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Development of Small-Diameter Three-Layer Coated Electric Wire for Trains Using Multilayer Co-Extrusion Technology
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A new electric wire for trains with three coating layers has been developed to reduce the
diameter and the weight compared to double-coated wire. The flow channel structure of the
cross-head of the extruder was optimized to realize precise multi-layer coating. In this study,
the authors established a flow-channel design theory based on fluid dynamics to equalize the
pressure drop in all the flow paths around the distributor. The thickness of the three-layer
middle insulation layer is 12010 uym. The cross sectional area and the weight of the wire are
less than those of conventional wire by 30% 16%, respectively, without any loss of

performance.

@ Key words : cable, wire coating process, multi-layer co-extrusion
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(a)

Flame retardant layer (outer)
0.40 mmt

Insulation layer (inner)
0.30 mmt

Tin plating stranded wire
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(b)

Flame retardant layer (outer)
0.29 mmt

Insulation layer (middle)
0.12 mmt

Semi conductive layer (inner)
0.10 mmt

Tin plating stranded wire

Fig.1 Structure of wire for train: (a) two-layer structure, (b) small-diameterthree-layer structure

(a) Three-layer co-extrusion for wire coating

Insulation layer extruder
(middle)

Small diameter three-layer (outer)

coated wire
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Fig.2 Three-layer extrusion and distributor in cross-head

Insulation layer
plastic compound . .
Semi conductive layer extruder
'x&' \ (inner)
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Flame retardant layer extruder

(b) Flow channel structure of cross-head

Inlet of plastic melt
Distribution channel
Triangular area

Semi conductive layer

Distributor
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Fig.3 Viscosity of middle layer polymer
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Fig.4 Distributor and mathematical model
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Fig.5 Flow channel and flow distribution
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Fig.6 Flow visualization experiment
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Fig.7 Flow velocity distribution in flow visualization experiments
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Table 1 Properties of small-diameter three-layer coating cable

Flame retardant layer
(outer layer)

Insulation layer
(middle layer)

Semi conductive layer
(innerlayer)

Tin plating stranded wire
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Fig.8 Cross section of the three-layer coated wire
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Fig.9 Layer thickness fluctuation in outer and middle layer
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Item Test condition Requirement * Result
Tensile strength (MPa) =10 13.3
Tensile properties 20C
Elongation at break (%) =150 170
N . 1,500 V, 85C
Electrical insulation i e =10
(D.C. stability) watgy:)ng;ljtdmg Does not break down days Pass
Flame retardance o . i -
(flame propagation) 20C Burning distance (cm) =150 98
*EN 50264
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