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Deterioration due to voltage stresses of rubber
gloves for use in high voltage electrical working

by Kenji Ichikawa*

Rubber gloves for use in high voltage electrical working deteriorate both electrically and
mechanically on account of various stresses imposed on them. In particular, their electrical
deterioration in terms of the withstand voltage is regarded as an important parameter from
the viewpoint of electrical safety, This report describes the results of accelerated life tests
of rubber gloves, which are carried out with over-voltage stress. Degree of electrical deterio-
ration is estimated as the result of life test curves obtained with the following summaries :

1) The life has a great variation and becomes extremely short if brakdown probability is
assumed smaller, or if a certain higher voltage stress is imposed ;

2) The cumulative distribution functions of the life are given as follows, depending upon
the mode of stress ;

(a) In case that voltage stress is applied continuously,
F(V,t)=1—exp[—C,-V5:45.5£0.187
where C,=constant (8.99X1079)
V=applied voltage in kV
t=duration in hour
(b) In case that voltage stress is applied repeatedly for one min., followed each by one
min. rest,
F(V,N)=1l—exp[—C,-V.N03]
where - C,=constant (2.46X107?)
V =applied voltage in kV
N =number of cycle
(¢) In case that voltage stress is applied repeatedly for three min., followed each by
one min. rest,
F(V,N)=1—exp[—C;-V545.N0-35]
where Cy=constant (3.31X1079)
V =applied voltage in kV
N =number of cycle

3) From the life curves of the distribution functions, the deterioration of the rubber gloves

* Electrical division.
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for high voltage insulation purposes is much less dependent on voltage stresses ; and
4) The life is shorter in case that voltage stresses are applied repeatedly than that in case
of voltage stresses continuously applied, and moreover, it tends to become a little shorter if

the duration of repeatedly applied voltage is longer.
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Fig. 7 Rubber gloues for use in high voltage
electrical working
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Table 2 Results of constant-stress test
(when 26kV stress is applied continuously)
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reakdown, ¢ requency,
(min) occurrence, # %

less than 0.1 3 27.3
1.4 1 36. 4
2.0 1 45.5
11.5 1 54. 5
177.0 1 63.6
531.2 1 72.7
col) 2 90.9

1) non-breakdown in 32 hour's time
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Table 3 Results of constant-stress test
- (when 26kV stress is applied repeatedly for
one min., followed each by one min. rest)
26kVX1min. O#ELA P VARBROER
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number of number of frgganelﬁgsrt‘%e‘(N )
cycle, N occurrence, # % :
1 2 16.7
4 1 25.0
6 1 33.3
8 1 41.7
37 1 50.0
103 1 58.3
126 1 66.7
174 1 75.0
col) 2 91.7

1) non-breakdown in 2,000 number of cycle
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Table 4 Results of constant-stress test
(when 26kV stress is applied repeatedly for

three min., followed each by one min. rest)

26kVX3min. ORLA P VARBROER

repeatedly cumulative

number of chgg}éﬁze()f , | frequency, F(N)

cycle, N ’ (%)

1 3 25.0

2 1 33.3

4 1 41.7

6 1 50.0

14 1 58.3

23 1 66. 7

51 1 75.0

165 1 83.3

ool 1 91.7

1) non-breakdown in 760 number of cycle
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—> Cumulative frequency, F(N)(%)
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Table 5 Life distribution formulas
(when voltage stress is applied continuously)

BREHIN O FAER
breakdown . e e
probabil(ig)F (V, &) life ;ilzsktglkl)gtl%?:fg{fmula example
% ,
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T Vasas if V=30kV, then #=5.78 minutes
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Table 6 Life distribution formulas ,
(when voltage stress is applied repeatedly for one min., followed each by one min. rest)
MR L EIn o 7l
brge}kdown life distribution formula example '
probabllé‘co/i)F(V, N) N (numTl}eEkc\)/fD cycle), (number of cycle)
50 o L 469x10% if V=20kV, then N::33,680
: R A if V=80kV, then N=21
10 N= 2. 753 x10% if V=12V, then N=678, 000
T Ve if V=20kV, then N=63
1 N 1. 092 x 1022 if V=10kV, then N=7,330
T s if V=12kV, then N=269
0.5 Ne 1. 074 x 102! if V=10kV, then N=726
T T Vs if V=12kV, then N=26
Table 7 Life distribution formulas
(when voltage stress is applied repeatedly for three min., followed each by one min. rest)
BRI U HIpn oD 5k
breakdown life distribution formula examble
probability F(V, N) N (numb{;r o{fcycle), (number 01,? cycle)
%> kV)
50 N 5. 957 x 1028 if V=20kV, then N=3,297
T Ve if V=30kV, then N=6
10 Ne 2. 738 x 102! if V=12kV, then N=43, 100
T Vet if V=20kV, then N=15
1 N 3.325x%x 1018 if V=10kV, then N=895
T Vst if V=12kV, then N=52
0.5 N 4. 556 x 1017 if V=10%V, then N=123
' Tyt if V=12kV, then N=7
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Fig. 14 Life curves of rubber gloves when voltage stress is applied repeatedly
for three min., followed each by one min. rest -
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Fig. 15 Life curves dependent upon the mode of stress
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Deterioration due to voltage stresses of rubber gloves for use in

high voltage electrical working

by K.Ichikawa

Research Report of the Research Institute of Industrial Safety,
RIIS-RR-31-2, 1~14 (1983)

Rubber gloves for use in high voltage electrical working deteriorate on account of

various stresses received during their use, among which there is an electrical

stress. This report describes the results of accelerated life tests of rubber gloves,

which are carried out with voltage stress, and estimates a degree of thier electrical

deterioration from the result. Application modes of voltage siress are as follows:

(i) continuous application, (ii) repeated application with one min. on and each

followed by one min. rest, and (iii) repeated application with three min. on and

each followed by one min. rest.
(7 tables, 15 figures)
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