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Abstract 
The conventional method for the evaluation of data in 

lot acceptance testing (LAT) of transient ionizing 
radiation is non-parametric method. But the evaluation 
results are very conservative. After the discovery of data 
in transient ionizing radiation belonging to one universal 
data model “case 1 interval censored data”, ordering 
method in the sample space was introduced and applied to 
evaluate zero-failure data and was compared with 
non-parametric method both theoretically and via a 
practical LAT on QG- . Through the comparisons, it is 
concluded that ordering method can expand the scope of 
dose rate corresponding to the same lower confidence 
limit. It improves data utilization and this improvement 
could have practical significance in LAT. It can reduce 
requirements for the radiation source and can also reduce 
the number of trials.  

INTRODUCTION 
Either of the below two radiation sources can be used 

for dose-rate testing: a flash x-ray machine or an electron 
linear accelerator. 11/0 test, where 11 parts randomly 
selected from the lot are irradiated and tested at the 
specified dose rate level and where if no part fails the test 
the lot is accepted, is often used in LAT of transient 
ionizing radiation [1,2]. The conventional method for the 
evaluation of data in LAT is non-parametric method. But 
the radiation source which can be used for LAT in China 
has a limited capacity: smaller target face, poorer stability 
and repeatability. As a result, the dose rates received by 
different parts in a sample are often very different: the 
smallest may be lower than the specified level while the 
largest may be several times the specification. To meet 
requirements of LAT under this situation, classic 
non-parametric method [3] requires the dose rate of every 
part in the sample no less than the specified level. The 
requirement is obviously too conservative and 
undoubtedly increases test cost. The test information of 
the larger dose rate where parts survive is unutilized. 
There are a lot of researches [4,5,6] on mechanisms of 
transient ionizing radiation but few public reports on 
methods of data evaluation. We aim to find a suitable 
mathematical method which could make more use of test 
information.  

There are many methods on processing zero-failure data 
[7]. We found that data in transient ionizing radiation 
could be classified into one universal data model “case 1 
interval censored data” [8,9]. Hence ordering method in 
the sample space [8] was introduced to evaluate the 

transient ionizing radiation data, which was complished 
by Chen Jiading and is widely used in storage reliability 
of weapons and equipments [8,10,11] but has not been 
applied to the radiation research. Compared with classic 
non-parametric method, ordering method makes more use 
of the test information and can expand the scope of dose 
rate corresponding to the same lower confidence limit. 
This improvement will have practical significance in LAT. 
A practical LAT on QG- was taken as an example and
lower confidence limits of survival probability were 
computed on the hypothesis of Weibull distribution and 
the results were compared with classic non-parametric 
method. 

THEORY OF ORDERING METHOD IN 
THE SAMPLE SPACE 

The radiation source used in transient ionizing radiation 
works in pulsed conditions. After the test, results are some 
parts fail and some parts pass; moreover, the dose rates 
received by them are very different.We found that the data 
could been classified into universal data model “case 1 
interval censored data” ,which is often encountered in 
researches of product storage reliability and infectious 
diseases.  

Case 1 interval censored data can be described in a 
general form as below [8]. Suppose that the lives of n 
product ),,( 1 nxxX follow a distribution 
function ( , )F x ,where is the unknown parameter. For 
a series of observed time ),,( 1 nttT ,where 

0it ,set ),,1)(( nitxIy iii ,where iy is 0 or 1 
based on ii tx or not.The observed data are known as 
case 1 interval censored data of X , which cannot be 
observed. There is an enormous amount of literatures 
[8,9,12] about the processing methods of these data, 
among which ordering method in the sample space can 
obtain the confidence limit of )(g in the situations 
where there is no-restriction on the number in the sample 
or the number of failure devices. When 

),(1)( xFg , it is survival probability. The 
method was initiated by started Buehler in 1950s and was 
generalized by Chen Jiading in 1990s and has been 
widely used in missile storage life but not in radiation 
researches. 

There are basically four steps to obtain the lower 
confidence limit of )(g with the confidence level 
1 in the ordering method. The first step is to define an 
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ordering relation in sample space 
}1or0:),,{( 1 in yyyE . When either of the 

following two conditions is satisfied, 

1 1( , , ) ( , , )n ny y y yL L  is determined: 

  
1 1

n n

i i
i i

y y
1 1

n n

i i
i i

y y and
1 1

n n

i i ii
i i

y t y t . 

The second step is to establish the likelihood 

function 1

1
( ) ( ( , )) (1 ( , ))i i

n
y y

i i
i

P y F t F t . 

Combing the above two steps, come the function 
( , ) ( ) ( )n

y y
G y P y P Y y which can be finally 

computed. Then comes the last step: the lower confidence 
limit of )(g can been expressed as [8,10] 

}),(:)(inf{)( YGgYg nL . 
Ordering method is a parametric approach and hence 

the distribution type of X must be known to 
compute )(Yg L . However, until now the proper statistical 
distribution describing the variation of data with the dose 
rate is still under discussion. We adopted a hypothesis of 
Weibull distribution based on below two reseasons : 
firstly, Weibull distribution is widely used in reliability 
and life data analysis [6,8]; secondly, there were authors 
[13] suggesting that the burning data in transient ionizing 
radiation may follow a Weibull distribution,which is 

                     

0)(exp{1
00

)( t
t

t
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where and are unknown scale and shape parameter. 
In special cases where there are no failures, the lower 

confidence limit of survival probability has the following 
analytical expression [8,11] : 
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where 1 is the confidence 
level, ( ) 1 2max( , , , )n nt t t tL , # A denotes the number of 

elements in collection A ,
1

( ) ( / )
n

m
i

i
f m t t , *m is the 

root of equation(3). 
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If the range of shape parameter has been known,i.e. 
],[ 21 210 , then a larger lower 

confidence limit ² ( )LR t  can be obtained [14] 
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The definitions of )(nt and *m are exactly the same as 
they are in equation 2.  

Next we compare the results computed by 
non-parametric method and ordering method when none 
of the n parts in a sample fails. Non-parametric method 
can obtain that n

L tR /1)( if ),,,min( 21 ntttt . If 
there is no knowledge on , .i.e. 0 , ordering 

method can obtain n
L tR /1)( if  

ctt ( n
n

i
ic tt /1

1
)( ), which is the geometric mean. 

Obviously ordering method significantly expands the 
scope of t corresponding to n

L tR /1)( . If 
)0( 11 , ordering method can obtain 

)(/1 1)( f
L tR  if ctt . In this condition, apart from 

the previous advantage, ordering method also improves 
the lower confidence limits because of 

nf
L tR /1)(/1 1)(  which is deducted from the 

facts that )(mf is an increasing function 
of m when ctt and the minimum of )(mf  is n . 
Hence it can be clearly seen that ordering method has 
distinct advantages in all conditions compared to 
non-parametric method. 

TRANSIENT IONIZING RADIATION 
TEST 

Above is a theoretical comparison , next we apply both 
methods to a practical LAT on QG- and compare the 
results. Below are some details about the test.The 

specified dose rate level 0D and the failure criteria were 
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specified before the test; 11 samples were randomly 
selected from the inspection lot ; oscilloscopes were used 
to record the transient signal and the recovery period of 
the output voltage of devices; thermo-luminescence 
dosimeters were used to determine absorbed doses of the 
devices and a scintillator phototube was used to measure 
pulse width. There were no failures and the absorbed dose 

rate of every device was )11,,2,1(iDi , which was 

normalized by 0D and then listed in Table 1. 

Table1: Normalized Dose Rates Received by Devices 
Part Number 1 2 3 4 5 6 

Dose Rate 2 2.4 1 1.5 1 2.3 
Part Number 7 8 9 10 11  

Dose Rate 1.9 1.8 1.8 1.8 1.4  

RESULTS AND DISCUSSION 
Based on the data in Table 1, the lower confidence 

limits of survival probabilities at different dose rates were 
computed via both non-parametric method and ordering 
method at 0.1 significance level. Let d represents 

normalized dose rate, i.e. 0/ DDd . 
Via no-parametric method, the result was: 

if 1d , 8.0)(dRL was obtained . 
Via ordering method, the range of should be 

supposed. In many engineering practices people know 
is in a certain interval. For example, the life of 

bearings follows the Weibull distribution and the shape 
parameter is in the vicinity of 1.1. But until now we lack 
such knowledge in transient ionizing radiation. In this 
situation, we computed )(dRL based on equation (2) in 
the case ),0( . We obtained 8.0)(dRL if 

65.1d , where 1.65 was the geometric mean of the 11 
data in Table 1. 

Compared with non-parametric method, ordering 
method expands the range of dose rate corresponding to 
the same confidence limit. It improves data utilization and 
this improvement can make sense to LAT. To meet the 
requirements in LAT, no-parametric method needs the 
dose rate of every part in the sample must be equal to or 
larger than the specified level but ordering method only 
needs geometric mean of the dose rates of all parts above 
the specified level. At present, the radiation source in 
China has a limited capacity and it is very hard to 
guarantee the dose rate received by every part in only one 
trial no less than the specified level unless the part size is 
very small. Therefore ordering method can reduce 
requirements for the radiation source and it is possible to 
reduce the number of trials .  

As shown earlier in this article, the lower confidence 
limit will be larger if there is a restriction on and 
therefore the number in a test sample can reduce if LAT 
requirements are the same. 

CONCLUSION  
Data in LAT of transient ionizing radiation can be 

classified into one universal model “case 1 interval 
censored data” and hence ordering method in the sample 
space was introduced and applied to evaluate zero-failure 
data. Compared with the classic non-parametric method, 
ordering method improves data utilization and expands 
the range of dose rate corresponding to the same lower 
confidence limit. The improvement could have the 
practical significance in LAT. It can reduce requirements 
for the radiation source and may reduce the number of 
trials. 

In this article, no restriction was put on . If we can 
obtain a general but narrower range of the shape 
parameter based on the basic mechanism of transient 
ionizing radiation or the analysis of historical data or the 
testings of different types of electronic parts, then the 
lower confidence limit will increase, which would have a 
greater significance in practical work. 
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