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We developed equipment for manufacturing a biodegradable-polymer-insulated cable with various functional 
properties.  Using this equipment, we manufactured a poly-l-lactic acid (PLLA)-insulated electric cable and
evaluated its basic electrical insulation characteristics. The mean dielectric breakdown strength of the PLLA-insulated
electric cable was approximately 3.5 times that of a polyvinyl chloride-insulated electric cable (VV electric cable).
The result of bending and weathering tests using the developed PLLA-insulated electric cable showed that we 
obtained excellent characteristics at room temperature. 
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1

Fig. 1 Equipment for manufacturing 

biodegradable-polymer-insulated electric cable. 

2 PLLA

Table 2 Structure of PLLA-insulated electric cable.

Wire material Annealed copper 

Outside diameter of wire 1.6 mm 

Insulation material PLLA

Thickness of insulation material 0.8 mm 

3

Fig. 3 Uniformity of external diameter of

PLLA-insulated electric cable and VV electric cable 

in length direction. 
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Table 1 Basic physical properties of PLLA. 

melting point 166 

glass transition point 57 

 mean molecular weight 20-22×104 

 rupture stress 76 MPa

2

Fig. 2 Extrusion die. 
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5 PLLA

Fig. 5 Flexural property of PLLA-insulated electric cable. 

6

Fig. 6 Sample for ac dielectric breakdown test. 

4 PLLA ( ) VVF

Fig. 4 PLLA-insulated electric cable (top) and VV

electric cable placed as reference (bottom). 
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7

Fig. 7 Circuit for ac dielectric breakdown test. 

10

Fig. 10 Equipment for bending test.

(a) 

(b) 

9

a PLLA b VV

Fig. 9 State of breaking point of cable after ac

dielectric breakdown test. 

(a) PLLA-insulated cable and (b) VV electric cable.

8 PLLA VV

Fig. 8 AC breakdown strength. 
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13  PLLA

( 24,72,120 )

Fig. 13 Observation photograph of polarized light 

generated on PLLA-insulated electric cable 0, 24, 72 

and 120 hours after fabrication (from bottom to top). 

11

Fig. 11 One cycle of continuous bending test. 

12

Fig. 12 Whitening due to repeated bending. 

15 30 PLLA

Fig. 15. Surface of PLLA-insulated electric cable 

after being bent 30 times. 

14 PLLA

Fig. 14 Relationship between PLLA thickness and 

number of bending repetitions before whitening.

96 PLLA

120 PLLA 12

PL

LA 2 PLLA

PLLA

13

24 72 120 PLLA

PLLA
1,2)

2.6

99 (41)



30 2 2006100 (42)

16

PLLA ( ) VV

Fig. 16 PLLA-insulated (top) and VV (bottom) 

electric cables taken out of high-temperature and

high-humidity environment. 

-temperature and high-humidity environment. 
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