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Performance Evaluation of Wheel Detection Sensor
Using an Inductive Proximity Sensor for The High Speed Railway
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Abstract - Nowadays, the axle counter has been developed to the wide range of the track circuit blocks as well as the
wheel detection device. The axle counter, as becoming an important device for the high speed railway, must be guaranteed in
accordance with the safety. With considering the safety and the high speed, performance evaluation a wheel detection sensor
is described in this paper. To increase the safety, digital proximity sensor instead of analog is employed in the wheel
detection sensor. Therefor the wheel detection sensor can minimize noisy signals caused by the harsh railway environments.
And, to meet the high speed railway requirements, the performance of the wheel detection sensor is also successfully verified

using the speed simulator at the velocity 500Km/h.
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Fig. 2 Principle of wheel detection
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Table 1 Specification of inductive proximity sensor(digital)

zq g= 72
Output Type PNP(Digital)
Switching frequency 250Hz
Time delay < 30 ms
MA Ag] 35mm
Temperature drift + 10 %
IP 55 P67
Shock resistance 30g, 11ms
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Fig. 4 Output waveform of inductive proximity sensor(digital)
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Fig. 5 Velocity simulator (500Km/h at maximum velocity)

09 59 SLAIEVIE ol85t0] 2PAMY £ AS AIE
g ot Zi= okl O™ 61 Zrh STEAIEYOl RPMES
300Km/h 528 RABIES 2GS & tXE &8 54 Ag
g St} 1 41, O™ 6014 Hie ZAak 2ol 300 Km/h £5
ANNE ZEAMC £ IFEL zero rising timeS HO] = A
o] ebst UXd utge gdsh, £8 4137t highd o A&
FEERNO] AAEL U= AHE UL &8 s Fe
OF 72709 E20]a1 Bl £20] 4.95ms0|EE AR F7|=
OF 35,64 msO] ELh &, O] 7] KTX thAr ZH4Q1 3mE ALt
2t AZto|lE R dRisEs Ags| 303Km/h (3m/35.64ms*3,600
FE HoF1 Atk

[N

Measure P period(C3) P2fre0(C3) P3--- Pi:-- Fé--- PoMS(C3)
value N500602ms 46510768 Hz 86 i
status v

)
10.0 Vidvi 10.0Vidw] 240V
T00mvofst] 1310V ofst| 4,95 msfd

I3 6 Z-HAMS RZAR] £E(300Km/h Al
Fig. 6 Wheel detection speed of the proximity sensor (at
300Km/h)

23 AAEAHA MM ¥
AEERAME 27 73 2ol 2709 ZHAME ARESH] 0]

&8t 2z Jideeltt. 07 19 #E T8 FATolM Hent
o Zo] ZFMAMZY FEL 50 2717 WEEHL o] & 2F

897



HM7|&s =g X 65 55 20164 5%

Al Atol9] Azl 165mmoIth 18 7 &5 I"H9 tEe
3D ZRIEHOE AXNES AASIAr: AL 1, 27F WaE 2
F2 HOFL Qrh o] ARAXMME AEsto] SEAF0
AX(T™ 8 Fx)8H0] 100Km/hHE Zo 500Km/h7HK] RH&A
AAAC £8 &4 2 5 Alge Sof dsasitkad 11 7

3.

P

a8 7 AEARAA (015 7X)
Fig. 7 Wheel detection sensor (Double Modular Redundancy)

I8 82 AEEAAAMZE ARl SEAIF7] AXE BS5e
OfFal QAT TI7 89 &t 24 0] MM PIE Skt
HEE HOFL Utk ARl 24 foxe ARl AM f1E
e o Al EeR AU o] SEAEYE ARER
Aol Bzt 55EA)0] A@sotiA AEERAAA 18 ALt
7he Ae AlERoldst BEg HoFa Qo

=
=
=
=
[=)
%

44

Y 8 SEAF7I0) AAE ARARHA
Fig. 8 Wheel detection sensor mounted on the velocity
simulator

24 Moj7] 78

AR 7Isg FEE] sl Moyl HEE NSt 1
Y 9= AA TeE HEO AR rHoln OY 102 EEC0|
o]golrt, MCU: STMS32F427(150Mh2) & AME3sto] RISZA
Aol S22 Aolshal, EAGES Najdste Alptsith 18
1 vital AEQ XAEZHRE 7t 2700153 AN FHO AHETL
28 FHE AFSICE RICE AR 81k AR 21 2 84l
AREE 7152 Qs R AJAOIH, Al2lY S41(RS485, RS422,
RS232, CAN)E AEIZEOZ AL Al FHEARLL 49 AlA
gito] BEAS Qe B4l ZEOH, Hols AEIZEORE A}
g Al AL AR 413E 8-5h] fIst AR7Ioltt.

898

a8 9 AMoj7] stEfo] HE
Fig. 9 Controller hardware board

Rus S gy RS ysiop

ﬂ UARTS < > < >
usar I
L
.

= g@

a8 10 Ao}y RE9l 2% rlojoj1d
Fig. 10 Block diagram of the controller board

3. AARARAA & A7 BS
31 AEGRKAY A

I8 112 A S5d ARARAASY &8 1E¥g 42~
FA=ZZ =g Aotk IY 119 (@), (), = SEAE7|9
&7 242 100Km/h, 300Km/h, 500Km/h & wjo] upgojct.
ek alge ARERLAME FHOA #e of 3 HR(Q@H)
of = IHANAY Ziojal B4 g2 F Hrj(EH) 9
= ZRMA] Zolth. 3t80] high wh RHEO] AXIE= AEO]
M AS9] F7E KTX 7I1EC=2 URREEo] RIZFHR A
(‘high"2 FADZF EQICE 519 =30] 2msO|22 LRAA]
= 719] AlOIE 58msoll ETFSH= Ag HoiZE rh

I8 11(c) 500Km/h Q1 ALE EASIEE +30] 2.180]11
2 g 10msOlBEE AEAA == 218ms7t ©roh &,
21.8ms SQt RRIAQl 3mE ZFSIRILE 0l& T GREE
2 kel OF 495Km/hE AlLHECE I8 11 (09 A Hmi @t

—



gl 1kgo] RAEFAXAMEChigh'2 FADY & 24 =2 Hol
F HmE2d) 0igo] AFEAA MEf(high”2 FADZF EQACh
SHLEYl ==0] 500usO|22 ZFAA &= 7HO ALOIE 1.2msOl
Siltele A€ Hojsa Qnt. AEAAAAZE 500Km/h GRS
ToNE HEo] AHES ARk Ag HolFal AUrh SEAE
7191 @A}, QARATE &2 i} 5 4
AFAR A9 QA= 1% HEol g & = QJArh ¢ 3m
g Zgsk= Alztolth

ol F71E ALHE SEAIEY|9 £EE ALE 4= Utk
HA O8] 11(@2 100Km/hel ZLE BAsIHHE 7] 9 &3
0] 2.180]1 ¥=2 Y 50msO|E&E AFHA F71= 109ms7F ¥
Ll %, 109ms SO tIRRRFAQ smE ZdsIYLh 08 Exls%
T2 g5 9F 99Km/hE AAHECH

I8 11@9 2EE Ik A Hrj@etA) atgo] AHEA
AAE(‘high"= BANQ & 29 &2 Fol & d@RGE24) 1 1
g 110 QEZ J"olMe I2FAA T 719 3tgo] SYsIA

il R
(a) RFFEE (Wheel velocity) @ 100Km/h

(b) ARSI (Wheel velocity) @ 300Km/h

(c) AFEE LT (Wheel velocity) : 500Km/h
I8 11 £ AREA £29 85 85
Fig. 11 Wheel detection speed and performance verification
for each velocity

x
i
ek
ofo
o
K
I
2
Fn
(3]
b
Hu
D\I

AXIMM Hs ot

Trans. KIEE. Vol. 65, No. 5, MAY, 2016

L= s HoiFa Atk F HA A9 akgo] A R AlAC]
1k HEC} “high” A7l & we] “low’O&2 Folsty k. o]
= F Y SPAATE A2 TOE B4g 7R s ZKE 2
o|al QAAL ol &Y 459 o e Adess st A

S ARES e SEAIEVIZ AIEHO]ESHHAl A1 o

T8 12 ol e BEATIE Al SAY Bk
ot A HAEE) dMe sS5EAGEEY d2s Y Al
AstRal, 7 HR(eF) dMe aSer@e) des JE Al
ARSIA7] HEoltt. et A HRiES) A9l mde A
O} “high” JEi7F EA S8H1, & RS AA9 atgde
ARECE “high” &EI7F &A SEEQATE ARl FRE=0A &
APE Adste d"golMe AHgol Ad 25 sVl miEd F
o] sestAl 584 Zolth

oY

¥ 12 R 289 AEHME HE
Fig. 12 Simulation model of wheel movement
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