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ABSTRACT

In this study, a spatial 3-dof haptic mechanism is implemented. The implemented mechanism does not employ

the gear transmissions as velocity reducers for all three joints but uses wire-based transmissions, thereby it is able

to minimize the frictions significantly. Also, by employing the structure of the four-bar mechanism to drive third

joint from close to the base, the mechanism is able to minimize the inertia effect from the third actuator very

effectively. Its kinematic analysis such as position and velocity analyses are performed first. Then, its operating

software development, hardware implementation, and the related interfaces between a PC and the implemented

Haptic device are completed. To evaluate its potential and its performance as a haptic device, a experiment

generating a virtual constraint in a operational task space is conducted and preliminary results are discussed.

Key Words :
average(Low Pass Filter)

1. M2

A2FA 2 A2 HE haptic 71719 2 A
A e A Fad J1EEY dve FAAAA
4 28] Aa Hetn e AgEAd g A
HE 9= Oz A& w= ddd 5 gle 2 ol
o}y 2} haptic 7171 A A4, 8 128ln npdd
S FHagas Aotk olfd HAATEL W27
dq# TFRAL=E AYFE, ¥y 72 T2 PT
28 AMgde g FH9 9 haptic 7171=0] AA
Hol olth 23], A8y T2 haptic 7|75 Y
F0E HlmE AR AL EHE gFdelg e 7A
2 Ade Hxgder] 4% 45 F7 a7H
o}, old] dhéle] HEY FFE A E haptic 7171
RE] dZdolelE AR R EE AT
oz Adoz A% Fge AR FLF
e 327171 e ASECE dFHe] ok

B3, dlna g AgFte] 378 a8t 3
ol A g9k haptic 717 2AE B3] JHEFRI}
ol#lgh ad #HsH Lold AFH v Lo
AAY T2 haptic 7]7]9 Fad GFo] e

312

Haptic device(#¥7]7]), Kinematic Analysis(Z] 7% &]4), vritual constraint(7}37<), moving

FA 2 #4d asln AFdeld B HFAANA
AAE s vt s Sel7] 943 a5H dAH &
Aol A el Bghe] ml& FasA Hoh

A 2] haptic 7171 Bl E dAZRT AL
Hel g47 AR 7 olys FgAe] A e
AGA ks ned o duelge] ANHT
otk FERFT ALY 242 & AL
Y EE Acrobot ZEAE AFFLE A ALY ot
£ gH o g o] FYGadA HES 2719 75
22 Al Fa e %7 %A S(active constraint control)
Hao] 2 MER] om[2] LAbbott S[3,4,5]2 AXE
ol gollA FF2Ee] AfTH R o]FS AHst
7] & 743 n A E(virtual fixture)S 34l g &
At dune g9 kg4 B9 ATE TP

olHH dF FAo e B dpdae FAR
o @473E Sad ¢ RS BE A wire
£ AMEste dsAAE 248 AECT] TRE
ol&3ted A BA #AEL THE AFolHE A
e AgesE Fagozs JdFoz He @A
2 49 adg &= A" 72E 7HAE haptic 7]
718 dAAAs R o] fAUETY AA=HY 2 o



ATE

b 717E 8y, Zejx B Ao] A, of=
Aol A=, zem Pee A=E haptic 7171942 <1
gHol~E Fdedt. 78]l AEH haptic 7171
9o 7454 #H 452 ARS8 FAgETde
b T IS dAsta oo #EE dH HE
2 Fhsdh

2. HRIsHA 3 YUX}; F[FEF AN

2.1 HAHAYES 7= ¥ & &Y
Fig. 1% Al 72| FdBEE A= 2 7=

2] 3 A= haptic 7]1715 vEpiTH 28 FHS 5
“ wire transmissione ©|-&35}le] 9tolo]z <l o=

Az vl g HAag sty on dioolge] dx

= 1=

A=A 3 WA Aol BE AWl LA F

Wl A A dpdloEe ek FAd M=

5 A8 3 E £ 5 ot 55 Al WA o]

B AEZ|FE ol&sto] BTN FHENE Ha

satdth. HAE ARE dAYF 2AAAE
-2 Fig. 29 &)

Fig. 2 Schematies of Haptic Mechanism

313

A WA #FEEFS F A5 ZhSFo] e 9
ol mAY AAYEFY ZlEAEAZLEE A A =
29 2aAdY FEAANEE P da. aew
B WAL 5 ), A AA A =TS Ak o
AR g At B R, 2@z R 514, oAy
9] Denavit Hartenberg 8 A= oy ® 19 Z
o &9 913 Wel P, = (z,y,2)7 9 YEHHY
B8 = (0, 0, ;)7 4012 AR BANL olehsl
Fol g7,

a=c{a.cota,cy) (1

(2)
2= 3-5-_‘:"'(—13333 ‘:3}
7t FoRha & o 993 ML Y=
E 7ol AL=EA (hF )RFE A W
AAAYE ofefje} Zo] Hojzic
= Atan2 (y/(oqcy + a3003), 7/ (as60 + @393 })
(4)

A7V ey + agces = 0 G AL ZHHo] 7| A%k
o] REA 0] AR dx5A HE 342 vEdz
Z 5 ANHMET ages+ asce; = 02 7HAS AT &
#, Cosine's laws ©]-&stH F WA IAEZHY =

2 2, .2 o2
:Cos,laz—ﬁ—x +yt+ 2 43 (s

la, vVa? + 7 + 2°

2 FaAY T sAeY de elbow-up}
elbow-down A4S et £3), Table 29 &2
g o\l WEE 0° < 4, < 180°9) d1E elbow-up
BA-2 YEIEE & g 9ok 22 oz A ¥A
Fug

=5 {@acet g6

0

77t

yastas— (@4 y + )

6, = cos Doma + 1 (6)
2 FalAY mRAzz 5 oskAe] e 7t

right—anni’]- left-arm@ A& e E 9 Table 29 F
92K 180° < f; < 360°F right-arm @42 1}
B A 92 5 du

e =

Table 1. Denavit Hartenberg Link Parameters

oA a g d; 0;
4 0" 0 0 o,
57 90 0 0 e,
27 03 a 0 o,
o o ay 0 0
22 HIAHHYES dAZ[F5F 3|y
AEy 725 MR E WAUEY 4Edd9y



o} Z2HYAWE] Alo]o] ZRBA AL ol Zol
EHHA]

u=[G0 (7
AZ1A A=zt BE [ BEF Lol THA
ct.
(G| =ls X (F,—R) & ><(F,—R,)
8 < (F,— R (8)
oelm
8§ X (B~ R)=(—y = 0)7
agx(};;e B =(—2¢ 25 —ys +ac )T
sSX(Pee }B_&)

= (- G3C1525 G38152; a3023(61 31))T
ek 7lddd Fe2Re 2836 AEA g
% AARBEI gatold] BANE ohalst 2k,

1= G]"F, ®

2.3 Haptic A[AH T4

Fig. 32 |25 haptic system®] s= g, A Ea]
7] 28l PC &9 B HolA HEE EHAFn

21C}. haptic system2 5% 2 AFS FHAFso] 9
E_‘H R0 E FFoE AFHALH AR A=
Mitsubishi*} 9] MR-I2-100A%} MR-I2-200A 24 AE
T&% REEZA AMEEGn TEIFACEEAE
Mitsubishi*} &) HC-MF-133 HC-MF-23¢] A} E A2
N dAXEAs 4d Fd d=zfdst 4 Red FE
Hth & 285 7% dFdely 2 A=z Ak
T8l 443 transmission wire7} 27 ~F o A7
3 REje] AFAle]9] HlE BT gtk EF, PC
gt dAA aejn dFdolege] QAEFo]AE #s)
Z1wE 27} Al aEHich

Table 2. Specifications of motors and actuators
< A EE

ARGk MR-T2- 100A| _MR-122004
i A]I x} Q] ]. AW i )qE o H .&]
b Ayt ,.fbe ,\EE iz
B DC 0~ +10V
9 g d00kppe | 200kpps

SRR 1 HHE 8192 Parev
G- 210000 Fa
Nk B
AT R0
R A E] L 000

DE G- 210V

DO~ 18V

sy o]t

HCMF-13 | HC-MF-23

/?Q)’i]l er

HZ-MF-13 HC-MFE-23
MR-T2-100A MR-J2-200A
(.| kw (1.4 kw
0 Nom 064 Nom
00 rmin
4000 r/min
2173 v/min
oas Nm 19 Nom
yhad Lt (3.0 4 (38§
gl 4l B i (18 KVA (15 KVA
42 g 0.5 1.3
Heg i 26 5.0
L 0573 ku G0 ke
<40 Transnussiomn rati >
Joipd ~to-motor shaft rolation ratio
joint | | H4EY
joinl 2 ] LAl
Joint 3 {2 B5TH

2.4 AMAH S| 45 HAl

WA, 2o Zejdd F2dH A= dAZEH
dolAE delHe nFd FFL AART A8
MATLABS o|-§&to] AEe low pass e/ 7} A
g3k dmdy 2HANF7) 1KHzS] £2=2 &9
2L Zekstod 1049 delelg Haste s
{moving average) FH & A4 Fig 3a) 9 Fig.
3by= low pass filter’} A5 = &2 A F 2=l
AR ERE Y raw datash lowpass filtered Ho]E &
EOEH“J— Itk ZEE S Adez 7dd HA
W22 Haptic A28 23 892 100Hz o|th

S

(a)

(®)

i ) iy i G £ g s )

Fig. 3 Input signal from the Encoder :
a) raw data and b) low-pass filter data
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Fig. 5 Block diagram of the haptic system.
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