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Abstract. In this study, an overall simulation model of the power rolling ring, consisting of an
outer conductive ring, an inner conductive ring, and a flexible ring, is established using simulation
software. A normal refined free quadrilateral mesh is applied to the inner and outer conductive
rings, while a finer mesh of the same type is applied to the flexible ring. In the model, H62 brass
is selected as the material for the inner and outer conductive rings, and C17200 beryllium bronze
is used for the flexible ring. Transient analysis is conducted by defining the rotational speed of the
inner conductive ring, the identity boundary pairs at the contact interfaces, and the friction
coefficient. The study focuses on investigating the motion trajectory of the power rolling ring and
the stress distribution characteristics of the flexible ring under varying widths of 0.6 mm, 0.8 mm,
1 mm, and 1.2 mm. The results indicate that the maximum stress on the flexible ring occurs at its
contact positions with the inner and outer conductive rings; furthermore, as the width increases,
the maximum stress at the contact points exhibits a trend of initially decreasing and then
increasing, and the overall structural motion trajectory of the model proves to be reasonable. This
research provides a solid theoretical foundation and an effective methodology for the structural
optimization and performance evaluation of power rolling rings.

Keywords: power rolling ring, flexible ring width, bending stress, motion trajectory, transient
analysis.

1. Introduction

As a precision rotating signal transmission component, the power rolling ring achieves twist-
free signal and power transmission between rotating and stationary mechanisms through the
transmission form of rolling friction. It is widely used in equipment requiring 360° unlimited
rotation, such as industrial automation, aerospace, and intelligent security [1]-[2]. Its core working
principle involves a fixed outer conductive ring and a rotating inner conductive ring that drives a
flexible ring to perform a rolling friction motion between them. As the core moving component,
the flexible ring directly determines the contact characteristics, kinematic stability, and overall
service life of the power rolling ring, making it a key target for structural design and performance
optimization [3].

To improve transmission performance, extensive research has been conducted on the structural
design and tribological behavior of rolling ring devices. For instance, optimal design theory has
been applied to develop raceway-type flexible rolling ring devices for electrical signal
transmission [4]. To meet the high-power and long-life requirements of spacecraft, novel rolling
ring modules featuring modularization, multi-rolling friction rollers, and synergistic motion have
been developed and experimentally validated [5]-[6]. Furthermore, numerical simulations using
ADAMS software have analyzed the pure rolling problem, revealing that sliding occurs between
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the flexible ring and conductive rings when the static friction coefficient drops to 0.05 [7].
Additionally, current-carrying friction tests have been conducted to investigate the tribological
performance and material damage of elastic rings under varying rotational speeds [8].

However, while compliant mechanisms endow the transmission system with excellent
adaptability, they inevitably compromise the fundamental in-plane and out-of-plane stiffness of
the components. Recent studies indicate that under dynamic load excitation, thin-walled ring
structures are highly susceptible to severe meshing deformation and out-of-plane resonance,
inducing highly concentrated local bending stresses and high-cycle contact fatigue failure [9]-[10].
Specifically, nonlinear elastic deformation under dynamic excitation is a key factor triggering
local bending stress concentration [11], which is precisely the core driver of rolling contact fatigue
(RCEF) failure at the contact interface [12]. To suppress structural failure, optimizing macroscopic
geometric parameters has proven to be an effective means. The finite element method has been
successfully employed to evaluate kinematic performance, simulate rolling contact fatigue
behavior, and demonstrate the positive impact of structural stiffness on prolonging the service life
of high-torque transmission systems incorporating compliant components [13]-[15].

Although existing literature has revealed the positive significance of structural stiffness on
service life from a macroscopic dynamics perspective, research remains relatively scarce
regarding the specific structure of the power rolling ring. Particularly, there is a lack of systematic
exploration into how the single dimensional parameter of “flexible ring width” precisely
intervenes in the transient motion trajectory and the dynamic evolution of internal bending stress.
In summary, this paper conducts a parameterized transient analysis focusing on the flexible ring
width based on multibody dynamics theory. An overall simulation model is established to
accurately extract the true motion trajectory and stress response characteristics under different
widths. This study aims to deeply reveal the underlying mechanism by which the width parameter
influences the redistribution of bending stress and transient contact stability, thereby providing a
robust theoretical foundation for the fatigue life evaluation and structural optimization of high-
performance power rolling rings.

2. Establishment of simulation model

COMSOL Multiphysics software (version 6.3) is employed to perform the simulation analysis.
The actual overall design model of the power rolling ring is illustrated in Fig. 1.

Fig. 1. Design model of the power rolling ring: 1 — outer conductive ring; 2 — flexible ring;
3 —idler structure; 4 — inner conductive ring

Fig. 1 shows the actual overall design model of the power rolling ring, which is mainly
composed of an outer conductive ring, an inner conductive ring, a flexible ring, and an idler
structure. During operation, the outer conductive ring remains stationary, while the inner
conductive ring continuously rotates and drives the flexible ring to roll between them in the form
of rolling friction. The flexible ring undergoes rolling friction at its contact areas with the outer
and inner conductive rings, thereby realizing the function of twist-free signal transmission.
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Regarding the mesh generation, a free quadrilateral mesh is adopted. Specifically, a normal
refined free quadrilateral mesh is applied to the inner and outer conductive rings, while a finer free
quadrilateral mesh is applied to the flexible ring, as shown in Fig. 2.
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a) Mesh of the inner and outer conductive rings b) Cross-sectional mesh of the flexible ring
Fig. 2. Mesh of the power rolling ring

To eliminate the influence of mesh density on the calculation results, a mesh sensitivity
analysis was conducted on the flexible ring using the maximum bending stress as the evaluation
criterion (with a penalty factor multiplier of le-5). As shown in Fig. 3, when the number of
hexahedral elements increased from 1,800 to 19,000, the stress value converged after 7,200
elements. To balance computational accuracy and time cost, this refined mesh density was adopted
for the global simulation. The final established model of the entire power rolling ring consists of
376,300 domain elements, 70,616 edge elements, and 1,016 vertex elements, with an average
element quality of 0.6226, fully ensuring the reliability of the numerical simulation results.
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Fig. 3. Effect of hexahedral element number on maximum bending stress
3. Numerical analysis and discussion of results

After establishing and meshing the overall simulation model of the power rolling ring, H62
brass is assigned as the material for both the outer and inner conductive rings based on actual
conditions, while C17200 beryllium bronze is assigned to the flexible ring, ultimately forming the
complete power rolling ring assembly. A rotational speed of 45 r/min is applied to the inner
conductive ring, identity boundary pairs are defined at the contact interfaces, and a friction
coefficient of 0.1 is specified. A transient analysis is then conducted on the entire model, yielding
the following results.

Figs. 4 to 7 show the overall and local stress and displacement contours of the power rolling
ring, respectively. Specifically, the contours for the inner and outer conductive rings represent
displacement, whereas the contour for the flexible ring represents stress. To prevent visual
obstruction, the idlers are hidden in these plots. As can be observed from the figures, the maximum
stress on the flexible ring occurs at its contact positions with the inner and outer conductive rings.
The red line represents the motion trajectory of a specific point on the flexible ring, indicating that
the overall structural motion is reasonable.
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a) Motion trajectory plot b) Local stress contour plot
Fig. 4. Motion trajectory and local stress contour of the power rolling ring with a width of 0.6 mm
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a) Motion trajectory plot b) Local stress contour plot
Fig. 5. Motion trajectory and local stress contour of the power rolling ring with a width of 0.8 mm
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a) Motion trajectory plot b) Local stress contour plot
Fig. 6. Motion trajectory and local stress contour of the power rolling ring with a width of 0.1 mm
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b) Local stress contour plot
Fig. 7. Motion trajectory and local stress contour of the power rolling ring with a width of 1.2 mm

a) Motion trajectory plot

Furthermore, as plotted in the 2D line graph (Fig. 8), the maximum contact stress (176, 172,
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187, and 213 MPa) exhibits a nonlinear trend of initially decreasing and then increasing as the
flexible ring width expands from 0.6 mm to 1.2 mm.
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Fig. 8. Effect of flexible ring width on the maximum contact stress
4. Conclusions

Based on multibody dynamics theory, a transient contact simulation model of a power rolling
ring was constructed using simulation software to systematically investigate the influence
mechanism of the flexible ring's width on its rolling motion trajectory and internal bending stress
distribution characteristics. The simulation results indicate that, driven by the rolling friction of
the inner and outer conductive rings, flexible rings of varying widths can all maintain stable
motion trajectories, which verifies the kinematic rationality of the power rolling ring system's
structural design during the transient contact process. During transmission, the maximum stress
of the flexible ring is consistently concentrated in its dynamic contact regions with the inner and
outer conductive rings. Furthermore, as the flexible ring width increases from 0.6 mm to 1.2 mm,
its maximum bending stress exhibits a distinct nonlinear trend of initially decreasing and
subsequently increasing. Specifically, when the flexible ring widths are 0.6 mm, 0.8 mm, 1.0 mm,
and 1.2 mm, the corresponding maximum contact stresses are 176 MPa, 172 MPa, 187 MPa, and
213 MPa, respectively. Consequently, the 0.8 mm wide flexible ring demonstrates the optimal
stress mitigation effect, making it the optimum dimension within the investigated parameter range.
In summary, the macroscopic width parameter of the flexible ring exhibits high sensitivity and a
significant regulatory effect on its microscopic contact stress levels; in practical engineering
design, blindly increasing or decreasing the width will exacerbate stress concentration. The
findings of this study provide a robust numerical basis for the dimensional optimization of the
flexible components in power rolling rings, the extension of contact fatigue life, and the
enhancement of overall transmission stability. It is recommended that further optimization of the
flexible ring width be conducted in subsequent designs to achieve more balanced and superior
mechanical performance.
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