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Effects of the time delay on the stability of a virtual wall model
with a first-order-hold method

Kyungno Lee’

Department of Energy System Engineering, Korea National University of Transportation, 50 Daehak-ro,
Chungju-si, Chungbuk 380-702, Korea
(Received 2014. 10. 30 / Accepted 2014. 11. 18)

Abstract : This paper presents the effects of the time delay on the stability of the haptic system that includes a virtual
wall and a first-order-hold method. The model of a haptic system includes a haptic device model with a mass and a
damper, a virtual wall model, a first-order-hold model and a time delay model. In this paper, the time delay is
considered as the computational time delay that is assumed to be as much as the sampling time. As the time delay
increases, the maximal available stiffness of a virtual wall model is reduced reversely. The relation among the time
delay and the maximum available stiffness, the mass and the damper of the haptic device are analyzed using the

MATLAB simulation.
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Table 1 Max. stiffness of a virtual wall (Kw) according to
sampling time when the computational time delay is not
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Table 2 Max. stiffness of a virtual wall (Kw) according to
sampling time and computational time delay

Sampling Computational Max. K, | &,(w/o delay)
time (sec) | time delay (sec) (N/m) K,(w delay)
0.001 0.001 498 24.25
0.002 0.002 248 17.13
0.003 0.003 165 13.97
0.004 0.004 123 12.14
0.005 0.005 98 10.88
0.006 0.006 81 9.99
0.007 0.007 70 9.16
0.008 0.008 61 8.59
0.009 0.009 54 8.13
0.010 0.010 48 7.79
0.020 0.020 23 5.70
0.030 0.030 15 473
0.040 0.040 11 4.18
0.050 0.050 9 3.67
0.060 0.060 7 3.57
0.070 0.070 6 3.33
0.080 0.080 5 3.40
0.090 0.090 4 3.50
0.100 0.100 4 3.00
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Fig. 2 Relation between computational time delay and the
impedance of a virtual wall (Kw) where Md=0.1 kg,
Bd=0.5 Ns/m, data hold type=FOH.
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Table 3 Max. stiffness of a virtual wall (Kw) according to
sampling time, computational time delay, and the
damping of a haptic device

Ba=1.0 Ba=1.5
Sampling | Computational (Ns/m) (Ns/m)
time (sec) | time delay (sec)
Max. Ky (N/m) | Max. Ky (N/m)
0.001 0.001 994 1487
0.002 0.002 494 737
0.003 0.003 327 487
0.004 0.004 244 363
0.005 0.005 194 288
0.006 0.006 161 238
0.007 0.007 137 203
0.008 0.008 119 176
0.009 0.009 106 156
0.010 0.010 95 139
0.020 0.020 45 66
0.030 0.030 29 43
0.040 0.040 21 31
0.050 0.050 17 25
0.060 0.060 14 20
0.070 0.070 12 17
0.080 0.080 10 15
0.090 0.090 9 13
0.100 0.100 8 12
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Fig. 3 Relation between computational time delay and the

impedance of a virtual wall where Md=0.1 kg, data hold

type=FOH, according to the damping of a haptic device.

Table 4 Max. stiffness of a virtual wall (Kw) according to
sampling time, computational time delay and the mass of
a haptic device

M¢=0.5 Mq¢=1.0
Sampling | Computational ‘Ekg) 2kg)
time (sec) | time delay (sec) Max. K, (N/m) | Max. K, (N/m)
0.001 0.001 499 499
0.002 0.002 249 249
0.003 0.003 166 166
0.004 0.004 124 124
0.005 0.005 99 99
0.006 0.006 83 83
0.007 0.007 71 71
0.008 0.008 62 62
0.009 0.009 55 55
0.010 0.010 49 49
0.020 0.020 24 24
0.030 0.030 16 16
0.040 0.040 12 12
0.050 0.050 9 9
0.060 0.060 8 8
0.070 0.070 6 6
0.080 0.080 5 6
0.090 0.090 5 5
0.100 0.100 4 4
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