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A B S T R A C T   

A novel rotating conductive joint that comprises an inner raceway, outer raceway, and a roll ring is proposed in 
this study. The tribological and conductive properties of the rolling rings were studied under current conditions 
of 0–20 A. The current density of the rolling contact reached 419 A/mm2 when transmitted at 20 A. However, a 
high current could result in a high-friction coefficient and severe wear. The results of optical microscopy and 
electron back-scattered diffraction showed that the grain boundary was partially annihilated, and the stress 
decreased in the wear area under 10 and 20 A. On the wear surface, the current-carrying friction caused the 
hardening, and the electroplasticity caused softening. The surface hardness of the wear area was the result of 
competition between hardening and softening, which reached its highest value at 5 A.   

1. Introduction 

Rotating electrical connectors are used in many electromechanical 
systems that include man-made space stations, satellites, radars, and 
wind turbines [1]. Conventional electrical transmission devices pri
marily utilize the sliding electrical contact between the brushes and 
conductive rings to transmit power/signals [2]. The performance of 
electric transmission is significantly affected by the combined effects of 
the current and sliding movement. In particular, under high current 
conditions, abnormal wear, arc ablation, and oxidation are inevitable 
disadvantages of sliding electrical contact pairs. 

Mei et al. [3] reported that the wear volume of a slider increased with 
the electric current; in addition, arc melting and thermally enhanced 
wear were reported as the dominant mechanisms causing severe damage 
to the slider. Ding et al. [4] observed that the friction coefficient 
decreased significantly with the electric current and suggested that the 
electric current induced a lubrication effect owing to the formation of 
oxidation layers at the interface. Ren et al. [5] studied the effects of 
current on the wear and fretting corrosion of gold-plated copper pairs, 
and the results indicated that the melting of the metal and breakdown of 
oxide films under higher currents were the main wear mechanisms. Feng 
et al. [6] observed that the wear loss in the presence of an electric 
current was greater than that without a current, which resulted from 

roughening and weakening of a counter surface induced by current 
heating. Fadin et al. [7] reported that the intensity of surface destruction 
increases with the current density. The coupling effect of friction and 
current results in the build-up of heat at the contact interface, which can 
result in the weakening of material performance, oxidation, and even 
arcing. Therefore, the transmission capacity of sliding electrical contact 
pairs is limited. 

A gentler frictional motion is introduced into rotating conductive 
devices to weaken the coupling between friction and conduction. A 
rolling electrical transmission device has been invented, which contains 
inner raceways, outer raceways, and flexible rings assembled between 
raceways [1]. When the two raceways rotate relative to each other, the 
rings are captured and forced to roll owing to the friction force. 
Therefore, the contact region between the roll rings and raceways 
simultaneously withstands friction, and the electric current forms a 
current-carrying contact [8,9]. However, the interaction between cur
rent and rolling friction has rarely been reported. The current trans
mission characteristics in the roll ring and wear behaviors in the contact 
area remain unclear. 

In this study, the tribological and conductive characteristics of a roll 
ring were analyzed. The influence of current on rolling wear was 
analyzed in detail from the perspectives of temperature increase, hard
ness, grain deformation, and stress. These results may provide useful 
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support for the design and operation of rolling electric transmission 
devices. 

2. Experimental details 

2.1. Materials and tests 

As shown in Fig. 1, the friction pairs comprised an outer raceway, an 
inner raceway, and a roll ring. The copper–beryllium alloy (GB/T 
5231–2001), after aging treatment, was selected for all the components 
because of its excellent elastic stability, high strength, and good elec
trical conductivity; they were purchased from Shanghai Kaixin Metal 
Materials Co., Ltd. Before each test, the contact surfaces of the roll rings 
(end faces) were ground using silicon carbide waterproof sandpaper in 
the order of 800, 1000, and 1500 grit and polished with a 3.5 μm dia
mond suspension using an Mp-2B metallographic polishing machine. 
The raceways were also ground with silicon carbide waterproof sand
paper in the order of 800, 1000, and 1500 grit. 

A current-carrying tribometer (VCF-SR40, Lanzhou Huahui Instru
ment Technology Co., Ltd, China) was used to measure the current- 
carrying properties of the roll ring. As shown in Fig. 1b, the outer 
raceway was mounted on the suspension, and the inner raceway was 
mounted on the central axis. After the value of the elastic force and 
torque was adjusted to zero, the roll ring was assembled between the two 
raceways. The diameter of the roll-ring is slightly larger than the radial 
space between the two raceways, such that a compressed elastic force 
would be generated. The central axis was driven by a servo motor, the 
inner raceway was rotated, and the roll ring was pushed to the roll. The 
electric current was supplied by direct voltage power (DC), which was 
passed through the inner raceway, roll ring, and outer raceway, and then 
returned to the DC source (Fig. 1c). Details of the experimental condi
tions are listed in Table 1. 

The calculation of the elastic force, contact resistance, and friction 
force of the contact points is described in Reference [8]. The total 
number of rolling cycles was set to 108000 for all the tests to achieve a 
stable wear state. The tests were performed under ambient atmospheric 
conditions, at room temperature (20 ± 5 ◦C) and relative humidity (50 
± 2%). The tests for each operating condition were repeated five times. 

2.2. Analysis 

Before and after each test, the mass of the elastic roll ring was 
weighed using an electronic balance (FA224C, Shanghai China) with an 
accuracy of 0.1 mg. The wear loss of the roll rings was represented by the 
mass loss after the tests. The raceway was V-shaped, and the wear area 
was on the sidewall of the raceway, which was very difficult to observe. 
In addition, the elastic roll ring was easy to manufacture and replace. 
Therefore, the elastic roll ring is the primary focus of this paper. A 3D 
surface profiler (Nano Focus-AG, Germany) was used to measure the 
surface roughness of the contact area. The hardness was measured using 
a microhardness tester (HV-1000, China) under a load of 200 gf and a 
duration of 15 s. Each sample was measured at least five times. Ac
cording to the ASTM E384-2016 standard, a tetragonal pyramid 

diamond indenter was used to measure microhardness. After the 
indenter was pressed for 3 s, the load reached its maximum, and the 
material yielded. The shear strain rate of the hardness test was estimated 
as 0.17 1/s because the shear stress at yield was 1195 MPa and the shear 
modulus was 55652.17 MPa [10]. An infrared thermometer (Smart 
Sensor AS852B, China) was used to measure contact temperature. 

The wear location, specific sample section preparation method and 
observations direction were described in Fig. 2. The elastic rings were 
placed on the bottom of the grinding tool and were covered by Bakelite 
powder. Then, the Bakelite was cured by hot press sintering. After 
curing, the bottom of the Bakelite resin was flush with the edge of the 
elastic ring. Then, the resin bottom was ground with abrasive paper 
along the thinning direction in Fig. 2b, and polished with a micron- 
diamond particle paste. The thinning thickness was calculated accord
ing to the wear mark width, so that the exposed interface was below the 
center of wear mark. The samples were then etched using a mixture of 8 
g CuCl2 + 92 mL NH3⋅H2O. Finally, the subsurface in section direction 
was exposed to the observer. To analyze the wear mechanism, the worn 
surfaces were observed using scanning electron microscopy (SEM, JSM- 
IT100, JEOL, Japan) equipped an energy dispersive spectrometer (EDS, 
EDAX Octane SDD Series, USA) and optical microscopy (OM, DMi 8C, 
Leica, Germany). The grain deformation beneath the wear scar was 
characterized using electron backscattered diffraction (EBSD, EDAX-TSL 
Oxford Nordly max 3). 

3. Results and discussion 

3.1. Tribological and conductive behaviors 

The real-time total friction force at different electric current levels is 
shown in Fig. 3a. The friction force for all the tests experienced two 
stages, namely, a short running-in process and a stable stage. This 
revealed that an increase in the electric current resulted in a significant 
increase in the friction force. The minimum frictional force that occurred 
at 2.5 A was about 9.89 N, whereas the friction force increased to 14.31 
N when the electric current reached 20 A. A test without an electric 
current was conducted for comparison, and the value of friction force 
was found to be relatively small at about 6.8 N. 

Contact resistance is another important property of current-carrying 
devices. The variations in the contact resistance as a function of the 
rolling revolutions at different currents are shown in Fig. 3b. The contact 
resistance was characterized by two distinct stages. First, the contact 
resistance increased rapidly and then decreased after reaching the peak 

Fig. 1. Introduction of current-carrying friction pairs.  

Table 1 
Details of experimental conditions.  

Test conditions Value/units 

Radius of inner raceway 59 mm 
Radius of outer raceway 124 mm 
Elastic force 20.4 N 
Compression deformation 3 mm 
Current 0 A, 2.5 A, 5 A, 10 A, 20 A 
Rotation speed of inner raceway 600 r/min  

T. Chen et al.                                                                                                                                                                                                                                    

song chenfei
高亮



Wear 514–515 (2023) 204590

3

value. Subsequently, the contact resistance remained stable, and it sta
bilized at 67.13, 56.27, 40.13, and 20.57 mΩ when the current increased 
from 2.5 to 20 A. In addition, the period of the first stage was 

significantly shortened from 90 to 43 min as the electric current 
increased. The running-in process of contact resistance disappeared at 
20 A. 

Fig. 2. The sketch of (a) contact region between roll-ring and raceways and (b) observation positions.  

Fig. 3. Variation in (a) total friction force and (b) contact resistance at different currents.  

Fig. 4. Wear widths and corresponding EDS images at different electric currents after rolling to 27600 revolutions.  
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The observed contact resistance trends were owing to the metal wear 
that occurred between the contact pairs. In order to understand the wear 
characteristics of the roll-ring, the wear loss of roll-ring in different 
periods were measured. To explain the running-in process of the contact 
resistance, we detected the worn surface after 27600 rolling revolutions, 
and the results are shown in Fig. 4. We observed that belt-like wear scars 
formed on the contact area. Because the sharp contact surface was at an 
initial right angle, the contact pressure was sufficiently high to produce 
strong rheology at the early stage. As shown in Fig. 4a and b, the 
abrasion marks appeared smooth, and the products with black luster 
were observed at 2.5 and 5 A. On the surface rolled at 20 A, the abrasion 
marks were wider, and the metallic and black lusters were mixed 
(Fig. 4c). The EDS results in Fig. 4d–f indicate that the black product was 
CuO. The O:Cu atomic ratio decreased from 0.408 to 0.1438 as the 
current increased. During the running-in process, plastic deformation 
and oxidation occurred, and friction products were primarily main
tained on the contact surface. The accumulation of oxide resulted in 
higher and unstable contact resistance in the running-in stage [11,12]. 
Therefore, the oxidation wear was the main mechanism in the 
running-in stage, particular for the lower current tests. Additionally, 
note that the oxidation degree of the surface at a higher current was 
lower, which indicated that the current promoted material wear. This 
was consistent with the sliding current-carrying wear phenomenon [5, 
13,14]. 

The wear loss after rolling for different revolutions is showed in 
Fig. 5. Within the initial about 40000 revolutions, the wear loss is very 
low and the growth is slow. At higher revolutions, the wear amount 
increases significantly. The results show that the friction products 
accumulated on the contact surface at the early rolling stage, resulting in 
higher surface oxidation (Fig. 4) and higher contact resistance (Fig. 3). 
As the rolling continued, the oxide product was worn out, forming wear 
debris and leaving the underlying fresh metal. The contact between 
fresh metals can improve conductivity. Thus, an apparent decrease in 
contact resistance was observed in the second stage. Finally, wear marks 
with metallic lusters were formed. The higher electric current resulted in 
a wider wear area, and the average wear widths were 361.23, 379.04, 
381.66, 391.74, and 403.34 μm as the electric current increased from 
0 to 20 A (Fig. 6). The widening of the wear marks provided a larger 
conductive area that was conducive to reducing the contact resistance. 

The wear loss of the roll ring after the rolling test is shown in Fig. 7, 
which further demonstrates that a high current could result in severe 
damage to the roll ring. However, some differences were observed in the 
wear increments. As the current increased from 0 to 5 A, the average 
growth rate was 0.387. When the current exceeded 5 A, the wear 
increased significantly, and the average growth rate was approximately 

0.572. For the self-matching pairs, we assumed that the raceways suf
fered the same amount of mass loss as the roll rings. The wear volume of 
the raceways was equivalent to that of the boxes. The wear length was 
the circumference around the axis line at the contact position. Based on 
the wear width, wear length, and density of copper–beryllium alloy 
(7.633 g/cm3), the average wear thickness was 12.36, 12.54, 12.56, 
12.86, and 13.03 μm, as the electric current increased from 0 to 20 A. 
Wear thickness accounted for a very small proportion of the overall 
raceway. 

3.2. Damage mechanism of the contact area 

3.2.1. Temperature increase 
Friction heat is a key factor that affects metal dry wear. In the 

current-carrying friction process, the temperature increase in the con
tact pairs was the result of the coupling of heat sources from friction heat 
and Joule heat [15,16]. An infrared thermometer was used to measure 
the average temperature of the inner raceway. Fig. 8 shows the tem
perature as a function of the number of revolutions under different 
electric currents. The temperature curve under each test exhibited a 
gradually increasing and finally stable trend. The maximum tempera
ture reached 34.8 ◦C at 20 A with a temperature increase of 14.8 ◦C, 
whereas the surface temperature at 0 A was 23.2 ◦C with a temperature 
increase of approximately 3.2 ◦C. A higher temperature can promote the 
mutual diffusion of metal atoms at the contact interface, resulting in a 
higher friction coefficient [17]. For a better understanding of the heat 
sources on the contact surface, the friction power and Joule heat power 
were calculated, as shown in Table 2. 

The friction power Ptri was estimated using Equation (1):  

Ptri = FV,                                                                                       (1) 

where F is the friction force, and V is the linear velocity of the contact 
point between the roll ring and the inner raceway. 

The Joule heat power PDC was estimated using Equation (2):  

PDC =I2R,                                                                                      (2) 

where I is the electric current, and R is the contact resistance. 
The friction coefficient of the roll ring differs from that of conven

tional rolling. There were four contact areas between the roll ring and 
raceways, and the geometric change caused by wear can induce a 
decrease in the elastic preload. The average normal force and friction 
coefficient at a single contact point must be corrected; the results are 
shown in Fig. 9. After rolling for 108000 cycles, the single-point normal 
force decreased from 10.74 to 10.34 N with an increase in current. Ac
cording to the total friction force obtained from the test, the friction 
coefficients of the single points were 0.15, 0.23, 0.28, 0.29, and 0.34. 
Therefore, the current-carrying friction coefficient was higher than the 
mechanical friction coefficient (0 A) and increased with the current. 

3.2.2. Wear mechanism of the contact area 
The tribo-informatics proposed by Zhang provides a new perspective 

for understanding the relationship between tribology performance and 
contact states. We are convinced that the wear profile is a direct feed
back of the rolling current-carrying contact [18,19]. The morphologies 
of the worn roll-ring surfaces were observed using a 3D surface profiler 
(Fig. 10). At 0 and 2.5 A, a few gentle rough peaks were observed on the 
surface, and the corresponding surface roughness values were 0.725 and 
0.845 μm, respectively. When the current reached 5 A, corrugated 
morphology was detected, and the surface roughness increased to 1.143 
μm. Strong fluctuations occurred on the contact surface when the cur
rent increased to 10 and 20 A. A scaly morphology and sharp asperities 
occupied most of the wear area. 

To obtain a better understanding of the current-carrying wear 
mechanism caused by the electric current, we obtained SEM images of 
the worn surfaces under different conditions. Fig. 11a shows the original Fig. 5. The wear loss after rolling for different revolutions.  
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surface of the roll ring before testing, which was smooth and flat. In the 
purely mechanical test shown in Fig. 11b, a large amount of intact 
surface remained, although a slight surface plastic deformation was 

produced. As the current increased to 2.5 and 5 A, the contact surface 
suffered from noticeable plastic deformation accompanied by minor 
adhesion wear. At 10 A and 20 A, severe fatigue spalling caused a large 
amount of the flaky metal to fall off from the contact surface. The high 
friction coefficient induced by the large current caused the contact 
surface to bear high shear stress, which was prone to fatigue and spal
ling. Note that the fatigue level increased significantly from 5 to 10 A. 
These results were consistent with the wear losses mentioned above. 
Since the friction pairs were the same material of Copper–Beryllium 
C17200, adhesive wear should be unavoidable [20]. In particular, 
current-induced Joule heating can promote the adhesion of metals to 
contact surfaces [21]. The wear damage is the result of the joint action of 
fatigue wear, oxidation wear and adhesive wear. However, it is difficult 
to distinguish the adhesive transfer of the material on the SEM images 
because severe fatigue spalling, scaly delamination, and several surface 
cracks occupied the entire wear surface. 

Fig. 12 shows the EDS results of oxygen and copper composition on 
the worn surfaces at different currents. The O:Cu ratio on the original 
surface was 0.062, and it decreased from 0.3275 to 0.1368 as the electric 
current increased on the wear surface. The oxidation degree of the 
current-carrying surface was higher than that of the original surface 
because of the tribo-oxidation and anodic oxidation of metal materials 
during rolling [21]. With the increase in current, the amount of products 
of anodic oxidation increased. However, the wear was more severe 
under a high current, and the removal of oxidation products was easier. 
The EDS results showed that the oxidation degree of the wear surface at 
a high current was relatively low, which was related to the wear removal 
of oxidation products. The generated nascent metal on the wear surface 
was beneficial to the conductivity. As a result, the contact resistance 
decreased at high currents (Fig. 3b). 

Through previous performance test results and damage analysis, we 
observed that there was a contradiction between the friction and wear 
properties and electrical conductivity. The improvement in conductivity 

Fig. 6. Wear widths after rolling tests at different electric currents.  

Fig. 7. Wear loss of the roll ring at the different currents.  

Fig. 8. Temperature at the contact surface on the inner raceway.  

Table 2 
Friction and Joule heat power.   

0 A 2.5 A 5 A 10 A 20 A 

Joule-thermal Power PDC (W) 0 0.42 1.41 4.01 8.23 
Friction Power Ptri (W) 12.17 17.54 21.17 22.29 25.61  

Fig. 9. Normal force and friction coefficient on a single contact point.  
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Wear 514–515 (2023) 204590

6

requires the sacrifice of the friction and wear properties. The synchro
nous improvement of conductivity and tribological properties will be a 
critical problem in the design of high-power rolling rings in the future. 

3.2.3. Sub-surface damage mechanism 
To discuss the material damage induced by the friction coefficient, 

we analyzed the microstructure below the worn surface in the longitu
dinal section using OM. As shown in Fig. 13a, equiaxed structures were 
observed in the original subsurface. The friction coefficient was 0.17 at 
0 A, and no change occurred in grain size and shape (Fig. 13b). When the 
friction coefficient reached 0.24 (2.5 A), no grain deformation appeared 
on the subsurface, except for slight undulation near the contact area 
(Fig. 13c). When the friction coefficient increased to 0.28 (5 A), the 
grains below the contact surface were refined and deformed along the 
rolling direction, and the orientation of the grain boundaries tended to 
be parallel to the contact surface (Fig. 13d). After the current increased 
to 10 and 20 A, the friction coefficient increased to 0.31 and 0.35, 
respectively. The grains near the contact surface were severely 
damaged, and the grain shape and boundaries were no longer distin
guishable. Fierce undulation caused by material peeling was observed 
on the subsurface (Fig. 13e and f). 

The results in Fig. 13 show that the surface layer of the contact area 
may have been recrystallized under 10 and 20 A conditions. However, at 
20 A, the temperature of the roll ring was 307.9 K, which was far from 
the recrystallization temperature [22]. Zhu et al. [23] reported that a 
high-density current can induce a sharp decrease in the deformation 
resistance of a metal and increase its plasticity [24–27]. The current 
density in this study was simulated using the software COMSOL Multi
physics. As shown in Fig. 14, when the applied current increased from 
2.5 to 20 A, the current density increased from 1.71 × 102 to 4.19 × 102 

A/mm2. When high-density current flowed through the metal material, 
drift electrons formed inside the material. With the aid of drift electrons, 
the movement of vacancies and dislocations improved, which acceler
ated dislocation annihilation, resulting in a reduction in the flow stress 
and plastic strain [28,29]. We speculated that when the current density 
exceeded 409 A/mm2, an electroplastic effect occurred beneath the 
contact surface. 

To test this hypothesis, we used EBSD maps to highlight the regions 
where plastic deformation occurred. The grain map in Fig. 15a indicates 
that no grain deformation occurred in the original sample. The grains 
inclined along the rolling direction, and the number increased after the 
rolling test at 5 A (Fig. 15b). When the current reached 20 A (Fig. 15c), a 

Fig. 10. Surface profile and roughness at different electric currents.  

Fig. 11. SEM micrographs of the worn surfaces after rolling tests: (a) Original; (b) 0 A; (c) 2.5 A; (d) 5 A; (e) 10 A; (f) 20 A.  

T. Chen et al.                                                                                                                                                                                                                                    
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small number of vague grain boundaries existed near the contact sur
face. The stress concentration induced by grain deformation could be 
illustrated using the corresponding kernel average misorientation 
(KAM) maps. Compared with that under the original surface (Fig. 15d), 
the stress concentration under the contact surface after rolling at 5 A was 
more significant (Fig. 15e). This means that rolling produced congestion 
and proliferation of dislocations at the grain boundaries and in the 
grains. However, the stress concentration was significantly weakened 
after testing at 20 A (Fig. 15f). This indicated that the electroplastic 
effect of a high-density current can promote the movement and anni
hilation of the boundaries and dislocations. The EBSD results were 
consistent with the OM results. 

Different microstructures and stress states of materials inevitably 
result in changes in their mechanical properties. The microhardness 
values in the depth direction beneath the worn surface under different 
currents are shown in Fig. 16. A hardness transformer layer was 
observed below the rolling surface. This hardening was caused by the 
grain refinement and stress concentration caused by rolling (Figs. 13 and 

15). With an increase in the test depth, the hardness returned to the 
matrix value of 428 HV200g. The thickness of the hardness transformer 
layer generally did not exceed 250 μm. The surface hardness changed 
significantly at different current. For example, the surface hardness at a 
depth of 15 μm, under different currents, first increased and then 
decreased. The hardness reached a maximum value of 481.6 HV200g. The 
results in Fig. 14 show that hardening of surface played a dominant role 
in the range of 0–5 A. At this stage, a high friction coefficient induced by 
the current could result in sufficient dislocation multiplication, packing, 
grain refinement, and stress concentration (Figs. 13 and 15). When the 
current exceeded 10 A, the electroplastic effect of the current weakened 
the hardening effect and the surface hardness decreased. Therefore, the 
growth slope of the wear amount was higher at 10 and 20 A (Fig. 7). 

By analyzing the metallography, grain size, stress, and hardness of 
the subsurface layer, the influence mechanism of the current on the wear 
was revealed, and hardening and softening of the rolling surface were 
distinguished at different current in detail. Note that there was a strong 
strain-rate sensitivity to hardness. Reference [30,31] reported a positive 

Fig. 12. EDS results of the selected area from Fig. 9: (a) Region A; (b) Region B; (c) Region C; (d) Region D; (e) Region E; (f) Region F.  

Fig. 13. Optical microscopy (OM) images of the roll-ring longitudinal section after rolling tests. (a) Original sample; (b) 0 A; (c) 2.5 A; (d) 5 A; (e) 10 A; (f) 20 A.  
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correlation between hardness and strain rate. Considering the size of 
contact pairs and the width of the wear scar (361.23–403.34 μm in this 
study), the contact between the roll ring and raceways can be equivalent 
to a line contact. According to the contact mechanism [32], the 
maximum shear stress was estimated to be 62.8–59.6 MPa, and the 
contact length along the rolling direction was 157.2–166.3 μm. At a 
speed of 600 r/min, the loading time was approximately 8.74 ×
10− 5–9.29 × 10− 5 s; thus, the strain rate during rolling was 3.59 ×
105–2.69 × 106 1/s. Because the strain rate during rolling was much 
higher than that during hardness, the real-time hardness during rolling 
may have been higher than the measured value. 

In summary, the current-carrying tribological properties of the roll 
ring were tested at different electric currents. A contradiction between 
the friction and wear properties and the electrical conductivity was 

observed. The effects of current on the surface hardness and wear were 
discussed. Compared with the rigid disk–disk contact [11], no arc 
discharge occurred during rolling owing to the natural advantages of the 
adaptive flexible contact. The current density of the rolling electrical 
contact exceeded 400 A/mm2, which was significantly higher than that 
of the traditional sliding electrical contact [3]. The results showed that a 
single roll ring could transmit a current of 20 A, and if multiple rings are 
connected in parallel in the raceways, the transmission capacity can be 
further improved. However, the conductive rotary joint in applications 
requires that the life of the roll ring should exceed 107 revolutions, and 
the maintenance-free function should be reached within the life cycle. 
Under the test conditions in this study, the wear amount after 105 rev
olutions exceeded 40 mg, and the wear surface exhibited severe fatigue 
peeling. In follow-up research, attention should be given to slowing 

Fig. 14. Current density at different electric currents.  

Fig. 15. EBSD analysis of wear track in a longitudinal section under different currents. Grain map (Up): (a) Original; (b) 5 A; (c) 20 A; corresponding KAM map 
(Down): (d) Original; (e) 5 A; (f) 20 A. 
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down wear, reducing fatigue, preventing oxidation, etc. The results 
presented here may provide a reference for the failure analysis and 
design of high-power and long-life rolling conductive rotary joints. 

4. Conclusions 

The tribological and conductive behaviors of the roll rings under 
different electric currents were examined using a rolling tribometer. The 
conclusions are summarized as follows:  

1. As the electric currents increased from 0 to 20 A, the total friction 
force in the steady-state period increased from 6.8 to 14.31 N, and 
the contact resistance decreased from 67.13 to 20.57 mΩ. The 
decrease in contact resistance was related to the increase in the wear 
area and removal of tribo-products from the contact surface. 

2. The current caused surface oxidation as well as a high friction co
efficient and material peeling. As the current increased, the wear 
amount increased, and the degree of surface oxidation decreased.  

3. The current has two effects on surface hardness: hardening and 
softening. The EBSD results and hardness tests showed that the sur
face hardness was dominated by hardening when the current density 
was lower than 409 A/mm2, and the softening was more apparent at 
higher current densities. The surface hardness was highest at 5 A. 
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