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Weight Reduction of the Rolling-Stock

By Takio Fujioka

Kasado Works, Hitachi,

Ltd.

Abstract

It is an established fact that service and maintenance costs are effectively de-

creased by reducing the car weight.

In other words, the output per unit weight of

the car is increased so much by the reduction of total car weight, and accordingly

the performance characteristics are improved proportionately.

For the purpose of reducing the car weight, the study on the materials used

for each part of the car and their combination in relation to the strength and rigidity

should come first ;
the matter of first consideration.

use of strong, light materials for the car construction should be

On the other hand, the safety for passengers and

the riding quality must not be sacrificed thereby but improved, in view of the fact

that the railway vehicles are to serve for a

speed.

long distance communication at a high

With these points of view in full consideration, Hitachi, Ltd., has recently de-

signed and completed light electric cars for the Keio Teito Electric Railway Co.,

the weight of which has been cut by about 14% compared to the previous

The steel with high tensile strength has been used for every member subject

Torsional and bending rigidities have been improved in order to raise the

Ltd.,
ones. The following are the features of these cars:
(L)
to high stress.
(2)
natural frequency of car body.
(3)

Interior panels and parts have been made of the light metal alloy, in view of

the fire prevention and the effective strength of their own.
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H OE O K [k
Change of Operation Weight
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vz Hi | 44 | 86 38 84 86
E g R 51 100 45 100 88
=g = 63 123 57 197 g1

ln’/ & Lk’_ﬁ_—”_‘"‘i’ ’: j ,

¥ 2 F£F =H = 3 o
Weight and Weight Ratio
Each Car Component

of

£ i 2 m (kg) R & H (%)

i *: 13, 020 | 34.3
TR = A 1,360 +| 3.6
= i 10, 860 28.5
17 = S 1,550 4,1
woo®m s 2,410 6.3
¥ B B B 8, 800 | 23.2

A 71 38, 000 | 100. 0
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Table 3. Strength of Steel
% B | % o M | W PR b o
oo o B SS 41 | SHT-2
H 8 7 (kg/mm?2) 41 ~50 55~ 65
g R 5 (kg/mm?2) 24~26 | 36
% 25 B (kg/mm?2) 2() 25
hiakl | HeE 5.2~6.4 7.0~8.3
Mo A B (ke/mm?2) [ 21103 21 %103
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Type 1900 Motor Car with 4 Wheel Trucks
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Fig. 2. Overall Dimensions of Type 1200 Motor Car with 4 Wheel Trucks
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Fig. 3. X Ray Examination of Union-melt Welded Part
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Table 4. Kind of High Tensile Steel Table 6. Strength of Welded Part
7| ¢ | M | ca | o | s w8 | s o®m o ow | B (ke/mm®)
Mn % | 0.1~0.2 | 1.0~1.6 0.2~0.6 — 0.10~0.80 It Sl =3 An bEEE | 58. 2
Cu % 0.1~0.2 | 0.5~1.0 | 0.5~1.2 | — 0.20~0.40 S0 | m=d X g 56.6
Cr % | 0.1~0.18 0.5~0.8 0.3~0.5  0.5~1.5 0.15~0.25 5 w | F iz o 54.3
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Table 5 Chemical Analysis and Mechanical Properties of Materials
(t - R 4 (%) BOo® m H ®
B+ @ 5 K
B Si Mn P S e/ Dy '?ﬁq;ﬁn1w-|‘m o (%)
4.5t i 017 | 059 | o094 | o019 | o012 40.6 58. 2 38.5
6.0t 4% 0 o 0.50 ‘ 1.06 ' 0.020 | 0.008 41.8 57.8 33.5
8.0t i  0.14 0.60 | 0.9 | 0.025 |  0.009 | 37.8 54.1 36.5
9.0t 0.17 0.68 | 0.98 0.037 0.025 41.8 59.5 33.5
12,0t #% 0.18 0.66 | 1.0 0.018 0.000 | 39.4 58.7 34.5
L76X75X6 W #7 sl | 0.16 | 0.14 : 1.06 0.018 0.017 35.0 57.2 21.4
75%x9 B 631 | 0.19 : 0.13 | 1.32 0.036 0.023 38.0 57.0 23.0
506 7 iR 0.15 | 016 | 1.24 0.031 |  0.013 36.0 56. 0 23.0
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Fig.5. Bending Moment and Shearing Force
Diagram
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Table 9. Chemical Analysis of Aluminum Alloy
| (. 2% R 5 (%) |
A £ | — | —==—= — I =
ge | B | B Mn Mg Zn Cr Ti |
28 0. 20 Fe+Si<1.00 0.05 = 0.10 - | Al>99.0%
3S 0.20 0. 60 0.70 1.00~1.50 = 0.10 = — JIS M7 v 3 =w n4eE 158
17S | 3.50~4.50 0. 80 1.00 0.40~1.00 0.20~0.80 0.10 0.10 - JIS Bh7Ar3s=w 28465 15
24S | 3.80~4.90 0.50 0.50 0.30~0.90 1.20~1.80 0.10 0.10 — JIS B h7vi=w alhl2fE
52S 0.10 Fe+Si<0.45 0.10 2.20~2.80 0.10 0.15~0.35 - JIS g7 3= 254528
56S 0.10 0.30 0.40 0.05~0.20  4.90~5. 60 0.10 0.05~0. 20 = JIS jif@h7 v 2 = 2445 37
61S | 0.15~0.40 0.40~0.80 0.70 0.15 0.80~1.20 0. 20 0.15~0.35 0.15 JIS fitfhi7 v 3 =w na o5 458
63S 0.10 | 0.20~0.60 0.35 - 0.45~0.85 0.10 0.10 0.10 ’
(G BAPZOMDTHINIFORD 0.05% &3 0.15% B+,
£ 10 £ SR T LI = 284 0BRME 73 =Y ASECITIMEY TR L Cu RO Y .
Table 10. Mechanical Properties of Aluminum Z )L 3 v{h, Mn 5%, SiR, Mg 3%, Zn R0 4,

Alloy
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ZS_ ;I -
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35 - '
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17S-0 i 18.3 T:0 - 22 45 2.7 9.1
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248—'1‘4% 47.8 337 20 19 120 28.8 12 &
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52S -

34 26.0 21.8 10 14 67 14. 8 12.7
5665 -0 29.5 15.5 - 35 —- 18.3 14.1
56S - ’
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61S-0 127 5.6 22 30 30 8.7 6.3
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63S-F 15.5 G.1 20 — 42 9.8 e
63S-T6 24.6 1.1 12 — 73 15.5 -
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