS 2
ARG IR B A TR N

BCROCIRIN T i e 0 I 220 B N i e 2% v oy b,
st 2 Il B A 2 e o ' OGRS B O s T i 1
8 Fli o

el

K8 HotLd e LR EIE

HITET 8 AT UL, A" X7 A T A AZIE A" > b, IR AR
AN IR 2 P I A 5% i e /IMEDVS B 3 S B AR Hl 2L, L
I 20 (4 5 G RO T REAR 8 R i R R R
RKIERS

3 W50

h T B UEAT I H 5 2 RO ARG 7 vk 1A 4%
PEFVRIIRS B2, 225 75 N Tl 3 N BRIE S A m) AR b 4
Bz 19 JHVET T U , AR e e A i
AN P g 15

TERSXHRER rh, 28 2 4 Bl — AN F 0 i AR A
b NTEHESHEE X A Ul A RS, R %
RoF i E Se i N TabA7i s, P R g o 28. 2 mm,
WoJE Ny 32. 1 mm, AR5 N THESI AT 6 WA S R EE
M, Rk 1 s, ol W RGN & 38 22 4
+0.1 mm,

F1 BINAWLER (LA mm)

RN 1 2 3 4 5 6

R 32015 32.07 32.18 32.05 32.17 32.01
SR 0.05 -0.03 0.08 -0.05 0.07 -0.09
ke 28.26 28.27 28.27 28.18 28.27 28.15
A4RE 0.06 0.07 0.07 -0.02 0.07 -0.05

55 1 YR st IO 7 A% 1% B R A2 1 S i 5t
K9 iR, Sl By G R al A A bR 2R R 10 42
WAL AN 10 FrR

2014 426 H30 HET7 H 9 H, AR5 6162 %

wn
o
<

440

= FMIfE IR « PIIIAE
430 RS 500
] 5 £
£ 420 1 g 480
2 % 2
g Y 12 460
%ﬂ 400f % i %H
5 39 5 / 2 440
380 3 i 420
-l
370 400
100 -50 0 50 100  -50 0 50 100
YA FRY/mm YA FRY/mm
B9 LIRS A R R
400 . . —
H - SMIE RS
380t { ° L
£ 360t
2 §
= 3401
: . L
(g
= 320¢ — ]
300} \ /

280
-420 -400 -380 -360 -340 -320 -300 -280 -260
Rl Ak FRu/mm

B 10 Fl i e bn 2 v 9 2 AR

9 BC 4219 8 AR HEAT T 10 AL 4 5 I 2 iU
BYGAEREET N TTINE 5 R 58 A s, 10 Yol &
LERORBOFEE A I AN 11 3% 2 R, $e%k
JEE AR N T 00 A 2R 80 L A i 25 29 78 0. 2 mm g
il Z AL TIE R T ASBIFTE 48t ARG 22 8 HA AR e kG
JEE 5 10 I 45 2 A9 48 55 )5 de RAE 5 g/ ME AR 18] 12
JIas o AP DLERRS 8 AN AR, AT 4 B K dRe /)
{E IR 22 R TSI AR G 00 I 22 , A TUERA T A HF 72 4
H ARSI 2R e — PR TN T
x2 BEEATNESHMELE (AL mm)

KR a2 303 it 308 B 22
5 ANTFEE - HUIFAE B AT
1 30.39 30.52 0.13
2 30.45 30.49 0.04
3 30.36 30.55 0.19
4 30.59 30.79 0.20
5 28.71 28.68 -0.03
6 29.13 29.04 -0.09
7 29.00 29.16 0.16
8 29.16 29.09 -0.07

4 ZERIE

ARG T —Fp ST 2D oL O BAL R e xd



56 1 SN, 45 < T HOL AR AL IS B A8 2 RST80T 797 -

32
s1sh —— RSP
: —o— BYIE N T
31t
g I
£ 30.5
o 30f
% 295t
29
285+
28 L . P— . . . .
1 2 3 4 5 6 1 8
B
FE 11 3505 N TP 35905 i
32 -
—— LRI AL R R A
3151 —a— FRUE S AL /M
—v— RS N TRl
31T —a— GRS\ T/ M
g A
E 30.5
o 30}
K
2 295¢
29F
285}

BIT2 3 4 s 6 7 8
RAF
P12 AL S A T He

RGNS TT Ik, LB T R R B 7E 2 AR 12 fih 3X
M, AEHUE N 2RO RS 1 AR 2E AT A s 1
B R AR I o A B R R R 2, i T H38
GEL - INRKIER

i B AT B 8 R A i 4 o A i
R AN 7k B 220 £0. 2 mm, R G Y
— PR T N TN, /AR 58 T4 9 ] 5 R R ARG SE 1k
BRELF , BEW R I SE PRI B 25K, Sy B R FE 4 R
SRR AL TR . SRR T R R R

A5 AR

TEARLL 1% AR G H AT S R ] 0 ) P v R 1 25
DL, A Sl = e Gl 1 1 FH AT 2 220

2% 30k ( References) :

(U] sREmdl, mhifg . ST MG AL A R0 AR (A 7 2 11
WFFE[J]. B ,2004,31(8) :51-53.
(2] 5 FBER R # Lk 3 SRR R
BEFEST AT T]. HLAE A% 5], 2010(2) :45-46.
(3] RIPAe, skt el 5. SN RS IBAERYOLHL RIS AG:
W77 ). 624 A ,2004,30(5) :535-537.
(4] ATERA], EREEC LLJ4 B A58 55 DU FhRS A &5 O BRI [ D]
il 44,1998 ,36(2) 4244,
(5] JEISCHE, 2l , 20 k. BREBK 42 48 AP il e B0y I X
RRFSE[ . BRIl 2A4R ,2006,27(5) :49-53.
[6] Wheel profile measurement [ EB/OL]. [ 2014-12-15]. ht-
tp://www. elag. com/app/railwayindustries/wheelprofile-
measurement/ index. html.
(7] Bk, SE, FEE. Mk 435 0T sh 2546 I 2R S iF
FELT] ST HUE S5 ,2014(7) :82-84.
[8] JRWAE, R, 28 25,55 Xt ZEIERGCREm L H
ARAFFE[T]. HLH T#E,2014,31(6) :800-804.
(9] KM EAFe X shaB R S [ D]. . 76 R 328 K
AU TR =B, 2011
[10]  Eputh. ek Emse s KoM in i R= g0 V] BRIt
HIEAZIE ,2009(2) ; 23-24.

[11] rpAe NN RIE 78, TB/T 449-2003 HL4° 440 442
RGBT ANE [S]. dbat: 8018 B Ax it =& BF 9T,
2004.

(12] B B3, 075308, TAU, 55 5000 5 G0 FE AR 12 fi 0l it
M BGbR E 7 [T ] MR 5 W%, 2008, 35 (12) + 135-
137.

[wiE. 5 ]

TR, s ifEn TS S, 45, JETROCALR L IR A 2 ROT TN Rk 5E [ D] AL LR ,2015,32(6) :793 - 797.

SU Zhao-yi, ZHANG Hai-qiang, XING Zong-yi, et al. Flange size measurement based on laser displacement sensor[ J]. Journal of Mechanical & Electrical En-

gineering, 2015,32(6) ;793 -=797.

CHLEL THE Y 247 - hitp : //www. meem. com. cn



