00000000000 0O0DbOO0000
Quantification method of long term reliability of adhesive joints.
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Abstract
Method to calculate safety factor of adhesive strength after service life quantitatively was developed. Safety factor after service lifeSy
is calculated by the next formula from effective adhesive strength F; and maximum load stress Py -
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0, oo O Initial average adhesive strength in room temperature

O ;5 O Dispersion coefficient of adhesive strength determined as percent defective allowable [ 1-R] with coefficient of variation CV.

N op O Temperature coefficient

n o O Deterioration coefficient after servicelife. n g0 N gX N gx n gx 00000% n g
N o0n g0n g 0000n O Deterioration coefficient in individual environment or stress factor.
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Fig.1 Conception diagram of long-term deterioration of adhe-
sive strength, percent defective allowable[ 1-R], effective adhe-
sive strength Fo , maximum load stress Pmaxand safety factor
after servicelife So .
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Fig.2 Plot of normal distribution of initial static adhesive

strength in room temperature and average strength Fy, o .
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Fig.3 Conception diagram of average adhesive strength F,, ,
percent defective allowable[1-R] and dispersion coefficient D.
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Tab.1 Requirement items and specifications for adhesion parts.

Requirement item Specification
Servicelife 25years
Requirement reliability R 0.99999

Shear stress 0.10MPa

Repeated stress (fatigue) 10°cycles

-400 (Winter) O +400 (Summer)

Only once

-200 (Winter) 0 +400 (Summer)
Winter: -2000 00O
Summer :+200 O +400

-200 (Winter) O +1000 (Summer)

Winter: -200 0 + 600

Summer :+200 O +1000

1cycle/day

Maximum load stress Prex
Type of load stress

During transportation

During shutdown
of equipment

Temperature

During running
of equipment

Tab.2 Evaluation test items and conditions.

Test item Condition

Temperature dependencel! 400 O +1000
of shear strength

1 250, 1000
Fatigue test 0 0 10cycles

[ Strength at 108 cyclesis estimated
Heat cycle test HRT - -400 - RT 1cycle
for temperature change 1 -200 ~ - +1000] 25 cycles
of the year
Heat cycle test H-200 « - + 600 O O 300cycles

for temperature change [J Strength at 4500cyclesis estimated
of the day

113000, 15000, 18001, 20001

1 0O 120 days

1 Strength after 3000 days at 9001 O
N 10000 is estimated

Heat deterioration test
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Fig.6 Relation of temperature and quantity of bending of
bimetal.
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Fig.7 Simplification of temperature change for one year.
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Fig.9 Result of heat cycle test for temperature change of the
year and deterioration coefficientn .
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Tab.3 Effective strength of adhesion F; and safety factor after
25 years S5 . (In case of nominal with average shear strength at
250 Fypo )

O [J Average shear strengthO[ 0,5y |26.46MPa

O at 250

t ) Diispersion coefficient Oogdg 70.569

%[ after 25 years

-[3[ Temperature coefficient 00n gg 70.23

%[ at 1000

[ [ Deterioration coefficientsD n g 70.198

3 [ after 25 years

@EDW oOngxnpxnoxngd

E O DFatigUe(st) nao ooo0.26
0 O Heat cyclél for yearQ No |opo0-95
0O O Heat cyclél for dayO No |oo0o00.80
0 O Heat deterioration No |oool.00

Effective strength ogog 70.686MPa

of adhesion

O0p00upo00g0Nngp0n g0

Maximum load stress 000 gpg [00.10MPa

Safety factor after 25years|0 g 76.86

00,00,0045p0

Tab.4 Effective strength of adhesion F; and safety factor after
25 years S5 . (In case of nominal with fatigue strength at 1000

Fﬂﬂﬂﬂ )

%E Fatigue strength O 00 gopo | 0.58MPa
@ at 1000

o
15 ) Dispersion coefficient Q0g 0.569
& 1) after 25 years

[] Deterioration coefficients(] n 0.76
[ after 25 years
1

OnoOnoxnoxngO

Fesultr of &l

0 O Heat cyclél for year([I] O n g 000.95

0O O Heat cyclél for dayOD O n g 70 0.80

0 O Heat deterioration 0 On g oo 1.00
Effective strength Oodg 0.251MPa
of adhesion
DDDDDDDDDDDDDn DD
Maximum load stress 00 gon 0.10MPa
Safety factor 00oq 2.51

after 25years
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Tab.5 Percent defective alowable[1-R], dispersion coefficient
Dy and safety factor after 25 years S; .

Percent Dispersion | Safety factor
Defective coefficient| after 25years
AllowableOd

[1-R] O a0 a,
0O 0100000 0.57 2.51
0O O 1000000 0.52 2.29
0O 0 10000000 0.48 2.11
0O O 100000000 0.44 1.94

Tab.6 Percent defective alowable [ 1-R], ratio of adhesion area
and safety factor after 25 years S .

Percent Defective Allowable [1-R]

1/1000000) 1/100000000] 1/100000000

; [11.0 02.51 002.11 01.94
Ratio of
adhesion [10.7 01.75 00o1.47 01.35
area
[10.5 01.25 0o1.05 g1.00
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