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Fig. 2. Magnetic storage modulus test of MRE.
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Table 1. Ratio and testing conditions of MRE.
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Fig. 3. Test results of different MRE samples: (a) Different iron particle content; (b) different silicon oil content; (c) different load-

ing frequencies.
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Fig. 4. Typical mechanical model of MRE: (a) Microscopic
magnetic dipole model; (b) macroscopic viscoelastic model.
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Fig. 5. Mechanism of SVR model.
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Fig. 6. Sampling process of training set.
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Table 2.  Prediction results of different models on

S6 sample.
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Fig. 7. Characterization of MRE magnetic induced storage
modulus by different models: (a) Magnetic dipole model and

viscoelastic model; (b) SVR model and logarithmic model.
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Fig. 8. RMSE predicted by different models for different

samples.
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Fig. 9. Comparison of different models on R? of different samples: (a) Different iron particle contents; (b) different silicon oil con-

tents and loading frequencies.
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Fig. 10. Prediction results of SVR model for different MRE samples: (a) Different iron particle content; (b) different silicone oil con-

tent; (c) different loading frequencies.
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# 3 T SVR BIUHIIAF MRE FdhRY RMSE
5 R

Table 3.  Prediction of RMSE and R? for different
MRE samples based on SVR model.

T RMSE R?
S1 3378 0.999
S2 5006 0.999
S3 4246 0.999
S4 6671 0.998
S5 8579 0.999
S6 8669 0.998
S7 2275 0.999
S8 6547 0.999
S9 3630 0.999
S10 17122 0.998
S11 12642 0.998
S12 10409 0.998

KT MRE Wy HLAI A B BRI g (A 15
LRSI POy RV IS I E 2 o (IR A G
PR PO Bl AR ) A | = SRR R B
(Maxwell JE)# | BB R 15 Ramberg-Osgood
BERY 143 BT Kelvin-Voigt ZEFABR 14 [ 1% 156
W JE A BRI (9] & 1E Bouc-Wen 7Y 161 2L
PR AR T RBIRL S SVR AR A R AE S5 2R
W3 4.

F4 AL S6 R Y FTLE R

Table 4. Prediction results of different models on

S6 samples.
TR WEEE /mT R?
AR TR A 0—1000 0.836
SIS EROR 0—326 0.93
USR5 - R S AR TR 0—150 0.97
BTG )AL 90—178 0.99
= BHAFIE R (Maxwel JE ) 125—540 0.958
BB 0—375 0.9
Ramberg-Osgoodf# ! 0—500 0.9
B 1EKelvin-Voigt BT gl 0—272 0.93
325 I A PR AR Y — 0.92
f&1EBouc-Wenfbi#l 0—>545 0.9
B8 ¢ ity X 0—330 0.98
SVRARAY 0—1000 0.998

M ad SVR A5 SCHR 11 A AR AU 5 %t
LRI, SVR ALY R? fef&iok 0.998. iX Ui SVR
PR T HA AR w] DL VR bR AE MRE
RGBSR . A S AR AR R? R3] T

0.99, {HHE H GG % (90—178 mT). Bk
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AR R2 A A, A ik B T 097 5
0.98, 1B =335 HI A4 3 1 Fel R A2 A PR . — i
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FAE MRE 1% 8 SOB & 1EB F 38 4%, R2 AU 0.9.
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5 & @
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Abstract

Magnetorheological elastomers (MREs) are smart materials with a wide range of applications, particularly
in reducing vibrations and noise. Traditional methods of testing their magnetically-induced properties, although
thorough, are labor-intensive and time-consuming. In this work, we introduce an innovative method that
harnesses machine learning to rapidly characterize MREs by using a smallest dataset, thus simplifying the
characterization process. Initially, 12 types of MREs are prepared and tested on a shear rheometer with a
controllable magnetic field. From these data, we strategically select five representative data points from each
sample to form a training dataset. Using this dataset, we develop a support vector regression (SVR) model to
characterize the magnetically-induced storage modulus of the MRE. The SVR model exhibits remarkable
accuracy, with a correlation coefficient (R?) of 0.998 or
higher, exceeding the precision of traditional models.
The training time of this model is very brief, only 0.02
seconds, thus greatly accelerating the characterization
speed of MRE. Moreover, the SVR model demonstrates =

strong generalization ability, maintaining a high  preparation of MRE Performance testing

correlation coefficient of 0.998 or greater even when
silicone oil is added to the MREs or tested under . A\
various loading frequencies. In a word, the machine . .
—_— —
learning model not only accelerates the evaluation . .

process but also provides a valuable reference for

A A A — | Database

. . . . e Small Performance
developing innovative MREs, marking a significant experimental characterization

. ) . sampl
advancement in the field of smart materials research. samp:e
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