
Received: 27 January 2025

Revised: 8 February 2025

Accepted: 14 February 2025

Published: 16 February 2025

Citation: Zhao, X.; Appiah, E.; Tang,

H. Study on the Magnetic Contact

Mechanical Properties of Polyurethane-

Based Magnetorheological Elastomer

Sealing Materials. Lubricants 2025, 13,

88. https://doi.org/10.3390/

lubricants13020088

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Study on the Magnetic Contact Mechanical Properties of
Polyurethane-Based Magnetorheological Elastomer
Sealing Materials
Xiuxu Zhao 1,2,* , Emmanuel Appiah 1,2 and Haile Tang 1,2

1 School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan 430070, China;
last2g2005@gmail.com (E.A.); tanghaile@whut.edu.cn (H.T.)

2 Hubei Key Laboratory of Digital Manufacturing, Wuhan 430070, China
* Correspondence: zhaoxiuxu@whut.edu.cn

Abstract: In order to meet the dual requirements of hydraulic dynamic sealing to ensure
a reduction in friction, this study prepared polyurethane-based magnetorheological elas-
tomers (MREs). The compression performance of isotropic and anisotropic samples under a
magnetic field was tested in samples containing carbonyl iron powder (CIP) particles with
different volume contents and particle sizes. The compression performance of isotropic
and anisotropic samples under the magnetic field was tested under static loading, and the
friction coefficient changes in isotropic and anisotropic samples under a magnetic field were
analyzed by a friction testing machine. The test results show that under static compression
load, the contact stress of isotropic and anisotropic specimens increases with the increase in
magnetic field strength, and the magnitude of the contact stress changes when the increase
in magnetic field strength is proportional to the CIP content and CIP particle size of the
specimen. The friction test results of the samples showed that an increase in magnetic
field strength, CIP particle diameter, and CIP content reduces the friction coefficient of the
CIP particle polyurethane-based magnetorheological elastomer samples, and the variation
in the magnetic friction coefficient of anisotropic samples is greater than that of isotropic
samples. This research result indicates that utilizing the magneto-mechanical properties
of polyurethane-based magnetorheological elastomers can provide an innovative solution
to the inherent contradiction between increasing contact stress and avoiding wear in the
dynamic sealing of hydraulic systems, which can provide controllable sealing performance
for hydraulic dynamic sealing components in specific application scenarios, enabling them
to have a better sealing ability while reducing the friction coefficient of the sealing pair.

Keywords: hydraulic dynamic seal; polyurethane-based magnetorheological elastomer;
magnetic contact stress; magnetic friction coefficient; active regulation

1. Introduction
Hydraulic dynamic seals are indispensable components in modern fluid power sys-

tems, ensuring reliable operation by preventing leakage while accommodating relative
motion between the sealing pairs. However, as these systems evolve toward higher operat-
ing temperatures and pressures, achieving an optimal balance between effective sealing
and minimal friction has become a critical challenge. The lubricating oil film, which plays a
pivotal role in reducing friction and wear, is often compromised under extreme conditions,
leading to rapid seal failure and reduced service life [1]. This pressing issue underscores the
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urgent need for innovative materials that can adapt dynamically to meet the dual demands
of high-contact stress and low friction in hydraulic dynamic seals.

In practical engineering applications, to ensure the sealing effect, the contact stress
between the sealing pairs is usually increased to prevent oil leakage. However, excessive
contact stress can damage the continuous lubricating oil film on the sealing surface, causing
an increase in friction and temperature between the sealing pairs and exacerbating sealing
wear [2]. Under high-temperature conditions, the significant decrease in hydraulic oil
viscosity can cause the thickness of the lubricating oil film on the sealing surface to become
thinner or even disappear. At the same time, high temperatures can also cause the thermal
deformation of hydraulic components, increasing the frictional resistance between sealing
pairs and leading to increased sealing wear [3]. Under high-pressure conditions, an increase
in sealing contact stress increases friction, resulting in a significant amount of frictional
heat that causes adhesive wear between the sealing lip and the metal, thereby reducing the
service life of the seal [4].

With the development of fluid power systems towards high temperature and high
pressure, the rapid failure of hydraulic dynamic seals has become more prominent, be-
coming a bottleneck restricting the development of high-performance and long-service life
hydraulic systems. How to ensure the success of the hydraulic dynamic sealing perfor-
mance and improve its durability and service life is an urgent problem that needs to be
solved at present. To meet the requirement of hydraulic dynamic seals to maintain higher
normal contact stress while reducing friction and avoiding wear, it is necessary to further
explore more suitable solutions.

Magnetorheological elastomers (MREs) are a type of smart material composed of
magnetic particles and an elastic polymer matrix. Through controllable external mag-
netic fields, the mechanical properties of MREs can continuously and reversibly change,
and it has the advantages of rapid response, controllable reversibility, and good stability.
Currently, it is widely used in structural vibration control [5,6] and impact isolation [7,8].
Under the influence of a magnetic field, the dynamic mechanical properties of magne-
torheological elastomers can undergo reversible changes within milliseconds [9]. Research
on the magneto-mechanical properties of MRE shows that the elastic modulus [10], fric-
tion coefficient [10], and wear resistance [11] of MREs can all be changed by an external
magnetic field.

Polyurethane elastomers, known for their excellent hardness range, compression per-
manent deformation rate, high rebound rate, and superior wetting and wear resistance,
are widely used in hydraulic sealing applications [11]. By combining polyurethane with
carbonyl iron powder (CIP), this study aims to develop polyurethane-based MREs with
tunable magnetic and mechanical properties. Specifically, we investigate how variations in
the CIP content, particle size, and alignment influence the static compression performance
and friction coefficient of the material under magnetic fields. This approach not only ad-
dresses the inherent contradiction between high contact stress and low friction in hydraulic
dynamic seals but also provides a novel solution for improving the sealing performance in
extreme operating conditions.

The primary objectives of this study are as follows: (1) To prepare isotropic and
anisotropic polyurethane-based MRE samples with varying CIP contents and particle sizes.
(2) To evaluate the effects of magnetic fields, CIP content, and particle size on the static
compression performance and friction coefficient of the samples. (3) To explore the potential
of polyurethane-based MREs as innovative sealing materials for hydraulic dynamic seals.

The remainder of this paper is organized as follows: Section 2 describes the preparation
process of the MRE samples and the experimental method used to test the static compression
and friction coefficient of the samples. Section 3 presents the results and observations.
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Section 4 discusses the results and their implications for hydraulic dynamic sealing. Finally,
Section 5 summarizes the key findings and outlines future research directions.

2. Materials and Methods
2.1. Materials

Currently, the synthesis methods of polyurethane materials mainly include the one-
step method and the two-step method (also known as the prepolymer method). The
prepolymer method is the preferred method for the manufacturing of many polyurethane
products [12–14], which can complete partial reactions in advance and prepare prepolymers
that can be further used. Therefore, this study adopted the prepolymer method, in which the
polyurethane prepolymer is a terminated isocyanate-based prepolymer (Foshan Taisheng
Plastic Technology Co., Ltd., Foshan, China), the curing agent used is an MOCA (3,3′-
dichloro-4,4′–diaminodiphenylmethane or di-o-chlorodiphenylmethane) (Foshan Taisheng
Plastic Technology Co., Ltd., Foshan, China) with a chain expansion coefficient of 0.9, and
the particle size of carbonyl iron powder is 5–10 microns (Hebei Nangong Xindun Alloy
Welding Material Spray Co., Ltd., Nangong, China).

2.2. Sample Preparation

The preparation process of MRE specimens can be divided into two types based on
the presence or absence of magnetic fields: isotropic and anisotropic [15,16]. Without an
external magnetic field, the magnetic particles are uniformly distributed in the matrix,
forming an isotropic structure. Under an external magnetic field, magnetic particles align
to form an anisotropic MRE material along the direction of the magnetic field, forming a
chain or cylindrical structure. Related studies have found that isotropic magnetorheological
elastomers exhibit a more pronounced increase in their compressive modulus under the
influence of a magnetic field [17], while anisotropic elastomers may form energy clusters
between particles, leading to more severe damage to the elastic matrix during friction
and wear [18]. Therefore, this study prepared isotropic and anisotropic MRE samples to
investigate the effects of the CIP particle content, CIP particle diameter size, and particle
arrangement on the magneto-strictive static compression performance, dynamic shear
performance, and friction coefficient of magnetorheological elastomers samples.

As shown in Figure 1, the sample preparation process is as follows:

(1) Preheating: Preheating operations include preheating the mold and preheating the
polyurethane prepolymer. Before preheating the mold, it is necessary to spray a release
agent on the inner surface of the mold to ensure the smooth demolding of the sample
after molding, and then place it in a vulcanizing machine with a temperature set at
120 ◦C for preheating. Next, the polyurethane prepolymer is weighed in the balance
and preheated in an 80 ◦C water bath. The purpose of preheating polyurethane
prepolymers is to reduce their viscosity and enable the even distribution of carbonyl
iron powder.

(2) Mixing: This step is to weigh the corresponding mass of carbonyl iron powder and
polyurethane prepolymer in proportion and stir them thoroughly, then weigh an
appropriate amount of the additive and mix them together.

(3) Bubble extraction: As the presence of bubbles in the sample can affect its performance,
a vacuum defoamer is required to extract bubbles from the mixture.

(4) First vulcanization: The mixture obtained is poured from the above steps into a
preheated mold and then placed from the mold into the vulcanizing machine. The
vulcanization temperature is set to 120 ◦C, and the vulcanization time is set to 30 min.

(5) Second vulcanization: After the sample of the first vulcanization has cooled down,
necessary trimming is carried out to remove excess parts, and then it is placed in
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a drying oven for the second vulcanization. The vulcanization temperature should
be maintained at 90 ◦C, and the vulcanization time should be 6–8 h. To ensure
the accuracy of the experiment, four samples should be prepared for each set of
parameters. The PU-MREs prepared in this study are shown in Table 1.
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Figure 1. Sample preparation process.

Table 1. PU-MRE samples list.

No. Type CIP Content CIP Particle Size/µm

0 - - -
1 Isotropy 10% 5
2 Isotropy 20% 5
3 Isotropy 30% 5
4 Isotropy 30% 10
5 Isotropy 30% 20
6 Anisotropy 10% 5
7 Anisotropy 20% 5
8 Anisotropy 30% 5
9 Anisotropy 30% 10

10 Anisotropy 30% 20

2.3. Testing Methods
2.3.1. Static Magnetic Compression Performance Testing

• Purpose of Testing

Hydraulic dynamic seals are subjected to pre-compression loads during actual opera-
tion, which requires the normal contact stress of the sealing pair to always be greater than
the working pressure of the fluid dynamic system. Therefore, the purpose of the quasi-
static magnetic compression performance testing is to investigate the influence of the CIP
content and particle size on the static magnetic compression stress of polyurethane-based
magnetorheological elastomers.

• Testing Method

According to the requirements of GB/T7757-2009 [19], the EDT3504 electronic fa-
tigue testing machine with electromagnetic devices is used to conduct magnetic static
compression performance tests on MRE samples. The experimental setup mainly includes
a non-magnetic pressure plate, an electromagnetic coil, and a cylindrical iron block, as
shown in Figure 2a. Here, the pressure plate applies compression to the sample; the electro-
magnetic coil provides external magnetic field force to the sample; and the cylindrical iron
block is used to wrap the coil. A gap of 11 mm is reserved above and below the cylindrical
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iron block to prevent the collision of the pressure plate during compression. When the
excitation coil is energized, a magnetic field perpendicular to the direction of the sample is
generated on the sample. The magnetic field strength is proportional to the magnitude of
the current, as shown in Figure 2b. In order to reduce the impact of material deformation
on the test results, it is necessary to wait 30 min at the end of each test before proceeding to
the next experiment.
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device.

We performed a quasi-static compression performance test on the samples in Table 1.
The sample size was 15 × 15 × 4 mm, with a static compression rate of 25% and a com-
pression speed of 3 mm/min. When the contact stress reached 10 N, it was considered to
have made contact. Before the experimental testing began, the test sample was cyclically
compressed 3–4 times in a zero-field environment to eliminate the Mullins effect and obtain
a stable stress–strain curve.

Under the same testing conditions, the static compressive contact stress [20] changes
in the isotropic and anisotropic samples with different CIP contents and particle sizes under
a magnetic field were investigated through experiments.

2.3.2. Magnetic Friction Coefficient Test

• Testing purpose

In this study, friction coefficient tests were conducted on the samples in both non-
magnetic and magnetic field environments to analyze the effect of the magnetic field on the
friction coefficient of the samples.

• Testing method

As shown in Figure 3a, the friction coefficient of the sample was tested using a ball–disc
friction tester. We chose non-magnetic alumina ceramics as friction pairs to prevent them
from being affected by magnetic fields during the testing process [21]. A magnetic field
with a strength of 300 mT was applied by placing a permanent magnet under the sample.
The load applied in the experiment was 5 N, the sliding speed was 20 mm/s, and the
experimental time was 15 min, which is the time it took for the friction coefficient to
stabilize, as shown in Figure 3b.
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3. Results
3.1. Static Magnetic Compression Performance Testing
3.1.1. Static Compression Test Results of Isotropic Specimens

The static compression test experimental curves of isotropic specimens are shown
in Figure 4a,c, and the static compression stress calculation results of the specimens are
shown in Figure 4b,d. As shown in Figure 4b, with the increase in the CIP content, the
static compressive stress of the sample gradually increased under the same strain. Under
different magnetic fields, the static compressive stress of the sample underwent significant
changes. With the increase in the CIP content, the static compressive stress of the sample
first increased and then decreased. When the CIP content was 20%, the increase in the static
compressive stress of the sample was relatively large, reaching 13.82%. From Figure 4d,
it can be seen that under the same CIP content, the increase in static compressive stress
varies for samples with different CIP particle sizes. When the CIP particle size is 10 µm, the
increase in compressive stress is relatively large, with an increase of 8.05%.
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3.1.2. Experimental Results of Static Compression on Anisotropic Specimen

The static compression test results of the anisotropic specimens are shown in Figure 5.
As shown in Figure 5a, the static contact stress of the anisotropic specimen increased

with the increase in the CIP content at the 25% compressive strain. Compared with pure
polyurethane material, the static compressive stress of the specimen with 10% CIP content
actually decreased. When the CIP content was fixed at 30%, the static contact stress of the
sample was observed by changing the particle size. As shown in Figure 5b, the experimental
results indicate that the static contact stress of the anisotropic sample with a CIP content of
30% increased with the increase in the CIP particle size. The maximum increase in static
contact stress was observed at a CIP particle size of 20 µm (13.94%), indicating a relatively
better magnetorheological effect.

3.2. Magnetic Friction Coefficient Test
Testing Results

The friction coefficient test results of the samples in Table 1 are shown in Figure 6.
From Figure 6a,b, it can be seen that when the diameter of CIP particles was 5 µm,

the friction coefficients of samples with different CIP contents were lower than those of
pure polyurethane samples without CIP, and the friction coefficient values of anisotropic
samples were lower than those of isotropic samples. Under the influence of an external
magnetic field, the friction coefficient of anisotropic samples also changed more than that
of isotropic materials.

The experimental results show that the friction coefficient of polyurethane-based
MREs decreased with increasing magnetic field strength, CIP content, and particle size.
This finding is consistent with studies by Lian et al. (2015) [10], Lian et al. (2018) [22], and
Li et al. (2020) [23], which reported similar reductions in friction coefficients for MREs
under magnetic fields. The alignment of CIP particles under a magnetic field smoothens
the contact surface, reducing frictional forces and wear.



Lubricants 2025, 13, 88 8 of 12

Lubricants 2025, 13, x FOR PEER REVIEW 7 of 12 
 

 

(c) (d) 

Figure 4. Static compression test results of isotropic specimens (a) 5 µm with varying CIP concen-
tration and its corresponding contact stress response (b). (c) 30% CIP concentration with varying 
CIP sizes and its corresponding contact stress response (d). 

3.1.2. Experimental Results of Static Compression on Anisotropic Specimen 

The static compression test results of the anisotropic specimens are shown in Figure 5. 

(a) (b) 

  
(c) (d) 

Figure 5. Static compression test results of anisotropic specimens (a) 5 µm with varying CIP concen-
tration and its corresponding contact stress response (b). (c) 30% CIP concentration with varying CIP
sizes and its corresponding contact stress response (d).

Lubricants 2025, 13, x FOR PEER REVIEW 8 of 12 
 

 

Figure 5.  Static compression test results of anisotropic specimens (a) 5 µm with varying CIP con-
centration and its corresponding contact stress response (b). (c) 30% CIP concentration with vary-
ing CIP sizes and its corresponding contact stress response (d). 

As shown in Figure 5a, the static contact stress of the anisotropic specimen increased 
with the increase in the CIP content at the 25% compressive strain. Compared with pure 
polyurethane material, the static compressive stress of the specimen with 10% CIP content 
actually decreased. When the CIP content was fixed at 30%, the static contact stress of the 
sample was observed by changing the particle size. As shown in Figure 5b, the experi-
mental results indicate that the static contact stress of the anisotropic sample with a CIP 
content of 30% increased with the increase in the CIP particle size. The maximum increase 
in static contact stress was observed at a CIP particle size of 20 µm (13.94%), indicating a 
relatively better magnetorheological effect. 

3.2. Magnetic Friction Coefficient Test 

Testing Results 

The friction coefficient test results of the samples in Table 1 are shown in Figure 6. 
From Figure 6a,b, it can be seen that when the diameter of CIP particles was 5 µm, 

the friction coefficients of samples with different CIP contents were lower than those of 
pure polyurethane samples without CIP, and the friction coefficient values of anisotropic 
samples were lower than those of isotropic samples. Under the influence of an external 
magnetic field, the friction coefficient of anisotropic samples also changed more than that 
of isotropic materials. 

  
(a) (b) 

Figure 6. Friction coefficient test results of the samples (a) Isotropic 5 µm with varying CIP concen-
tration. (b) Anisotropic 5µm with varying CIP concentration. 

The experimental results show that the friction coefficient of polyurethane-based 
MREs decreased with increasing magnetic field strength, CIP content, and particle size. 
This finding is consistent with studies by Lian et al. (2015) [10], Lian et al. (2018) [22], and 
Li et al. (2020) [23], which reported similar reductions in friction coefficients for MREs 
under magnetic fields. The alignment of CIP particles under a magnetic field smoothens 
the contact surface, reducing frictional forces and wear. 

4. Discussion 

Figure 6. Friction coefficient test results of the samples (a) Isotropic 5 µm with varying CIP concentra-
tion. (b) Anisotropic 5 µm with varying CIP concentration.
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4. Discussion
The friction coefficient of the magnetorheological elastomer can be calculated using

the following formula [24]:

f =
3π

√
Rδ

4E′ α+ β (1)

where α and β are constants, and their sizes are determined by the surface roughness
and mechanical properties of the magnetorheological elastomer; R is the micro protru-
sion radius of the contact surface of magnetorheological elastomer; δ is the deformation
amount generated by each micro protrusion during compression deformation, and E′ is the
equivalent elastic modulus of the contact pair. Its calculation formula is as follows:

E′ =
1
2

(
1 − µ2

1
E1

+
1 − µ2

2
E2

)
(2)

where µ1 and µ2 are Poisson’s ratios of the magnetorheological elastomer material and
the contact material, respectively, while E1 and E2 are the elastic moduli of the magne-
torheological elastomer material and the contact material, respectively. When the contact
material does not change, its elastic modulus E2 remains unchanged, and µ2 also remains
unchanged. Therefore, the change in the equivalent elastic modulus is only related to the
elastic modulus E1 of the magnetorheological elastomer.

According to GB/T7757-2009 [19], the formula for calculating the compressive modu-
lus of the specimen under a 25% strain condition is as follows:

E0.25 =
F0.25

Aε0.25
(3)

where F0.25 is the force applied to generate the 25% compressive strain, in N, A is the initial
cross-sectional area of the specimen, in mm2, and ε0.25 is the 25% compressive strain.

According to Equation (2), the compression modulus of the sample is calculated as
shown in Table 2. With the increase in the CIP content in the sample, the compression
modulus of the sample material increases under the 25% strain condition. This result
indicates that the reason for the increase in the static contact stress of the sample under a
magnetic field is due to the increase in the compression modulus of the sample.

Table 2. Calculation results of magnetically induced compressive modulus of samples.

No. Type CIP
Content/Vol%

CIP Particle
Size/µm

Static Compression Modulus (MPa)

No Magnetic Magnetic

0 - - - 9.74 9.74
1 Isotropy 10% 5 11.71 12.01
2 Isotropy 20% 5 13.91 15.84
3 Isotropy 30% 5 20.48 21.06
4 Isotropy 30% 10 10.59 11.44
5 Isotropy 30% 20 14.94 15.48
6 Anisotropy 10% 5 6.67 6.90
7 Anisotropy 20% 5 12.91 13.58
8 Anisotropy 30% 5 17.12 18.62
9 Anisotropy 30% 10 19.39 21.00

10 Anisotropy 30% 20 20.25 23.07

The elastic modulus of MREs increases with a higher CIP content, larger particle sizes,
and stronger magnetic fields. This increase in the elastic modulus enhances the material’s
stiffness, which directly contributes to higher contact stress under static compression. As
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shown in Figures 4 and 5, the contact stress of both isotropic and anisotropic samples
increases with magnetic field strength.

After being installed in the sealing groove, the contact surface of the sealing ring bears
the contact stress σ0 generated by the pre-compression load as follows:

σ0 = E· ε0

(1 − ν2)
(4)

where E is the elastic modulus of the sealing material, ε0 is the pre-compression deformation
of the sealing ring, and ν is Poisson’s ratio of the sealing material [25]. After adding CIP
particles, the elastic modulus E of the sealing material can be increased by applying an
external magnetic field, and the sealing contact stress σ0 can increase accordingly, which
helps to improve the reliability of the hydraulic seal. For hydraulic dynamic seals, an
increase in contact stress is crucial as it ensures sufficient pressure between the sealing
contact pairs to prevent fluid leakage.

5. Conclusions
To meet the performance requirements of hydraulic dynamic seals in terms of pre-

venting leakage and minimizing friction, this study prepared isotropic and anisotropic
polyurethane-based magnetorheological elastomer samples with different CIP contents
and particle diameters. The friction coefficient and static compression performance of the
samples were tested and analyzed under both non-magnetic and magnetic field conditions.
The results showed the following: (1) Through the friction coefficient test of the PU-MRE
sample, it was found that an increase in magnetic field strength, CIP particle diameter, and
CIP content all reduce the friction coefficient of the PU-MRE sample. This result indicates
that regulating the external magnetic field is expected to reduce the friction between PU-
MRE sealing pairs and avoid the rapid wear of hydraulic dynamic seals. (2) The effects of
magnetic field, CIP particle size, and CIP concentration on the static compression perfor-
mance of isotropic and anisotropic samples were explored through the static compression
performance testing of samples. The results showed that under static compression load, an
increase in magnetic field strength, CIP particle diameter, and CIP content can increase the
compressive stress of the PU-MRE samples, which helps improve the sealing ability.

The results demonstrate the potential of MREs as innovative sealing materials for
hydraulic dynamic seals. Compared with traditional sealing materials, the main advantages
of PU-MRE include the following: (1) Tunable Properties: Under an external magnetic
field, the elastic modulus of MREs increases, enabling the active regulation of contact stress.
This is particularly beneficial for maintaining sealing performance under high-pressure
conditions. (2) Reduced Friction: The friction coefficient of MREs decreases with increasing
magnetic field strength, CIP content, and particle size. In our work, we observed isotropic
samples with 20% CIP content, which showed a 13.82% reduction in the friction coefficient
under a magnetic field. Anisotropic samples with 30% CIP content and 20 µm particle size
exhibited a 13.94% increase in contact stress and a greater reduction in friction compared to
isotropic samples. (3) Improved Sealing Ability: The increase in compressive stress under
magnetic fields enhances the sealing ability of MREs, addressing the inherent contradiction
between high-contact stress and low friction in traditional sealing materials.

These properties can provide controllable sealing performance for hydraulic dynamic
sealing components in specific application scenarios, enabling them to have better sealing
ability while reducing the friction coefficient of the sealing pair. The controllable changes
in the magneto-mechanical properties of MREs provide an innovative solution to improve
the performance of hydraulic dynamic seals. (1) By applying an external magnetic field,
MREs can achieve both high contact stress (to prevent leakage) and low friction (to avoid
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wear). (2) The ability to reversibly tune the mechanical properties of MREs makes them
highly adaptable to varying operating conditions, offering a significant advantage over
static materials like rubber.

Although magnetorheological elastomers (MREs) offer significant advantages, they
also present certain limitations that must be addressed for effective implementation in
sealing technology. (1) The implementation of this function requires the action of an
external magnetic field, so it is necessary to consider how to apply the magnetic field and
the additional control issues that may arise from it. Additionally, to prevent magnetic field
interferences with hydraulic operations, the careful selection of materials for both the seals
and the hydraulic system is essential. (2) Key concerns include scalability, cost, and long-
term durability. This experiment demonstrated that high precision and expert knowledge
are required to install MRE seals in hydraulic systems. Therefore, in future research,
the reversible control method of polyurethane-based magnetorheological elastomers will
be studied in conjunction with specific hydraulic dynamic seals, and the engineering
application of this method will be promoted.
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