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a  b  s  t  r  a  c  t

In order  to quickly  acquire  the  lifetime  and  reliability  prediction  for LED  lighting  products,
the method  of  step-down  accelerated  aging  test  based  on Nelson  models  is experimentally
studied  in  this  paper.  Ten  Lide  lamps  and  ten  Philips  lamps  are  used  in the  accelerated
aging  tests,  with  humidity  less  than 50%.  The  ambient  temperatures  are  90 ◦C  and  70 ◦C  for
Lide lamps,  and  are 90 ◦C  and  80 ◦C for  Philips  lamps.  The  models,  the  equal  cumulative
amount  of  degradation  and the equal  cumulative  failure  probability,  are  used  to obtain  the
equivalent test  time  from  one  stress  to another.  The  maximum  likelihood  function  method
is used  to  obtain  two unknown  parameters  of  Weibull  distribution  at the  accelerated  ambi-
ent  temperatures.  Then  the  distribution  of the failure probability  of  LED  lamp  at  ambient
temperature  of 25 ◦C  is  obtained  by Arrhenius  model.  The  lifetime  tests  recommended  by
Energy  Star  standard  are  conducted  to verify  the  accuracy  of  the  models.  It  is shown  that
the model  of equal  cumulative  amount  of degradation  is with  a smaller  error  of  lifetime
estimation  which  is respectively  1.74%,  2.41%  and  6.57%  at the  failure  probability  of  63.2%,
10%  and  1%  for  Lide  lamps,  and is  respectively  8.19%,  1.06%  and  5.89%  for  Philips  lamps  in
this research.  The  total  accelerated  aging  time  about  1000  h  is  achieved  in this  experiment,
which  is  quite  satisfactory  for a  quick  lifetime  prediction  of  LED lamps  recently.

© 2017  Elsevier  GmbH.  All  rights  reserved.

1. Introduction

LED products are the new fourth generation energy source and are widely used in various lighting fields [1,2]. While its
advantages in energy conservation and environmental protection have been well known, its long lifetime and good reliability
are still being questioned. Currently the aging test of LED lamps uses the criteria of IES LM-79 as the reference [3], and the
test time is recommended to be 6000 h at least. As a consequence, quick and accurate prediction of lifetime and reliability
for LED products becomes a new research focus [4–7].

Constant stress accelerated aging test is more mature for LED lighting products [8–12] where for purely thermal stress,
at least two tests have to be done respectively under different stresses to obtain the activation energy. There are two
disadvantages with this method. The inconsistency of two groups of samples may  lead to certain error, and the total time of
two accelerated aging tests is long as using one set of equipment. In a comparison, step-stress accelerated test is a continuous
test which is with relatively shortened test time. The models include equal cumulative amount of degradation (model 1) and
equal cumulative failure probability (model 2). The first model means that they have equal cumulative amount of degradation
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for some time under different thermal stress. The second model means that they have equal cumulative failure probability
for some time under different thermal stress. Y. T. Hong [13] et al. reported the aging test of LED light source modules under
thermal stresses based on model 1. M.  Cheng [14] and H. H. Cheng [15] et al. reported optimization method of maximum
likelihood function based on model 1. J. Hao [16] et al. reported the design of two-step-down aging test for LED lamps based
on model 1. W.  H. Chen [17] et al. reported aging method of the electrical connector under thermal stresses based on model
2. J.P. Zhang [18] et al. reported the aging method of OLED under current stresses based on model 2. However, to the best of
our knowledge, there has been no report about which of the models is more suitable for the data processing in step-down
accelerated aging test of LED lamps, yet.

In this paper, with the Weibull distribution [19,20] of the failure probability and under thermal stresses, step-down
accelerated aging tests of two types of LED lamps are conducted, and the data is processed by two models, in a comparison
manner. Then, the lifetimes of LED lamps are obtained by use of the Arrhenius model. The accelerated aging test time about
1000 h is achieved. It is shown that model 1 is more suitable for step-down aging test of LED lamps.

2. Theory

2.1. Arrhenius model and weibull distribution

According to the standard of IES TM-28 [21], the lumen maintenance of LED products meets the exponential decay law:

˚j = exp
(
−ˇTj tj

)
(1)

Where �j is the lumen maintenance under j-th (j = 1, 2. . .k) thermal stress, ˇTj is the decay rate at junction temperature of
Tj and tj is the test time. The change of ˇTj over Tj satisfies Arrhenius model:

ˇTj = A exp(−Ea/kTj) (2)

Where A is a constant, Ea represents the activation energy and k is Boltzmann’s constant. The test time is considered to be
the lifetime of LED lamp when �j equals to 0.7 [21]:

�j = − ln(0.7)
ˇTj

(3)

The failure probability of LED lamp with respect to the lifetime is consistent with Weibull distribution:

F(�j) = 1 − e
−
(
�j
�j

)mj
(4)

Where F(�j) is the failure probability, mj represents the so-called shape parameter and �j represents the characteristic
lifetime. By differentiating Eq. (4), we have the density function of failure probability as:
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�j
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(5)

Then the maximum likelihood function method is adopted to solve the unknown parameters of �j and mj at junction
temperature of Tj. The correspondent logarithm of likelihood function of Eq. (5) for i-th sample can be written as:
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(6)

For the sample size of n, the function can be expressed as:
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(7)

The following equation can be then solved and the unknown parameters of Weibull distribution are obtained.⎧⎪⎪⎨
⎪⎪⎩
∂I
∂mj

= 0

∂I
∂�j

= 0
(8)

The procedure from Eqs. (5) to (8) is actually executed by the command of “wblfit” in MATLAB Statistics Toolbox. In
MATLAB software, the values of lifetimes of samples acquired by the exponential fitting of lumen maintenance under j-th
thermal stress for each sample are inputted firstly, and then the command of “wblfit” is sent to get the unknown parameters
of Weibull distribution.
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