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ABSTRACT

To raise the design life of mechanical product such as enclosure system in the refrigerator, parametric 
Accelerated Life Testing (ALT) as methodical plan is proposed, brought by life–stress model and sample 
size. These systematic strategies allow engineer to disclose the design defects which have a noticeable 
consequence on product reliability. Ultimately, company will come to a recall stop from the field. As a test 
instance, upraising the life of system functioned by machine such as enclosure product in the refrigerator was 
carefully scrutinized.
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Introduction
The system performed by machine conveys (built) power to hold 

a planned effect which demands forces & motion, acquiring mechan-
ical advantages through fairly completing some mechanisms. For in-
stance, by accomplishing the vapor-compression refrigerating cycle, 
refrigerator lets cooled air from heat exchanger to freezer & refrig-
erator section. So, reserved foods in the refrigerator can be kept for 
some perioded time under the happenings really deployed by the 
end-user. That is, if there are constructional defects on the structure, 
it will not quickly function within its presumed lifetime (Figure 1).  As 

unexpectedly observing it by some tests in the laboratory, an engineer 
shall conceive it by the most satisfactory method [1]. It keeps: 

1) ALT program, 

2) Load inquiry, 

3) ALTs with diverse improvements, and 

4) Judgment if system achieves the objective BX life. For a demon-
stration inquiry, the mechanical product such as enclosure sys-
tem in the refrigerator will be studied.
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Figure 1: Corrosion failed by repeated load and product defects.

Parametric ALT in Product Performed by Machine

Replying on the time independent Schrodinger’s equation shall 
be stated:
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Linear transport can be stated:

J LX=  (2)

For a certain happening in the semi-conduct, solid-state diffusion 
may be abbreviated

( )sinh exp aEJ B aS
kT

 = − 
   (3)

As junction function in Equation (3) sets the reverse, the life-
stress (LS) protype can be expressed:

1[sinh( )] exp aETF A aS
kT

−  =  
   (4)

The ( ) 1
sinh aS

−
   has not named explicitly traits: 

1) ( ) 1S − in the commencement has more or less linear conse-
quence,

2) ( ) nS −
is found in the halfway effect, and

3) ( ) 1aSe
−

in the act of ending is indeterminable. In the halfway 
effect, ALT is implemented.

That is, because the effect happens from effort in transferring 
power, Equation (4) may be redefined:

( ) exp ( ) expn a aE ETF A S B e
kT kT

λ− −   = =   
     (5)

To stretch out the acceleration factor, signified by the association 
between the upraised stress and routine stress, AF can be expressed:

1 1

0 0 1 0 0 1

1 1 1 1
n

a a
S eE EAF
S k T T e k T T

λ          
= − = −                       (6)

To secure the allotted time for objective lifetime – B1 lifetime of 
ten years, sample size coalesced with Equation (6) shall be expressed 
[2]:

( ) 11 BX

a

Ln r r
x AF h

β∗ 
≥ + ⋅ ⋅ + ⋅   (7)

Case Study
Enhancing the design life of cooling enclosure in the household 

refrigerator pitted in the market. As the maximum amount contained 
in the refrigerator, end-user wants to utilize the refrigerator to keep 
the reserved food fresh. To satisfy these suppositions, the enclosure 
system in a household refrigerator is invented to clasp the absolutely 
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necessary food over forecasted customer circumstances in its system 
life. The main components in the cooling enclosure comprises of the 
following:

•  Inner Case, 

• Evaporator Tube, 

• Lokring, And 

• Tape.

Figure 2: A cost-downed enclosure system in a refrigerator.
a) Enclosure system in a refrigerator: 1 inner case, 2 evaporator tube, 3 Lokring, and 4 tape.
b) Low-cost pipe from copper to aluminum.

Because refrigerators cost-downed are required in the market, 
the newly devised aluminum (1070 Al) tubing in the enclosure was 
embraced and redevised from the earliest copper tubing (Figure 
2).  From the market, as corrosive load is repeatedly exposed, some 
components in the cooling enclosure had been pitting because of not 
revealed system defects. As an outcome, customer appeals the trou-
blesome product to replace it. To function it for expected lifetime, the 
design defects of cooling enclosure in the refrigerator might be rec-
ognized and altered by parametric ALT (Figure 3). The parts of the 
enclosure for Aquarius pitting/crevice corrosion cover a cathode, an-
ode, water solution (hydrolysis), and conductor (metal). That is, they 
are as follows: 

(1) As straightly attacked by chloride of the cotton tape, Cl− on 
the tube, passive film breakdowns, 

(2) At the evaporator temperature, water condensation on the 
tube, 

(3) Anode: Al metal oxidation and make pit,
3 3Al Al e+ −→ + Hydrolysis reaction in the pit: 

( )3
2 2 3

12 12 6 ( ) & 3 3H e H g Al H O Al OH H+ + + −+ → ↑ + → ↓ +  

(4) In the condensing water, continually electro-migration of Cl 
into the pit, 

(5) Cathode: in the big tube exterior, 2O  (dissolved oxygen) 

22 4 4H O e OH− −+ + → and 

(6) The potential drop (i.e., ‘‘IR” drop, as described by Ohm’s 
Law V=I×R) (Figure 4).

a) b)
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Figure 3: A failed product after utilization.

Figure 4: (Aquarius) pitting and crevice corrosion due to low PH condensing water.
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The hydrolysis reaction in the pitted crevice of aluminum metal 
may be expressed as:

Anode: 34 4 12Al Al e+ +→ +  (oxidation) (8)

Cathode: 
2 22 4 4O H O e OH− −+ + →  (reduction)   

   

Hydrolysis reaction: 

( ) ( )3 1 1
2 23

4 12 12 4 6 12AL Cl H O Al OH H g Cl+ − −+ + → ↓ + ↑ +

As the stress counts on the corrosive loads, Equation (5) may be 
expressed:

( ) ( )exp % expa aE ETF A F B Cl
kT kT

λ λ− −   = ≈   
     (9)

So, the AF shaped on Equation (6) can be redefined:

1 1

0 0 1 0 0 1

1 1 1 1a aE EF ClAF
F k T T Cl k T T

λ λ          
= − ≈ −          
            (10)

For the refrigerator, the usual ranges of conditions range from 
0–50 oC ambient temperture, 0–85% humidity and 0.2–0.24 G vibra-
tion. The life target for a compressor in the refrigerator is set to be B1 
life of ten years. The compressor functions on daily on/off cycles of 
between 22 and 98. With system life cycles of ten years, LB, the com-

pressor is anticipated to experience up to 357,700 use time. To rap-
idly replicate the pitting corrosion on the tubing, the concentration 
of chlorine was increased, compared with 0.35% chlorine concentra-
tion because the saline water solution. The time-to-failure cycles for 
pitting corrosion were raised at a stress level of 3.5% saline solution 
(concentration load of chlorine for ALT). For an cumulative factor, λ, 
of 2, AF could be computed to have 100.0 from Equation (10). To fulfil 
the lifetime objective – B1 life of ten years, if the shape parameter, β, 
was presumed to be 2.0, the mission time for eighteen samples de-
termined from Equation (7) were 8,500 cycles. As a consequence, the 
annoying design of enclosure can be replicated and adjusted. 

Results and Conclusion
In first ALT, the refrigerators put in the 3.5% saline solution were 

fitted at 1130 cycles (one), 1160 cycles (two), 1680 cycles (four) 
(Figure 5). As the troublesome enclosure from the first ALT and the 
market were carefully inquired, there carefully inquired, there were 
constructional flaws — no contraction tube which can be protected 
from the chloride attack. That is, the evaporator tubing could direct-
ly contact with the cotton adhesive tape which contained chloride in 
polyvinyl chloride (PVC) coating. To stop the pitting of enclosure in 
the refrigerator, designs were modified: enlarging the length of con-
traction tube with a non-metallic coating that can protect the direct 
chloride attack, C1, from 50 mm to 200 mm; (2) altering the tape, C2, 
from cotton to polyethylene; (3) attaching polyethylene foam pads 
that can prevent galvanic corrosion, C3 (Figure 6).  In 2nd ALT, because 
of no concerns till 4,700 cycles, the enclosure in the household refrig-
erator can fulfil the aimed lifetime – B1 lifetime of ten years.

Figure 5: Problematic evaporator tube & products in the market and first ALT.
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Figure 6: Troublesome designs of enclosure system in 2nd ALT.
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