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Condition monitoring method of high-speed train brake pad
temperature based on vector quantization
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Abstract: A method of condition monitoring of train brake pad temperature based on vector quantiza-
tion (VQ)is presented. The data training was is based on different temperature sequences of brake
pad, the reference samples in pattern library is set up,and then the data of brake pad temperature arei-
dentified and preprocessed, the high-speed train brake pad temperature data are compared with refer-
ence samples by similarity measurement. The Euclidean distance according to vector quantization pro-
gramming is calculated,and the diagnosis results are obtained. Results show that the method has a low
rate of false alarm and a fast response time. It also can eliminate the influence of noise and jump. The
method can meet the requirements of high-speed train brake pad temperature monitoring in real-time
and accuracy.
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Fig.1 Flow chart of condition monitoring method
2.1 HEWmALE

BT S A R IR B RO A TE TR R S
BHREITIRFHEO, MMESEH vQ FikZ fi, FEx
BT RS BUAL B, AR BB R R0 SR
PEIEA , SCHR( 14 145 iy T BEHLIEN IS HAME HEHI5 5
HBHEEWITY: A HERA TR .

2.2 ARREEME

PR P #5745 RS A B g A1)
TSI AR T BE RS M W R RS T,
WL A IE R B8 T B A % A 14 gl 1 10 4% 1l
REBEEASEREA, FAERE. SHREEE
A KRR B8 % W) R R B A RIS 3[R
FIEZSRRE T, EARZEY I IR F Y
WS, R RS A, HF BT
GUAN TR, LS YRR AR, (RAIE SR vk SE B o F
BRE.

FIELARRIEAT Lo, vQ 7 iR et
BV M 1 P () 5 R T A A 25T B 37 2 I TR B BBk
AR AR S R A S, AU — A i
T30, BIRRLAR © A Sl gh Mg I T 4R

THT, HRRREA L 40 T, #shpy# & 380
ke /h BB ) IR BB, 5 Rk 1 iR . —
Fhiz KK, BRI, Rl e =X
£1 RUEHEINERRBEEEXESERE
Tab.1 References samples of some type high-speed
train brake pad temperature patter library

B4
X R

1 %2

AR

FMABREE B sERENERER
680 C ,F/SMIL(OEH)

WHEEEE 93 s £A LA ZREE
850 T, Bi/5 B (IR H)

WABEEAS sEHEAEZRRE
680 C , /S FEME GRS HR)

HABREE B3sEHE LA ERER
760 C, BRI (AHRERS)

WMHBREE0s £L ELAZBER
680 C , Bl /G REME (RFHER)

2.3 R HHER

HAB B, TR R 50 4 SE B ) 5 B R R
AT EGAFGRERE. ZREHEER
B ZE Sz et U 4 IR 7 YRLBE B T B SR P R
FISZ AT 43T, B iE A VQ Bk, 153
SR IR R 1 5 R R 2% A 22 (R) B BR G BE
B, BB R T 5 5 8% A A o B /B B
BHEE PR IR 2, N ST Y B IIR ZE BN
A %ot I B P A RN S R

3 EBIaH

31 WREERESERILER

F S EZIREEE W, A F T A
13, KM BE S A, A e B E S0
o ) 908 B 20 15 g B o, K IR B v 1) 2 O
iR BERREAL B Ty, LA KRB FE L bRE T W R
BE 3 E R B SR E M 850 CHARIREER
WIS M T 45 s, BETAT H% , SR BE Sl HLAHL BRI A2
IR L, AR BRIAS ZE T B BRI, 75 B 7 B
ZEEIHITRAE TR B B BT 760 T 8k
AR EBMEEMR T 70 s, B EITIE, RN E
R SR ZFERIT 1R A AL 1T AR L b 2.

A SCHY RS W iR B BN R 1 TR
B, HBARA D vQ NG R ILA 2.
3.2 REBANBERESH

HTRAUE VQ MR F W R LIRS
WA RE, A SCER T 8 AMlifte4, ni 3 fr
AR 1 AR A, MR IR ETE S0 s £
FAZEEER 680 T, B/EMHK, & &S TR M40 4T
W& HA 2 IR, M BREAE 70 s 26 L

HERE

AR
2 fal& MATHRE
3 5l ATHE
4 HE HITIRE

5 M RATHE







- R %X B K ¥ ¥ #

%39 %

3.3 REEMEYEREN

A7 B4R 28 W 90 o o R B ] R o A B A
1 000IUAST 51, FeAb i 8] 33 B o A B B
Bl 4 HF AL B F7E 1.5 ms &£ 4, B KA BT
2 ms, BIETHR IR BRI R SRR M ZER

250 "

200 )

150 1

K

100 1 1
N HH [—H_l |
oL ]
1.0 1.1 1.2 13 14 15 16 1.7 1.8 19 2.0

B} &) /ms

4 BETHEEMSHESE
Fig.4 Frequency distribution histogram of running time
£ 1 000 AR FFFI A, 2 FA 200 4~ P50 %
WS S ESEHA, K3 REY VQ R EH#
PR IR IR (E w4 VC ACRE A3 H . 76 1 000 3k
FEAPIH I 7 WHIRIEE, RIRBEAT 1%. 41
FY BT VQ B ARZS Wm0 v )57 i 1B 4, B T30
BE138 , DRIRRAR, W R RS W R
R3 BELELR
Tab.3 Sample matching results

BFS PR ERESRE TRE/%
1 200 200 100.00
2 200 197 98.50
3 200 198 99.00
4 200 200 100.00
5 200 198 99.00
)
4 Zig

D) #l 7 —MET VQ MBS E W AR E
REWMTT, REH T L, RABRMRKRRE,
PLTPiMER, SCm PR SR

2) HiBEIRB SR AR VQ IR T
BREEI T R GUR) M SRS, SR IRAR T R
BOR, WA A R AT | WSS RS Ry
BIRiR R ENMS %

£ 2 Uk (References) :

(1] 3KEEL. BB m # S N ERBR S TRER[M].
At B d AR, 2007.
ZHANG Shuguang. Fundamental application theory and
engineering technology for railway high-speed trains[ M].
Beijing: Science Press,2007. (in Chinese)

(2] ERE, 2o, 0EE, . sz Z4HsimArEES

RLA1A3 AR URB AR (1) MURAEL 2 58 R, 2012,31(9):
1377 - 1383.
XIA Yimin, WU Yuan, GU Jianjian, et al. Temperature
and stress distribution for the high-speed multiple units
brake pad[J]. Mechanical Science and Technology, 2012,
31(9):1377 — 1383. (in Chinese)

[3] Yang Xun, Wang Jixin. Simulation study of temperature field
and stress field of disc brake based on direct coupling method
[J]. Materials Science Forum,2009,628(8) : 287 — 292.

(4] RT4e P, B B AR 45 4 170 1 %o 1 2 2008 B T 4

REFTRRER (1], K 388 K2 24 4R, 2012, 33(4):62 -
65.
NONG Wanhua, FU Rong, HAN Xiaoming. Influence of
optimizing brake pads structure on brake disc temperature
and thermal stress[J]. Journal of Dalian Jiaotong Universi-
ty,2012, 33(4):62—65. (in Chinese)

(5] BREES, sk, . B us R &N HER

TEHFEL]. BB ¥4R ,2006,28(2) :39 - 43.
CHEN Deling, ZHANG Jianwu, ZHOU Ping. FEM ther-
mal stress analysis of high-speed locomotive braking discs
[J]. Journal of the China Railway Society, 2006,28(2):39
—43. (in Chinese)

(6] Bar, R HL, ERK, % VI ER AR F &

L] L Tk R 2548 ,2007,22(4) : 29 - 31.
LOU Xuhong, YUAN Jinkai, JIANG Chengwu, et al.
The design for test equipment of the locomotive breaking
pads[J]. Journal of Hubei University of Technology,
2007, 22(4): 29 -31. (in Chinese)

(7] f¥eid, JEEZE, R, %, H 3 R EERE RS
[J]. 8kiE%4%,2014,52(7) :36 - 38.

XU Yanfeng, ZHUANG Guojun, SONG Yang, et al. De-
velopment of brake disc temperature acquisition system[]].
Rolling Stock, 2014,52(7) :36 — 38. (in Chinese)

[8] Yang Z,Bai Z,Li D. A high fidelity VQ coding algorithm
with region adaptive sub-banding[J]. Journal of Zhejiang
University: Science A, 2005, 6(1):43 —48.

(9] MEM. REBAUBEARKEMAIMI]. LR BEH R
#t,2002.

SUN Shenghe. Technology and application of vector quan-
tization[ M]. Beijing: Science Press,2002. (in Chinese)
(10] =X, B, FBE, ¥ XERUERKEET
BREWSEMRMA]]. BIILKEEHR: T2, 2007,

41(4):556 —559.

LI Peiyu, TAN Dapeng, ZOU Fuxing, et al. Application
of vector quantization theory in steel slag detection of con-
tinuous casting[ ] 1. Journal of Zhejiang University: Engi-

neering Science, 2007,41(4):556 — 559. (in Chinese)
(¥ % 28 1)



- tow ok B K ¥ %M

%39 %

walking of a quadruped robot “Kotetsu”; using phase
modulations based on leg loading/unloading [ C]//IEEE
International Conference on Robotics and Automation.
Anchorage, 2010: 5225 - 5230.

[10] Michel O. WebotsTM: professional mobile robot simula-
tion[J]. International Journal of Advanced Robotic Sys-
tems, 2004,1(1):39 —42.

(11] FEH, frafh, AT, %, BT ADAMS MRS

MENFAESAUSHRE]]. BT SHE,
2012(7) :100 - 102.
ZHUANG Ming, YU Zhiwei, GONG Daping, et al.
Gait planning and simulation of quadruped robot with hy-
draulic drive based on ADAMS[]J]. Machinery Design &
Manufacture, 2012(7): 100 —102. (in Chinese)

[12] =K, 2848, WM. T ODE WHEENSFANE
EEHRI]. PSR T, 2012(8):61 - 64.

LI Mantian, LI Aizhen, GUO Wei. Research on simula-
tion platform of quadruped robot based on ODE[J]. Ma-
chinery & Electronics, 2012 (8): 61 —64. (in Chinese)

[13] Brisse  WHE, O5%. BT hapEamesE
VB ARS N FHE] REREFR: BABER,

2013, 43(SD): 107 - 111.

CHEN Peihua, CAO Qixin, MA Hongxu. Dynamics
simulation of quadruped bionic robot based on force control
[J]. Journal of Southeast University: Natural Science Edi-
tion, 2013, 43(SI): 107 —111. (in Chinese)

[14] Metta G, Sandini G, Vemnon D, et al. The iCub hu-
manoid robot: an open platform for research in embodied
cognition[ C]//Proceedings of the 8" Workshop on Per-
formance Metrics for Intelligent Systems. ACM, 2008:
50— 56.

[15] Zhang Xiuli, E Mingcheng, Zeng Xiangyu, et al. Adap-

tive walking of a quadrupedal robot based on layered bio-

logical reflexes[J]. Chinese Journal of Mechanical Engi-

neering, 2012,25(4): 654 —664.

W, X, K EW, %, —FHRSIE T RN

BANTIESERITE]. Pl A, 2014, 36(5):

584 —591.

E Mingcheng, LIU Hu, ZHANG Xiuli, et al. Compliant

gait generation for a quadruped bionic robot walking on

rough terrains[J]. Robot, 2014, 36(5):584 — 591. (in

Chinese)

—
—
[«

[}

PO SRP PP GIP GRP GNP G URP USRI SIS TR SR TSt ST SIS S e A S S S S Syip Sf A8 e a5 2

(L#E 22 ]W)

(11] B, KR e, £k ARRESRBBMAEERET R

AR KR A T] AL TR SR, 2012,48(17)
161 —165.
WEI Yanna, ZHANG Jingfeng, JIN Yongtao. Applica-
tion of finite-state vector quantization in speech endpoint
detection[ ] ]. Computer Engineering and Applications,
2012,48(17) :161 — 165. (in Chinese)

(12] ER, AED, 5. ET¥IRBERUNEH
PRI R () 16 T, 2012,39(9):42 - 48.
WANG Shidong, ZHOU Dechuang, WANG Jan. A mov-
ing object detection algorithm based on learning vector
Quantization{ ] ]. Opto-Electronic Engineering, 2012, 39
(9) :42 — 48. (in Chinese)

[13] T4 .45 ZShtlE2 B R AR ]]. BAE 5K

4, 2010,30(3):133 - 137.
DING Zhe, XU Yong. Design of Engine Fault Diagnosis
System Based on Exhaust Noise VQ Analysis[J]. Noise
and Vibration Control,2010,30(3):133 — 137. (in Chi-
nese)

[14] Keogh E, Ratanamahatana C A. Exact indexing of dy-
namic time warping(J]. Knowledge and Information Sys-
tems, 2005,7(3):358 — 386.

[15] Nida S, Pizzanu K. Using LBG quantization for particle-
based collision detection algorithm[]]. Journal of Zhejiang
University: Science A,2006,7(7):25 - 32.



