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7. The Evaluation of Insulation in a Mounted Wiring Board by the Monitor
Using Wiring Board of the Comb-pattern
by Tatsuo MoTOYAMA*

Abstract : Recent progress on wiring boards has made them more weather-resistant, and narrow-
pitched wiring boards have been used in severe environments, such as chemical processes, for instru-
mentation and control equipment. Such equipment is vital for production systems, and related mainte-
nance problems can spread to other parts of a system and increase the risk of an industrial accident. The
failure in wiring board is generally caused by loss of conductivity of wire and loss of insulation between
wirings. The causes of loss of insulation are primarily dust adhesion, electrochemical migration, and
aging of polymers. Loss of insulation is greatly dependent on environmental factors. The evaluations of
insulation between wires can be accomplished satisfactorily in electric power fields; however, no ade-
quate technique exists for use in printed wiring boards. In a mounted wiring board, it is technically diffi-
cult to apply the methods mentioned above to the evaluation of loss of insulation since electronic compo-
nents and elements are mounted between wirings.

Under such background, the method for evaluating loss of insulation of mounted wiring board by the
method using wiring board of the comb-pattern as a wiring board for the monitor was studied on. With
this method, the frequency characteristics of the impedance of the wiring board for the monitor evaluate
the environment in which the mounted wiring board is set. Furthermore, the loss of insulation of the
mounted wiring board is indirectly estimated by the frequency characteristics. Alternating current was
used as a measuring source, because the main cause of the loss of insulation is the fouling between
wirings. And the frequency f in proportion to the loss factor D between wirings, which is similar to the
loss factor of the capacitance, was applied as the index to the loss of insulation.

The loss factor D is defined in the following equation, and it is also defined as a function of the measur-
ing frequency f, where Rp or Cp is the parallel equivalent resistance or the parallel equivalent capaci-
tance on parallel equivalent circuit of the impedance between wirings, respectively.

D=1 (wCp-Rp) =1/ 2r - Cp-Rp-f

The loss factor is also defined as a function of (Cs/Cp), where Cs is the series equivalent capacitance on
a series equivalent circuit.
D= (Cs/Cp—1)

In this study, the frequency characteristics of Cp and Cs are measured, and the loss of insulation of the
wiring board is evaluated by the frequency in which (Cp/Cs) nearly equals 1 or 2, where (Cs/Cp)=1 or 2
corresponds to D =0 or D =1, respectively.

The frequency obtained by the experiment is almost proportional to the resistance Rp of the parallel
equivalent circuit at 1Hz at the negative gradient. Therefore, the frequency may be adequate for an eval-
uation index of the loss of insulation because Rp is stable in a lower frequency range in spite of the
dependency on the frequency in the high-frequency range. The frequency range in which Rp is an ade-
quate index is under consideration.
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Fig. 13 The relationship between frequency and

impedance of wirings as Cs/Cp =1 or 2 in
specimen No. 6
(90% RH at 40°C; aging in 0 V).
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The relationship between frequency and
impedance of wirings as Cs/Cp =1 or 2 in
specimen No. 1

(90% RH at 40°C; aging in 50 V; moderate
degradation in insulation).
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(90% RH at 40°C; aging in 50 V; large
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Fig. 16 The frequency dependency of impedance,

equivalent resistance, and capacitance (Rpy,
Cpy) in a parallel equivalent circuit and the
equivalent resistance and capacitance (Rs;,
Csy) in a series equivalent circuit correspond
to the capacitor (1 x F) and resistance (100k
Q) in the parallel circuit.
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