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Development of Haptic Device “DELTA-4” using Parallel Mechanism

Jumpei Arata*, Hiroyuki Kondo*

, Masamichi Sakaguchi* and Hideo Fujimoto*

In this paper, a new haptic device “DELTA-4” within a high force feedback capability and operability is proposed.

DELTA-4 realizes 3 degrees of freedom of translational motions by a novel redundant parallel link mechanism. These

benefits can be obtained by DELTA-4 comparing with conventional parallel mechanisms: wider working area, smaller

footprint and easier access to the wide range of working area from operators. In this paper, kinematics and its analysis

of DELTA-4 are introduced. In addition, an evaluation experiment of force display is presented.
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Fig.2 Structure of DELTA-4
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Fig.3 Kinematic model
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Fig.6 Counter weights
and stopper

Fig.5 Wire reduction
mechanism

Initialization s'an‘g_‘

Fig.7 Linkages by hollow
tubes

Fig. 8 Folding initial
position stand
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Link7 (Base ) Link10

@: Active Joint (1D.O.F.) | ink12
(@: Passive Joint (1D.O.F.) i

Fig.10 Structure of 3 DOF rotation mechanism

Table 1 Motor specification of the prototype

Joint J1;, J2§a) J6, J10(P) | J11,Grasping(c)
Rated Power [W] 400 47.9 8.68

Rated Torque [Nm] 1.27 44 x 1073 10 x 1073
Rated Rev [rpm] 3,000 6,000 8,000
Gear ratio — 16:1 28:1
Resolution 220 512 512

(a) SGMJV-ADA (%)l EHEH1EY)
(b) 2657W024CR (FAULHABER ##)
(c) 2232A024SR (FAULHABER )
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Table 2 Comparison between DELTA-4 and DELTA

DELTA-4 DELTA
146,250 [mm]? 242,000 [mm]?
114.0 * 10% [mm]® | 98.0 % 10 [mm]3

Footprint
Working Area
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B R BRET B X ) 5 ARERETIE, DELTA TIZ7 — 205 A
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Fig. 13 |2 DELTA-4, DELTA 21 -ZNOB{ERO FpyLflsi
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ORMEIREMMAIL Z S FTNSHR VR TR E L Tnd 2 Las
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TEAZEICRIE T A DK L, DELTA-4 TlX 2 RKDT — 4%
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T ENENAEE) 2 HHEE, FH4 HHEDILEMEZ AL TBY
IYRI 727 5OWRIZEY) ZGHOHBES 1o
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Bz B 1 E S TO DELTA-4, DELTA O/ MAE % R
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(a) DELTA-4: 146, 250 [mm)?

(b) DELTA: 242, 000 [mm)]?

Fig.11 Comparison of mechanisms and footprints
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(a) DELTA-4: 114.0 * 10% [mm]3
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(b) DELTA: 98.0 * 10% [mm)]?3

Fig.12 Comparison of working area
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Fig.13 Manipulating-force ellipsoid
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o 0

Fx [N] s Fx [N] %
DELTA-4 DELTA

Manipulating-force ellipsoid in point 2(-100,-100,400)

0 B
Fx [N] s Fx [N] s
DELTA-4 DELTA
Manipulating-force ellipsoid in point 4(100,100,400)

o o

Fx [N] s Fx [N] %
DELTA-4 DELTA

Manipulating-force ellipsoid in point 3(100,-100,400)
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Fig.15 Experimental setup
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Table 3 Experimental result in each point in 10[N] of force
display
Position X Y Z
Output force in Point 1 [N] | 9.921 | 10.069 | 10.348
Output force in Point 2 [N] | 10.242 | 10.119 | 9.669
Output force in Point 3 [N] | 9.936 | 9.720 | 9.889
Output force in Point 4 [N] | 10.235 | 9.534 | 9.490
Output force in Point 5 [N] | 10.319 | 9.804 | 9.422
600
z 500
[mm]
400 -
260 200
-100 100
X 0 0 Y
[mm] 100" 2100 [mm]

Fig.17 Trajectory of operation with a virtual sphere
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