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Abstract. In this paper, the influence of the deformation of the flexible ring on the performance
of the power rolling ring is studied by the finite element simulation method. The results show that
the maximum stress of the flexible ring is concentrated in the contact area with the inner and outer
conductive rings, and the maximum bending stress increases significantly from 93.5 MPa to
217 MPa with the increase of deformation from 0.3 mm to 0.7 mm. On the other hand, with the
increase of deformation, the oscillation of the velocity curve of the probe point on the flexible ring
is weakened and tends to be smooth, indicating that the stability of the motion is gradually
improved. The research reveals that increasing the deformation can improve the motion stability
and also lead to a significant increase in the contact stress, which provides an important basis for
the balance design between structural reliability and motion stability of the power rolling ring.

Keywords: power rolling ring, deformation of flexible ring, contact stress, motion stability,
numerical simulation.

1. Introduction

Rolling electrical transfer components are widely used in rotating systems that require
continuous power and/or signal transmission, especially in applications demanding high reliability
and long service life. Compared with conventional brush-type slip rings, rolling-contact
architectures (e.g., rolling rings and rolling contact connectors) can potentially reduce wear debris
and electrical noise by replacing sliding contact with rolling contact, thereby improving
transmission stability under certain operating conditions.

Existing studies related to rotary transmission and slip-ring technologies can be systematically
organized into four main streams. (1) Alternative slip-ring and non-contact transmission solutions
have been proposed to improve signal integrity and mitigate contact-induced disturbances,
including optical slip rings for sensor interface applications [1] and multi-channel non-contact
transmission methods based on capacitive coupling and quasi-time division multiplexing [2].
(2) Rolling-contact connector technologies and engineering implementations have been
documented in patents and industrial technical documents, which outline feasible mechanical
configurations and provide design references for practical products [5-8]. (3) Experimental
investigations have examined the electrical contact characteristics of rolling contact connectors,
providing validation data and insights into contact behavior under different conditions [4].
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(4) Numerical and multiphysics modeling has been applied to analyze electrical contact modeling
and associated thermal/mechanical effects in roll-ring systems, supporting mechanism
interpretation and design-oriented parametric studies [3].

Despite the above progress, the influence of flexible-ring deformation on rolling-ring
performance remains a key design challenge. Increasing deformation may enhance kinematic
stability and suppress undesirable micro-slip, yet it can also significantly increase local contact
stress, which is closely related to wear and reliability. A quantitative, design-oriented
understanding of this trade-off under parameterized geometric variations is still insufficient.

To address this gap, this paper establishes a transient finite-element model of a signal
rolling-ring assembly in COMSOL Multiphysics. By parameterizing the flexible ring geometry to
obtain different deformation levels, we systematically compare motion trajectories and local
stress/displacement fields. The results reveal a comprehensive effect of deformation — improved
motion stability accompanied by increased contact stress — providing practical guidance for
balancing stability and stress constraints in rolling-ring design optimization.

2. Establishment of simulation model of signal rolling ring

Using COMSOL Multiphysics simulation software for simulation analysis, the actual overall
design model structure of the signal rolling ring is shown in Fig. 1.

Fig. 1 is the actual overall design model of the signal rolling ring, which is mainly composed
of the outer conductive ring, the inner conductive ring and the flexible ring structure. When
working, the outer conductive ring is fixed, and the inner conductive ring rotates continuously and
drives the flexible ring to roll between the two in the form of rolling friction. The flexible ring is
used for rolling friction between the contact parts of the outer conductive ring and the inner
conductive ring, so as to realize the function of signal transmission without stranding.

Outer orbit 7@ :h :&k

Inner orbit Flexible ring f
@ N

Fig. 1. Design model of Signal Roller Fig. 2. Flexible ring dimensions of the signal rolling ring

—
N

Fig. 3. Inner and outer raceway dimensions of the signal rolling ring

Refer to Fig. 2, the modeling parameters of the flexible ring are as follows: wall thickness
t = 0.25 mm, width w = 1 mm, fillet radius R, = 0.8 mm, and arc length L = 0.25 mm. The outer
diameter d, of the flexible ring is taken as the independent variable, and the deformation & is the
response variable. Five sets of d, values are taken: 19.07, 19.17, 19.27, 19.37, 19.47 mm (step
size 0.1 mm), with corresponding § values 0of 0.3, 0.4, 0.5, 0.6, and 0.7 mm, respectively. Refer to
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Fig. 3, the modeling parameters of the inner raceway are as follows: inner raceway diameter
d; = 84.15 mm, fillet radius R; = 0.8 mm. Refer to Fig. 3, the modeling parameters of the outer
raceway are as follows: outer raceway diameter d; = 121.15 mm, fillet radius R3 = 0.8 mm.

The free quadrilateral mesh is used to mesh the inner and outer conductive rings, because the
motion analysis of the flexible ring is more important during the motion of the signal rolling ring,
therefore, the inner and outer conductive rings are meshed by ordinary refined free quadrilateral
mesh, and the flexible ring is meshed by more refined free quadrilateral mesh. As shown in Fig. 4.

a) Signal rolling ring grid b) Flexible ring cross-section grid
Fig. 4. Subdivision of flexible grid

3. Numerical analysis and result discussion
3.1. Analysis of maximum bending stress under different deformations of flexible ring

In the case of ensuring other conditions unchanged, the deformation of the flexible ring is set
to 0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm and 0.7 mm, according to the actual situation, H62 brass
material is given on the outer and inner conductive rings, and C17200 beryllium bronze material
is given on the flexible ring. The whole signal slip ring finally forms an assembly. Setting a certain
speed on the inner conductive ring, adding a consistent boundary pair at the contact, and giving
the friction coefficient, the transient analysis of the whole model is carried out, and the following
results are obtained.

Table 1. Material properties

. Density / Young’s modulus / Poisson’s
Structure Material (ke/m?) (GPa) ratio
Inner and outer conductive rings Brass 8430 105 0.34
Flexible ring Plated bronze 8300 125 0.3
t O 80
vo ° v 0.624
Fig. 5. Motion track of Power Roller Fig. 6. Local stress nephogram of 0.3
with deformation power rolling ring

Fig. 5-10 shows the stress and displacement nephograms of the whole and part of the power
rolling ring respectively. The inner conductive ring and the outer conductive ring are displacement
nephograms, and the flexible ring is stress nephogram. It can be seen from the figure that the
maximum stress of the flexible ring occurs at the contact position with the inner conductive ring
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and the outer conductive ring, and with the increase of the deformation of the flexible ring, the
maximum stress of the contact point increases. The red line represents the trajectory of a point on
the flexible ring, and the motion is reasonable as a whole. By analyzing the maximum bending
stress under different deformations of the flexible ring, it is found that the maximum bending
stress of the power rolling ring is the smallest, which is 93.5 MPa, when the deformation of the
flexible ring is 0.3 mm, the maximum bending stress of the power ring also increases, reaching a
maximum stress of 217 MPa when the deformation is 0.7 mm, which is mainly due to the fact that
the larger the deformation of the flexible ring, the more easily the material deforms, the more the
elastic deformation of the material occurs, the greater the maximum bending stress of the flexible
ring.

mm MPa mm MPa
A 3.26x10™ A125 A 326x107 A 156
X107 %1074

Fig. 7. Local stress nephogram of rolling Fig. 8. Local stress nephogram of 0.5 power
ring with 0.4 power deformation rolling ring with deformation

x107 X107

- s
SN

- 3
Fig. 9. Local stress nephogram of 0.6 Fig. 10. Local stress nephog/ra\m of 0.7
power rolling ring with deformation power rolling ring with deformation

3.2. Velocity variation law under different deformations of flexible ring

Because the rotation and revolution of the flexible ring are carried out at the same time in the
working process, the Comsol-based software can not directly extract the rotation speed and
revolution speed in the dynamic operation process of the flexible ring, therefore, the extraction of
rotation and revolution speed becomes a big difficulty in data processing of rolling ring dynamics
simulation. Through velocity analysis, the velocity of the flexible ring is the sum of the velocity
of the y component and the velocity of the z component. Therefore, in order to extract the sum
velocity, two points on the flexible ring are used as point probes to measure the velocity of the Y
and Z components. Finally, the sum velocity can be calculated by setting the global expression of
the one-dimensional drawing group.

Fig. 11-15 shows the velocity curves of the two probe points on the flexible ring. It can be seen
from the figure that the velocity of the two points shows a trend of periodic oscillation and is
basically in a stable state. With the increase of the deformation of the flexible ring, the curve
becomes smoother, indicating that the motion of the power rolling ring is more stable. Therefore,
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the velocity variation is reliable.

Velocity (n
Velocity (ms

Fig. 11. Curve of deformation 0.3 flexible Fig. 12. Curve of deformation 0.4 flexible
ring and velocity ring and velocity
| |
Fig. 13. Curve of deformation 0.5 flexible Fig. 14. Curve of deformation 0.6 flexible
ring and velocity ring and velocity

0 05 1 15 2 25 3 35 4
Time (

Fig. 15. Curve of deformation 0.7 flexible ring and velocity

4. Conclusions

1) Stress Distribution Law: the simulation analysis shows that the maximum stress
concentration of the flexible ring appears in the contact area with the inner and outer conductive
rings. The maximum bending stress increases sharply from 93.5 MPa to 217 MPa when the
deformation increases from 0.3 mm to 0.7 mm.

2) The change of motion stability: with the increase of the deformation of the flexible ring, its
motion state tends to be stable. The specific performance is that the periodic oscillation of the
velocity curve of the probe point is weakened, and the waveform tends to be smooth, which
indicates that the overall motion stability of the power rolling ring has been gradually improved.

3) Comprehensive effect conclusion: the study reveals that increasing the deformation of the
flexible ring will have a dual effect: on the one hand, it will help to improve the motion stability
of the rolling ring, but on the other hand, it will also lead to a significant increase in the stress in
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the contact area, both of them need to be optimized in the design.
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