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Analysis of Normal Force Characteristics for

Magnetorheological Grease in Oscillatory Shear Mode

YE Xudan, WANG Jiong", HUANG Xuegong
(School of Mechanical Engineering,Nanjing University of Science and Technology , Nanjing 210094, China )

Abstract: In order to investigate the normal force behavior of Magnetorheological Grease (MRG ), three magne—
torheological greases with carbonyl iron powder mass fractions of 30% ,50% and 70% respectively were fabricated and
measured by using a rotational rheometer in the mode of oscillatory shear. And the effects of magnetic field,time,
strain amplitude, frequency and temperature on the normal force were systematically analyzed. The results show that
the normal force values of three MRG samples increase with the increase of magnetic field strength. When the magnet—
ic field strength is 740 kA/m,the maximum value of each sample reaches 6.97 N,8.93 N,14.91 N. Under different
magnetic field levels, the influence of time on the normal force of magnetorheological grease undergoes three stages of
slight decrease, constant, and slowly increasing. In the entire frequency range, the normal force value of the MRG with
different magnetic field strengths changes slightly and basically at a stable value. There is a strain critical value,and
the normal force increases with the strain amplitude at a faster speed before the critical value, further increases the

strain amplitude and decreases the growth rate after exceeding the critical value. In addition, the normal force of the
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three MRG samples increases with increasing temperature and the MRG =70 normal force value is the largest. The

above study of normal force in MRG is the theoretical basis for the design,optimization and application of magne—

torheological grease devices.

Key words : Magnetorheological Grease( MRG ) ; oscillating shear ; normal force; linear viscoelasticity
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Fig.1 Picture of samples



%4

-2 LA A SO R TS Nk 1) R S M 51

MR 3 Ny 1) H—E B IR E T
ki FRHHANIAE 60 °C;2) i FHAHERSTE 500 v/
min BRSSP PEZ 30 min, PR R 05000 0 R
30% 50%F1 T0% Bk HHA BURLE Tl it g
i 3) iR PEER AR SR 1 I T e SO 7 )
TR B A BB R 5T 5355053 51k 30%
50% Fll 70% 9 % 15 25 B, 53 Sl i 45 28 MRG =30,
MRG-50 MRG-70. th TV 5 4% B B A = 2 B
P I 28 7% T L s IR 8 A8 e TR [ A,
1.2 MitiE H NI R

H PR SIEE N REERTT (VSM, Lakeshore,, 7404 &
F1)MEXAN R MRG Y ¥ BERE 5 ARG, 1% S0 fE =
T AT, FER BT, il B A 2 AR A A w) A=
7= 1Y Physica MCR302 XA [R]30RE 1) 4 3 A2 i 725 1)
FIAEAFIR, WE 2(a) Fi7R. SEEGH R T PP20 I
Sk B T o B B SRR AN 1 mm, |
TREARER N 20 mm, @t KB R
20 °C, F R IMREE [ F1o8 50 N KSR 0.03 N. B
T FL R A MR A T T 2R R, e 2l
TN AE 52 N AR 5 5, 38 3 ) A5 B R WAl vk 1)
T ARAEIE L.

R A B 2 1) g P 0 S B AN ] 2 (b) T L 7E
WEAHTERTY , Sy EE R A2 R i Ak i ORI e %
J7 I RS s R A1, R PP20 itk A —
A Ty (il 1), %4 910l B 5 PP20 Pk
ELFEARTE ()35 1) AR IR A Sl s i i e
A [) 0 AR M (B S R S0, AT RIS AN RSN AL T
PR I8 A ik 1) T () AR AR A .

(a)MCR302 i A% (b)) R AR R ) ik
B2 ke mikik &R LR

Fig.2 Normal force test equipment and its principle
2 FRGR

2.1 HELHFE
(IR Sh g I 1 AN (R A2 i e P

PE, B 25 R 3 Frs. & 3 T, w0
FEARHARES , 2R ARG fb i 2 S . At
Yy EEiA E 10 kA/m B, BT 434508 70%11) C1fvk:
V4) i 7 78 i 2 B e o O T R fR R R B 135.8
emu/g. 735b, FEETEEAG ) CL PR AR I, G
TS NG ORGSR 3G I, 5T 3R BHZE CT by HA &
MO FRE AL SR FED), 2978 206 emu/g.

MRG-30 AAAAAAAAALA
120 ——MRG-50 /
A-MRG-=70 oo 000000000
~ 80f
%
= 40f
=
(5]
< oF
£
I
3 -40
o]
i -80
ee00000 7
-120 A,A/A
AAAAAALMAA
-10 -5 0 5 10

WA/ (kA +m™)
B 3 R R R XA e R o £
Fig.3 Magnetization curves of magnetorheological grease

of different samples
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Ik k @
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Fig.5 Relationship curves between normal force and frequency of

three MRG samples under three different magnetic field strengths
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