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Stability of Haptic System with consideration for Sample-and-Hold
Methods and Properties of Haptic Device
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Abstract In a haptic system, a virtual wall is modeled as a virtual spring. The larger the stiffness of the
virtual spring is, the more improved the reality of the virtual wall is, but the more unstable the haptic system
becomes. This paper shows how to increase the stiffness of the virtual spring while the stability of the haptic
system is guaranteed and shows the effects of a mass (Md) and a damper (Bd) of a haptic device on the
stability when first-order hold method is applied and a virtual wall is modeled as a virtual spring (Kw). The
simulation results show the boundary of the virtual spring is proportional to the square root of the mass (Md)
and the damper (Bd) while maintaining the stability. The relation among the virtual spring (Kw), the mass (Md)
and the damper (Bd) of the haptic device, and sampling time (T) is inferred as &, < 1.61144,% B,"* 775, by
using the simulation results. The maximum available stiffness of the virtual spring in first-order hold method is
larger than in zero-order hold method. So the reality of the virtual wall can be improved.
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[Fig. 1] Control block diagram of haptic system with a
virtual spring.[7]
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[Table 1] Maximum stable stiffness, Kw according to
sampling time; T. Md=0.5 kg, Bd=0.1 Ns/m) [7]

Sampling Time, T (s) Max'KVvlvn?;;;fmg’
0.001 12210
0.002 4310
0.003 2340
0.004 1520
0.005 1080
0.006 820
0.007 650
0.008 530
0.009 440
0.010 380
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[Fig. 2] Comparison between Gil’s results[5] and
MATLAB Simulink Simulation results.
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[Fig. 3] Relation between max. virtual stiffness and device
damping.
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[Table 2] Comparison of FOH and ZOH effect on stable 245 7W} "ol gt A 27444 4 9tk

margin of virtual stiffness, Kw with 1 kHz
sampling and 0.5 kg mass.

Device damping,| Kw (N/m) | Kw (Nm) | Kw@FOH
Bd (Ns/m) @FOH @ZOH Kw@ZOH
0.1 12220 200 61
0.2 17250 400 43
0.3 21100 600 35
0.4 24350 800 30
05 27210 1000 27
0.6 29780 1200 25
0.7 32150 1400 23
0.8 34360 1600 21
0.9 36430 1800 20
1.0 38370 2000 19
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[Fig. 4] Relation between max. virtual stiffness and device
mass.
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[Table 3] Comparison of FOH and ZOH effect on stable
margin of virtual stiffness, Kw with 1 kHz
sampling and 0.1 Ns/m device damping.

Device mass, | Kw (N/m) Kw (N/m) K\V@ﬂ‘l
Md (kg) @FOH @ZOH Kw@ZOH
0.1 5440 200 27
02 7700 200 39
0.3 9440 200 47
0.4 10910 200 55
0.5 12180 200 61
0.6 13380 200 67
0.7 14460 200 )
038 15430 200 77
0.9 16390 200 82
1.0 17270 200 86
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[Fig. 5] Comparison between data in Table 1 and Data
using eq. (9). Md=0.5 kg, Bd=0.1 Ns/m.
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[Fig. 6] Comparison between data in Table 2 and Data
using eq. (9). T=1 kHz, Md=0.5 kg.
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[Fig. 7] Comparison between data in Table 4 and Data
using eq. (9). T=1 kHz, Bd=0.1 Ns/m.
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