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Abstract: Electric brushes for aerospace vehicles—conductive rings electrically contact sliding friction pairs, are important 

power and signal transmission channels for aerospace vehicles. They are key stand-alone products that affect the life and 

reliability of satellites. In addition to ensuring high reliability in structure, friction pair materials should also select electrical 

contact materials suitable for space environment. This paper studies the corresponding relationship among the process, 

performance and organization of AuNi9 brush wire as one of the sliding friction pairs, especially for the process link of key 

performance changes. AuNi9 alloy was prepared and investigated in order to obtain excellent mechanical properties by 

optimizing the heat treatment conditions in this paper. The results show that the microstructures of the alloy are mainly 

composed of α-Au solid solution and A small amount of Au-Ni phase. The strength and hardness of the material continue to 

increase with the increase of deformation rate, and the strength is basically linear. However, the hardness has a limit value, and 

even if the deformation rate continues to increase, the hardness does not change significantly. The AuNi9 alloy has obvious 

aging strengthening phenomenon. When the temperature is kept at 300°C, the hardness increases with the heat treatment. The 

optimal heat treatment process of AuNi9 alloy is heating at 300°C for 30 minutes. 
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1. Introduction 

With the development of science and technology, 

aerospace technology has been gradually applied in satellite 

positioning, long-distance communication, space exploration, 

resource exploration and other fields, and has an 

irreplaceable role in national defense and people's livelihood 

[1, 2]. Space vehicles mainly rely on solar panels to collect 

solar energy and convert electrical energy for battery life. 

Therefore, solar panels are very important for a space vehicle 

and known as heavy equipment [3, 4]. The solar panel drive 

mechanism is used to drive the rotation of the spacecraft 

solar panel, realize the sun orientation of the solar cell array, 

enable the satellite to obtain as much energy as possible, and 

provide a power and signal transmission channel between the 

spacecraft body and the solar panel [5]. It is a key 

stand-alone product that affects the life and reliability of 

satellites [6]. The driving mechanism of the solar panel is 

mainly composed of conductive friction pairs. The 

conductive friction pair provides continuous long-term signal 

and power transmission in vacuum for spacecraft, satellites, 

manned spacecraft, manned space stations and other 

spacecraft [7]. The electrical contact material for the space 

environment should be selected for the brush slip ring system 

to achieve this function [8]. The electrical contact friction 

pair of the device is required to have small and stable contact 

resistance for achieving high reliability and long service life. 

Hence, good wear resistance and low friction coefficient of 

the electrical contact friction pair materials are necessary [9]. 

The sliding interface of the brush needs to transmit the 

current, which makes the wear state of the brush more 

complicated than the general wear. Lot of Joule heat is 

generated in the brush wire during the reciprocating sliding 
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process due to the existence of the current. The microstructure 

of the contact materials is changed under the influence of the 

Joule heat. The wear failures such as adhesion wear, abrasive 

wear, fatigue fracture and vibration wear occur after a series of 

solidification, hardening, corrosion, melting processes [10]. 

Wang et al. [11]. investigated the friction and wear behavior of 

AuNi9/Au coating tribo-couple under different loads, as well 

as the characteristics of worn surface and wear debris. Li [12] 

prepared PtIr25 alloy with excellent and stable properties by 

medium-frequency and high-frequency melting, heat-treatment 

technology and hot rolling. The microstructure, physical 

property, mechanical property and electrical property of PtIr25 

were studied. Ueno et al. [13] examined the relation between 

surface roughness condition and contact voltage drop for 

sliding contacts. It is confirmed that the contact voltage drop is 

changed by various surface roughness of sliding materials and 

the real contact area affects the contact voltage drop change. 

However, the preparation process of AuNi9 and the 

corresponding relationship between the preparation process, 

material properties and microstructure have not been studied. 

In this paper, AuNi9 alloy was prepared and investigated 

in order to obtain excellent mechanical properties by 

optimizing the heat treatment conditions. In addition, the 

effects of deformation rate on the tensile strength and 

microhardness were discussed. 

2. Experiments 

2.1. Melting and Casting 

Melting and casting of Au-Ni alloy was made in vacuum 

induction melting under dynamic argon atmosphere. The 

targeted composition for melt was Au-Ni (9±0.5). After 

cleaning with acetone, high purity Au and Ni ingots of 

99.999% purity were charged in the Al2O3 crucible. Melting 

was done under inert atmosphere by first evacuating the 

furnace to 0.001 mbar and then by purging with argon. After 

holding for a determined time period, the melt was cast into a 

steel mold. Table 1 shows the chemical composition of 

AuNi9 alloy obtained in this work. 

Table 1. Chemical composition of AuNi9 alloy obtained in this work (wt%). 

Alloy Ni Au 

AuNi9 9.1 Bal. 

2.2. Secondary Processing 

The casting rod was processed into Φ0.5 mm wire with a 

total deformation rate of 98% subsequently. 

The Au-Ni phase diagram is shown in Figure 1 [14]. 

According to Figure 1, it can be seen that Au-Ni alloy has a 

broad immiscibility zone in solid state below 812°C. In the 

low temperature region, the single-phase solid solution 

decomposes into a two-phase region with an asymmetric 

solid solubility curve, and there is an amplitude modulation 

decomposition in the two-phase region. The intermediate 

annealing cycle was conducted at 300°C for 30 min. 

Samples for mechanical properties evaluation were 

prepared with heat treatments at 200°C, 300°C, 400°C and 

500°C for 1h after drawing. To explore the impact of 

holding time on hardness of AuNi9 alloy, samples were also 

prepared with heat treatments at 300°C for 15 min, 30 min, 

60 min and 120 min. 

 

Figure 1. Phase diagram of Au-Ni alloy. 

2.3. Characterization 

The microstructure was observed by metallographic 

microscope (Observer A1) and scanning electron microscopy 

(SEM, Hitachi SU-1510). The metallographically prepared 

samples were etched with the mixed solution as follows: 10ml 

68% nitric acid, 50ml 37% concentrated hydrochloric acid and 

60ml pure water. An energy dispersive spectroscope (EDS) 
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was also adopted to determine element composition of the 

microstructural characteristics and element distribution. 

Vickers hardness was measured using a 100 g load and a 15 s 

loading time (Micromet 2100, Buehler). The tensile tests were 

carried out using a universal testing machine (CMT4105) to 

investigate the tensile properties of the alloy. The loading 

speed was 0.5 mm/min. Three specimens were used for each 

test and the average value was taken into account. 

3. Results and Discussion 

3.1. Microstructures of AuNi9 Alloy 

Figure 2 displays a metallographic picture of AuNi9 alloy. 

The obvious dendrite structure can be seen in the as-cast 

structure as given in Figure 2(a). The grain size is small and 

relatively consistent. The microstructure of as-processed 

AuNi9 alloy is shown in Figure 2(b). 

The deforming twin is observed obviously and 

increases with the increase in deformation rate. This is 

because the twin deformation becomes to the main 

deformation form after the deformation rate reaches to a 

certain level. The internal organization of the material 

changes with the processing and heat treatment. The 

orientation of the grains has changed due to processing. 

However, there are still some continuous solid solutions 

after vacuum heat treatment, as shown in Figure 2(c). 

The dislocation glide is hindered due to the heat-treated 

structure made up of twinning and Discontinuous solid 

solution, and hardness and strength increases while 

elongation decreases. 

 

Figure 2. AuNi9 alloy metallographic (a: cast state; b: processed state (deformation rate 90%); c: ageing state (300°C, 0.5h). 

In order to further determine the impact of the heat 

treatment on microstructure of AuNi9, energy spectrum 

analysis was performed by using scanning electron 

microscope. As shown in Figure 3, the microstructures of the 

alloy are mainly composed of α-Au solid solution and a small 

amount of Au-Ni phase. 

 

Figure 3. SEM image of as-cast AuNi9 alloy. 

Table 2. Chemical analyses at areas shown in Figure 3. 

Symbol 
Average chemical analyses, at.% 

Au Ni 

A 72.84 27.16 

B 75.87 24.13 

The microstructural image of AuNi9 after heat treatment is 

given in Figure 4 and the stripe figures are observed. EDS 

analysis was performed on each area, and the result is shown 

in in Table 3. The difference in composition causes the depth 

of metallographic corrosion to be different, thereby forming 

stripe morphology. The α-Au solid solution decomposes 

continuously and gradually divides into rich Au and rich Ni. 

 

Figure 4. SEM image of heat treatment AuNi9 alloy. 

Table 3. Chemical analyses at areas shown in Figure 4. 

Symbol 
Average chemical analyses, at.% 

Au Ni 

C 71.91 28.09 

D 75.92 24.08 

3.2. Mechanical Properties of AuNi9 Alloy 

In order to study the test performance of the alloy after 
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plastic deformation of the material with different deformation 

rates, seven deformation rate levels ranging from 0% to 98% 

were set in the experiment. The trend curves of tensile 

strength, elongation and Vickers hardness with deformation 

rate are shown in Figure 5 and Figure 6. It can be seen that 

the tensile strength continues to increase with the increase of 

the deformation rate, which is basically a linear increase, 

while the elongation gradually decreases. This is due to the 

work hardening caused by dislocation slippage when plastic 

deformation occurs. The AuNi9 alloy can withstand cold 

drawing with large deformation rates due to the excellent 

plastic workability and high strength. When the deformation 

rate reaches 98%, the strength of the alloy is the highest, 

which is 1027MPa, and the elongation is the lowest, which is 

only 0.5%. The hardness is significantly improved, especially 

before the deformation rate reaches to 70%. When the 

deformation rate reaches 98%, the hardness of the alloy 

reaches a maximum of 276HV. Afterward, the growth rate of 

hardness slows down and gradually tends to remain 

unchanged. 

 

Figure 5. Tensile properties of samples with different deformation rate. 

 

Figure 6. Vickers hardness for the samples with different deformation rate. 

The hardness test result after heat treatment of the AuNi9 

alloy with a working rate of 98% is shown in the Figure 7. It 

can be observed that the hardness increases significantly at 

300°C up to 295 HV due to age strengthening, and then 

gradually decreases with over-aging. The hardness is 

basically similar to that of the annealed heat treatment state 

when the heat treatment temperature reaches to 500°C. The 

Ni content in the alloy decreases with the heat treatment 

temperature increases, and the ordered transformation 

reaches to the upper limit. Therefore, the hardness of AuNi9 

alloy decreases because of the recrystallization occured 

during overaging. 

 

Figure 7. Vickers hardness for the sample with 98% deformation rate under 

different heat treatment temperature. 

The effect of holding time at 300°C on the hardness of 

AuNi9 alloy is shown in Figure 8. It can be seen that there 

was no obvious change of hardness after heat treatment at 

300°C for 15 min compared with normal state. It's said that 

there is no medium for heat transfer in a vacuum 

environment, and the alloy fails to reach to 300°C within 15 

min [15]. When the holding time reaches 30 min, the 

hardness of the material increases due to aging strengthening 

and reaches 290HV. However, the aging strengthening effect 

is not obvious with the extension of the holding time. 

Therefore, the optimum holding time is 30 min in order to 

improve efficiency and reduce oxidation of alloy surface. 

 

Figure 8. Vickers hardness for the samples heat-treated at 300°C for different 

holding time. 

4. Conclusions 

In this paper, a systematic study of the corresponding 

relationship between the alloy preparation process, material 
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properties and microstructure is carried out to provide a 

theoretical basis for formulating the optimal process route. 

The effects of working rate and heat treatment process on the 

microstructure and properties of the AuNi9 alloy were 

investigated. Primary conclusions are summarized as follows. 

The as-cast microstructure of AuNi9 is mostly consist of 

dendrite, and the processed microstructure is dominated by 

twinning. No obvious change of microstructure is observed 

after heat treatment. 

The tensile strength and hardness of AuNi9 increase with 

the increase of deformation rate, while the elongation 

decreases. However, the hardness tended to remain 

changeless when the deformation rate is greater than 50%. 

The elongation tends to remain unchanged when the 

deformation rate is greater than 70%. 

AuNi9 alloy shows obvious aging strengthening when the 

heat treatment temperature reaches to 300°C. The hardness of 

alloy changes little when the holding time exceeds 30min. 

The optimal heat treatment process is heating at 300°C for 30 

minutes. 
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