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ABSTRACT

Thermal aging test is performed to qualify the life time of equipment in thermally aged condition. Due to long life time
more than 10 years like as in power plant, the equipment is subjected to the accelerated thermal aging condition which is able
to shorten the long aging test period by increasing aging temperature. Normally, conservatism of thermal aging test causes to
impose unbalanced and excessive thermal load on components of the equipment, and deformation and damage problems of the
components. Additionally, temperature rise of each component through heat generation of the electric equipment leads to
long-term problem of the test period.

Multi-phase accelerating aging test is to perform thermal aging test in multiple aging conditions after dividing into groups
with various components of equipment. The groups might be classified considering various factors such as activation energy,
temperature rise, glass transition temperature and melting temperature. In this study, we verify that the multi-phase accelerating

aging test method can reduce and equalize the thermal over load of the components and shorten aging test time.
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Table 1 Components lists of example equipment

Maximum
Applicable
Temperature(C)

Activation
Energy(eV)

Components

List Material

1.1
15
2.0
1.3

Acrylic

Polyester-imide

Polyamide-imide

g|lO|wm| =

Epoxy

Polyester

Laminate 08




Table 2 Assumptions of environmental conditions

Environmental Conditions

Assumption Value

Environmental temperature(C)

45

Qualification time(years)

30

Temperature rise(C)

Case I:07TC, Case II: 20T

Activation Energies of
Components

Refer to Table 1

Table 3 Thermal aging conditions of example equipment

Accelerating Time(days)

Accelerating
Temp.(C) Case 1 Case I
(Without temp. rise) | (Temp. rise of 201C)

100 1484 883.73
110 7153 43552
120 41.86 235.15
130 233 130.91
140 13.35 74.97
150 7.85 44.08
170 2.92 16.38
190 181 6.63

Table 4 Qualified life of the components after thermal aging test

Components Qualified Life(days)
List Case 1 Case II
A 88,315 46,231
B 1,428,398 315478
C 46,330,418 3479445
D 355,175 120,768
E 10,950
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Fig. 1 Excess ratio of qualified life for each component
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Table 5 New groups and conditions for thermal aging test

Accelerating Thermal Aging Conditions
Group (O: Aging, X: Non-aging)

1 2 3 4 n

I 0 0 0 0 0 0

il X (0] 0] 0] ] O

il X X 0 ) 0 0

v X X X (0] (0] (0]

X X X X 0 0

N X X X X X 0
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Table 6 New group considering on activation energy

Group Components Activation Limit D
Energy(eV) Temperature(C)
: AE 08 130
. B D 13 120
o ¢ 20 130

Table 7 Phased accelerating thermal aging condition of the groups
without temperature rise

Phased Aging Condition
Group Step 1 Step 2 Step 3

Tem | Time | Temp. | Time | Temp. | Time

p.(C) (d) (C) (d) () (d)
I 125 29.94

120 1.21

I - - 835 42
]I[ — — — —

Table 8 Phased accelerating thermal aging condition of the
groups with temperature rise of 20 C

Phased Aging Condition
Grou Step 1 Step 2 Step 3
P Temp. | Time | Temp. | Time | Temp. | Time
(C) (d) (C) (d) (C) (d)
I 125 1584
120 19.96

il - - 108.77 4.2
[H _ — — —

Table 9 Qualified life and excess ratio in multi-phase thermal
aging condition

C ; Qualified Life(days)
Group omi)iorgen S (Excess Ratio of Qualified Life)
S - Temp. rise of 20T
A 97,840 43,626
I (894) (3.98)
E 10,950
(1)
B 42,832 50,774
I (391) (4.64)
D 10,950
(1)
10,950
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