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Abstract—The high concentration of dust particles in the 
environment is one of the main causes resulting for electrical 
contact failure of coaxial connectors. Therefore, it is important to 
carry out proper methods to predict life time of coaxial 
connectors. In the life time investigation of coaxial connectors, a 
model is designed and analyzed. Then conclusions are drawn 
based on a novel accelerated life test. In this paper, a life time 
prediction method is proposed based on an 1µm-diameter 
particle environment for the first time, and at the same time a 
kind of experiment operating equipment is designed to control 
the concentration of particles for accelerated testing. The result 
shows an exponential change in contact resistance of coaxial 
connectors under 1µm-diameter particle environment. We then 
establish Inverse Power Law-Weibull model for life time 
prediction in electrical contact failure and obtain the contact 
reliability and characteristic life. 
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power law-weibull model; contact resistance 

I. INTRODUCTION 
Severe air pollution will result in electric performance 

degradation and reduced reliability of coaxial connectors, 
especially contaminants like dust and corrosive gases [1][2]. 
This reduced reliability of coaxial connectors which are the 
elementary components, may then exacerbate the reliability of 
the whole communication system. Previous studies [3] show 
that electric contact failure is one of the main reasons resulting 
in Bit Error Rate (BER) of communications, computer 
networks and control systems in China. Therefore, it is 
theoretically and practically important to make effective life 
time predictions of electrical contact failure in the fields of 
connector design and engineering applications.  

The research of electrical degradation of coaxial connectors 
essentially established models based on the relationships 
between parameters indicating degradation and those indicating 
electrical reliability [4]. Among different kinds of research, 
some researchers adapt Weibull distribution and Maximum 
Likelihood Estimation (ML) to solve the value of degradation 
parameters [5]. The electrical connector research in China 
started late and had a large gap between some developed 
countries, especially in those accelerated life tests in single 
stress [6] or temperature-humidity-combined stresses’ 
environment [7]which were unparalleled to the real world 
environment. However, these tests didn’t take into 
consideration degradation in long-time environment, and no 
accelerated life test in the stress of dust particles.  

In this experiment we propose a method based on 1 µm-
diameter contaminants for the first time, and design a kind of 

experiment operating equipment to control the concentration of 
particles for accelerated testing. Based on this equipment, we 
carry out a series of accelerated life tests to obtain the changing 
curves of degradation parameters in contaminated environment. 

II. EXPERIMENT 

A. Descriptions of Test Samples 
In the experiment we use coaxial connectors, which are 

widely used in microwave devices and RF circuits, as test 
samples. The samples are divided into two parts, the coaxial 
pins (male connectors) and coaxial receptacles (female 
connectors). Two pins can be inserted snugly into two sides of 
a receptacle. The combination of pins and receptacles are used 
in the transmission of high-frequency signal and AC/DC 
systems. The reduced pressure and degradation of the contact 
spots of pins and receptacles mainly result in the increase of 
contact resistance, which we adopt four-terminal sensing to 
measure.  

We choose mineral silicon (SiO2) particles with a diameter 
of 1µm as contaminants because our previous experiment 
showed that particles with these size have a significant impact 
on the electric performance of connectors. The concentration of 
particles is set as the stress level in the experiment. Since dry 
SiO2 does not have a stable attachment to the surface of 
connectors, SiO2 normally combines with salty fog when stably 
attached to the surface in the real-world degradation of 
connectors. 

B. Experimental Equipment 
We make an experiment operating box (see Figure 1) to 

control the concentration of particles more precisely. The box 
has a volume of 824.03cm3, with the length of 12.41cm, the 
width of 7.58cm and the height of 8.76cm. There are two 
electrical fans on one side of the box, and on the other side four 
holes in which coaxial connectors are set. The top of the box 
has a hole to add particles. During the experimental procedure, 
we change the concentration level by adding different mass 
levels of 1µm-diameter particles. 
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Solve (7) twice in terms of natural logarithms, and the 
cumulative failure function is: 

1ln ln (ln ln ln )
1 ( )

m t A S
F t

β= − +
−                         (8) 

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS 

A. Experimental Data 
In each concentration level condition (totally 3 

concentration levels), the contact resistance of 4 connector 
samples is measured for every 1 minute (totally 8 minutes). 
We calculate the average resistance of 6-times measurement 
for each sample for each minute. The data are shown in Figure 
3, Figure 4 and Figure 5. These figures below show that when 
the particle concentration is a constant, the contact resistance 
of coaxial connectors is increased steadily over time. This 

paper adapts the exponential function ( ) exp( )f t a bx= to fit 
curves on data. The fitting curves are in good agreement with 
experimental data. 

B. Parameter Calculation 
Provided that there are n samples now, among which there 

are isamples fail at t୧ moment. According to IEC255-0-2, the 
contact reliability is estimated to: 

( ) ( ) 0.31 1
0.4

iR t F t
n
−

= − = −
+                            (9) 

Based on the experiment, we consider 0.368R = in the 
following calculation. 

The failure threshold resistance of electrical connectors is 
20mΩ. We fit curves with the data above in exponential 

function ( ) exp( )f t a bx= , and obtain the failure time. Putting 
this failure time and failure threshold resistance into (8), we 

solve the parameters 1.1707m = , ln( ) 1.1085A = , 0.4053β = . 

C. Characteristic Life 
According to parameters in Section IV.B, we solve the 

characteristic life when 0.368R = . 

The concentration of SiO2 is required to be limited to 
0.5~4mg/m3in most workplaces. By putting those parameters 
into (8), we obtain the life function of coaxial connectors: 

ln( ln )exp[ ln ln ]Rt A S
m

β−
= + −

                     (10) 

When the particle concentration is 0.5mg/m3, 
characteristic life is 12.349day. And when the particle 
concentration is 4mg/m3, characteristic life is 5.3162day. 
Therefore, the range of characteristic life is 
5.3162~12.3490day. 

V. CONCLUSIONS 
This paper makes an experimental operating box and 

establishes Inverse Power Law-Weibull model for life time 
prediction in electrical contact failure. The characteristic life 

of coaxial connectors is 5.3162~12.3490day, according to 
experimental data. 

 
FIGURE III RESISTANCE CHANGE OVER TIME IN PARTICLE 

CONCENTRATION OF 1.21 mg/cm3 

 
FIGURE IV RESISTANCE CHANGE OVER TIME IN PARTICLE 

CONCENTRATION OF 1.82 mg/cm3 

 
FIGURE V RESISTANCE CHANGE OVER TIME IN PARTICLE 

CONCENTRATION OF 2.42 mg/cm3 

This paper only studies one stress, the concentration of 
particles in the air. We will make further investigations 
studying multi-stress conditions which may include the 
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particle size and temperature, and obtain the lifetime 
prediction methods of coaxial connectors in these conditions. 
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