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Abstract

Magnetorheological fluid (MRF) has broad application prospects in the field of engineering vibration damping due to its magnet-sensitive
characteristics. However, owing to its dependence on external electric or magnetic fields, devices based on MRF can't work once the power is
turned off. Here we developed a magnetorheological shear thickening fluid (MRSTF) with both the magnet-sensitive and rate-sensitive

characteristics. The shear thickening effect of MRSTF was examined, revealing that the critical shear rate j’c of the suspension gradually
decreases from 79.4 57 to 30.2 s*' and the shear thickening power B of the suspension gradually decreases from 0.27 to 0.19 as the
carbonyl iron powder (CIP) content increases from 0 to 30 vol.% when the mass fraction of SiO, is 54 wt.%. Besides, the MRSTF-based
dampers were tested under different frequencies and amplitudes. The results show that the MRSTF-based dampers still exhibit the energy
dissipation characteristics in the absence of magnetic field because of the rate-sensitive property of MRSTF. Under the condition of an
applied magnetic field, the dampers exhibit stronger energy dissipation characteristics due to the magnetic-sensitive characteristics of
MRSTF. Concurrently, the dissipation capacity of the dampers increases with the increase of frequency and amplitude. This work provides an
approach to enhance the mechanical properties of dampers and widen the application field.
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1. Introduction

Magnetorheological fluid (MRF) represents an advanced smart material known for its adjustable viscosity and fast response time. It is
primarily composed of magnetic particles, carrier liquid, and various additives!!?l. Characterized by its transition from a low-viscosity
to a high-viscosity state under external magnetic fields, MRF exhibits a pronounced magnetorheological effect!>!. Once the external
magnetic field is removed, MRF immediately reverts to its initial low-viscosity state. Therefore, the mechanical properties of MRF can
be easily controlled by the external applied magnetic field.

Due to the magnet-sensitive characteristics, MRF-based devices have been designed and used in the fields of automotive
applications®®l, architectural structures(® 'l and high-speed train!!>">l. As a type of semi-active control device, the
magnetorheological (MR) damper has the advantages of simple structure, controllable damping force and fast responsel'®!7l, and has
attracted more attention since it has been used in the commercial market. In the environment of external magnetic field, the
magnetic particles in the MRF system will be oriented, leading to an increase in viscosity. However, in the absence of a magnetic field,
these particles fail to respond. Therefore, MRF relies on the presence of an external magnetic or electric field to undergo a transition
from liquid to quasi-solid state, implying that the functionality of dampers may be compromised in the event of an electrical failure.

Shear thickening fluid (STF) is a class of non-Newtonian suspension, predominantly consisting of dispersed particles within a
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dispersing medium, which exhibits a viscosity increase in response to elevated external shear rate or shear stress!'®:!°l. When
subjected to external stress, the particles inside the STF change from uniform distribution to particle cluster structurel?°-2?l, triggering
a transition from liquid to quasi-solid state and a corresponding significant rise in viscosity of suspension. Once the external stimulus
is removed, STF swiftly reverts to their original state. Owing to its distinctive mechanical properties, STF has been widely used in the
polishing?’l, dampers?!l and flexible wearable protective materials>>?l. STF is capable of transforming from liquid to quasi-solid state
when the suspension is subjected to external shear stress, and simultaneously exhibits the fast response times!?°3!], reversible
properties>33 and efficient energy dissipation!**=°, Combining the advantages of MRF and STF, magnetorheological shear thickening
fluid (MRSTF) has both rate sensitive and magnetic sensitive properties, which makes it have potential applications in the fields of
dampers!?!l and polishing®’l. Due to the strong inclusiveness of MRF and STF systems, the combination of the two materials can
improve the disadvantage of no protection after power failure of devices based on magnetorheological materials, and help devices to
achieve self-reinforcing and self-regulating functions.

In this study, MRSTF with both shear thickening and magnetorheological effects was obtained by ball milling method. The mechanical
properties of MRSTF were evaluated by a rheometer, and a comparative analysis was conducted on the rheological changes in STF
and MRSTF. Additionally, we measured the rheological characteristics of MRSTF with varying carbonyl iron powder (CIP)
concentrations and investigated the influence mechanism of external magnetic field on the shear thickening and magnetorheological
effects of MRSTF. Ultimately, we tested the mechanical properties of MRSTF-based dampers and analyzed the influence of frequency,
amplitude and magnetic field on their performance.

2. Experimental Section

2.1 Materials

The commercial SiO, was purchased from Andy Metal Materials Co., Ltd. and polyethylene glycol (PEG200) was purchased from
Sinopharm Chemical Reagent Co., Ltd. The CIP was purchased from Jiangsu Tianyi Ultra-fine Metal Powder Co., Ltd.

2.2 Characterization

The microstructures of commercial SiO, particles and CIP were characterized by using a Scanning Electron Microscope (SEM, Gemini
SEM 500) at an acceleration voltage of 3 kV. As depicted in Figure 1a,b,c, SiO, exhibits a uniform dispersion with an average diameter
of 300 nm, which is beneficial to forming a stable suspension. Concurrently, the average particle size of CIP is identified as 3.5 pm.
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Figure 1. The SEM micrographs of (a), (b) SiO,; (c) CIP; (d)Preparation process of STF; (e) preparation process of MRSTF. SEM: scanning electron microscope; CIP: carbonyl
iron powder; STF: shear thickening fluid; MRSTF: magnetorheological shear thickening fluid; PEG: polyethylene glycol.
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2.3 Preparation process of STF and MRSTF

Commercial SiO, particles were dried in an oven at 100 °C for 10 h before use. According to different mass fractions, SiO, of different
mass was weighed and put into the ball mill tank, and the corresponding volume of PEG200 was measured and put into the ball mill
for 24 h, and STF was obtained after uniform mixing (Figure 1d). The CIP with different volume fractions was weighed and put into the
prepared STF, and then put into the ball mill for 24 h to obtain MRSTF (Figure 1e).

2.4 Rheological test

The rheological properties of STF were tested using the rheometer (Anton-Paar MCR 302) with plate geometry (25 mm in diameter),
and the experiments were conducted with a gap size of 1 mm at 25 °C under shear rate ranging from 0.1 to 1,000 s !. In the test phase,
the shear rate of 0.1 s™' was pre-shear for 20 s until the viscosity of the system was stable, and then the formal shear test began. The
rheological properties of MRSTF were tested using the rheometer (Anton-Paar MCR 302) with plate geometry at 25 °C, controlled by
the shear rate of 0.1 to 1,000 s™!, and with a gap size of 1 mm. The magnetic flux density was controlled by the magnetic field device.
Meantime, tests were also carried out at 15 °C, 25 °C, 35 °C, 45 °C, 55 °C and 65 °C. The on-site photo of the testing system of the
material rheological property is shown in Figure S1.

2.5 The mechanical properties test

The mechanical performance of dampers was measured by testing machine and the test system includes a universal testing machine,
an extrusion and tensile test device, a temperature sensor, and a power supply. In the presence and absence of an external magnetic
field, several groups of comparison experiments were carried out, and the corresponding curves were recorded and analyzed. The
on-site photo of the testing system of the mechanical property is shown in Figure S2.

3. Results and Discussion

3.1 The rheological properties of STF

The rheological properties of the prepared STF were tested using the rheometer MCR 302. The primary components of this testing
system are displayed in Figure 2a, mainly including the MCR 302 rheometer, the magnetic field device, and the temperature control
unit.
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Figure 2. (a) Schematic diagram of MCR 302 rheometer and related devices; (b) Viscosity versus time under different shear rates (STF, 64 wt.%); (c) Shear stress versus time
under different shear rates (STF, 64 wt.%); (d) Viscosity versus shear rate at different STF mass fractions; (e) Viscosity versus shear rate at different temperatures (STF, 64

wt.%); (f) Shear stress versus shear rate at different temperatures (STF, 64 wt.%). STF: shear thickening fluid.

Initially, the STF with a mass fraction of 64 wt.% was subjected to steady-state shearing at varying shear rates to assess its stability,
and the consequent viscosity changes were meticulously documented, as illustrated in Figure 2b. It was observed that at the initial
shear rate of 1 s'!, the viscosity of STF is stable around 450 mPa s'!, maintaining stability upon continued shearing. These
viscosity-time curves were also observed at other shear rates, indicating the stability of prepared STF. Notably, at shear rates of 10
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and 100 s’%, the viscosity stabilizes at 335 and 355 mPa-s, respectively, marking a significant reduction from the viscosity at the initial
shear rate of 1 s'! (450 mPa-s), which is attributed to the shear thinning behavior of the STF (when the shear rate is less than critical
shear rate). Concurrently, when the shear rate is set to 200 s, the viscosity stabilizes at 780 mPa s, indicating a pronounced increase
due to the shear thickening effect of STF. Upon further increasing the shear rate to 500 s™!, the viscosity stabilizes at 1,700 mPa-s,
which shows the four times increase compared to the viscosity at the initial shear rate of 1 s'!. The real-time shear stress variations of
the STF under different shear rates were also presented in Figure 2¢, showing that the shear stress of STF remains consistent in 120
seconds.

Besides, the rheological properties of STF with different mass fractions of SiO, were further evaluated, as shown in Figure 2d. It was
shown that an increase in the dispersed phase mass fraction benefits the shear thickening effect of the STF, characterized by a
decrease in the critical shear rate and an increase in the maximum viscosity of suspension. Moreover, the STF was tested at a broad
temperature range, as demonstrated in Figure 2e,f, the STF exhibits a shear thickening effect over the temperature range of 15 °C to
65 °C. It was observed that the shear thickening effect of the STF increases as the temperature decreases. This is primarily attributed
to the reduction in temperature, which weakens the Brownian motion of the dispersed phase particles in the suspension and reduces
the repulsive forces between particles!®sl.

3.2 The rheological properties of MRSTF
3.2.1 MRSTF with 20 vol.% CIP

MRSTF with both shear thickening and magnetorheological effects was successfully prepared by incorporating an amount of CIP into
STF. The rheological behavior of MRSTF (20 vol.% CIP) is presented in Figure 3a, and the results show that the overall viscosity of
MRSTF is significantly higher than that of STF. Concurrently, the rheological behavior of MRSTF (SiO,: 54 wt.%, CIP: 20 vol.%) was tested
over a wide temperature range, as shown in Figure S3, where the MRSTF showed a shear thickening effect over a temperature range
of 15 °C to 65 °C.
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Figure 3. (a) Viscosity versus shear rate of MRSTF with different SiO, mass fractions ; (b) Rheological properties of MRSTF (20 vol.% CIP, 46 wt.% SiO,) under different
magnetic field strengths; (c) 50 wt.% SiO,; (d) 54 wt.% SiO.; (e) 58 wt.% SiO.; (f) Rheological curves of MRSTF with different SiO, mass fractions under magnetic field scanning.

MRSTF: magnetorheological shear thickening fluid; CIP: carbonyl iron powder.

Subsequently, the rheological properties of MRSTF were conducted under various magnetic field intensities. Figure 3b,c,d,e illustrate
the viscosity-shear rate curves of MRSTF (20 vol.% CIP) with varying mass fractions of SiO, under different magnetic field strengths. It
was shown that the viscosity of MRSTF incrementally increases with the enhancement of magnetic field intensity, which is attributed
to the polarization of CIP particles within the system under the influence of an external magnetic field, leading to the formation of an
orderly chain-like arrangement. The emergence of this chain structure results in a rise of viscosity, endowing the suspension with
solid-like properties. Additionally, it is evident that MRSTF exhibits a pronounced shear thickening effect at a relatively low magnetic
field intensity. When the mass fraction of SiO, is set as 46 wt.%, 50 wt.%, 54 wt.% and 58 wt.%, the shear thickening effect disappears at
magnetic field intensities of 10 mT, 20 mT, 30 mT and 40 mT, respectively. This is predominantly due to the fact that chain structures
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within the system are easier to form at higher magnetic field strengths, which prevents the formation of particle cluster structures
necessary for shear thickening. Therefore, when CIP volume fraction is 20 vol.%, MRSTF exhibits shear thickening effect over a wider
range of magnetic field intensity with the increase of SiO, mass fraction.

The shear stress-shear rate curves of MRSTF (20 vol.% CIP) were presented in Figure S4. The analysis revealed that the shear stress of
MRSTF escalates with the augmentation of external magnetic field intensity, which can be primarily divided into three distinct stages:

At low shear rates (0 < 'Y < 1), the shear stress increases sharply with the rise in shear rate, suggesting that MRSTF behaves akin to an

immobile solid state during this phase. As the shear rate transitions to medium levels (1 <Y < 100), the shear stress of MRSTF ascends

gradually, with the material beginning to flow upon reaching the yield stress. In the high shear rate regime (100 <Y < 1,000), the
increment of shear stress further decelerates, indicating that it has the obvious post-yield characteristics of plastic fluid. Ultimately, a
magnetic field scanning test was conducted to scrutinize the trend of the viscosity and shear stress variation with respect to
magnetic field intensity, as depicted in Figure 3f and Figure S5. The findings indicated that as the magnetic field intensity increases,
both the viscosity and shear stress of MRSTF initially surge rapidly and then gradually level off. This phenomenon is largely attributed

to the saturation magnetization of the CIP particles within the system, implying that there are upper limits to the increase in viscosity
and shear stress.

3.2.2 MRSTF with 30 vol.% CIP

To further evaluate the effect of CIP particles on shear thickening performance of the suspension, the CIP content was increased to 30
vol.%. The viscosity-shear rate curves of MRSTF (30 vol.% CIP), at mass fractions of 54 wt.% and 58 wt.% of SiO,, are depicted in
Figure 4a,b, respectively. In the absence of a magnetic field, the viscosity of MRSTF (30 vol.% CIP) exhibits an initial decline followed by
an ascent with increasing shear rate. Concurrently, the viscosity of the system experiences increases significantly due to a higher CIP
concentration. Upon the application of an external magnetic field, the viscosity of MRSTF is improved by three orders of magnitude,
demonstrating a pronounced magnetorheological effect. Meanwhile, the shear thickening effect disappears, and the viscosity of
MRSTF decreases with the increase in shear rate, manifesting shear thinning characteristics within the entire range. This transition is
primarily attributed to the formation of a magnetic field-induced chain structure, which prevents the aggregation of particles into
clusters, thereby nullifying the shear thickening effect.
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Figure 4. Viscosity versus shear rate of MRSTF (30 vol.% CIP) with different SiO, mass fractions under varying magnetic field strengths: (a) 54 wt.% and (b) 58 wt.%; shear
stress versus shear rate under the same conditions: (c) 54 wt.% and (d) 58 wt.%; (e) Viscosity and (f) shear stress versus magnetic flux density of MRSTF (30 vol.% CIP) with

different SiO, mass fractions under different shear rates. MRSTF: magnetorheological shear thickening fluid; CIP: carbonyl iron powder.

For comparison, the viscosity-shear rate curves of MRSTF (20 vol.% CIP) under identical magnetic field conditions are shown in
Figure S6a,b. Notably, at equivalent shear rates, the viscosity of MRSTF (30 vol.% CIP) substantially exceeds that of MRSTF (20 vol.% CIP).
This enhancement is primarily ascribed to the increased CIP content of magnetic particles in MRSTF, which accelerates the formation
of extensive particle chains under the same magnetic field.

The shear stress-shear rate curves for MRSTF (30 vol.% CIP) are illustrated in Figure 4c,d. The data revealed that the shear stress
increases with the shear rate, with the rate of increase intensifying as the magnetic field intensity augments. Additionally, the rate at
which shear stress increases exhibits a gradual deceleration with the progression of shear rate, mirroring the transition of MRSTF
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from a solid-like state at low shear rates to a flowing plastic fluid. Upon reaching the yield stress, the escalation rate of shear stress
markedly diminishes, underscoring the pronounced yield behavior characteristic of plastic fluids. Concurrently, the yield stress of
MRSTF (30 vol.% CIP) is higher than that in the MRSTF (20 vol.% CIP) (Figure S6c,d). This enhancement is predominantly attributed to
the fact that MRSTF with a higher concentration of CIP forms a more extensive network of particle chains under the same magnetic
field, thereby enhancing the microstructural strength. The correlation between the viscosity and shear stress of MRSTF (30 vol.% CIP)
and magnetic field intensity was depicted in Figure 4e,f. Different from the MRSTF (20 vol.% CIP), the increased presence of CIP
magnetic particles in the MRSTF (30 vol.% CIP) system facilitates the formation of a greater number of chain structures under
equivalent magnetic field conditions. This results in higher terminal values of viscosity and shear stress for the system when the
increments cease.

To delve deeper into the impact of CIP particle incorporation on the shear thickening behavior of STF, a comparative analysis of the
viscosity-shear rate curves for STF with SiO, mass fractions of 54 wt.% and 58 wt.% across various volume fractions of CIP was
conducted, as depicted in Figure 5a,b. The results showed that an increase in the volume fraction of CIP leads to a significant
improvement in the viscosity of the suspension. Furthermore, to provide a clearer comparison of the effect of CIP addition on the

shear thickening performance of STF, the critical shear rate Yc and the shear thickening power B, defined as the slopes of the log(1)

versus log(0) plot were selected to measure the propertiest*’! (Figure S7). Comparison of critical shear rate Yc of STF with SiO, mass
fraction of 54 wt.% and 58 wt.% after adding different mass fraction CIP is shown in Figure 5c. When the mass fraction of SiO, is 54

wt.%, the critical shear rate YU of the suspension gradually decreases from 79.4 s'! to 30.2 s™* as the CIP content increases from 0 to 30

vol.%. It illustrates that as the CIP content escalates, the critical shear rate YC of the suspension progressively diminishes. Besides,
Figure 5d showed the shear thickening power B of STF with SiO, mass fraction of 54 wt.% and 58 wt.% after adding different mass
fractions of CIP. The shear thickening power f§ of the suspension gradually decreases from 0.27 to 0.19 as the CIP content increases
from 0 to 30 vol.% at the SiO, mass fraction of 54 wt.%. It indicates that the shear thickening power [ of the suspension exhibits a
decreasing tendency with increasing CIP content. In the MRSTF system, the shear thickening effect is predominantly attributable to
the agglomeration of SiO, particles cluster within the suspension under external shearing conditions. The addition of excessive CIP
results in a substantial increase in the viscosity of the system, thereby hindering the formation of particle clusters. Concurrently, the
addition of CIP particles serves to enhance the frictional contact between SiO, particles, making shear thickening more likely to
occur, that is, shear thickening will occur at a lower critical shear ratel*l.
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Figure 5. Viscosity and shear rate curves of STF with SiO, mass fractions of (a) 54 wt.% and (b) 58 wt.% after adding different volume fractions CIP; Comparison of (c) critical

shear rate )’C and (d) shear thickening power 3 of STF with SiO, mass fractions of 54 wt.% and 58 wt.% after adding different volume fractions CIP. STF: shear thickening
fluid; CIP: carbonyl iron powder; STF: shear thickening fluid.


https://oss.sciexplor.com/images/web/2025-08-14/SMD_202405_Supplementary_materials.pdf
https://oss.sciexplor.com/images/web/2025-02-26/EC-202501_Supplementary_Material.zip
https://doi.org/10.70401/smd.2025.0005

Smart Mater Devices. 2025;1:202405 | https://doi.org/10.70401/smd.2025.0005 Page 7 of 11

3.3 Mechanical properties of MRSTF damper
3.3.1 The structure of MRSTF damper

The diagram of the damper is shown in Figure S8. The damper is mainly composed of four parts: shell, coil, piston and piston rod. The
cavity inside the shell contains MRSTF fluid. When current passes through the coil, a magnetic field is generated, causing the CIP
particles in fluid to form a chain structure under the influence of the magnetic field. Meanwhile, when the damper is operating, the
MRSTF will flow back and forth between several cavity areas in the housing with the movement of the piston. Due to the
magnet-sensitive and rate-dependent properties of MRSTF, the damper based on this type of smart materials can achieve active

control under a magnetic field and passive energy consumption of the system after a power failure.

3.3.2 The damping force-displacement curves of MRSTF damper at 0 A current

The prepared MRSTF was poured into the cavity of the damper, where it moved up and down with the piston during the damper’s
operation. To test the mechanical properties of MRSTF dampers, the influences of frequency, current, and amplitude on the damping

force of the dampers were studied.

Initially, the damping force of the MRSTF damper was measured without applying an electric current. Figure 6a,b show the
force-displacement curves of MRSTF damper at two distinct frequencies, with amplitudes of 25 mm and 50 mm, respectively. The
horizontal axis indicates the piston's displacement, while the vertical axis represents the damping force. Forces above the 0 axis
correspond to the rebound force, and those below correspond to the compression force. Additionally, the area enclosed by the
damping force-displacement curve is indicative of the damper's energy dissipation capacity. The results showed that the rebound
force of the MRSTF damper exceeds the compression force, indicating that the damper exhibits damping capabilities. Furthermore,
when the damper's frequency is elevated from 0.318 Hz to 0.955 Hz, the area enclosed by the damping force-displacement curve
expands significantly, indicating that the damper's energy dissipation capacity increases with higher frequency. The results also
showed that the damping force and energy dissipation capacity of the damper increase with velocity. This is primarily due to the
increasing speed of the damper piston, which raises the shear stress on the MRSTF within the cavity, thereby enhancing the damping

force.
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Moreover, it was observed that the damping force exhibits linear variation at a frequency of 0.318 Hz, but transitions to a nonlinear
variation with significant fluctuations as the frequency increases to 0.955 Hz. This is mainly due to the shear thickening of MRSTF in
the range of 30.2 s"'-1,000 s™* (0.0133 m/s - 0.44 m/s), along with the nonlinear increase in MRSTF viscosity as the velocity rises within
this range.

Figure 6c¢,d present the damping force-displacement curves at different amplitudes for frequencies of 0.318 Hz and 0.955 Hz,
respectively. The results demonstrated that at the lower frequency (0.318 Hz), the damping force displays linear behavior at
amplitudes of 25 mm and 50 mm, with a notable increase in damping force as the amplitude increases. The area circumscribed by the
damping force-displacement curve also expands significantly, signifying that the damper's energy dissipation capacity increases with
frequency. Conversely, at the higher frequency (0.955 Hz), the damping force exhibits nonlinear variations at both 25 mm and 50 mm
amplitudes, with notable fluctuations. This suggests that the nonlinear mechanical properties of the MRSTF damper are more
sensitive to changes in frequency.

3.3.3 The damping force-displacement curves of MRSTF damper in the presence of current

The influence of frequency and amplitude on the damping force of MRSTF damper under a magnetic field was studied by applying
current to the damper.

Figure 7a,b show the force-displacement curves of the MRSTF damper after applying current at various frequencies (0.318 Hz to 0.955
Hz) and amplitudes (25 mm to 50 mm), respectively. The analysis revealed that at a frequency of 0.318 Hz, the damping force of the
MRSTF damper increases significantly after applying current, compared to the damper force with no current applied (Figure 6a), with
a substantial expansion of the area enclosed by the damping force-displacement curve. This increase signifies a boosted energy
dissipation capacity of the damper. This enhancement is primarily attributed to the formation of chain-like structures by the CIP
particles within the MRSTF under the influence of a magnetic field, causing a transition from liquid to quasi-solid state and a
consequent increase in viscosity, which consequently amplifies the damping force.
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Figure 7. Damping force-displacement curves of MRSTF dampers after applying current: (a) Different frequencies at 25 mm amplitude; (b) Different frequencies at 50 mm

amplitude; (c) Different amplitudes at 0.318 Hz; (d) Different amplitudes at 0.955 Hz. MRSTF: magnetorheological shear thickening fluid.

At the higher frequency of 0.955 Hz, without the application of current, the MRSTF damper exhibits nonlinear changes at both 25 mm
and 50 mm amplitudes, with the damping force-displacement curves showing a wide range of fluctuations (Figure 6a,b). This
variability may stem from the random distribution of CIP particles within the MRSTF in the absence of a magnetic field, where the
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unrestricted movement of particles causes significant fluctuations in the damping force. After the application of current, the
fluctuation range of the damping force is reduced, mainly because the CIP particles align along the magnetic field lines, forming
chain-like structures, which reduces the shear thickening effect and results in a narrower fluctuation range in the damping force.
Furthermore, as shown in Figure 7a,b, the damping force of the MRSTF damper is more sensitive to changes in frequency than to the
application of current.

The damping force-displacement curves of the MRSTF damper with different amplitudes after applying current at frequencies of 0.318
Hz and 0.955 Hz are shown in Figure 7c,d, respectively. At low frequency (0.318 Hz), as the amplitude increases, the change in damping
force-displacement curve remains consistent with the increasing amplitude. The area enclosed by the curve expands significantly
with the increasing damping force, suggesting that the application of current does not alter the overall pattern of damping force
changes in the MRSTF damper. At the higher frequency (0.955 Hz), without the application of current, the damping force of the MRSTF
damper displays pronounced fluctuations and nonlinear behavior, with these fluctuations intensifying as the amplitude increases
(Figure 6d). Upon the application of current, there is a marked increase in damping force and a reduction in fluctuations. This is
predominantly due to the fact that the CIP particles within the MRSTF align into an ordered chain-like structure under the influence
of current, which reduces the fluctuations in the damping force of the MRSTF damper.

4. Conclusion

In this research, a type of smart material with both magnet-sensitive and rate-dependent characteristics was prepared by the
ball-milling method. The results showed that the addition of CIP weakens the shear thickening effect of STF, as indicated by the
gradual decrease in the critical shear rate ’}"c . from 79.4 s' to 30.2 s'* and the slow reduction in shear thickening power 8 from 0.27 to
0.19 as the CIP content increased from 0 to 30 vol.% while maintaining the mass fraction of SiO, at 54 wt.%. This is mainly because the
fact that the addition of CIP particles prevents the formation of particle clusters during shear thickening. The mechanical
performance tests of the MRSTF damper indicated that the damper exhibits the energy dissipation capability under non-magnetic
conditions, with the corresponding values increasing significantly as the frequency and amplitude increase. Additionally, when the
magnetic field is applied, the energy dissipation capacity of the MRSTF damper increases further with the concentration of CIP
particles, due to the formation of more chain structures under magnetic field conditions. In summary, the MRSTF smart material,
which integrates the rate-sensitive attributes of shear-thickened materials and the magneto-sensitive attributes of
magnetorheological materials, holds significant theoretical importance and practical engineering value. It will promote the
development of adaptive, self-reinforcing, and self-regulating vibration damper devices.
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