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Studies on the High Strength Soldering Alloys for
Weld Rail Bond

By Kenkichi Yamaji

Hitachi Electric Wire Works,

Hitachi, Ltd.

Abstract

Various methods have been employed

for welding the rail bond, but gas—- and

arc-welding methods are not always satisfactory because, in lack of proper treat-

ment, the bond wire suffers falling or breaking due to overheating or overpressure,

whereas the soldering method generally gives a good result.

The purpose of the

writer’s study was to find a suitable soldering alloy for rail bond which possesses

such properties that fulfil the requirements of the specification provided by the

National Railway Corporation as follows:
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Melting point
Tensile strength
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Elongation

Specific resistance

............

<400 °C

>9 kg/mm?
>9%
<1510 /cms3

As high tensile strength was desirable, about 40 types of alloys belonging to

the Sn-Zn and the Sn-Zn-Cd System had

been prepared for the test, and their

electrical resistance, flow characteristics and shear strength of wvarious soldered

joints as well as their mechanical properties were studied.

As a result, the

following alloy was found to be most suitable for the purpose:
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Composition

Melting point
Tensile strength

Elongation

....................

Specific resistance
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Table 1. Compositions of the Sn-Zn Binary Alloys Prepared and Their
Various Properties
T —— i P— T | T —_"'""'-
® B | BAaE RS (% mE s | 0 ® P (kg/mm2) fif o (%) R
% 2 Sn Zn | €O | A B c A | B C A
0 100 232 : 3.01 | 3.00 I[ 2.61 | 40.0 41.0 39.0 11.30
1 95 5 217 C6.72 6.23 |  6.25 34.0 42.1 42.0 13.35
2 91 | 9 199 . 8.29 | 7.65 8.48 59. 2 48.0 38.2 14.54
3 85 15 | 250 9,19 8.57 8.06 36.0 34.8 37.5 13.42
4 75 ‘ 25 297 10.50 8.63 8.39 | 25.0 30.1 12.0 12.12
5 65 35 324 10.50 10.36 8.05 41.8 35.8 10.5 11.40
6 55 | 45 340 11.69  11.82 7.76 38.8 35.3 7.9 10.59
7 5 | 55 355 13.48 12.89 | 7.65 40.0 32.0 12.0 10.11
8 35 65 365 15.01 15.26 | 7.84 33.4 30.0 10.3 9.41
9 25 | 75 | 382 = 7.87 = 8.2 =
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Table 2. The Effect of the Adding Elements on the Various Properties
of the Sn-Zn Alloys
- i 4 2 5 (%) . # % H (kg/mm?2) i (%) Il(?fzéxﬁ%n%i)
o = L | .
# %  Sn | Zn | Cd | Al | Cu | Bi | Pb | A B & A B | C A
10 | 86 9 5 5 e i = | 9.85 |  9.95 8.72 | 33.8 | 26.8 33 11.49
11 85 10 5 . . - -~ | 9.65 9.60 8.56 | 42.0 | 42.0 19 14.67
12 80 15 5 : — | =] = 9.20 9.08 8.39 | 37.2 | 37.0 12 13.62
13 85 10 e ioa 5 - — | 850 | 843 6.07 | 28.4 | 25.6 15.18
14 80 15 s — 5 — } ~ 908 9.00 = 6.96 | 24.0 | 24.4 14. 87
15 | 78 8 5 9 — | el = - — | 1035 | — e 12 =
16 | 78 8 5 = 91 = = | = 9,98 = 2 s
17 | 78 8 5 4.5 4.5 ‘ — ‘ o — 10.4 e 4 -
18 | 65 30 — - | 5| - - — 6.25 = =
19 62 12 4 4 5 5 | 8 ‘ | 7.41 | i = | -
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j_ S_n J Zn__‘_ Cd (kg/mm?) _(_/_/) .(—“ .cm_} O TSEY | fr XA,
20 90 10 = 8.39 57.92 10.59 SRS e B O IO D RBICIL T A R 5 — 5 t SXBRE
21 85 10 5 10.15 31.75 10. 84 " R . o ) )
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| ~ (1 N2 3y 2
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32 70 20 10 9.40 9.09 | 10.48 REETEERL, Chib[iR) BB, sl
33 65 20 15 9.36 11.30  10.33 PRy 200 ool TV, CcoEGERIE LT
34 60 20 20 9.12 11.34 | 9.73 _
: 0y HEAVHRENGS e 2o FH N - ffe 8 B -
40 70 | = 8. 40 15.8 9.48 (&, 20% fﬂn/rtﬁl-ﬂ-l{:.?ﬁﬁ-ffﬂh Yﬁ_ VEER B 35? 400
a1 | 65 | 30 5 10. 20 13.6 = 10.48 C Thd., BHESESOMAEMEZ TR b3 Lido X
42 | 60 @ 30 10 10. 80 10.2 | 9.87 5 IHEEE U733 BR % 100~110 °C sk K& rhic 200
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; — b8 L — 7 H 1T Y
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50 60 0 | — = — | 8.89 D OIRAEA B L 7e, o & 5 e B B TEL Zn o
51 55 | 40 s 10.50 18.1 | 9.09 LR A FTRLBE L < FHO BRI D HEEAO~08) 4
52 0 | 40 10 1040 113 863 503, ARELOBED X 51T Zn MBHEHIZEADT
53 45 | 40 | 15 10. 87 11.3 | 9.02 N o
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4 4 # Sn—Zn-Cd =% a S0 kiR s

(@) iRk Table 4. Shear Strength of the Sn—Zn -
350 D= Cd Ternary Alloys
| / T L \ i Bk e it | No. 21 ~ No. 41 . No. 43
Joo > : ny F — = IC =
/ D e 2 CC 362 420 514
/ | " CF 314 347 | 457
s | FF 303 295 409
/- = FzFz 271 203 | 301
P e e s FzF 325 327 | 368
= . 90 KE) CFz 375 | 297 384
H; 15) o L ; 5 CcC 144 175 205
5 CF 174 174 197
lﬂ " % FF 18 | 128 170
. ® FzFz 60 | 117 112
FzF 83 | 118 162
(5200 ke) CFz 92 ‘ 117 114
ww CC 60. 2 58.3 60.1
;fz’,?ﬁl g@ f}f CF 44.6 49.9 56.7
E B FF 61.1 56.6 58. 4
E F FzF z 77.9 42.4 62.8
i ll i FzF 74.5 63.9 56.9
| (7" g "% x100% ) CF, | 5.5 60.6 62.5
200 ©— I R

Lf' /!L(-‘; x;,L?I ‘(;I "JUJI 1: ) ff? .;Ef? - (‘i]
::' J" J {l1; |
210 Sn—Zn — It % &5 4 o ui s X

IF1ig. 10. Shear Strength of the Sn—Zn
Binary Alloys
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