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An Environmental Test in Consideration of Cumulative
Stresses of Supply Chain

Dong-Hyuk Lee'

- Joongsoon Jangﬁ

'LG Display Quality Center, *Graduate School of Ajou University

Purpose: The purpose of this paper is to suggest an environmental test plan for reducing early

failure.

Methods: We study the preferred test design and tests that are performed substantially in the
company. We investigate the environmental profile on the actual supply chain and identify the

effectiveness for this test design.

Results: Proposed sequential test designed to implement the supply chain on the environment
profile showed more effective results compared to existing tests.
Conclusion: Suggested sequential test in this paper will be an effective guidance for the given

environment test.

Keywords: Early Failure, Supply Chain, Cumulative Environmental Stress

LA Z

Eo] AvlEZY 722 Ak =

t& ET}% A&7 i‘mﬂ/ﬂ¢ B HgE A 2
Atk Aol E J27Iu ool AT e A E
A A Ew}loﬁ o] FHS ZEE HA &
3 1 BZo] Be e s go] gk e 2
UfEZ 22 glo]| = Alo]Zo] ¢ FolA vl H
= ol dehe g2 B 01%71] Ao
o, webd AE A 9 HEE Bl o3k 27] 7ol
U AL s o2 REY 2EYAA 23S o)
= Wbl 2Ao] FolA nk 58] A AAA] A

p A=
9% AR PSS IFE 947 e Ty

= F78H ShaL k. o] A F o2 ARG A
FAA B 1] dS Bt ALl £4
sto] A B AE Al SOl Wi =30 ¥
o &) A ik

27137 0lg 2EHAA 1S o] HAsiM
= ESSS EE O SAA A= AAlstef o itk
SZA Gl BhA = o] “‘8 TA A ] LR
of Aot 2 o] FASL BE Al Fel 485

= W85 7 $E 44 37
208 SAael 1Y #AS BEE Ao He

1], = AE F5} olF A7 e
43, 4 Qv S Q] B9l o)

s Z‘“E"ﬂ A7ME & A 2EHAEY TR+

t WA} jsjang@ajou.ac.kr
201613 59 159 A4 20169 6% 10Y FAHE

B A4 20169 69 17Y AA 4.



Dong-Hyuk Lee * Joongsoon Jang 119

2 sjofatofof Ak ~EA L FRRE 7154 2
4,484 24, 5814 84 24, 71704 84 B

4 09 9, A4 20 5ol 98 4 9u 520

2 W A A%, &4 AR, 4975 3
% v, o4 5 A 27000 mhe) Bekap, 3). 1
ERE EERE EE BRI E RIERESYER
o #AZATE T AL AN 9lo] o]l
o wgo] 2 AT A

9 A} ABEA g BEe) Ao Bg
AU A} Ba3fT, A P 15
2 ol AL YA N ARE AAA 547} 1ol
A, B3 AN} FHOIAN e e A
7] WEolth B 1A 6 2 S A
9] 4% B3 ol AY, £4, HE OIF
QoI Reflow, A4, A% A1F3 BN
b5 392 A 717290 F8} Sheet
3 AT QAN B o F e 5o
FHE PN A2 3 A 1754 2
Set YA 2 WEDE ofe) A=z PAEY
48 B39 2 el gl A
% aq Zo tat A BL AAGAY &
; D, A ERA0] HE
A& TS o RE) A =
%e]ﬂd%ﬂﬂﬂqiﬁ%

ﬂf‘q’z] T RS 1

2 HN

O

o©
. o U Ho
Ko

ol

w2
=
=

—‘]I —h‘

>

1o o

&40l

:L oy, oj
o

T

X

M2 A H o Oy ook O it BN

ofs
oK

3

SITAEF] FHF72 &0 27] B9
B A9 AlFE A7l EAl8)ok o
Aol Sl Jleng B dye 2711%

froee l‘ﬁl‘ = kI o
o d

j=]

' ==
e
nZi
411

Table 1 Example of environmental profile
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Fig. 1 Example of supply chain(LCD display module)

Table 2 Packing vibration testing condition proposed by customer for display module

Test Item Company-A Company-B Company-C Company-D
0.73G
115G 1.15Grms Random ) 43Grms
15Grm 43Grm
Packing SV 30min 0.8Grms >
L Z-Axis 30min . . 3.0Grms
Vibration /X, Y, Z-Axis 30min .
5~200hz 30min
5~200hz 5~200hz

/X, Y, Z-Axis
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Trucking
Grms hr
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Max

Frequency(Hz) 100 200 000

Fig. 2 Vibration data from city Y to city S

Table 3 Packing vibration test condition, measured and customer condition

Vibration Data .. Test Condition by Customer
} . Translated Test Condition
Axi from City Y to City S Company-B
Xi
’ Grms Ti Grms Ti Grms Ti
ime ime ime
(Average) (Average) (Average)
X 0.119 30hr 1.15 19min 1.15 30min
Y 0.112 30hr 1.15 17min 1.15 30min
Z 0.228 30hr 1.15 70min 1.15 30min
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Fig. 3 Temperature, humidity condition under trucking

Table 4 Decided test condition for the case study

. ) Standard condition . "
Test Environmental profile (IEC60721) Decided Test Condition
-28C, only short term o o
Low Temp average over - 20 C -25TC(2K2) -20C 30hr
High Temp max 57T 60 C(2K2) 60°C 30hr
gugkl”l‘g(;?;l; 9~200Hz X 1.15Grms 19min
Package Vibration ' 10m/s*(1.0Grms) Y 1.15Grms 17min
Y 0.112Grms 2M2 Z 1.15Grms 70min
Z 0.228Grms (2M2) ‘ '

* Storage Condition is commonly applied: 30°C 50%

Table 5 Test design in consideration of cumulative stresses of supply chain

Procedure

Test Condition

Case 1(C1)

(up to down)
Summer

Case 2(C2)
Winter

Case 3(C3)
Comparison group

X 1.15Grms
Package vibration

Y 1.15Grms 17min
Z 1.15Grms 70min

19min

High temp. 60C 30hr

Low temp -

-20C 30hr -

storage

30C 50% 24hr

Thermal shock

Existing Environmental
Test
(Customer Condition)

Temp. Humidity Cycling

: -20°C/65C, 30min/step, 100cyc

: 65T 90%/20°C, 2hr/step, 12cyc
High Temp, High Humidity Operation: 65C 90% Op. 500hr
High Temp, High Humidity Storage: 65C 90% Non-Op. 500hr
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4.2 Fault Injection Test
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cl 2 C3
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Fig. 4 Failure mode by test condition in test 1

90.0%
80.0% =Cl.
70.0% Cl C2 C3
60.0% Transportation o 0 o
0.0 L Storage 64.3% 79.3% 64.9%
40.0%- Eavionment | 143% | 138% | 14.0%
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20.0% - Total 16.1% 12.1% 3.5%
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Environment Total

Transportatin ronm
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Fig. 5 Failure mode by test condition in fault injection test
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