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ABSTRACT

According to the delivery condition, the breakage of a product occurs when it is delivered to
the customers. Therefore product's makers evaluate the durability under the delivery process by
accelerated life testing. In order to conduct this accelerated life testing accurately, it is very
important to identify the acceleration—factor exactly between on—road and accelerated life test
condition. In this paper, the acceleration—factor is identified by applying linear damage summation
law, rain—flow cycle counting and Dirlik theory under the conditions of the random vibration. And
approximated FEM model of the connecting—pipe to the compressor is developed for fatigue
analysis. This model is finally verified by comparing the experiment results to the numerical

analysis results.
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Fig. 10 Figure of the accelerated life test

Table 2 Expected and real life of the copper pipe
on the accelerated test on the double
stack condition

No of SPL | Expected life time (hr) | Real life time (hr)
1 1.7 1.7
2 3.4 1.8
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Table 3 Calculation of the accelerated factor

Test condition
L. ASTM | ASTM | ASTM .
Items Sub-items | jevel 1| level 1 | level 2 | Unit
(single ‘| (double | (double
stack) | stack) | stack)
Expected | On-road test,
lifg tLime non-paverent 3549 | 3549 | 3549 | hr
for Enveloped
on—road | PSD for | 592.7 | 592.7 | 592.7 | hr
test  |concrete road
Expected life time for
accelerated life test 126 2.1 176 hr
Acceleration _
factor(safety factor =4) 118 69.9 8.4
Time for accelerating
test in order to -
guarantee 5000 km 5.3 0.9 74 r
delivery
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Fig. 13 Guarantee for the delivery distance with
respect to the test time with level 1 on
ASTM D4169

Table 4 Accelerated factor for the different shape
of the pipe under ASTM D4169 Level
1(double stack)

I Test condition Unit
ems Modell Model2
Expected life time for
on-road test
(enveloped PSD for 494129 76011 br
concrete road)
Expected life time for
accelerated life test 1255 282 hr
Acceleration factor B
(safety factor = 4) 9% 67
Time for accelerating 0.64 0.93 hr
test in order to
guarantee 5000 km 38 56 min
delivery
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e
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(a) Schematic diagram of the pipe system

Lumped mass for the compressor

: & Spring element for the rubber grommet

Acceleration input :
Fig. 17 Test setup for measuring inertia moment

(b) Approximated FEM model of the compressor

o1 -
-G} - ASTM Level 1(0.76 grms)

Table 5 Material property of the fatigue analysis

—O— ASTM Level 1 x 1.5(0.93g rms)

w - L Items Value Unit
<. ey Mass of the compressor 15 kg
)
I oom
3 Mass of inertia XX 136128 )
g / of the Yy 191827 | kg-mm®
oo 3 compressor 127 103398
8 . Vertical 85 N/mm
Spring constant
00000} - - o om S mims—omo——sn— s s e Horizontal 41 N/mm
1 10 100 1000
Frequency(Hz] Young's modulus 118000 Mpa
(c) Input PSD . ;
. ) p Pipe Density 8850 kg/m®
Fig. 16 Approximated FEM model and PSD input - -
Poison ratio 0.33 -

for the pipe system
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Table 6 Fatigue life estimated by FEM and test
under the accelerated random vibration

Items Damage Fatigue life(sec)
FEM 1.485x10° 6736
Test 1.634x107 6120

Table 7 Natural frequency of the compressor—pipe
system produced by FEM

Order frequgaucr;lél{z] Order freqﬁggi?EHz]
1 414 9 30
2 10.3 10 315
3 10.9 11 2.1
4 15.7 12 52.5 )
5 20.8 13 56.3
6 23.9 14 615
7 27.1 15 72.7 o
8 28.1 16 4.5 )

4.3 sfM A3
99l FEM <AF 29& 7HA 1 dho] g2 a4
Mg A3 Table 63 7Tl Table 6914 X
Az dheh Zo] AL R gk sj4] A
3 Ajzke] AA HIEe A FARRE O
At

Fig. 17& 34
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Aot 971A = At 2 58 FRES
(8)~(14)9] Dirlike} o2 3] P ATt

Table 7& ¢&7]-olZ A9 nf{fR=HY 2
3 1HAESFE B9Fa ok Fig 17(a)9) vla
& By gtE7)-glo] L A9 23 nHAEF(10Hz)
A 71 2 ¥ PSD o] Yo &—% o F
ek, ol WY &5 HE EAo| Al2E #
e B33 BAVT S RAE

wetd 2 4 A, d2 sy A7 9 gy

1> 30 |1:s

el e e e e Y M s e O sl i M - T el B

10Hz
- el
E !
& 800
(o
2
= ,
£ 600
3
&
a
S 400
=
a
E]
> 200
8
<

Frequency[Hz]

(a) PSD of the stress at a max. stress position(the
frequency of maximum principle stress =10 Hz)

37705 -
Counts
Cyclas
ZaAxin B
o . 7.3778
Q .
Rafge , mg:n
MPa Y-Axis
K-Axin

44 34 -7.377G

(b) Stress counting results at a max. damaged
position by the analysis for 1 second

s — 3

+ 1 Maximum stress position

(c) Max. damaged position(bending pipe of the
condenser connecting pipe)

Fig. 17 Results of the analysis and experiment
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