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Ignition Process of Attachment Plugs due to
Thermal Deterioration
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Abstract

In this paper, a process, from thermal deterioration to ignition, of an attachment plug due to joule heat of defective
contact between socket receptacles and plug blades (both are of 2 poles) supplied with AC100V, is studied through experi-

ments and a new ignition process is discussed.

This process proposed is as following. Defective contact causes heat, which thermally deteriorate on the surface and
inside of PVC plug insulators. The severely deteriorated PVC undergoes dehydrochlorination due to pyrolysis and reacts
with calcium involved, producing calcium chloride with high hygroscopic property. Due to this thermal deterioration, it is
found that the insulation resistance between 2 blades drops to 105 Q order, and if kept as it is, drops further to 10 Q order
due to water absorption on the surface and inside the PVC. Ignition experiments was performed through this process using
the plug with dropped insulation resistance, and it is found that there is danger of ignition when insulation resistance be-

tween 2 blades drops to 10° Q order.
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Table 1 Components of PVC

Resin | Plasticizer | Stabilizer Filler | Others
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Fig. 2 Typical joule heat temperature of the blades due to
defective contact (No. 8)

3.2 #MPHEIEFER

Frin sV i U B O FEFIEITIE 8 X10"QBETH
o7z, WERTEROBSBILSE 9HOEFHE L E
BRI A SO AL, 5w L 7= BREI O EE Ta-
ble 2 127”7,

HHMOBEHN BiRT BB L7 Fig. 2 1R L
SAEHEI No.8TH 1) 3 XICQREICET L, #0ft
DRI ENEFNRAEDBED R > T 2D T,
BAIC L BHBIEIMET b B2 > T,

T, FadA oI L AHEEIKIE T ORI
DWTHE AT 2 72, FranilB 2 BRFHNNARN, =
w2 H380CE THIEEEE 4°C/min TMEAL 2275
UM ORI 2 li5E L, IR & MRt
ATz, WEICHE L, Fronsaehid X BT 72
WA 2RO L TINT, BRI L, PVC AL
L CHAMBEHENEI L2V Fig. 312873 +E5 3
v PR EHW,

BRIPIC & B INBIEE & MBI O RR % Fig. 4 12
RS o AERERIRBUIIINZIEE O ERICEWET L, 280C
TRIKRE LD EXICQBEFT TR LA, 20%IE
ERE O LR &I LR L380C Tk 2 X10°Q 18 1
TH o7z, 280C% B2 THBIRA LS L22E KL,
BICLY)PVCOSRIBL, HEDEENKT LD
tEZ LN,

Table 2 Insulation resistance between 2 blades immediately after
thermal deterioration due to defective contact

Test piece |\ 1 | No.2 | No.3 | Nod | Nos | No6 | No.7 | No.g | No.o
number

Insulation

resistance |1X10"4x10"3x 10 8x10"|8x10%|8x 10°|5x 10| 3% 10°| 3% 10°
(Q)
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Fig. 4 Relation between heating temperature due to elec-
tric furnace and insulation resistance between 2
blades
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Fig. 5 Inside of a test piece whose insulation resistance
between 2 blades was dropped to 10° Q order im-
mediately after thermal deterioration
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insulation resistance between 2 blades immediately
after thermal deterioration
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Fig. 7 Water absorption rate about 400 hours after heat
treatment due to electric furnace
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tween 2 blades (No. 9)
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Table 3 Insulation rgsistance between 2 blades about 400 hours after
thermal deterioration due to defective contact

Test piece
number

No.1 | No.2 | No.3 | No.4

No.5 | No.6 | No.7 | No.8 | No.9

Insulation

(Q)

resistance |1X10"4x 10" 3x10°{1x10°

2% 10*|2x10*[5x 10| 2% 10%| 2 x 10°
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Fig. 10 Typical example of X —ray diffractogram
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Table 4 Results of applied voltage tests of the test pieces with 100 V AC supply and no-load current

. Insulation " Results of observed on PVC
Test piece . Ignition or . . .
number | FeSistance Non-ignition received thermal deterioration [Pattern
(Q) between 2 blades
No.3 3%10° |Non-ignition Changeless I
4 - vy
No.5 2x10° |Non-ignition On the surface PVC, evaporation
No.8 2x10%® | Ignition . of wat,e.r, dlsc'harge with I
microscopic luminescence, and
No.9 2% 10° Ignition smoke due to the discharge
On the inside PVC like a porous
No.7 5 10° Ignition spogge, evaporation of water, m
luminescence, and smoke, but
didn't occur on the surface
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Table 5 Results of repeated applied voltage tests with a load current
of 10 A continued for one hour every one or two days

First Second Third
Test piece| [ngulation resistance | Insulation resistance | Insulation resistance
number (Q) (Q) (Q)
Ignition or Non- Ignition or Non- Ignition or Non-
ignition ignition ignition
No.3 4x10° 3x10° 6x10°
) Non-ignition Non-ignition Non-ignition
No.4 1%x10° 3x10* 2x%10*
) Non-ignition Non-ignition Non-ignition
No.6 2x10* 1.5x10* 9x10°
) Non-ignition Non-ignition Ignition

(29)




Joule heat due to defective contact between
socket receptacles and plug blades
¥

Insulation resistance between 2 blades drops to 105Q
order due to thermal deterioration of the plug

[
I Generation of HCI due to pyrolysis of PVC
¥

{ Reaction with Ca component involved and production of CaCl,

¥

Insulation resistance between 2 blades drops further to 103Q
order due to water absorption on the surface and inside PVC

¥
I Discharge on the surface or inside PVC
¥

Electrical tracking,resulting in a short circuit,
on the surface or inside PVC

v

| Ignition of the plug I

Fig. 11 Ignition process of attachment plugs due to thermal deterioration
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