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Abstract

Purpose: The purpose of this study was to estimate life time of halogen lamps and acceleration factors
using accelerated life test.

Methods: Voltage was selected as an accelerating variable through the technical review about failure
mechanism. The test was performed at 14.5V, 15.5V and 16.5 for 4,471 hours. It was assumed that the lifetime
of Halogen lamps follow Weibull distribution and the inverse power life-stress relationship models.
Results: Mean lifetimes of pin and screw types were 19,477 hours and 6,056 hours, respectively. In addition,
acceleration factor of two items are calculated as 4.8 and 2.2 based on 15.5V, respectively.

Conclusion: The life-stress relationship, acceleration factor, and MTTF at design condition are estimated
by analyzing the accelerated life test data. These results suggest that voltage was very important factor
to accelerate life time in the case of halogen lamps and the life time of pin type is three times longer than
screw type lamps.
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Figure 1. Process for Accelerated Life Test (Seo et al.2008)
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Table 1. Two Types of Halogen Lamp

No. Item Pin Type Screw Type
1 Maker A B

2 Model 64440 KZ1250-E10
3 Terminal Type GY6.35 EZ10

4 Direction of Filament Horizontal Horizontal
5

Power AC 12V 50W AC 12V 50W

6 Figure
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Table 2. Part of Halogen Lamp
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Figure 2. Structure of Halogen Lamp
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Table 3. Failure Modes, Mechanisms and Test Methods Matrix

Test Methods High Terlilg};n J Temperature Vibration Over
Failure Modes Temperature p . Cycle Voltage
Humidity
Open O O O O ©)
Breakage O O & © &
Carbonization O O O O O
Poor contact O O O O O
Note : © Major O Minor <> Normal
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Figure 4. Failure Mechanism of Halogen Lamp
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Table 4. Preliminary Test Results

Voltage Failure Time Censoring Sample Size
190V 1h Fail 1
180V 72 h Fail 1
17.0 V 168 h Censoring 1
gz e 174 AEYHET} 7so] A HA TAdo] o] Fo X} 18V 17} Ald] &HAYg 117 Al=e] Hajwl
Ef sbsolas @4 glo] Wi o] ololA)t HoldAel FHjE uel ® AGelNe HAr) A% Agtew

Rl

Figure 5. Filament Failure at 18V Test
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Table 5. Accelerated Life Test Plan

. Sample Size
Input Voltage Test Time Pin Type Screw Type
145V 4,471 h 3 3
155V 4,471 h 3 3
165V 4,471 h 3 3
3 9 }\]?sl 7:1_4. iui] _E_A
4,149 A g Aol wpe} 4471417 59 AES DS agAIE 2 FEHGAIZE A= <Table 6>3 2t}
g Jul DHES] 7 @S ER18H] flste] miAE s dE uE 2 agdo] Ak A5 SEM 4
&s Zslolon, 11 A= <Figure 6>¥ 2t o714 ‘Ce FEAGS ofv|git)
Table 6. Accelerated Life Tests Result
Failure Time ( h )
il Vel Pin Type Screw Type
4,471 (C) 4,471 (O)
145V 4,471 (© 4,471 (O)
4,471 (O 4,471 (C)
4,159 3,091
155V 3,768 2,472
4,080 2,664
1,992 2,160
165V 2,064 1,752
1,656 1,824

(a) Unused filament

(b) Field failure

(c) 15.5 V test failure

Figure 6. The shape of the magnified filament
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Table 7. Regression Analysis Results for Pin Type

. Standard 95.0 % Normal CI
Parameter Coefficient
Error Lower Upper
InA 39.4285 1.76680 35.9657 42.8914
n 11.3542 0.63750 12.6037 10.1048
5] 20.5809 7.48624 10.0888 41.9842
Probability Plot (Fitted Log €) for FT Relation Plot (Fit'::e”d Log e) for FT
‘eibul Weibu
Censoring Cnlumn\\rr\: Cberl‘snr - ML Estimates Censoring Column in Censor - ML Estimates
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90 ! —— 1\[50'5t \L‘
?g: f —B-16.5
604 ol
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& 20q = Shspe  Scsle AD® F C
g 1] ! e e 2o s 0 £
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27 i
1 - ;
1000 10000 *
FT
Table of Statistics 2t Dasign Value 1000 u u T T T T T
S e s 13.5 14.0 14.5 15.0 15.5 160 165
205809 19476.0 volt
(a) Probability Plot (b) Relation Plot
Figure 9. Probability and Relation Plots for Pin Type
Table 8. Regression Analysis Results for Screw Type
.. Standard 95.0 % Normal CI
Parameter Coefficient
Error Lower Upper
InA 23.7155 3.32341 17.2018 30.2293
n 5.76587 1.19880 8.11548 3.41626
o 0.09179 0.02650 0.05213 0.16135
Probability Plot (Fitted Log e) for FT Relation Plot (Fitted Log €) for FT
ognormal ognormal
Censoring Cn\uan ?ﬂ Censor - ML Estimates Censoring Cn\uml;1 ﬁw Censor - ML Estimates
& Vol 7000 Percenties
/ - B
® ,"- . velt 5000 =
E ?g 7 35
A R R 4000
R 755172 ogeirain 3292 3 0 E
0 4 3000
. ¢
’
2000
Tableof Statstics 2 Desgn Vahe 13.5 14.0 14.5 15.0 155 160 165
570875 D.0917340 Volt

(a) Probability Plot
Figure 10. Probability and Relation Plots for Screw Type

(b) Relation Plot
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Table 9. Percentiles of Normal State (13.5V)
- Percentiles (Life Time)
ypes 1% 10 % 50 % 90 % 99 %
Pin Type 15,575 17,458 19,132 20,281 20,976
Screw Type 4,891 5,383 6,056 6,811 7,497
Table 10. Parameter Estimation Results
Mean Time To Failure (MTTF)
T Distributi
ypes istribution I6] o A n 135V 155 V] 165 v
. ) 1.32x _
Pin Type Weibull 20.58 - 1017 11.35 19,477 4,058 | 1,995
1.99<
Screw Type Log-normal - 0.092 1010 5.76 6,056 2,730 | 1,904
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