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THERMAL AGING CHARACTERISTICS AND FAILURE
MECHANISM OF MAGNETORHEOLOGICAL GREASE IN
SHEAR MODE

ABSTRACT

Magnetorheological grease(MRG) is a new intelligent material that
can realize millisecond level, solid-liquid inverse change under magnetic
field regulation. It is prepared by mixing magnetic particles and colloid-
like matrix grease, and has wide application in magnetorheological
dampers, clutches and brakes. Magnetorheological devices in service due
to fluid friction between the friction sub-friction and heat accumulation,
different service intensity of the thermal effect and lubrication media
service performance is closely related. Good heat dissipation under normal
service strength requires magnetorheological grease to provide good shear
stability to reduce the interference of the lubrication system in the
regulation process of magnetorheological devices. However, under high-
intensity work, due to the gathering of heat caused by insufficient heat
dissipation, the rheological properties of MRG are significantly changed
by the high-temperature thermal effect, which poses a challenge to the
continued service performance of MRG. Moreover, during the evolution of
thermal effect, the service conditions of MRG tend to be multi-coupled,
and the traditional single-factor test is not enough to clarify the mechanism.

(1) The unique soap fibre structure of the grease can effectively
prevent particle settling, and it has better static storage performance as a
high consistency colloid. The MRG was prepared by using carbonyl iron

powder with an average diameter of 3~5 um as the discrete phase and
III
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NLGI 1 general-purpose lithium grease as the continuous phase, and the
effect of magnetocontrol properties of the MRG was investigated by using
a rotational rheometer with different magnetic excitations.

(2) Under the normal service intensity of magnetorheological devices,
the lubricant medium has high requirements for continuous and reliable
service performance. MRG is mainly affected by continuous thermal effect,
continuous shear and magnetic field excitation during the service process.
Through the rheological test under different temperatures and magnetic
fields, the influence of base carrier fluid consistency and continuous
thermal effect on the shear stability of magnetorheological grease is
investigated.

(3) Under the high-intensity service of magnetorheological devices,
the fibre structure suffers damage, and the performance of MRG is tested
for continued service. The static heat treatment of MRG simulates the
degradation of media properties during service. Through the rheological
test with different thermal effect temperature and time, the continued
service performance of MRG is investigated by the influence of high
temperature thermal effect.

(4) MRG is subject to multi-field coupling during service, and the
traditional one-factor test is not sufficient to resolve the law. An SSA-BP
prediction model is developed to characterise and predict the relationship
between test temperature, magnetic field, thermal effect time, shear rate

and rheological properties of MRG.

KEY WORDS: magnetorheological grease, sustained thermal effect, high

temperature thermal effect, magnetic properties, rheological properties
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* 3-2 00#MRG N [FIRERES T H-B #ES40

13755 % /mT
IRE/C MESH
55 110 220 440
JE S 77 /Pa 0.01 793.85 2481.31 4745.32
20 A ZEUPa-s  431.48 318.23 331.38 144.25
BT R4 0.21 0.40 0.53 0.71
JE S 77 /Pa 80.87 824.84 2902.15 4859.76
40 P ZEUPa-s”  227.33 130.40 71.65 19.43
BT R4 0.28 0.53 0.76 1.06
JeE RN /) /Pa 113.90 1022.53 3609.67 6285.68
60 B & ¥yPa-s”  285.17 214.67 90.71 29.22
B TR 2L 0.28 0.47 0.77 1.05
J& R 3 /Pa 173.38 1407.11 6513.63 14559.84
80 P Z¥UPa-s” 60097 375.69 189.78 45.33
BT R4 0.20 0.41 0.75 1.09

* 3-3 O#MRG AS[EE ARG T H-B B 24

143758 % /m T
HRE/C MESE
55 110 220 440
JiE R 182 77 /Pa 0.01 1236.06 5248.00 10778.45
20 P ZEUPa-s  817.31 660.08 517.67 254.06
BT R4 0.15 0.32 0.53 0.73
JeE RN /) /Pa 28.74 710.67 2378.14 4403.05
40 PRE Z%UPa-s”  318.46 222.05 151.70 59.23
B TR 2L 0.24 0.44 0.66 0.84
JE S 77 /Pa 0.01 779.84 2804.16 4545.53
60 P Z¥UPa-s  321.17 177.85 94.92 42.05
BT R4 0.24 0.48 0.72 0.90
JeE RN /) /Pa 0.01 1050.27 4021.07 7518.83
80 PR Z%UPa-s”  584.61 390.97 164.01 72.06
B TR 2L 0.17 0.36 0.71 0.92
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K BT AR 4 A FL R AR o T 1#MRG 76 -5 BB R B 1 RAR 28 45 4k
W (L0, Tt P25 v P PO R A% RS2 37 78 A IR e i e /0N - o T IR B AR Ak R
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Mg FERUN, 1 SRR BT D) RN AR a6 25 AR L, R WA R e I S A AL TR
TR 18 55 T E ORI R AT 5%, T A B s T 5 R i A 78
AR, 2 AR BT as R, T AR S R A T, RS gE LSRR
R A i L A% B I B DDA e M

(@) T20 T40 (b) T20 T40
2 1-#55mT G' 220 mT G' 2 1-#55mT G' 220 mT G'
15[ 55mT G 220 mT G" 15[ 55mT G 220 mT G"
- 110mT G —— 440 mT G' - 110mT G —— 440 mT G'
1 F=110mT G" ——440 mT G" 1 F=110mT G" ——440 mT G"
SOST st | sreessrriirreress | S 05
[ [
2 o SeMImIRINIERI | sessssmmsunn | > o
o T60 T80 o T60 T80
o 2r o 2f
15F 15}
1+ 1k
s A Ak
0.5} 0.5} UUUUUSOUTNIU .
seffsasssssososoeeses W
0 [ | 1 (| 1 /| 1l 0 [ | 1 (| I/ /| 1l
10° 10! 102 10° 10! 10 10° 10! 102 10° 10! 10
BREFAR / (rad/s) RN / (rad/s)
(© T20 T40
2 1-#55mT G' 220 mT G'
5[ 55mTG" 220 mT G"
- 110mT G —— 440 mT G'
1 F=110mT G" ——440 mT G"
8 05F
E ol W W 533
o T60 T80
O 2
15F
1 L
0.5}
0} s - b= -

10° 10! 10 10° 10! 102
AR / (rad/s)

K 3-8 AS[FIfidz 5 AN BT R RE AR B A e 41 4 it 2
(a)00#MRG; (b)0O#MRG; (c)I#MRG

27



ZHIRRFMTFTIILT

454 MARTIN-ALFONSO AN Z, BLT4Egu e B Sz 4T YRtk |
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T, 00#MRG -V 5 15 B it 45 T R e H KRG 0 o 18 B B T T v, T
TRAENR vh BT AR5 A H I g I 2R ZE IR, SRS eV AR I R M I A1 S R 4
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