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Intermittent Load Effects on Mechanical Properties and
Temperature Rise in Trolly Wires

By Tadashi Hisamoto, D.S.E., and Hiroji Hashimoto
Hitachi Electric Wire Works, Hitachi, Ltd.

Abstract

On electric railway lines having incessant traffic, the trolley wire is subjected
to so great an intermittent load that the problem arises where the tensile strength
of the trolley line 1s reduced due to overheating. This report describes the results
of temperature rise tests when a maximum of 2,200 -ampere intermittent load is
imposed on a 110 mm?® trolley wire, which is the most commonly used wire at
present.

According to the results of a continuous current test, it was discovered that
the surface thermal radiation coefficient greatly varies according to the degree to
which the trolley wire surface is blackened by soot, and to atmospheric and wind
temperatures. Trolley wire blackened by soot has twice the thermal radiation
coefficient of new wire, and the thermal radiation coefficient increases in parallel
with the rise in the atmospheric temperature. Moreover, the thermal radiation
coefficient increases at a wind velocity of 0-2m/s, but increases more slowly with
a further increase in wind velocity.

In case an intermittent load is imposed on a trolley line, its influence on the
surface condition was small. Again, the decreasing effect on the temperature rise
brought about by an increase in wind velocity was also smaller than when a con-
tinuous load was imposed, and the temperature rise during a wind velocity of 4
m/s was one-half of the value when there was no wind at all.

These facts indicate that the thermal radiation coefficient is affected only
slightly by temperature rises caused by intermittent load. From these tests, it was
confirmed that under present load conditions, the maximum temperature of the
trolley wire would reach 145°C. Through studies on calculating methods for tem-
perature rise effected by the intermittent load, the writers were able to obtain the
true formula.

It was further discovered through intermittent load tests made on 2.6 mm
model trolley wires that ordinary hard wires rapidly soften when the temperature
rises to over 150°C, and that the mechanical properties of Cu Ag hard wires undergo

only small variations even at 280°C.

—_—

* R EVERTE BRI T P g rsUERrd T

— 133 ——



H 3 3 & G A

2 vl i & 9 &

O E]

T ESF TR EERBEOB(L AT < & h biT, HifFE
W EARS TR OBL LHE A DTV 5, A
THIZH IO TR « OFMIRED S 5 53, #)M;}_)
NORFE LTHL b YROLITDOTY, PrVER
ZERR A HEH O 24 § TORMEOME K L OV hal5e
ik U7 EHZE B HL O L 5 e RE s BB i W2
ET LN EEE XN DY O b e ) RO R
EF BT b5, B A LT v Y fR
32 B SA oG D CEDY, —HEBE LT
(X, R TS A R E e B ER) AL A DT,
ﬁdxnﬂmm@i%Hﬁww%#ﬂﬁﬁthtﬁﬁnbHUﬁa

WL L T, FORE FARGETT DA R

%#LQO

ERRCREERE NS b r YRRTHE, RS IT S 1ER
B XU EROMHEIZLDOT, JF“""@%&%{%‘?’E%J i
i, FlroMELMicMLZTHD, ThP 2 Zhivb
MO EERD 5 &+ 4 BRI 2, 3 ORZEWIef]i-
PRGEE L, »ca}fu@aﬁ;%gﬁ;* o U TCEETRIZ L 2Tk
Hivd L 5T, HREENIRE AT REA LM LT\ &
ELTD,

Mk, S OZERRREECIE, BSIZ X AEE L5, 1§
Wk A e VERRGORL, BLXOEBHLOMEIZ XD

CET AR X AEE Ao Y DBigE 5T 5D
TTCED, ZRBIZOWTIIE«DHRFEOEE ATk

HETRI ARG L, TR 5.

I BDOBE FAFGTHERX O Z BV T, datEAIC X
DT A TR AR & o] D Il & A MR L T
it Lo W EX BIRETH D,

(I Fm 8 W& X
(1) Rty & TR FHZE
¥4, de YVEEORE ATk LIEdEEHRER LU
BOBEZ | HRH1-DITHOXED 2FFEOFR A L
A
. 110mm? boe VER A
ERhWrEAR  111.1 mm?

. 110mm? +F e U EE LE AiHZEO 4 O
CEEVEE I VBELLTV3
ERgimERE 90.9 mm?

PLEOZEEBOBERKIIEIVFZATE) TH D05,

HORBUIERE L2 7 ThD, chHLDOREEZHE 2R
T BRI I ER L, et AR R E
L7, Fe UBUREOHIEE, 0.5mm gf—
% BV ot A SR e R P IT  D T T, B

AR Y

— 23—
LD U iR B -4
XKnE A /) om? BT B0 A& 909mm?

=S (I SO - S S ST I R4
Fig.1. Sectional Diagram of
Trolley Wire

SRE
P _ |
ey wi — " = aim et i
2«‘:)'-'{-’? / ]%11\5—&-‘3' f—— fj{’?-...__r
el _._._'_‘_'!._._._"-._-_ I - 1 -
_)—/—(‘__—,f l .
T ! | /280
.;;‘."i': ..-l*--""'"' “t-bﬁi
\\:3::5-“-.__.-‘-" o
| |

2K @ A | B EH &
Fig.2. Apparatus of Windy Test

-1

e ) O ARBEEE TS 2, RO
%miﬂﬂﬂﬁahﬁﬁ,Eﬂﬁﬁﬁﬁﬁ%ﬁiiﬁﬂ
o JAEE U7-, BN OE 0 - BB RaEAE 235
CEFLTALL, e xEEE 4m/s DL X, 3.8~
4.2m/s OO~ Z v FRILEHT HIveh D7,

(2) & | 2 K &%

At 2 3B oEERE, N2k A CBRWOBENFOEE |-
Aamd e, BIRIATMD THD, AEBIIEHA
L0 LEERE BT 18.2% M\ iZh s BT, [
BT L BHEE FAMEL, RFEER NV, Sk
FEE - Lo CEL LTV 2O CREERS R I W
fob & B2 LD H, BB A BOBNECR LIRE & DR
CERECTL ZOENRLEI LI TEHDL, NBEAETHLE
HTe &5 ITEERUREE TURE UL AN mBEZE T H L T
ML Tuwb, ChaBRNTEx 5L, BEZEDHE
CEOTHRII AR B LI AT DT S

%%@ﬂﬁ@ﬁ:ﬁﬁ%ﬁﬂB@ﬁﬁk%ﬁﬁ&ﬁﬂ
fehs, ZH OB HFEURIZ BT AR & EE
&ﬂﬂﬁ?@ﬁ¢7&¥5m®ﬁoﬁ%é ERAT PREY %
B b L OH T 0 HAREED S % @w.uxﬁﬁﬁ%d%z
BEADOIENE L 4 2L T\ 50, @fhsEE Az {707
LD REEE(TS, BLABDL TV 5,
ZAUTEREDE BN X o CRERASIRFIN 21T, REE

134 ==



ey AR O MR A X B RBE A c‘:%bﬂcﬁﬂﬁuﬂiwﬂ" /ﬂ:

200
0/ ‘
/60 H

M40 H

(C)

/20 |

X
100 1

=
[Fuil]

1

=3 # & 1 i X B B o [
GEH—A L B)

Fig.3. Temperature Rise on Continuous
Load (Sample--A and B)
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Table 3. Loading Conditions of Model Trolley Wire
- 5 5 om o % RN | R R E E B B E kR B
50 —1 : 50 135~108 138 ~143 35 ~ 60 29 ~31
o0—2 I o0 180 ~121 169 ~183 35 ~ 56 29 ~28
50—3 | o0 204~120 176 ~197 24 ~ 35 16.5~18.5
20—4 . o0 | 210~135 205 ~259 35 ~ 46 18 ~20.8
50—5 o0 : 220~132 . 241 ~ 267 24 ~ 43 21 ~23.6
206 50 | 240~150 267 ~ 304 21 ~ 43 17.5~18
100—1 100 135~108 104 ~131 24 ~ 41 19.4~22.5
100—2 100 180~121 | 134 ~192 24 ~ 43 18.8~22.8
100—3 100 ! 204~120 | 188 ~214 24 ~ 48 18.5~23.2
100—4 100 | 210~135 ! 201 ~254 28 ~ 43 17 ~18.8
100—5 100 220~132 | 241 ~ 280 21 ~ 46 19 ~22
100—6 100 240~150 241 ~308 21 ~ 51 21.5~26.2
200—1 200 135~108 114 ~147 18 ~ 46 | &M P
200 —2 : 200 180 ~121 | 148 ~183 14 ~ 41 15 ~19.8
200—3 200 204 ~120 : 188 ~210 21 ~ 41 21.5~25.1
200—4 200 210~135 205 ~ 267 27 = 8l 16 ~22
200—5 200 220~132 223 ~268 18 ~ 46 21.5~25.5
200—6 200 240 ~150 223 ~304 24 ~ 56 23 ~29
300—1 300 135~108 124 ~ 143 24 ~ 56 oL =25
300—2 300 | 180~121 164~188 27 ~ 50 18.5~26.5
3003 300 204 ~120 | 178 ~ 236 26 ~ 56 20 ~23
3004 i 300 | 210~135 i 214~232 24 ~ 51 18.5~23
300—5 ' 300 ; 240~132 | 228 ~ 267 21 ~ 56 18.8~26
300 6 300 240 ~150 241~327 E 27 ~ 56 23.2~25.6
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Fig.18. Change of Elongation of Model B4 W ¢« 4 w 4 W

Trolley Wire on Intermittent Load

— 14] —




%?.

—_——

CO

noHh, b ,%‘fhﬁ‘ffciﬁ RS2 iL"JT' % & IEMESRER O BEsh
BEED FIce ATREE B A, DL S5 XTI A

H b ow U%}}E@{!Jﬁﬁﬂﬁ%?ﬁf LL»T I DFER HIFE O
PFmE L LT OEOI2ERE 4,
MBS T v Y
BADER r e V.. ... ... 200°C
T bHERAD ﬁ%—@lﬁ] v R AR 5 RpIEOD i o (i BE
60°C & Zx iUk, FlimEsiiio 234% OMREE b4 7
KLY BT TCEHY, hEwBERTELAHIHIE 153%
DN & 75 %

----------

it

o
e
Pes—

=

b XOTHIEK B faf = &

(VI &%

DL b v v R E B |24 % FERRIT

DAL Z OV T ORI ERI T H L DED
Mh A,
(1) v )RR O PR, RmEiRiE, mE

B X O BOIREEIZ Lo TKREI (L35, EEMNEHC
B35 & BEORSRIIIEFE 2 & eh, HEO & XL
HEEE T L LT 4, RO A S L O

d o=

RN e B A 2m/s DL TR ORI R RIS

-

(2) O (m B 1 T4

2, 3 OEW N E AR - L4

K '="'~J'Lt7’J"1 JEBHS - LoTir 130°C OBE 54
T30, BOEEITHEGC DX B
o8 Loy

NE

7

Lo B TR

(E B OB S X O AmENIER - L %
plﬁ ‘k&b JEDES L XA, & B I
M UT-RERIER X LAY 2 LMD LT,

(4) 2.6mm DEF b r YR EERE WD)
BRI G278 25, F OIS, S MRE
SR CUERIE 2L T 2DIZR L, |WRORERA {72781
AD P VERTIRITE A EE(L LD, ZOfEHE,
%ﬁﬁ?jt.3'<, B FAOKREGCEGIZTIIEEAD b r Y
RO AL XIS

@m;jﬁanluuﬂruﬁLmeW%ﬁm
¥ DM T oW Ch kR LigiiuLle gy,
SR LWk r T\w5,

- gl e

R0 ITEE A, e R

(3)
R L5

iRt 7
Wl D 12

'l?.

[_. I\_,..

SR A H LR < (IR
2R\ T EHBAR T ORRREG, RS KOV ARIE A E
FOBERENIZIE HIfLER L LiF D, F108RI2 0T
(X HALEYERT B AL BRI O N S S RIS A &
T DA D B KT B R A w s o & A
L, dTileliB L EFARECH S

>

T

R.J.C. Wood:
Afr o IR,

z T B
Trans. AIEE, 1258 (1924)
#5496 2, 9 (1g 24 3)

(1)
(2)

(3) AR, WA R, 35, 586 (i 28-3)

T TR T AT . L]

3 %E =i= 1‘& )= E ?‘i
Hook-Up Wire

T L T A P AN N T W A S iR

= OFE A R i A kR A
7 BB A B o PRSI Bl T3 2 B
1,000V, 2,500V &) s & O% ik E A s 4
OREE L, 82 o FIRERR AR GEERE L, 0
BRROMHBZIC U =1, EERKY) =F L
v 1 E O T IR O ks (A 2 B L é’m i & Ll
H 5 AF X AERBARDORM 27 L,

i ’5 Xb ")/;f LJ” Ti i tlr? Z
% Hi (GUUV

) ko

D _Z K5, T,

Ly prg i k- = L = E 5o H ; a6 o Ry, g
e, ERIZWz2 S v —Ficlk, v adwiEkgmli
b DTHESLE, FT=ART o 4 —~DICHIEF1 v Ve

‘r“ igii L f :L)‘ )i)ét;)’)‘_,
FACBEAT T i & iR L,
DIBERICIC U Bh % & D IS,

2 -
L

L SPE I T N R TN T T A L P L L e L T LT R e P L TS T T P

, B

i 2 RS LT %

F1 # 5

T m E R

Fig.1. Hook-Up Wire

1 RIOG R A ffxéﬁitw¢, SRS S
71 L ?‘111 f "I“"'- A ::T:'IP)\J[”JT lf’T |TJ\ LI y 1"'.u ) 1; T :J’; P

— 142 —





