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Abstract. This paper reviews the applications of CX-1B-5 connectors in assembly and 
integration process of spacecraft. Wire breakage near the solder joint is the common 
phenomenon of the connection failure, through fracture morphology and fault tree analysis, 
tensile force after repeated bending which is a key factor leads to the fatigue fracture. Because 
the bending of the wire at the root of the solder joint is unavoidable, wire insulation thickening 
method and anti-wicking tools are used to improve the reliability of CX-1B-5 connectors 
coupling, with the test showing the bending fatigue resistance improved by 110% by using 
anti-wicking tools. 

1.  Introduction 
There are a large number of electrical connector plug operations in assembly and integration process 
of spacecraft. There are many types of electrical connectors, but multi-core electrical connectors are 
the main ones. In order to facilitate the telemetry signal test, the CX-1B-5 connector which is a kind of 
single core electrical connector[1] is often used to control the turn-on and turn-off of telemetry signals. 
With the frequent use of the CX-1B-5 connector and the frequent plugging and unplugging operations, 
the problem of connection failure occurs, which affects the quality and production of spacecraft. The 
ESA standard ECSS-Q-ST-70-08C[2] defines the technical requirements and quality assurance 
provisions, it mentions that anti-wicking tools can be used for pre-tinning the stranded wires to 
improve manual soldering reliability which is critical to spacecraft, however, in the actual spacecraft 
assembly process, anti-wicking tools has not been used yet. Huang bo carries out the fatigue life 
prediction for laser soldering joints of Micro-USB electrical connectors under heat acceleration 
test[3].Microscopic metallographic analysis has become a routine analytical tool[4~6]. This paper 
reviews the applications of CX-1B-5 connectors in assembly and integration process of spacecraft. 
Aimed at the Reliability of CX-1B-5 connectors coupling in assembly and integration process of 
spacecraft, process improvement of CX-1B-5 connectors coupling is studied. Through fracture 
morphology and fault tree analysis, wire insulation thickening method and anti-wicking tools are used 
to improve the reliability of CX-1B-5 connectors coupling. 

2.  The Applications of CX-1B-5 Connectors in AIT Process of Spacecraft 
CX-1 connector is produced by Guizhou aerospace electrical appliance corporation. It belongs to 
single-core pinhole electrical connector, the material is QSn4-3 tin bronze and the surface is gold 
plated. It contains many types of connectors, and CX-1B-5 connector is a soldered extension electrical 
connector which is commonly used on spacecraft. CX-1B-5 connector jacks are soldered to cable on 
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the spacecraft corresponding to the thermistor and the heating circuit, and the wire of the thermistor 
and heating circuit are soldered to the CX-1B-5 connector pins. The CX-1B-5 connectors will all be 
temporarily fixed before plugging in, and the process of the CX-1B-5 connectors coupling in AIT of 
spacecraft is shown as Figure 1, the CX-1B-5 connectors need to be plugged in and unplugged several 
times during the testing of spacecraft because some devices or structural panels needs to be 
disassembled frequently. 

 
Figure 1. The Process of CX-1B-5 Connectors Coupling in AIT of Spacecraft 

3.  Disconnection Failure Analysis of CX-1B-5 Connector 
In recent years, many connection failure of the thermistor have occurred during the testing of 
spacecraft. Due to the thick wire diameter of the heating circuit conductor, there is no accident of 
breakage. The thermistor wires mainly use thin wires of 28 and 26 wire gauges because of spacecraft 
weight reduction requirements. The fault tree analysis is shown in Figure 2, the CX-1B-5 connectors 
are locked by a spring and a limiting hole, so it is difficult to see the phenomenon of loose plugging, 
the connector failure is denied; through the on-site inspection of the accident, the disconnected parts 
are all at the root of the solder joint, so the main reason is in three aspects, solder into the wire, fatigue 
fracture and unreasonable selection of sleeves. 
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Figure 2. Fault Tree Analysis of the Connection Failure. 
The fracture morphology of failed part was observed by a scanning electron microscope JSM-

6010LA. The chief character of fracture is fatigue striation and dimple, through check the fracture 
morphology of the broken part of the root of the failed part, the failure mode can be determined. The 
striation and dimple characteristic of failed part is shown in Figure 3~5, the edge part is a fatigue strip 
and the middle part is a dimple, It can be preliminarily considered that the solder joint breaks after 
being bent many times and finally receives a certain direction of pulling. When the connector is 
soldered to the wire, the wire needs to be tinned, and the tin-stained part is about 0.5mm away from 
the end of the insulation layer, but the tin material creeps along the wire when it is hot-melted. As a 
result, some tin may enter the wire insulation, and the thermal stress reduces the toughness of the wire 
near the solder joint. 
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Figure 3. Striation and 
Dimple Characteristic of 

Failed Part 

Figure 4. Enlarged photo of 
Striation Characteristic 

Figure 5. Enlarged photo of 
Dimple Characteristic 

4.  Improvement of CX-1B-5 Connectors Coupling Process 
Wire breakage near the solder joint is the common phenomenon of the connection failure, through 
fracture morphology and fault tree analysis method, tensile force after repeated bending which is a key 
factor leads to the fatigue fracture. In the process of plugging and unplugging the connectors, or in the 
process of tidying up the wires, the bending of the wire at the root of the solder joint is unavoidable, so 
process improvement is necessary to improve the reliability of CX-1B-5 connectors coupling. 

4.1.  Improvement of Heat-shrinkable Sleeves 
The thermistor wires mainly use wires of C55/0812-28 because of spacecraft weight reduction 
requirements, and the maximum outer diameter of such a wire containing insulation is 0.94mm. 
Double heat-shrinkable sleeves are installed on the solder joint after soldering the CX-1B-5 connectors 
with wires, the heat-shrinkable sleeves are made of polyethylene and have many specifications, such 
as RSG1.2/0.6, RSG1.6/0.8, RSG 2.0/1.0, RSG2.4/1.2. The inner heat-shrinkable sleeve used 
previously is RSG 2.0/1.0, so the sleeve cannot tighten the wire after heat shrinking, there are two 
ways to solve the problem, one way is using high shrinkage ratio sleeves, and another way is 
improving the selection of sleeves. Wire insulation thickening method is used to enhance the 
mechanical bend properties of the wire root, which is shown in Figure 6. The RSG1.2/0.6 heat-
shrinkable sleeve is installed outside the wire before soldering the CX-1B-5 connectors. 

 
Figure 6. Improvement of Heat-shrinkable Sleeves. 

4.2.  Improvement of soldering Process 
To enhance the toughness of the wire near the solder joint after soldering the CX-1B-5 connector, 
Anti-wicking tools is used for pre-tinning the wires. The Anti-wicking tools and it’s working condition 
is shown in Figure 7~8. When the connector is tinned, the tin material creeps along the wire when it is 
hot-melted, and cannot enter the wire insulation due to tool blocking. A test was designed to verify the 
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effect after using the tool, and the heat-shrinkable sleeves are not installed to facilitate analysis of the 
effect of the tool on soldering performance. 

 

 

 
Figure 7. The Anti-wicking tool.  Figure 8. Working Condition 

Figure 5.  The Anti-wicking tool and it’s Working Condition. 
The test conditions are set as follows: the CX-1B-5 connectors are vertical clamped by hand vise, 

the wire is 270mm, and the tail of the wire is tied with a weight of 382g.  The weight is used for 
pendulum movement, as shown in Figure 9~10, the angle is 30 degrees, manually swing the weight 
block along the fixed pendulum movement  path, the number of bends recorded as one time as a 
pendulum  back and forth. If the wire breaks during the process, record the number of bends before 
breaking. 

 

 

 
Figure 9. Pendulum Movement Test Photo.  Figure 10. Enlarged View 
10 test samples are operated by the same operators, the first 5 samples did not use anti-wicking 

tools, the last 5 samples use the anti-wicking tools, wire type is C55/0812-26, and the connectors are 
CX-1B-5 connector jacks. The test sample before and after fracture is shown in Figure 11~12, the 
fracture is the root of the soldered wire, where the ductility of the wire is low and the fatigue resistance 
is poor. The test data is shown in Table 1. The average number of bends before improvement is 7.6, 
and the average number of bends after improvement is 16.2, so the bending fatigue resistance 
improved by 110%. 
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Figure 11. The Test Sample before Fracture.  Figure 12. The Test Sample after Fracture. 

 
Table 1. Comparison of the number of bends before the wire breaks. 
Sample 
Number 

The number of bends before 
the wire breaks 

Working condition 

Sample1 10 Before improvement 
Sample2 7 Before improvement 
Sample3 6 Before improvement 
Sample4 8 Before improvement 
Sample5 7 Before improvement 
Sample6 23 After improvement 
Sample7 16 After improvement 
Sample8 16 After improvement 
Sample9 12 After improvement 
Sample1

0 14 After improvement 

5.  Conclusion 
This paper mainly analyzes the reasons for the failure of CX-1B-5 connector coupling during the 
spacecraft assembly process. Wire breakage near the solder joint is the common phenomenon of the 
connection failure. Through fracture morphology and fault tree analysis, tensile force after repeated 
bending is a key factor which leads to the fatigue fracture. Because the bending of the wire at the root 
of the solder joint is unavoidable, wire insulation thickening method and anti-wicking tools are used to 
improve the reliability of CX-1B-5 connectors coupling, with the test showing the bending fatigue 
resistance improved by 110% by using anti-wicking tools. 
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