Journal of the Korea Academia-Industrial
cooperation Society
Vol. 18, No. 1 pp. 609-617, 2017

https://doi.org/10.5762/KAIS.2017.18.1.609
ISSN 1975-4701 / eISSN 2288-4688

4% 584 =AY

=YY Y 97

x =l 3 S2F
ZMF, UES

SI=HE=ZAL RIMIEH KOVIS I,

AHEE

EWMA 7%= % HA

1 20 ArU=|
&0s!

et

=dgstat

El

A Study on Efficient Rolling Stock HBD Monitoring Method Using
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Abstract Railways are one of the safest and most important transportation systems in the world. On the other hand,
due to the increasing complexity of the railway system and the running distance of rail vehicles, railway accidents
occur continuously every year. In particular, in the case of high-speed trains and freight trains, if the function of the
axle bearing is lost due to abnormal overheating of the axle box bearing, the load on the axle becomes uneven.
Therefore, abnormal overheating in the train axle box bearings can cause serious accidents or derailments. For this
purpose, a Hot Box Detector (HBD) was installed in the track side of a high speed line to detect abnormal
overheating. This paper proposes an EWMA technique-based axle temperature monitoring method to detect abnormal
overheating quickly and efficiently. A statistical design of the proposed method was also performed. The proposed
method has better performance compared to the current method in the case of abnormal overheating and the

performance is improved by approximately 170% at the maximum.
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Al2=El(single-beam system)
2-%(dual- beam system), A, 53 W
Hl(multi-beam system), YA, 57212 (mechanically
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Fig. 1. Complete view of installed HBD sensor
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Fig. 2. System diagram for HBD’s operation
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Table 1. Case [ of axle overheating

Classification Detail Description
7-29-2010, 12:24

Cloud(28 C)

Date

Weather

Accident Interval Cheonan-Asan ~Gwangmyeong Station

Train Number 124

HBD Position Right, 36th

HBD Temp. 81T
HBD Average Temp. 45T

Accident Cause |Insufficient bearing lubrication and grease overfilling

27g

grease overfilling(g)

Fig. 3. (a)Bearing condition (b)Roller and cage contact
condition

Table 2. Axle temperature record(right, 36th) of case I

HBD
> 502 | 462 | 402 | 262 | 222 | 182 | 082
Temp(C)
Measure 41 40 42 50 64 69 81
Axle average 402 | 38.5 | 41.2 | 403 | 423 | 450 | 452
External 31 29 30 31 29 33 33
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Table 3. Case II of axle overheating

Classification Detail Description
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Table 5. Accident frequency, accident severity, and car

Date 9-12-2007, 19:25 derailment by accident type and track type,
Weather Clear(20.5C) 2001-2010
Accident Interval Gimcheon IEC~Chilgok IEC Total Number of Cars Derailed
- Track type
Train Number 171 Derailment | Collision | Highway Other All
HBD Position Left, 8th Main 37,456 989 609 580 39,634
HBD Temp. 85°C Yard 13,363 527 9 511 14,410
. Siding 2,477 85 0 47 2,609
HBD Average Temp. 30¢C Industry 1,593 2 8 3 1,646
. Degradation of function due to All 54,889 1,623 626 1,161 58.299
Accident Cause

long-term use of grease

Decomposition Result Grease leakage and discoloration

(b)
Fig. 4. Bearing condition on 7th(a) and 8th(b)

Table 4. Axle temperature record(left, 8th) of casell

HBD|
081 181 | 221 | 261 | 401 | 461 | 501
No. Temp(T

Measure 32 52 56 65 48 53 85
Axle average 29.5 | 404 | 383 | 409 | 39.2 | 403 | 439
External 21 20.5 21 21 20 20 20

Table 6. Major derailment frequency and severity by
accident cause, 2001-2010

Derailments Cars Derailed
Accident Cause
Number | Percentage | Number | Percentage
Broken rails or welds 665 15.3 8,512 227
Track geometry 317 7.3 2,057 5.5
Bearing failure 257 5.9 1,739 4.6
Bearing wheels 226 5.2 1,457 3.9
Train handling 201 4.6 1,553 4.1
7
6
4 4
3 3
2009 2010 2011 2012 2013 2014

W Occurrence Number of Axle Overhesting

Fig. 5. Occurrence number of axle overheating
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Case of axial temperature monitoring viewer
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Table 7. Temperature records for all axles of casell

\w‘
081 181 221 261 401 461 501
Axle No>
1 24 25 26 29 24 23 27
2 23 27 27 30 27 26 25
3 27 41 40 46 32 32 39
4 27 43 44 51 41 43 47
5 25 35 36 47 36 32 39
6 25 27 29 29 29 27 26
7 25 28 28 30 26 26 85
8 32 52 56 65 48 53 85
9 26 43 46 54 38 38 42
10 32 46 44 53 41 42 47
41 25 28 28 27 27 26 28
42 30 46 47 40 45 42 49
43 26 29 30 31 31 29 30
44 26 45 47 41 45 43 49
45 25 28 27 25 25 26 26
46 27 29 31 32 32 31 31
Average 29.5 40.4 383 40.9 39.2 40.3 43.9
u?th 248 11.6 | 17.67 24 8.7 12.67 | 41.06
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Table 8. Calculation result(caseIl) of current & EWMA Table 9. Calculation result(case I) of current &

based HBD monitoring system EWMA based HBD monitoring system
Current HBD EWMA based HBD Current HBD EWMA based HBD

HBD No. Upper | Lower 8th 8th Upper | Lower HBD No. Upper Lower st 3611 Upper | Lower
X; | Control | Control ui’ ! Zz "| Control | Control Z; | Control | Control U; ; ZZ "1 Control | Control

Limit | Limit Limit Limit Limit Limit Limit Limit

081(i=1) | 32 70 - 248 | 0247 | 2.055 -2.05 502(i=1) | 41 70 - 0.8 | 0.08 122 -1.22

181(i=2) | 52 70 - 404 | 1384 | 2.765 -2.76 462(i=2) | 40 70 - 15 | 022 1.64 -1.64

221(i=3) | 56 70 - 383 | 3.012 | 3227 322 402(i=3) | 42 70 - 0.8 | 0.28 1.92 -1.92

261(i=4) | 65 70 - 409 | 5120 | 3.558 -3.55 262(i=4) | 50 70 - 9.7 | 122 2.11 211

401(=5) | 48 70 - 39.2 | 5.484 | 3.805 -3.80 222(i=5) | 64 70 - 217 | 327 226 -2.26

461(i=6) | 53 70 - 403 | 6.203 | 3.994 -3.99 182(i=6) | 69 70 - 24 | 534 237 -2.37

501(=7) | 85 70 - 439 | 9.689 | 4.141 -4.14 082(i=7) | 81 70 - 358 | 8.39 245 245
< & = Aok o} Fig. 7~8< Table 89 #t& 18 = AA| dx]¥ HBD A=A 17 0] &F 20~40kmU S 7
2 2243813 13olt}. Fig. 7~80l|A19} o] AEA A orshd AbaL Akl 19] 7, oF 50km Aol Abd AX|7F
H AHLEAARUEY Pl MG Ao}y Fssh Abm Akl T8 49, o 8okm Aol 71 A5
o] WASIAS A, 71 Wl Hlste] of  2EAARYER Wl Hlste] o W] AAE 5 9
170% © RzkeA nhe-eto] o) ddmrh wAghE g9l th t5-9 Fig. 9~102 Table 99] #ta 1T Z2 =4

& 4 919ich. obel Table 9= A At 19 HBD 7 8h& “1gjelch.
¥ A% 44 243 UE aAe AE
A Ak '}%%Ezgxmwaa el £ e 2

T T T T T T
HBD502 HBD462 HBD402 HBD262 HBD222 HBDIS82
HBD Number

T T T T T T T
HBD 081 HBD 181 HBD 221 HBD 261 HBD 401 HBD 461 HBD 501
HBD Number

Fig. 7. Performance of current HBD system(CASE II)

T
HBD082

Fig. 9. Performance of current HBD system(CASE 1)

10 &
8- / P B 5 .
6] ) e . LCL
o - o N S oo -
B s aiilie v ———
_ preg O =i R HBD502 HBD462 HBD402 HBD262 HBD222 HBDIS2 HBDO0S2
8§ 2 -cmnc- r./ HBD Number
/ .
LE I Fig. 10. Performance of EWMA based HBD system
P o (CASE 1)
”””” - LCL
-4 Te-o--- A
HBD 081 HBD 181 HBD221 HBD261 HBD401 HBD461 HBD 501 T—q—ﬁ]-/ﬂ, L] Oﬂ /\1 Zﬂo 3}_ EWMA 7] =2 7] gl—g]

HBD Number

== A BHal vk 3 =
Fig. 8. Performance of EWMA based HBD system(CASE 1T) A AR L] B el st 71

615

el



FFAE & =B A8 A1E, 2017

Hlste] FHol 170% F4E FHEE HYoH, o5 5
& Aotel el eyt & Wl Hlste] wj$-

0 2~5l0 Flol=
$5EE Fas,

w ArelldE Aseld HEs o Wi Wits)
A

Al A8kl A= g v e 5] A% 2

Ao HHA &=

252 EHA BYE

SHAl WhESle Aol $ETH(EWMA)

o] HeH NEE AEZLTAATYUEY W
=2 ps

A5 Ajtetslen o8 FAH R A

o,

2o e

=

it
@ o g oot

o
=

=
o

v zh

=

Agtete A& E 3
o ol Hlgte] v Ak o] W
S A, vl vl
l 170%°] £ FI=E 23
(3) EWMA 7192 23we] A4
=ths 540 Sltk o3 5
A Ajbehs ASF2EHA R

=
= 14 (s}

Yot $xE 1ei3 Wk glo] BE el
i 3}

@

N

% N
2
g,
RN
ofr
ol
X
T
- oo
ofr
o
t2
o
B
B

@ 71E8 AEeed

N
i
v
T,
o
ol
jintd
o
o,
=)

b}
oo

(recurring cycle, increasing & decreasing trend, upward
& downward shift, stratification)ol] g+ “A|st 3=
g A7sar k.

616

—

(1]

[2]

B3]

[4]

[3]

(6]

(7

(8]

9]

[10]

References

E. Eisenbrand, "Hot box detection in European railay
networks", RTR Special 2011, pp. 1-11, 2011.

Minister of Land, Infrastructure and Transport, 2015
Statistical Year Book of MOLIT. pp. 722-736, Huimun
Printing Corp., 2015.

J. S. Choi, "Introduction of Hot Box Detector(HBD)
technology trend of European railway network", Journal
of Korean Society for Railway, pp. 21-26, 2012.

G. H.. Choi, Y. H. Kim, S. M. Baik, G. S. Bing, "Study
on the Utilization of HBD in the Conventional Speed-up
Lines", Proc. of 2nd Conference on Korea Safety
Management & Science, pp. 233-243, April, 2012.

X. Liu, M. R. Saat, C. Barkan, "Analysis of Causes of
Major Train Derailment and Their Effect on Accident
Rates", Journal of the Transportation Research Board,
pp-154-163, 2012.

DOI: https://doi.org/10.3141/2289-20

D.C. Montgomery, Introduction to Statistical Quality
Control 5th Edition. pp. 300-416, John Wiley & Sons.
Inc., 2005.

S. W. Roberts, "Control Chart Tests Based on Geometric
Moving Average", Technometrics, pp. 239-250, 1959.
DOI: https://doi.org/10.1080/00401706.1959.10489860

E. P. Hong, C. W. Kang, H. W. Kang, "Development of
CV Control Chart Using EWMA Technique", Journal of
Society of Korea Industrial and Systems Engineering,
pp. 114-120, 2008.

Lu. C. W, M. R. Reynolds, "EWMA control charts for
monitoring the mean of autocorrelated processes",
Journal of Quality Technology, pp. 166-188, 1999.

J. M. Lucas, M. S. Saccucci, "Exponentially Weighted
Moving Average Control Schemes:Properties and
Enhancements", Technometrics, pp. 1-12, 1990.

DOI: https://doi.org/10.1080/00401706.1990.10484583

|

A Z(Seog-Jung Choi) [X5]2]




LA FAEAg JE2LedA BUEY 9y A

gis

EWMA 7|9H< A&

("33

| o |
L.

Z = (Moon-Hong Kim)
© 1991 2¢ : Shro=ojriglal o

skl st A EHIAh
2000 2¢ : el rojdgtal o

shel Fofstal( g stubal)
[e) . O I~
= ]

0199313 39 ~ 20061 2Y

ARds AAFAAET W
020061 39 ~ A : §Foie
w72~

Kl

617




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


