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Abstract. Based on the COMSOL Multiphysics simulation platform, this paper establishes a
complete finite element model of a power roll ring assembly. The model consists of inner and
outer conductive rings made of H62 brass and a flexible ring made of C17200 beryllium bronze.
After meshing, a rotational speed was applied to the inner conductive ring according to actual
working conditions, and consistent boundary conditions and friction coefficients were set at the
contact pairs for transient dynamic analysis. The study focuses on investigating the influence of
the flexible ring’s fillet length (0.15 mm, 0.20 mm, 0.25 mm, 0.30 mm, 0.35 mm) on the system’s
contact characteristics and motion stability. By analyzing stress nephograms, motion trajectory
diagrams, and quantitatively calculating contact pressure, the results show that the maximum
contact stress of the flexible ring is concentrated at the contact points with the inner and outer
conductive rings and increases with the fillet length. However, the contact pressure decreases as
the fillet length increases, with small fluctuation amplitude, ensuring the operational stability of
the power roll ring. This research provides a theoretical basis and an effective method for the
structural optimization and performance evaluation of power roll rings.

Keywords: power roll ring, multibody dynamics, finite element analysis, contact pressure,
flexible ring.

1. Introduction

Power roll rings (also known as conductive slip rings) are key rotating connection devices for
transmitting energy and signals, widely used in precision equipment requiring unlimited rotation,
such as spacecraft, wind turbine generators, and radar systems [1, 2]. Their core function is to
establish a stable electrical connection between fixed and rotating components. Their performance
and reliability directly determine the operational lifespan and stability of the entire system [3, 4].

The typical structure of a power roll ring includes a fixed outer conductive ring, a rotating
inner conductive ring, and a flexible ring situated between them that functions as both a conductor
and a force transmission element [5, 6]. During operation, the high-speed rotation of the inner
conductive ring drives the motion of the flexible ring through friction, forming a complex
multibody dynamic contact problem. As the core load-bearing and conductive component, the
contact state (including contact stress, rolling-sliding characteristics, and motion stability)
between the flexible ring and the inner/outer conductive rings is a critical factor affecting contact
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resistance, frictional temperature rise, wear life, and even overall system failure [7, 8]. Therefore,
precise multibody dynamic simulation analysis of power roll rings and in-depth investigation of
their dynamic contact mechanisms are of great significance for optimizing design and improving
reliability.

Current research on roll rings mostly focuses on material selection, electrical performance, or
macroscopic friction and wear experiments. There is a lack of in-depth quantitative analysis of
their internal dynamic contact behavior, particularly regarding the influence law of the flexible
ring's structural parameters on the system's dynamic characteristics. The fillet length of the flexible
ring, as a key structural parameter, directly affects its flexibility and contact area, thereby altering
the stress distribution, motion mode, and velocity relations in the contact region [9]. However,
there is no clear conclusion on how the fillet length systematically affects core dynamic parameters
such as the slip-roll ratio and contact pressure of the flexible ring.

To address the aforementioned issues, this paper, based on multibody dynamics theory and
utilizing the finite element analysis software COMSOL Multiphysics, establishes a refined
simulation model of a power roll ring. It focuses on studying the variation patterns of stress
distribution, motion trajectory, velocity field, slip-roll ratio, and contact pressure of the flexible
ring under different fillet lengths (0.15 mm, 0.2 mm, 0.25 mm, 0.3 mm, 0.35 mm). This study
aims to reveal the intrinsic relationship between the structural parameters of the flexible ring and
the system's dynamic performance, providing a theoretical basis and data support for the structural
design and performance optimization of power roll rings.

2. Influence of fillet length on stress

After establishing the overall simulation model of the power roll ring and performing meshing,
H62 brass material was assigned to both the outer and inner conductive rings, and C17200
beryllium bronze material was assigned to the flexible ring according to the actual situation, finally
forming the assembly of the signal slip ring. A certain rotational speed was set on the inner
conductive ring, consistent boundary pairs were added at the contacts, and a friction coefficient
was assigned. Transient analysis was performed on the entire model, yielding the following
results.
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Fig. 1. Motion trajectory of inverted Fig. 2. Stress distribution map of'a 0.15
arc 0.15 power rolling ring power rolled bead on an inverted arc

Figs. 1-10 show the overall and local stress and displacement contour plots for the power roller
ring. The inner and outer conductive rings display displacement contour plots, while the flexible
ring shows stress contour plots. The figures reveal that the maximum stress on the flexible ring
occurs at its contact points with the inner and outer conductive rings. This maximum stress
increases as the radius of the flexible ring's fillet curve grows. The red line represents the motion
trajectory of a specific point on the flexible ring, indicating that the overall structural movement
is reasonable.
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Fig. 3. Motion trajectory diagram of 0.2
power roller ring with inverted arc
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Fig. 5. Motion trajectory diagram of 0.25
power roller ring for inverted arc
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Fig. 7. Motion trajectory diagram of 0.3
power roller ring with inverted arc

mm MPa
A 3.26x107¢ A219
x107

3 200

e
180

~

-
-
5
g

-

0
vo ¥ 0.666

Fig. 9. Motion trajectory diagram of 0.35
power roller ring with inverted arc
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Fig. 6. Local stress contour diagram of 0.25
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Fig. 10. Local stress contour diagram of 0.35
power roller ring with inverted arc
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2.1. Flexible ring contact condition setup

To further analyze contact pressure variations between the signal roll ring’s flexible ring, outer
conductive ring, and inner conductive ring, the contact pressure changes for each component were
calculated via surface integration of derived values in the COMSOL simulation results. The total
pressure was then computed from these component values. First, define the surface as the flexible
ring contact surface in the dataset. Next, configure the filter by entering “mbd.Tn” in the
expression field, with units set to N/m?. Select the lower bound in the boundary settings and set
its value to 0.001. This establishes a criterion for determining whether the flexible ring will make
contact with the inner or outer conductive rings.

2.2. Calculation of flexible ring contact pressure

The radius of the inner conductive ring is R;, and the radius of the flexible ring is ;. The
distance from the center of the inner conductive ring to the center of the flexible ring is Ry + 1y.
For convenience in calculation and determination, this value is set to 52 mm. Perform surface
integration on the derived values. Select the filter for the dataset. The contact pressure
determination formula for each component is mbd.Tn*(sqrt(y? + z2) > 52 [mm]). The “Tn”
followed by “xyz” denotes the contact pressure component in a specific direction. The expression
“(sqrt(y2 + Zz))” defines the required evaluation range. Since the flexible ring only exerts
contact pressure on the inner and outer conductive rings, when the distance is less than 52 mm,
the integrated area corresponds to the portion in contact with the inner conductive ring.
Conversely, when the distance exceeds 52 mm, the integrated area corresponds to the portion in
contact with the outer conductive ring. This allows differentiation between the contact regions of
the inner and outer conductive rings. Finally, the contact pressure is

T, = \/ T> + Tny2 + T,,* calculated using the formula.
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Fig. 11. Contact pressure curve diagram of flexible ring with inner and outer conductive rings

Fig. 11 show the contact pressure curves between the flexible ring and the inner/outer
conductive rings at different fillet lengths. The figures reveal that as the fillet length increases, the
contact pressure decreases to a more reasonable value. The contact pressure exhibits minimal
variation, with overall fluctuations remaining small, thereby ensuring stable operation of the
power roll ring.

3. Conclusions
Through transient dynamic simulations of power rollers with varying fillet radii, this study

draws the following key conclusions:
1) Simulated motion trajectories of the flexible rings are realistic, confirming the overall
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model’s accuracy, including its geometry, mesh, and boundary conditions.

2) Stress concentrates at the flexible ring’s contact points with the inner and outer conductive
rings. A key finding is that a larger fillet radius increases the maximum contact stress, indicating
a trade-off between easing assembly and exacerbating contact stress.

3) A larger fillet radius effectively reduces the contact pressure between the rings.
Furthermore, minimal pressure fluctuation across different fillet sizes demonstrates the power roll
ring’s operational stability and contact reliability.

4) Fillet size presents a design trade-off: a smaller radius decreases contact stress but increases
contact pressure, and vice versa. For optimal performance, the fillet radius should be balanced
within an intermediate range, based on material limits and lifespan requirements.
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