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Analysis of the Contact Wire Wear Pattern According to the Pre-sag
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Abstract - The contact wire pre-sag in railway overhead catenary has been considered as a innovative idea which improves
the current collection quality and is expected to evenly distribute wear along a span. However, long term studies on the
effects of pre-sag, especially on the quantitative wear pattern of the contact wire, have not yet been reported. Therefore, in
this study, the pre-sag and wear pattern of the contact wire along a span from long term operation of railway in Korea was
surveyed. The examination was conducted on 3 lines, the Gyeongbu high-speed line with pre-sag of span/2000, the Gyeongbu
existing line without pre-sag, and Gyeongchun line with pre-sag installation on 1/1000 of its span. The wear measurements of
58 sample spans were examined. The wear pattern analysis show no interrelationships between pre-sag and evenly distributed
wear, but more wear occurred at the center of a span compared to the ends of the span, especially more noticeable as span
length increases.

Key Words : Pre-sag, Contact wire, Wear pattern, Catenary, Span

LH 8 OFR AEMo] thalo] O|FOIELE B =RE BR I&M, g%

NEN, ZEAO TS BhE HolEIY] £AF IS 2 0)8 R

AEEY ARIZOIN AROIE(pre-sa DAMSS & U8l Hislol JlEsigion, o8 Bato] Aozt A7kl A
YA713 AANEES GEHOR 71 SHECH ALSSR=H QoI A Dh wEol tiet STHo) sl 2RSS EEIIAUCE

SaAQl ofojtiojz 19708t REoAs AAIGHKATHT]. T2k
A g4 de ke ol el HEshil Al&stal #AIsHoIst

CHZL. ST D@ SAME mEg ZR %0 o) 282

2 EUS AS AFOR ofe} kAo] M83iel STH2). AFRO|

E M 98 ST oo BE M58 BUAZE AQ o1 udoizer @AM o Tl Dot oEd TE

2 iR QCHL 3, 4, 6, 7). CFBOE FANE & Zauol

A PRRAZIS S Gl Ao SR GHLL 8 6l AR0] U WE sl oln FE YaEE AE UEr
JELF olfE ARHolze] ETo] thetel, S5] Aol 1 e b EME BE e S0 B

L B E (elasticity)

SRR Set B SIS Bt U 5-10% OMIZ Hl - grmoi 09 12 4@ AR BRMR0) Quw/ENE §
%8 20l Usto] FASOR Bide] BN BRE B8 AY  ge wopms mamHol Tolmolris]

& Eilo] Bt M WA 57 GCHI, 3-7). olo] 2 a7
oM APIOIEo] ME HAMAS 1 ni Jitol thotol &5

AlZIZ
g o} ol AX SelUe BRMRN AV 2o Al S no e
UHSolA nhE HlolEo] thet FAF BAS Edjo] 1 GuE &
A5t Ak ARROIE=ZE 19l 1/2000 Fojd AR 1%
A, AFROIEZE Qle B8R 7IEM, AFOIE Y 79 1/1000 F

oF
A 40
= Dept. of Railroad Electrical System Engineering, Woosong 2 L \ \/

University, Korea (mm) o
¥ Corresponding Author : Dept. of Railroad Electrical System
. . . . PAPAE=] APAES]
Engineering, Woosong University, Korea
E-mail : ihlee3323@kr.or.kr J¥ 1 AYHQ MR GaE wE
Received : June 29, 2015; Accepted : September 14, 2015 Fig. 1 Typical contact wire uplift pattern
Copyright © The Korean Institute of Electrical Engineers 1501

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



HM7|&s =g X 643 105 20154 10¥

7Hs Axdz Boll ofd Elle WAbdo] BYddHORRE
HE 0] ZE ol MMEHA BEF ok dde AESth
o] Ef¥e Az Zol9 0.05~0.1% BEEGIS of) AREolE
£ F&5 ofsdl, 180z 7 SYolA9 dxd =ol7t
KIREOIA Q] #O0lHE Wes ot 20T, 8], ARIOI=E F
E Olfe 7I8 dR=AEER)7E 87 LSRG ARE &7
oA M @E9] with JiE)ol AeHz WE et FAk
S Ydote Z0] Eit SLMEDH RRFA Aths Aol
A EESE ZoITH, 8], metk] Exb SIaEeH W TE = A
9] 3L W £0IE FAlsHH ARO|=E & 5L Felof
ZOEA 47 ST AXHFNAS e ol HYT & 9
=5 ot dglolA 2ok ZoItHl, 8.

QAPA0] Zhshe Sl(@aE)e FIND, olo] met d7le 4
ge yimlztal obd 1 AE9 AmgA S kIN/m]2

)2~

e (1)

F
Y

RARARE A0 HHo] MRS 1 te o Y
2 Hil, A7 40| S[m], Z¥ TIN]Jo] Z&Rlal, AAFHeER
B Adl x[m] AFAA doll 7ist= @ FINJol o8t e
y[m]2 thEat 2ol e & ATHBE].

A
(2]
v

I8 2 e d g
Fig. 2 Simple string model

z(S—z)

V=g

F
7 2

y7b Zti7h B 32 FrF 83 SLolA &g mjol
omel e B Axg Aee thEah s

oS T AT ©)
2
F AT
K =—=-= 4)

E, E7 sY0A gagol On, metk FEY Wk
AR, o] RFoIA AR niEE o Bo] 44 Zolgh= 0]
Ol2A ZAoIt. TJuiA E= g7 296 Hoget 20| &
ol Arle ZAe QoA o1l

1502

—L_ 1 | | 1 1T 1=

Pre-sag &HEll
O3 3 AXFAQ] Pre-sag & Hog AE|
Fig. 3 Pre-sag and hog status of a contact wire

Hog & Ef

2.2 TR th S8 AL BA
221 A ute 8 ZH)

AR FARS GRA F7He2 [N nEREE &
A 7|Esk=d], oA SAIESCIH0] 9F HHoE Huoid
ZlHAE VKA AR TE FEE Sdote Aok agu
olzle o Aol tigto] 1~2 XF o4 SEsK e Zerh 2
Aol FHo] ZAZhHe] AL i fEe BEASHE Zo] B
OlHZ A 4o 2d d&FoR AXA niero] tist dHE
Q= Zo] EQsH olHsh YubEQl FMAMA ntEE 3 TolH
2= AHE A& 4 QG mietA tE 54 HolHE 3otof
gom, oo W= =5 HHOR SHRALTIANY] FEAIFI)
EE AXAZ o S8 FHE 9 oyt Fgsitia w
T5to] ol SHEGIRIE o] FHl= Olge|o} Technogamma(Xl=
£ Mermec SAIE SEHOIA THE FH|OIH HOIFE A4l 71
22 ZEadg 9= HIPEA dEE AR nREE EFs)
H =38 AULEET)E 05mmoltHo]. AE £T: 120km/h
ol ZAREIHAS 20119 11€0] SHgE HOEE BA5tAA,
LHHA] Z&8 Z|E40U d&E4 52 20149 520 S8t Hlo]
EE BEAGHICE

I8 4 AR iR E SF5He SHEESA] AEAIEA
Fig. 4 KORAIL catenary recording car which measured the
contact wire wear

222 R 1£L9 AAE nHE E 24

AR 74K (Kyeongbu HSL, KHSL)S 2gUe} F2HAol &)
2o thes gx7l ¥x 1000 ®Ao] o]2= miQl ziolojth



=)

iz
=
1B
2o
o n 2

P

O MAMA AES Cu 150mrolH XM THHS
ElQlyl BEEo EEQ gag ZIRlal Utk o
orn FAEIOIE} SiTh A2 19.6kNO| Q17kEo] R
Aol Foh A7H2 63mOoIt 2 =89 FQ XA
63met 495m AC] EE2H HEe I8 5, 61 &
5, 604 Hi HiQF Zro] ApdolE: A HmMQE mhx|

23 Atolo] FoIxH, AMEO|EE 1/20000]2F ASH=E
ol At EYoIA AEoIZo] ot AR o] Z7Hdol9l
1/20000] HESs FOIRCH= SZoltt. &, I8 bollA At Zo]
7} 63mO|BE AZFEYolA9] M FPES A 9% 2ot
71ZHMOREE 63/2000=31.5(m) T AQJACH= =olc}. 18
62 A7t Zol7} 495molEE A EYoiMe MEZAREIE
2hHe 49.5/2000=24.75(mm)O]C}.

i
rlo
m

EO®ET o
* - D
N
B lE
R
1

|1

63m

PSR ==

S—— | I—
450 6.75 6.75 6.75 6.75 ' 6.75 6.75 6.75 6.75 4.50

I8 5 ARs Fo A7 63me TEY HIR] O TEW)
Fig. 5 Dropper spacings(9 droppers) of 63m span which is
the largest one in Kyeongbu HSL(KHSL)

49.5m

450 6.75 - 6.75 6.75 6.75 6.75 6.75 4.50

% 6 49.5m At =29 HiX] (T E2H)
Fig. 6 Dropper spacings(7 droppers) of 49.5m span

BRUESHAKHSL) A SolA 1HAZ 200440 HSE &
i~ S+ 2ol tisto] AR nfe ZZ2ade RAFSIRICE
e IHERMKTX-1, KTX-AE)7F &1 Al 300km/h
2 Fgg ¢ e ORI g4 300km/hE EElRls Z2
I, 300km/h 77k L2 Yl QEs7F BAXE 300km/ho]
St 200km/h7HA] THESH SolA] F=E6Ile ZA0IT

R EE ASFAoIA 45.0m Z3ZF 7 case, 49.5m 13 case,
58.5m 6 case, 63m 2 case S EF 287 A7t BEES ufRLU}
Aot F7te QIFE RARQIE FESH0] ZAGIILE TARSE g2
I 15H 40 HEINQIOH, 2t ATPHZ FALS RO BHg
W Z0] I7 7-100tt 03714 ntEZEmmolgt MAM HAEg
71207 mEE o] gloid AR FAERZA)E njskE Aotk

0=

i)
N

[

ek rjo

Atdol ol whE A ot SfE FA

Trans. KIEE. Vol. 64, No. 10, OCT, 2015

BusA 495m ol 197 BEO niRg 3 2

TR

Table 1 Wear values and its average of 13 samples of 49.5m
KHSL span
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Sﬂﬂ Case | Ccase | case |case |case |case |case |case |case |case |case |case |case 9] Jgﬁ
m |yl s34 567|890l ]

0 |12(16|15|17|15|17(14(14|14]|09|10(20|19| 148
45 [13]18|15|14(15(14|13|12|12|11]09|20|16| 140
10 |12]16|17(12|17]|12|16|11]11|12|10|20|14| 138
15 |16|15|15|11|15|11|15|11|11]08|09 |17 |16]| 131
20 1616|1713 |17|13|15|11|10|10[09|20 |18 | 142
25 |14]13|18|16 (18 (16|14 |12|1.0({09]09|19 |21 | 145
30 18|13 |15 (17|15 |17|11|13(06|09|11|18|20| 141
35 |15(12(12|15(12|15|11|14|06(08(10|18|20| 1.29
40 |16(12|09 (17|09 |17|11|18(08|08|09|L7|20| 132
45 |16(15(15|18 (15|18 |14 |15(09]09|13|19|19| 150
495 |16|16 |17 |15 (1.7 |15|14|15(13|10|10|19|19| 151
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Fig. 7 Average wear(wear pattern) of 13 samples of 49.5m
KHSL span

2 (mm)
=] w

OpR

o 10 20 30 a0 50
oA L RFE (m)
O™ 8 % 29 45m A7 nEE FIeS IEZE LERA Zmt
I aiE)
Fig. 8 Average wear(wear pattern) of 7 samples of 45m
KHSL span
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Table 2 Wear values and its average of 7 samples of 45m
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TR

KHSL span Table 4 Wears(2 sample) and its average of 63m KHSL span
A7 SE4-TFC e () =5710| A7HH S-Zt- 2 () =531l
QX | case | case | case | case | case | case | case | Hit IR case case it
(m) 14 15 16 17 18 19 20 (mm) (m) 27 28 (mm)
0 1310 | 14 | 11| 13 | 16 | 08 | 121 0 14 1.2 1.30
45 13 | 11|10 | 13 | 13 | 1.3 | 09 | 117 45 1.2 12 1.20
10 11 | 14 | 13 | 14 | 14 | 09 | 09 | 1.20 10 1.6 1.1 1.35
15 09 | 14 | 16 | 14 | 14 | 07 | 09 | 1.19 15 1.5 1.0 1.25
20 12 |14 | 14 | 16 | 14 | 11 | 11 | 131 20 14 1.2 1.30
25 13 | 18 | 1.7 | 15 | 14 | 09 | 1.2 | 140 % 14 15 145
30 10 | 1.7 | 15 | 14 | 15 | 08 | 1.2 | 130 30 5 7 160
35 09 | 14 | 10 | 1.3 | 15 | 0.7 | 08 | 1.09 35 13 16 145
405 | 14 | 15 | 11| 1.2 | 16 | 08 | 1.1 | 1.24 10 12 16 140
45 | 14 | 14 | 13 | 13 | 1.1 ] 08 | 1.3 | 123 15 0.9 18 135
50 1.2 1.5 1.35
B 3 ERuEd 5856m U9 67 2O nEY g 2 F 55 1.3 14 1.35
A 585 12 1.1 115
Table 3 Wear values and its average of 6 samples of 58.5m 63 12 1.1 1.15
KHSL span
Ay ZH- DS m) =5yl
5
IR | case | case | case | case | case | case g )
(m) 21 22 23 24 25 26 (mm) .
0 1.2 1.1 1.0 0.9 15 14 1.18 B :
45 | 14 [ 10 | 08 | 11 | 16 | L3 1.20 i
10 1.3 1.1 1.1 1.5 2.1 1.2 1.38 a1
15 1.2 0.9 1.0 1.6 1.9 1.6 1.37 o
o 10 20 30 40 50 60

20 1.3 1.2 1.4 1.4 1.9 1.8 1.50
25 1.4 1.3 1.4 14 | 20 1.9 1.57
30 1.5 1.4 1.5 1.2 1.7 | 20 1.55
35 1.2 1.4 1.5 1.0 1.6 1.6 1.38
40 1.1 1.5 14 | 08 1.3 1.7 1.30
45 1.0 1.2 1.1 0.8 1.2 1.7 1.17
50 1.3 1.2 1.3 1.0 1.3 1.8 1.32
54 1.2 1.5 1.2 1.2 14 1.9 1.20
58.5 1.1 1.3 1 09 | 09 14 1.7 1.22
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Fig. 9 Average wear(wear pattern) of 6 samples of 58.5m
KHSL span
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Fig. 11 Dropper spacings(12 droppers) of 60m span which
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Table 5 Wears(4 samples) and its average of 60m KEL span

A7 Z3%k-1HEZ (nm) Z89
X case case case case g

(m) 1 2 3 4 (mm)
0 3.4 3.2 3.3 3.4 3.33
5 3.2 3.7 3.2 3.1 3.30
10 3.5 4.2 3.0 2.8 3.38
15 3.4 4.6 2.9 2.3 3.30
20 2.9 4.6 3.0 2.7 3.30
25 3.6 45 3.2 34 3.68
30 3.8 45 29 3.1 3.58
35 4.0 3.9 29 3.1 3.48
40 3.9 3.8 3.1 2.7 3.38
45 3.7 3.7 29 2.7 3.25
50 3.5 4.0 3.2 2.7 3.35
55 3.2 4.1 34 2.7 3.35
60 3.2 4.2 34 2.9 3.43
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Fig. 12 Average wear(wear pattern) of 60m KEL span
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Table 6 Wears(2 samples) and its average of 50m KEL

span
AU EGg-T 2 & (o) Z8%9
A case case g
(m) 5 6 (im)
0 3.2 25 2.85
5 3.1 2.7 2.90
10 3.2 24 2.80
15 3.2 2.4 2.80
20 3.3 2.8 3.05
25 3.1 2.9 3.00
30 3.2 3.2 3.20
35 3.2 3.1 3.15
40 3.2 3.0 3.10
45 2.7 3.0 2.85
50 2.5 2.9 2.70
7
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ST RE (m)
J8 13 BE71EA 50m ] B niEgH (e mE)
Fig. 13 Average wear(wear pattern) of 50m KEL span
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Fig. 14 Average wear(wear pattern) of 40m KEL span
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Table 7 Wear values and its average of 7 samples of 40m
KEL span
AU SRZ -0 () skl
QIR |case |case|case |case| case |case |case|case| Bt
(m) 718 ]9 |10 11 |12 |13 | 14 (im)
0 32125130 (34|21(30(34]34 3.0
5 301271313422 |29]|31]30 2.93
10 [2833(31|32]30(31|31]32 3.1
15 [30|31(30|28| 35 (363234 3.2
20 |32|26|34|31|39(33|34]33 3.28
25 [35(27]25(132]38|30]35]|32 3.18
30 341291333035 (28]33]30 3.15
35 3232|132 |31|341(29]35]30 3.19
40 [25]1321380]35]30|27]|34|30 3.04
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Fig. 15 Average wear(wear pattern) of 50m KCL span

T DR HIGH] 40m AHE 105%, 50m A7 102%, 60m E 9 BEN 40m Aol 8 2E29| nty ¥ Hi
ATS 106% U tiRE s ASFS HATh Table 9 Wear values and its average of 8 samples of 40m
KCL span
24 AELY DR nix WY 24 A7NY =X 7 -0 2 () =E71|
QIX] | case|case |case |case |case|case|case|case| Bt
& (Kyeongehun line, KCL) S ~Fd a2 Aabdz m |9 |10]11|12/13]14]15]|16] (m
ﬁlgggg%ﬁgﬁ%iﬁjE%ﬂH}gUf(};dili;; ;cﬂf ﬁjﬂ 0 [04]07]04]04]05]04]04]07] 049
o @i}ﬁz%% cULnomleuq @;59] ;; e %é‘omf o 5 |04/05[03]04[04]04|05|06]| 044
Z2 1176kN7} Q17bEo] Qlom, o A7l 60molth, TEH 10 |05[04/03[03[04]03|05|05| 040
AL FR 7IELI At o] k2 20109 1280 AHSH 15 | 05|04 |03[03]04/03|04|04| 038
1 Esigro] TR Lol Axb nbezt nnjsith o] 37 FAL 20 04]03]03/03[04|03|04|05]| 036
25 04]103]04/03[04|04]03|05/| 038
H 8 4FM 50m &9 87 mEel mEy 9 He 30 [03][04({04[{04|04|04]|03]|04| 038
Table 8 Wear values and its average of 8 samples of 50m 35 05(05]04(04]04]041]04]04 043
KCL span 40 06]08[04]03[04]04|04]05]| 048
A7h St -1 2 () RSk
QIR | case |case |case |case|case |case |case |case| BTt
(m) 11213456178 (inm) 5
0 04]03|03|04|05|06|03]0.7 0.44 4
5 04103|02|04|05(05|03]05 0.39 T 3
10 [04]04|03[04|04]05|03]05 0.40 ; 2
15 [03]06|03[04|03|04|04]04 0.39 i:_»_
20 103|05]03|04]04|04]04|05 0.40 5
256 103/04]103|04]04|05(04|04 0.39 0 10 20 30 40
30 [03/03]02|04]04/|061]04/|03 0.36 ot FZE LRI (m)
3% 103/04]02|05]03|05(04|04 0.38 I8 16 A=A 40m A7) B ohmEOhn HE)
40 0.3]04)03]05]03)04)03] 04 0.36 Fig. 16 Average wear(wear pattern) of 40m KCL span
45 103(04]03]04]04]104]03]05 0.38
50 103|04]04|04]04|041]03]|07 0.41 AZMoIA A7 ZYolMo mEEl o Azl AF BE
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