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In recent years, the increase of secondary controls within vehicles requires a mechanism to
integrate various controls into a single device. This paper presents control performance of an integrated
magnetorheological (MR) haptic device which can adjust various in-vehicle comfort instruments. As a first
step, the MR fluid-based haptic device capable of both rotary and push motions within a single device is
devised as an integrated multi-functional instrument control device. Under consideration of the torque and
force model of the proposed device, a magnetic circuit is designed. The proposed MR haptic device is then
manufactured and its field-dependent torque and force are experimentally evaluated. Furthermore, an
inverse model compensator is synthesized under basis of the Bingham model of the MR fluid and
torque/force model of the device. Subsequently, haptic force-feedback maps considering in-vehicle comfort
functions are constructed and interacts with the compensator to achieve a desired force-feedback. Control

performances such as reflection force are experimentally evaluated for two specific comfort functions.
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[Fig. 1] Measured shear stress of the MR fluid.
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[Fig. 4] Control Algorithm
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[Fig. 7] Experimental setup of Integrated Haptic control
system.

[Fig. 71& AR MR F4AE o] §3te] F4%
A BAA BF Aolg A Azglolth, AFHol
5 PR AF o] [Fig. 43S P8 A2
& T
WA A7 MRAE 42 $40)w e 4
Q=g Wery dlmeisk LVDTe o3} 317} 4
912 91217k 24 5lo] el ALt of u v
MIES WY ol AFste] olul
YeuE o Wkl A o)F e
Ale] A AT wd na nelEs o 43kl
13

Aol 7bEITE o2 HE E A

A

=l
ru% 2
iﬁé

o 2z
mﬁ}mjg

ok =
{ f
o m§
iR —
TLE
irliol! i iy
(o ~
PLI ol X
ELEE
> =
H(l')r N o
— ax =
" ° %o
Nea il
o B e
rlr 5 o;h} Jg
- Az
= © @
Iﬁ fro 2L o

o

14 20mm Aol
it Az a7
g 230 we AgA

o i ol AT & = &

o]

k)
k)

to %
NI

1

fll
‘i jgﬂ
_0|L

3

N
2

x:
u:

ol
ol
i

[rt

Position (deg)

Current (A)
& b

Desired Torque
+ Measured Torque

Torque (Nm)

0 5 10 15 20
Time (sec)

[Fig. 8] Experimental results for temperature operation.

Position (mm)
o B @ ¥

= L
©
E o2
E o2}
O
00

150 Measured Torgue
—— Desired Torgue

Time (sec)

[Fig. 9] Experimental results for window operation.

B ATolA = SAAT} AEA o) ke de) 4
= o o Z

v o]
Ae) 23 Aol AZHS Fe) Qo] Bz




o

ok

A AP B 25

,d
%
an
o
.

nE selstn 248 F Qe BF 249 g2 93
55 £4 $¥0] F5d A MR WY A F A
Qhaget

Aok MR A9 4AE BAee 22/ nags)
A3 2 AAE B ARAGT SHES AES B
3 Z4gons mao) By Fsat 4F A
of AN £HE WS FY e Yo
TSGR o8 FEe) Aol QR P AT

1

fx
0%

718 AR AHgskel lE A9

o ox N o
=Y of off o

REFERENCES

[1] Holland, K. L., Williams, R. L., Conatser, R. R,

J. N. and Cade, D. 2004, “The
Implementation and Evaluation of a Virtual Haptic
Back”, Virtualreality of the Journal of the Virtual
Reality Society, Vol. 7, No. 2, pp. 94-102.

[2] An, J. and Kwon, D. S, 2002,
Experimentation on a Hybrid Active/Passive Force
Feedback Proceedings of IEEE
International ~ Conference on  Robotics  and
Automation, Vol. 4, pp. 4217-4222.

[3] Shin, K W. C, Han, J. H, 2017, “Qualitative

Children’s

Telepresence Robot Assisted Language Learning”,

Howell,

“Haptic

Device”,

Exploration  on Interactions  in
Journal of the Korea Convergence Society, Vol. 8,
No. 3, pp. 177-184.

[4] Bengtsson, P., Grane, C. Isaksson, J., 2003,
“Haptic/Graphic Interface for In-vehicle Comfort
Functions - a Simulator Study and an Experimental
Study”, Proceedings of The 2nd IEEE International

Haptic, Audio and Visual
Environments and Their Applications, pp. 25-29.

[5] Chai, S. B, Hong, S. R. and Cheong C. C. and Park,
Y. K, 1999, “Comparison of Field-Controlled
Characteristics between ER and MR Clutches”,

Workshop  on

Journal of Intelligent Material Systems and
Structures, Vol.10, No.8, pp.615-619.

[6] Neelakantan, V. A. and Washington, G. N., 2005,
“Modeling and Reduction of Centrifuging in
Magnetorheological (MR) Transmission Clutches
for Automotive Applications”, Journal of Intelligent
Material Systems and Structures, Vol. 16, No. 9, pp.
703-712.

[7] Jolly, M. R., Bender, J. W., Carlson, J. D., 1997,
“Properties of Commercial
Magnetorheological Fluids”, the International Society
for Optical Engineering, Vol. 3327, pp. 262-275.

[8] Lee, H. S., Choi, S. B., 2001, “Control and Response
Characteristics of a Magneto-Rheological Fluid

Journal of
Intelligent Material Systems and Structures, Vol. 11,
No. 1, pp. 80-87.

[9] Hong, S. R., Choi, S. B, Jung, W. J., Jeong , W. B.,
2003, “Vibration Isolation of Structural Systems
Using Squeeze-Mode ER Mounts®, Journal of
Intelligent Material Systems and Structures, Vol. 13,
No. 7/8, pp. 421-424.

[10] Ginder, J. M. and Ceccio, S. L., 199, “Effect of
Electrical Transients on the Shear Stresses in
Electrorheological Fluids“, Journal of Rheology, Vol.
39, No. 1, pp. 211-234.

[11] Kang, P. S, Han, Y. M., Choi, S. B., 2006 “Force
Feedback Control of an Electrorheological Haptic
Device in MIS Virtual Environment”, Transactions
of KSNVE, Vol. 16. No. 12, pp. 1286-1293.

[12] Vitrani, M. A, 2006, “Torque Control of
Electrorheological Fluidic Resistive Actuators for

and Applications

Damper for Passenger Vehicles®,

Haptic Vehicular Instrument Controls”, American
Society of Mechanical Engineers, Vol. 128 pp.
216-226.

[13] Li, W.H,, 2004, “Magnetorheological Fluids based
Haptic Device”, Emerald Sensor Review, Vol. 24,
pp. 68-73.

[14] Lord Corporation, Lord Technical Data,
http://www.lordfulfillment.com.

[15] Nguyen Q. H., Han Y. M,, Choi S. B. and Wereley




298 =gEetsi=EA AsE Al12E

N. M., 2007, “Geometry Optimization of MR Valves
Constrained in a Specific Volume Using the Finite
Element Method”, Smart Materials & Structures,
Vol. 16, No. 6, pp. 2242-2252.

A A} 27N

3k o 71(Young—Min Han)

¢ 2001 2¢: Qlstyst
y,]_(.ﬂt‘ﬂ—}d /\]_

20051 29 sttt 7] A &3}
¥} (F3HakA}

2006 3Y-AA: o}FAlE Ao S}
AsAAE

dl

71 A1 &8k

£l

Eag 2REAIEZY A

& = Z(Kuk—Cho Jang)

01932 2¢: Ak distw 7| A%
& aK(F- 83}

20134 12¢: ddjAbsak d7A
S

20167 39-AA: olFAHEAI




