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Analytical solutions of surface potential distributions on thin insulators having a grounded backing
conductor have been obtained by using the model of a distributed resistor-capacitor network. In
this paper, we apply the steady state and transient solutions for disk and rectangular thin insulators
to determine the resistance to ground and charge relaxation, which characterize their antistatic
properties. Consequently the model shows that both the resistance and charge relaxation as well
as the surface potential greatly depend on ps/(pyd), that is, the ratio of surface resistance to
volume resistance of the insulator having a unit square cross-section and a thickness 4, where ps:
surface resistivity, py: volume resistivity. Since the solutions are expressed by the functions of their
surface and volume resistivities, permittivities and dimensions, and further the implementation of
the calculations is relatively easily given by any mathematical software rather than numerical
analyses, the solutions are useful in evaluating and designing antistatic materials.
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Fig.1 Equivalent circuit models. (a) Equivalent network for disk insulators having a grounded backing conductor
and (b) small segment of equivalent circuit for rectangular insulators on a grounded conductor.
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Fig.2 Coordinates and subdivided regions for po-
tential calculation of rectangular insulators
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Fig.3 Steady-state potential distributions on disk
insulators for a = 0.1 m, b= 1m, § = 5 mm,
ps = 10° Q and (a) p» = 10° Qm, (b) 10*°
Qm, (c) 10*2 Qm, when voltage V is always
applied at the surface for 0 <r <a.
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Fig.4 Steady-state potential distributions on rect-
angular insulators for ¢ = 1 m, b = 1 m,
c=01m,6=>5mm, p, = 10° Q and (a)
po = 108 Qm, (b) 10° Qm, (c) 10'? Qm,
when voltage V is always applied at the sur-
face for < +c and y < *c.
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Fig.5 Charge relaxation of disk insulators. (a) Re-
laxation of the surface potential distribution
of a disk insulator for a = 0.1 m, b = 1 m,
6 =5 mm, p, = 10° Q and p, = 10° Qm.
(b) Decays of the surface potentials vo at
the centre of disk insulators having different
x(= ps/(pv6)) and for ¢ = 0.1 m, b =1 m,
and dielectric constant 2.
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Fig.6 Relaxation of the potential distribution on
a rectangular insulator fora = 1m, b =1
m, ¢ = 0.1 my, 6 = 5 mm, dielectric con-
stant 2, p, = 10'° Q and p, = 10*' Q m,
(a) t/(epy) = 0.01, (b) 0.1, and (c) 1.0, when
voltage V is initially applied at the surface
forz < cand y < £c and at t = 0.
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