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Suggested Accelerated Life Test Method
of SMPS for Outdoor Lighting LED

Seong-Yong Lim'" - Jae-Phill Hyong' - Hong-Woo Lim' - Geun-Tae Oh’
'Korea Testing Certification, *Suwon University

Purpose: This study has developed the accelerated lifetime test method for smps for outdoor
lighting LED through two factors of temperature and humidity.

Methods: Acceleration condition was confirmed for each stress and model, and acceleration life
test model was estimated according to acceleration condition.

Results: As a result of confirming the accelerated life test model, in the case of humidity,
acceleration was established only in the foreign products. Therefore, it is confirmed that the
acceleration condition is insufficient. However, the estimated parameters for temperature are
relatively constant. It is therefore suitable for power supply acceleration tests for outdoor lighting
LEDs.

Conclusion: The SMPS acceleration test for outdoor lighting LED can improve the availability of
the product by developing an accelerated life test method that guarantees the reliability of the

product.
Keywords: Solide State Lighting, Power Source, SMPS, ALT, Failuer mode and Failure
Mechanism
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Fig. 1 Classification according to lighting SMPS
driving method
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Table 1 Classification of SMPS according to usage environment

Products Indoor Lighting SMPS

Outdoor Lighting SMPS

Industrial Lighting SMPS

Exposure
. Room temperature
Environment

Thermal shock/
High humidity/
High temperature

High temperature/
Low voltage

Design Features Cost-saving design

High-end design/ . .
i ) Endurance environment design
Molding type design

Power Consumption 10~60W

60~250W 100~300W
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Fig. 2 Principle of lighting SMPS
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Table 2 Target SMPS and Specifications
Domestic A Domestic B Foreign C
Type Constant current Constant current Constant current
Rated voltage AC 220V AC 220V AC 100~220V
Rated frequency 60Hz 50/60Hz 50/60Hz
Rated power 217W 220W 200W
Output voltage 12Vde 12Vde 12Vde
Output current 16.6A 16.6A 13A
Power factor 0.95 0.95 0.95
Molding material Epoxy Epoxy Silicone
Table 3 FMEA
Division o Fail S Fail b b )
. . ccur- ailure eve- allure et- etection
Sub Equipment Function Failure Mode rence Effect rity | mechanism | ection RPN Method
system
breaking 4 Electricity Opening due 3 Mechanical 3 0 .
Wire To connect I / O to the | of o wire to Over-current stress Verlfy
product operation
Corrosion 3 Corrosion 2 Corrosion 3 18
(contact surface)
. Temperature,
Electrical bonding between Fatigue 3 Opened due to solder 3 ; 2 13 Visual
Solder Corrosion
PCB and device - crack inspection
Degradation 4 4 Temperature 3 48
Temperature,
‘ S.emiconduct(?r. de‘vice Damaged 4 Démage due 3 Humidi.ty, 2 24 Verify
Transistor |serving as amplification and to design changes or Mechanical operation
switching Environmental stress stress P
Degradation 5 4 Temperature 4 80
Electrical isolation between Tempefa.ture,
inputs and outputs allows Damaged 4 Damage due 3 Humldl})’, 2 24 Verif
Photodiode | signal transmission between to design changes or Mechanical o erati}(]m
circuits with different Environmental stress stress P
potentials or impedances | Degradation 5 4 | Temperature 3 60
SMPS : :
Decrease in conversion
efficiency, decrease in Temperature,
Ic A set of electrlomc circuits Damaged 4 input adaptability, 5 Hum1d1lty, 5 100 Verlfy
made of semiconductors degradation in load Mechanical operation
adaptability stress
Damage due Verif
Filter Noise elimination of current| Degradation 5 to design changes or 4 Temperature 4 80 o erati};n
Environmental stress P
Devices for transferring
electrical energy from one Damage due Verify
Trans - Degradation 4 to design changes or 5 Temperature 5 100 ,
circuit to another through an . ) operation
) . . Environmental stress
inductive electrical conductor
Devices for storage of electric| Destruction 4 Time constant change, | 5 3 60 .
. . . . Duty ratio change Verify
Capacitor | potential energy in electric Temperature .
.o . Overcurrent due to operation
circuits Degradation 5 X . 4 5 100
increase in ripple
Protects the product against Fatigue 3 7 | Temperature, 2 12
Moldin external environment and Product damage due to Humidity, Visual
€ | shocks and reduces internal Burnout 4 mechanical stress 4 Mechanical 3 48 inspection
heat stress
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Table 4 QFD Step 1

Failure mechanism
Transistor IC Filter Trans Capacitor Molding

Cause degradation damage degradation | degradation | degradation burnout
of failure

Temperature @) O © O @) @)
Temperature and Humidity @) @) O O O
Temperature change @) @)
Vibration A A A
Shock A A A
Total Score 15 12 10 13 5 10
Rank 1 3 5 2 6 5

©: 5 points, O: 3 points, and A: 1 point. © score of 5 indicates that the influence of © is very large compared
to other influences.

Table 5 QFD Step 2

Test Methods Hight
High temperature and | Thermalshock o
. temperature test| high humidity test Vibration test Impact test
Failure Modes
/Mechanisms test
Transistor degradation 15 @) © @) A A
IC damage 12 @) O A A
Filter degradation 10 © ©
Trans degradation 13 © ©) O
Capacitor degradation 5 O
Molding burnout 10 o) O A A
Total score 305 300 84 37 37
Rank 1 2 3 5 5

©: 5 points, O: 3 points, and A: 1 point. © score of 5 indicates that the influence of © is very large compared
to other influences.

3.3 A9j=™ LED-& SMPSS| 2EFH 2 Q12 & = AH A S Tl AlFe 40l frA1E=120 T
44 4 £71702 2 AEY AAAE 13 AE Ho) &
TEGI10CE A3HT
2 =T oMe A QA FFMEA, QFDE 3FaLs) ©] & <Table 6> 4] &1 & glom, 7t g
of L A 2 I AP JPAT L= HE AR 5719 A8 S AL AT
Table 6 Stress factor and level design
Stress Level Temperature Humidity Operating condition Number of samples
Level 01 85C - 220V 15 (5 per company)
Level 02 110C - 1.0Q Load 15 (5 per company)
Level 03 85T 50% Same condition as actual 15 (5 per company)
Level 04 85C 90% load(Output 12V, 12A) 15 (5 per company)
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Table 7 Test result in high temperature and high humidity operation test

Acceleration 85C 110C
. Company - -
condition Sample Result Time Sample Result Time
#16 F 1,900 #01 F 600
#17 C 1,900 #02 F 450
Domestic A #18 F 1,400 #03 F 450
#19 F 1,600 #04 F 600
#20 F 1,600 #05 F 450
#16 C 1,900 #01 F 500
) #17 C 1,900 #02 F 800
High temperature | ) i B #18 F 1,900 #03 F 350
operation test
#19 C 1,900 #04 F 650
#20 F 1,600 #05 F 950
#16 F 1,900 #01 F 600
#17 F 1,900 #02 F 750
Foreign C #18 F 1,400 #03 F 300
#19 C 1,900 #04 F 300
#20 C 1,900 #05 F 600
F: Failure, C: Censored
85C A_Molded 85T B_Molded 85°C C_Molded
T
—_—

- 16
-7
-1
-1
20 20

Effciency(%]
Effciency(%)
Effciency(%)

1000 500 1000 1500 0 500 1000
Time[Hr] Time[Hr] Time[Hr]

110°C A_Molded 110°C B_Molded 110°C C_Molded

Sample = Sample

T

U TimeH] - Tlme[Hr] . . T ime

Sample

Effciency[%]
Effciency(%)
Effciency(%]

Fig. 4 Change in efficiency over time (High—temperature operation test)
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Table 8 Acceleration verification result(High—temperature operation test)
. Chi- Degree of freedom P Validity for
Company Division .
square (DF) Value Acceleration
) Test for the same shape parameter | 0.0246267 1 0.875
Domestic A Accepted
Test for the same scale parameter 190.684 1 0.000
) Test for the same shape parameter 2.79250 1 0.095
Domestic B Accepted
Test for the same scale parameter 44.5663 1 0.000
. Test for the same shape parameter 2.93989 1 0.086
Foreign C Accepted
Test for the same scale parameter 61.9252 1 0.000

Probability Plot for Time Probability Plot for Time Probability Plot for Time
‘Weibull - 95% CI Weibul - 95% CI Weibul - 95% CI
Censoring Column in Censored - ML Estimates Censoring Column in Censored - ML Estimates Censoring Column in Censored - ML Estimates

Fig. 5 Probability over time(High—temperature operation test)

Table 9 Point estimation and confidence intervals for parameters of accelerated life test model

) ) 90% Confidence interval
Manufacture company Measure Point estimate -
Lower Confidence Upper Confidence
Ea 0.565818
. Ié] 7.888714 5.062335 12.29310
Domestic A
aj 6556.041 5788.737 7343.346
ao 0.000020 0.000002 0.000160
Ea 0.538433
. Ié] 4.128066 2.455386 6.940225
Domestic B
aj 6248.252 4179.766 8316.738
ao 0.000061 2.466999¢-7 0.015215
Ea 0.594513
) Ié] 4.143923 2.505491 6.853784
Foreign C
aj 6899.286 5186.689 8611.368
ap 0.000009 9.007490e-8 0.000883
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<Table 9> 7I&5T A FED 9] B4 tigh
FA A o} A F]Froltk 7)1 Bae E433} Al 6
= 3 B a, a AE 20 g2 4ol

Yo B4E B 2 A Z3JAEZ <Table 10>
T ol Us2 2 A4 & =5 4 9tk

Table 10 Arrhenius model relation

Manufact . .
anutacture Arrhenius model relation
company

. 6566.299

Domestic A &(n= 0.000020exp( )

C
Domestic B &(T) = 0.000061 exp 6248;1"7)
. 6899.304
Foreign C £(7) = 0.000009 exp( = )

Table 11 Acceleration factor estimate through
accelerated life test model

Manuf .
anufacture Acceleration factor
company
1
Domestic A AF= eXp[6566 299( T )]
i AF= 248.497 | —— —
Domestic B eXp[G 8. 97( 7?1 T )]
i AF= 6899.304 i !
Foreign C exp 7T

Table 12 Life expectancy through accelerated
life test model

90% Confidence

Manufacture Point interval

Measure .
company estimate Lower Upper
Confidence | Confidence

By 24,168 15,461 37,779

Domestic A| B, 26,477 17,088 41,025

MTTF | 31,906 | 20,730 49,108

B | 19076 | 6402 56,838

Domestic B| B, 22,710 7,486 68,900

MTTF | 32,435 10,087 104,293

B, 23,007 9,232 57,339

Foreign C | B, 27,372 10,959 68,364

MTTF | 39,040 15,171 100,464
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Table 13 Test result in high temperature and high humidity operation test

-7

Acceleration 85C 50% R.H. 85C 90% R.H.
.. Company - -
condition Sample Result Time Sample Result Time
#06 F 1,600 #11 F 500
#07 F 1,600 #12 F 1,000
Domestic A #08 F 1,900 #13 F 1,000
#09 F 1,900 #14 F 1,200
#10 S 1,900 #15 S 1,900
#06 F 1,600 #11 F 500
High temperature . #07 F 1,900 #12 F 1,000
operation test Domestic B #08 S 1,900 #13 F 1,000
#09 S 1,900 #14 F 1,600
#10 S 1,900 #15 S 1,900
#06 F 1,600 #11 F 800
#07 F 1,900 #12 F 800
Foreign C #08 S 1,900 #13 F 1,000
#09 S 1,900 #14 F 1,200
#10 S 1,900 #15 F 1,200
F: Failure, C: Censored
85'C 50% R.H A_Molded 85 50% R.H B_Molded 85 50% R.H C_Molded
/ \aN 7] 4 TTITN \ = Bes

Effciency[%)

85'C 90% R.H A_Molded

TimefHi]

Effciency(%)

1000 150
Time{Hr]

Effciency(%]

-3

Effciency[%]

Time{H]

85C 90% R.H B_Molded

Sample
-1
- 12
-1
-1
5

Effciency(%)]

Sample

-2
-1
-1

100
Time[Hr]

1
Time{Hr]

85C 90% R.H C_Molded

—
Time{Hr]

Fig. 6 Change in efficiency over time(High temperature and high humidity operation test)

Table 14 Acceleration Verification Result(High temperature and high humidity operation test)

L Chi- Degree of freedom P Validity for
Company Division .
square (DF) Value Acceleration
i Test for the same shape parameter 7.78144 1 0.005 i
Domestic A Rejected
Test for the same scale parameter 1.48777 1 0.223
) Test for the same shape parameter 4.96619 1 0.026 i
Domestic B Rejected
Test for the same scale parameter 1.77718 1 0.182
) Test for the same shape parameter| 0.697841 1 0.404
Foreign C Accepted
Test for the same scale parameter 38.3387 1 0.000
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Fig. 7 Probability over time(High temperature and high humidity operation test)

Table 15 The point estimates and confidence intervals for the parameters of the accelerated life test model

. : 90% Confidence interval
Manufacture company Measure Point estimate
Lower Confidence Upper Confidence

Ea 0.594513 - -

: Ié] 7.339399 4.329590 12.441543
Foreign C

ai 1.131943 0.774491 1.189396
ay 0.000006 0.000001 0.000027

<Table 15>= 7HERBA G 2D o] Eaof thet 3

Table 16 Peck model relation

T8 26} A F7toltk o714 Eae @438} Al 8 —
Lo = Manufacture
=34 E'—‘YI\‘, ap, a1 Alg 270 2 Fgolth Peck model relation
A9] BE Tl 24 EAEE <Table 16> 22 oy
- = = 00). -
"B—] EE_]E] 7_74]5“] % EE?‘E’!’ —}|: 9\)]\14‘ Foreign C g(T) = 0000006exp( 68)9]1304) RH1,1131943
423 71EAF 2 5
INEASE AuaERdoA 2HE B F, 2 Table 17 Acceleration factor estimate through
= T T R UL 0 .
Aolah gholahi & 4= ATk LEET, SEE | AL accelerated life test model
208 T,H), V5238 T,H,2 & ZBF <Table Manufacture .
N N Acceleration factor
16>014 F4 ¥ R4S o] -§5}e] 714 A4 E<Table company

17>2 34 &5 9tk
T BAIR R R R JHEST gE 7.339399,
243} o 2] Ea £ 0.594513 & Al2kgth

Foreign C

1
7,

1
T,

a

AF= cxp[68994304( —
H, H,

a

o

) 1.131943

9JakC &Y SMPSO AFEZH 2535, 60% RH
A $lellA Aiket Bl A S o] &35t B, | B, MTTF
o] AFAA9H90% A & 77HS 37 31 <Table 18>

Table 18 Life expectancy through accelerated
life test model

2 90% Confidence
Manufacture Point interval
Measure .
43 7]_é'\_}\]?-§]§ Xﬂ?_].' company estimate Lower Upper
Confidence|Confidence

WS Al 2714 2Ef 2 8RR 5, £5)5 183
“Eﬂ i } ] | ( N )= E% i Foreign C | B, | 28717 | 23,060 | 35815
o A FS gt A7 250 g 7k 1 A Fol
7]_7((;_ E'@_?l_ ﬁgi Q_?l%q 1L iﬁoﬂj\i% %%] MTTF | 35,094 30,699 40,175
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Table 19 Suggested accelerated life test method

Item Proposal formula
E
Lifetime ¢ = Aexp( kT)
* Where a is A constant that can be determined through an accelerated test.
Streés * E is the range derived from the acceleration test. (£ = 0.538~0.595)
Relation

¢ k is the Boltzmann constant. (k = 8.617x10 *)
(1)

810 R }
&1) 7,7,
* Where E, is the range derived from the acceleration test.

Acceleration factor (£, = 0.538~0.595)
* T, is the temperature you want to guarantee. (Ex. 35 C)

E

a

k

o AF=

=exp

* T is the acceleration test progress temperature. (Ex. 85 C)
* k is the Boltzmann constant. (k = 8.617x<10"?)

A o IS ANT F Ao R 2 YATAFE T L2 2Tt ulu dgste] A

A 29 Aol wet 7k A7 A4 Sk o] 98 SMPS 7T AP o A st

A 29 A4 & A7H Sl we F= Aol # FEo| 3 7k £ A1 Bl o mdsh o

7HHoz dasit, RIS A sto] dlon, 2 AlF T AFAZ B
9] ZYLEDE SMPS= B Aol 29 ¢ QR AF =74 A, #A BN = 71EA 677 AR

w7k 1 e Aol BE BYAlEd s dasA  HA SUA TR 2 i C RN

A4 § Qe NSRS At Qo] vy =7 ARTEAREI: ol sk d9xT

St & R Ngk HEA o] B SEE Asta 8 SMPSY TREAI A Al o A- kA A 9

BE 27N HYE L5 o] 83 srEy s 9w WE A AR tig 7149 Algo) 7}

AY, FEAGTE <Table 1952 At 2z S AR FHI A,

5L 37HA AFH(FAT A, F4E B, 24F )l el A
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