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Fig. 3 Storage modulus (G') vs shear frequency of magnetorheological shear
stiffening polymer composites with different CI contents
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Tab.1 The G s G and RSTe% of MSC samples in the frequency tests

CI content G in (Pa) G v (P2) RSTe%
0% 58 9.01Xx10° 1550728 %
30% 150 1.13X10° 752531 %
60% 1252 1.19X10° 94918 %
80% 16239 2.12Xx10° 12955 %
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Fig.4 The magnetic hysteresis loops of the as-prepared samples (a); Storage modulus (G') vs shear frequency

of magnetorheological shear stiffening polymer composites with different CI contents
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Tab.2 The G s G and RMe% of MSC samples induced by magnetic field

RMe% = X 100%

CI content G in (Pa) G e (P2) RMe%
0% 4.07X10° 4.19%X10° 2.95%
30% 8.38X10° 9. 70X 10° 15.8%
60% 1. 54X 10° 2.44X10° 58.4%
80 % 2.44X10° 3.06X10° 25.41%
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Fig. 5 The shear stress and magnetic field dependent-creep behaviors of MSC-60%
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Fig. 7 The rheological properties of MSC-60% under the excitation of shear stress and magnetic field
at the temperature of 10°C (a). 25°C (b), 50°C (c¢) and 70°C (d)

/0 o LR B g L bR ) i AR PRGBS A 2 (IR 7o AT (D)) . Bl dn, 78 110mT 535 F1 100Hz
AT L 25°C B AR A B B R AR RERSE Ry 2. 45MPa, 1 70°C FRE B B KAk BERE B 2. 07MPa, % |
JIE iR s MISC-60 26 1) ) 2P e 26 B HE T 3L 76 ) 3 8 4 DG R 0, L ZE AR TR R 2 T 2% 0 1 U A8 P B R A e
TE IR A N R BT

3 WRZTHYITEERMBIVIERSR

AT, B P e E e (PDMS) HUAFIEM R R IR RS SRR TR, kA BE R
NELJERL T LA Si-O 8o FHER E 0 T RAY . FIE L, B ot R Wik AR FR o F4E 98 LT Wk S e
A, HA & Si-O-B &L, FT-IR il XRDCE DR L5 R ABE T Si-O-B # i 1E7E .

\
b \ a L we L d A~ - ﬁ
B “i1e o U ILe § Lo X
\ L 4 A @ 4 £ I:_'. ] A ‘-‘ |" t.|
= M@ o) 1 S A
Low rafe N g0t e 'y -u v bl ]
o oot QY UggNg 28 e
Cc 4o\ @ “v IR RT z] . 12 i
A o & P Ba, ¥ 'Y
? AW (e \* 4 | B ' % R'ed
’ ey R P st g\ el
(&) il (& p ¢ FI) & ¥ae
High rate / o ! ¥ L=
Shear force MSC-60% Coupling effect of magnetic
field and shear force
! ® -
CI particles Polymer chains B-O chemical cross bond Magnetic field

B8 MSC-60% 4 RHILER /R B2 : BEAR AR () IR () Al g (o) I A8 2 il T
B 5 1) 748 A5 280N, 1 S — B U0 T XUEE T A R R s B R (DD
Fig. 8 The mechanism schematic of MSC-60% under various excitations: primary sample (a), loading shear

stress with low (b) and high (¢) rates. coupling effect of magnetic field and shear force (d)
H Tt =Z 7 . BICRMANZ p PUE S H 2 TP E & B 780 O Iy b o, T Al 1 58
AR B S A Bk S B ] SZ HR B . 3% B-O BRIA] S2 HR B sl A 8 A Y HL e — e fh 2 B 2555
I ABREE S LLG i T UKL 5 2500 JBE 1A ) 3 o7 P BE A il RE R 5 AT P 2 v (&1 8 (a)) . A SR BY



758 ;K (2017 4F) 45 32 4%

DI AR AR BRI, 1% ik [A] S I0C H A K 0 P[] Wy 228 70 70 [ B ey 23 5 B =2 [ A A A% I (] A% st 01 A 2
G5 TREZ M B BN 5 T Bl B LR R R O SR R B RS B (P 8 (b)) . M B3 BT 1)
SRR N LR /N a5 e S A1 L1 T B v el LI NS R K2R D N T B S R APA B B R A
DR ) i [ 2 15 e 7 i LA HG Ay 20 1 22 18] (932 31, S 00T V) A Al A4 7 % WL 3 B D 1 A
[ PR RRE I 8 Ce)) o AR 373 I o ¢ i b 76 1 3 A 2 HE 90 O 7, ROUL b R B L 1 B 2
3 SR AEREAY ) 2 PERE L SR UL L B ik R B S 0 AR AN A TR AR B R AR L R
7o AL ROV (P 8CdD) o EAR AR S5 4 R BELAS 1 w85 20 5 B 9 AR XT3z Bl . DT B0 T 3 % 5 4 72 A
ROV B4 BIp 28H oi

4 28

A S o A A R S A T T D) A A IR A o ) g R O AR B U0 AR B L T TR AT ST T LR
T17 WG RN o BFTE R WIZ S A bR ) A REASE S B BT D)L 7 A A5 3 G o T e R 4 RO, R B
L R BT VIR BE RN . AT AR T AN R St R B T B WG R PR RE . B O A AR
T [R) Bk 52 1) &0 5 8 3 RS 40 R g 00T 08 HOAR e A5 B R R 3R g+ HL BT D)8 i g T LS o AN g 3
BEAT IR . S5 A0 R TRIREE TR o i O A 0 U] A B IS P RE AR A AR E L A AR oK. MLERBIE SR
B-O 27 52 RS AR 15 (9 DR R0V TS BOb R R A 0 R 09 1142 ffl 200 07 0 85 i U AS PR RE . AN WIS i bt
FHE S 30 B 97 RIBE JE D4 45 5T r) 0 R AT R 1 1 S T A Y A

S % Uk

[1] Ivo R P, Sayantan M, Heinrich M J. Direct observation of dynamic shear jamming in dense suspension[]].
Nature, 2016, 532.:214—217.

[2] Royer J] R, Daniel L B, Hudson S D. Rheological signature of fractional interactions in shear chickening
suspensions[ ] ]. Physical Review Letters, 2016, 116:188301—188306.

[ 3] Johnson D H, Faeshid V, Bohumir J, et al. Micromechanical modeling of discontinuous shear thickening in
granular media-fluid suspension[]J]. Journal of Rheology, 2017, 61:265—278.

[4] DBrady ] F, Bossis G. The rheology of concentrated suspensions of spheres in simple shear-flow by numerical-
simulation[ ] ]. Journal of Fluid Mechanics, 1985, 155:105—129.

[5] Chen Q, Liu M, Xuan S H, et al. Shear dependent electrical property of conductive shear thickening fluid[J].
Materials &. Design, 2017, 121:92—100.

[ 6] Tian T F, Nakano M. Design and testing of a rotational brake with shear thickening fluids[J]. Smart Materials
and Structures, 2017, 26:035038.

[7] Zhou H, Yan L X, Jiang W Q. et al. Shear thickening fluid based energy-free damper: design and dynamic
characterization[ J]. Journal of Intelligent Materials Systems and Structures, 2016, 27(2) :208—220.

[ 8] Iyer SS, Vedad-Ghavami R, Lee H, et al. Nonlinear damping for vibration isolation of microsystems using shear
thickening fluid[J]. Applied Physics Letters. 2013, 102:251902.

Lol JHu. BESrih, BRvd, 4. 57 03 58 W B S a8 fR vh tE e i SEae AR 52 [0, 638 1 %%, 2016, 31(6):741— 750
(ZHOU Hong, YAN Lixun, CHEN Qian, et al. Experimental study of shock isolation performance of shear
thickening fluid damper[]J]. Journal of Experimental Mechanics, 2016, 31(6):741—750(in Chinese))

[10] Yang J, Sun S S, Li W H., et al. Development of a linear damper working with magnetorheological shear
thickening fluids[J]. Journal of Intelligent Materials Systems and Structures, 2015, 26:1811—1817.

[11] Green P, Palmer R. U.S. Pat., 2010/0132099 Al.

[12] Boland C S, Khan U, Ryan G, et al. Sensitive electromechanical sensors using viscoelastic graphene-polymer
nanocomposites[ J]. Science, 2016, 354:1257—1260.

[13] Wang S, Xuan S H, Jiang W Q. et al. Rate-dependent and self-healing conductive shear stiffening nanocomposite:
a novel safe-guarding material with force sensitivity[J]. Journal of Materials Chemistry A, 2015, 3:19790 —
19799.



%5 6 1 ERVAS CE I AR TR0 v D v A s VR 759

[14] LiYC, LiJC, Li W H, et al. A state-of-the-art review on magnetorheological elastomer devices[J]. Smart
Materials and Structures, 2014, 23:123001.

[15] Behrooz M, Wang X J, Gordaninejad F. Performance of a new magnetorheological elastomer isolation system[]].
Smart Materials and Structures., 2014, 23:045014.

[16] YangJ, Sun S'S, Tian T F, et al. Development of a novel multi-layer MRE isolator for suppression of building
vibrations under seismic events[ ] ]. Mechanical Systems and Signal Processing, 2016, 70:811—820.

[17] Kaluvan S, Park Y D, Choi S B. A novel resonance based magnetic field sensor using a magnetorheological fluid
[J]. Sensors and Actuators A: Physical, 2016, 238:19—24.

Investigation on the “Magnetic-Mechanic” Coupling Performance
of Magnetorheological Shear Stiffening Polymer Composite

GONG Li-ping's WANG Sheng?, YIN Guan-sheng', XUAN Shou-hu?
(1. College of Science, Chang’an University, Xi'an 710061, China; 2. CAS Key Laboratory of Mechanical Behavior and Design of
Materials, Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China)

Abstract: Shear stiffening gel is a novel intelligent material. Its modulus can increase rapidly due to
external stress stimulation showing excellent shear stiffening effect, so it has important application
prospects in physical protection and damping vibration isolation. In this paper, multifunctional
magnetorheological shear stiffening polymer composite (MSC) is prepared by dispersing carbonyl iron
(CD into shear stiffening polymer matrix and its “magnetic-mechanic” coupling performance is
systematically investigated by rheological testing system. Results indicate that MSC presents excellent
shear stiffening effect (S-ST effect), its storage modulus increases significantly (4 orders of
magnitude) with the increase of shear frequency. The mechanical properties of MSC were also
enhanced dramatically by magnetic field, indicating its ideal magnetorheological effect. When the
content of carbonyl iron powder is 60wt% s the modulus of the specimen increases rapidly with the
increase of magnetic field, and the maximum modulus is up to 2. 44MPa. More importantly, the
storage modulus of MSC was largely enhanced and precisely controlled by changing shear force and
magnetic field and it decreased with the increasing of shear strain. In addition, the temperature
dependent mechanical properties of MSC were also studied and it could maintain stable mechanical

> coupling mechanism was

performance at low temperature. Finally, the * magnetic mechanic’
discussed. It is found that due to the formation of “B-O cross bond” and the CI particle chains induced
by magnetic field, this composite presents excellent shear stiffening effect and magnetorheological
properties.

Keywords: shear stiffening property; magnetorheological effect; magneticcmechanic coupling

performance; experimental mechanics



