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Development of Hapthic Device using VC Motor

oOBRT(ER), R OMFE, LF

¥2

G

Eiji HAYASHI (Mem.), Jyunpei NODA, Ryo UEHARA

The purpose of this research has been to develop a combined sense system that uses both force feedback and
visual feedback to find out the microscopic features of a microsample. It is thought that the efficiency of minute
procedures would be improved if the operator were able to have a sense of force while using a manipulator. A
cantilever is used to touch a minute object, and a reaction force is obtained from the degree of bending. A haptic
device is structured to give a sense of that force to a user, who can feel the force as if he/she touched the sample with a
cantilever. Therefore, the haptic device using a VC motor was developed so that the user can feel a force as if he/she
had touched the microsample. This paper described the developed haptic device in our combined sense system.
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Fig. 1 System structure with haptic device.
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Fig.3 Coil and rotor.
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Fig.4 PSD Sensor and Laser.
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Fig. 6 Relationship between angle and output voltage.
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Fig. 7 Arrangement of magnets.

Table I  Characteristics of materials.
Material Characteristic
Magnet magnetic permeability:1.052 H/m
Corecivity=941661 A/m
Body (steel) magnetic permeability : 5000 H/m
Body (Aluminum) | magnetic permeability : 1 H/m
Air magnetic permeability : 1 H/m

Steel
- Aluminum alloy

T T
York(a)

York(b)
] ]

Fig. 8 Magnetic Field.

THDLD, TORA Y LMEAITHD TE OB A
7o, BWSOHNL TR ERERBL, MDD Z_—HiC
38R, TAR =T LA L, AT TR AR
PE% Table 1 12773,

Fig. 8 [THERURIRE 2 A L7 fMTAE A s [ D,
AR CELTO A~ i), FHEb)E bREEOIR
NEMHIL T b, ERICHERERRZEEL, Baf
DOREHRZFH LT2AER, T T 4 > 7 F 34 Z2130.659
Nw/A @ MY EHEHBT, 600 WEED DC E—&
= b Y= e R AR e =22 A

4 INTT 49 DEBEHS R T Ls

INTT 4 o DTS RINL, AT T W
ICEDMRERHNZATo Z L2 HAE LT, Fig 9 1T
T XD RS AT DAL LT, Z OEIES 2T A
1, B —Z OMHEZERET S PSD 24756 OfIE(E

656

Fig. 9 Block diagram of servo system.

Tabel 2 Damping Factor of haptic device.

Spring constant . .

N/mm Gradient (tan6) Damping factor

0.093 1.0493 0.01334

0.16 1.0428 0.01532

0.28 1.0303 0.00950
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Fig. 10  Simulated frequency response.
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Fig. 11 Experimetal frequency response.
R .
_:ﬁ;J;E:E:zJ&&mN% 4
”r““‘“::‘vm ==
—*@-{aﬂ %I s
s Gv
= 37573854”82‘97
€= 003372621 | W]
L r““ i—
Fig. 12 Software servo system.
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Fig. 13 Transient responses of Haptic device.
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Table 3 Characteristics of materials.

. Spring constant Calculated natural
Material N/mm frequency
Water 0.0948 466 Hz
balloon
Spon 0.1186 (0-3mm) 485Hz
ponge 0.2112 (3-9mm) 791 Hz
Table 4 Evaluation of Subjects.
SFrongly disagree S'lightly Neither Slightly Agree Strongly
disagree disagree agree agree
Water
balloon 0 0 1 1 1 1 4
Sponge | O 1 0 2 4 1 1
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7.1 AR 1

FEEORBOEEEZREL, NI T4 v I THRD
FERFEREIT 9, Fig 17 \ORIKEM, AR U2k
ELTHAY, £l Fig 18 I d, &
BIONRIIER L 3RE LT/ SR EH % Table 3 (TR, A
RN 2 DDONRREHERNTND, FTo, #HBRE
8 NMTHEBM TN D 03% Table 4 D & 912 7 BT
LThbol,

7.2 BHEEER2

SEMEE T Oy IR & UC, B (EASK 0.016 mm)
B L, B FLANA—RE 100 pm, /AR E 0.82
N/m TORSGZFHBI LT, Fig 191R”T XIS, T
F-L—3— (KR OW) (B8NS AERE 1.3 pm/3000 pulse
T36 um (M A) L, BEHMEGLIEL > Th Y
FlLA— (MFAB) b7 vF 75528 T, &
VF L RO B ERE L, SR EEHT 0.33 pN/um,
L 13 um LWV S EER BT, LinLARD S, EEEDF
HOMEER LT 2 DI, HERE OFHEIZE H7e7) o
7
7.3 B

Table 4 OFHiE2 55 &, BRNREEZRRELTNDH L
Ebhd, LoL2in, HErcEiay, RETER
WEEZ-HBRESIZRLT, D LETREOEET

EMRAE UL THD, T, fFIRENLE
TEREE A BRI RT A= ERE L2720, LT
D URT & & OBIERMEREEL T DO TIERV D)
EEZ N5, REIOERE, BEOREISCEES A
2I5 U TR 72 RIS & B0 R M 2 3T B 0
ERHDHZ EEBTRRLTND,

FEBR 2 TIE, EEONRITEBRIITE LD Z EMRT
ERWVERETH VMRS, KAEIERTHI LT,
BLRRRRIREER L, £LTC, AT Los—
125 pN OFFHAIZFIEEE L7z, LxL7edih, &
BROZAE 100N S <72 5728, HREITY 12
—BZDITTT7 47 AV T VT 0 3N, EEEAM
STNADONEERTHAK LU TEY, EEOHEBAEH
W27 T T 4 7 AT D LELRERO b T,

8 &S

AFRICTIE, BEMEEIC X 2 B B B v 2T
LOBRFED 8L LT, ~NTT 4 v 7 OBEEEITY,
T ADF%E, BLO, HEEERFHEIZ OV TITY, LA
To XS fEiwmaiiie,

BEen—¥, @OBREEORKEIE, &EER
MBS 2 BE DT THRE LI TT 1 v I
A AL, AT TR L BT AT AT, N
R1ig 130 Hz OBV EREISE 2B L 2 LT, T
T ZICEENDIBIR B & &l 2R S & BT
EARZLEHR L, FLTCER, "I T oL
THARIRIC - & S ORITEEFEETE L X H1T
T HIDIL, HEMEEZ ST 27 V2 —Rbx
1TV, 40 Hz FREEDISEE, /SR EHHHE T 3.59 N/mm
= TOMME, R 0.05 £ TORMMEEZAAIZ LT,
FORER, T T 4 VR TARL SV RT b
B TE, ara—¥ EOFRBEMOHEOER L
KRIBIZHE S Z L ETTREE LT,

AREL ORI A b L IEERIC R R EE L E
TT 4 v CHBARREE L2, 5%IL, FORE
EBRORIINLBEIERT 5 Oh, mEIRE (REEEME)
R DB E 7 &Rt UIRGEZ AT T <

HiEF

AHFFEDO—HEIE 2010 FEEERIRTE BB (C) DBk 2 5%
It 7,
(2010 4F 10 A 20 HEAT, 2011 424 A 28 HHEAT
2011 4F 10 A 2 BE4 %)

659

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAS AEM #4568 Vol 19, No.4 (2011)

SENE [15] Haruhisa Kawasaki et al., Finger Pad Force Display for
Hand Haptic Interface, 6th annual IEEE Conference on
[1] /MERE, AERHROERICA~b > =203 RkRTET Automation Science and Engineering, pp. 374-379, 2010.

Vo s~ EREBFRLEZESEE Vol 23 No. 4, pp.

108-111, 2006.

EEEES, Ak, EBAEE, =¥, "VR 4

ML=V TV RT DO FEEREE AT T 4

v 7T 7 AF ¥ OEE" VR EF, Vol 4, No. 1, pp.

11-17, 2006.

[3] FAafkek, HEEYX, HTHEEREYS, b=, ERE
B, ZEHFE -, "EEET FIRCRIT 2 AR RKER Y
AT LDFELE", AKRIET Y, Vol. 43, No. 4, pp. 685-693,
2005.

[4] Khan, Shahzad and Sabanovig, Asif and Nergiz, Ahmet
Ozcan, "Scaled bilateral teleoperation using discrete-time
sliding mode controller", [EEE Transactions on Industrial
Electronics, Vol. 56, No. 9, pp. 3609-3618, 2009.

[5] G.Hwang, H.Hashimoto, Developing Dexterous Bilateral
Nanomanipulation System using Haptic Interface, Inz.
Syposium on  Micro-NanoMechatronics and Human
Science, pp. 211-216, 2006.

[6] M.J.van der Horst, J.G.M.Thunnissen, R.Happee et al, The
influence of Muscle activity on Head-Neck Response
During Impact, Proc. of the 41th Stapp conf., pp. 487-493,
1997.

[7] E.Hayashi, M.Yamane and H.Mori, Behavior of
Piano-action in a Grand Piano for an Automatic Piano,
Proceedings of 1st. Pioneering International Symposium on
Motion and Vibration Control in Mechatronics, pp. 80-85,
1999.

[8] E.Hayashi, M.Yamane and H.Mori, Behavior of
Piano-Action in a Grand Piano. I : Analysis of the Motion
of the Hammer Prior to String Contact, Journal of
Acoustical Society of America, Vol. 105, pp. 3534-3544,
2000.

(9] BAMEZ, BAHUE, =ZFF—, IR, WWiHE,
NTT 4wl T IAF XY EROEER N —=v 2
VAT LDRZF, VR EZ, 3(1)30-37, 2004

[10] Lonnie L., Wayne B.: Contact Stability Analysis of Virtual
Walls. Proc. of dynamic Systems and Control Division
ASME 1995, pp. 689-694, 1995.

[11] ZRHTER, SRMAKER, AMBIEEM, ¥ —RROH
FRISNTT 4 o 7 T AT KIETHE, H AR
DEECHR, 6856715, pp. 119-126, 2002.

[12] E.Hayashi, M.Yamane and H.Mori, Development of
Moving Coil Actuator for an Automatic Piano ,
International Journal of Japan Society for Precision
Engineering, Vol. 28 No. 2, pp. 164-169, 1994,

(13] #k3eiR, LARFEE, K7 2 ABHRELLREORHR- )
BT 7 Fax—&. AR AEM #2256 Vol. 7, No.
2, pp. 179-184, 1999.

[14] Ryo Uehara, Eiji Hayashi Construction of super-micro
sense of force feedback and visual for micro objects
-Develop the haptic device-, Journal of Artificial Life and
Robotics, Vol. 14, Springer, pp. 104-109, 2009.

[2

[

660 (52)

NI | -El ectronic Library Service



