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The scope of damage caused by lightning surges has rapidly increased, keeping pace with the explosive
growth of information technology equipment, which executes various kinds of intellectual work for human
beings. The losses are enormous, therefore, the prevention of lightning surges is emerging as a new and
urgent issue. Lightning surges propagate over a very wide area when they travel along power lines. This
propagation must be suppressed within the power line. The most reliable way to suppress this
propagation is to isolate the power line at important points. Up to now, this was a task performed by
electrostatic-shielded transformers, in which an electrostatic shield was provided for grounding between
the primary and secondary coils of an insulating transformer, effectively suppressing surge components.
However, recent years have seen a rapid increase in the number of cases where shielded transformers are
inadequate. While electrostatic-shielded transformers can completely suppress the propagation of
lightning surges caused by the initial, and most powerful, electrostatic coupling, it is incapable of
suppressing the propagation of lower-level surges caused by the ensuing electromagnetic couplings.
Information technology equipment is generally susceptible even to weak surges, since the semiconductor
devices that comprise the equipment are characterized by immunity lower by several orders of magnitude
compared to traditional electrical equipment. Therefore, an isolation transformer that has a structure for
suppressing the propagation of surges caused by electromagnetic coupling as well as electrostatic coupling
can be utilized as an effective tool for lightning surge protection when it is specially designed for lightning
surge prevention. This paper expands upon the topic introduced above by discussing the results of a
lightning impulse test.
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Table 1 Classification of test samples.

Type and Structural feature
Type®: _
coaxial and concentric A’|“S o
Coils are arranged in coaxial !
and concentric configurations. Cetpter
An electrostatic shield is inse- © l o
rted between the two coils.

Type® :

coaxial and nonconcentrie Axis
Coils are arranged coaxially, but
are configured nonconcen- T Ncenier
trically. o

Each coil has its own shield )
plate, and a separation plate is !
inserted between them. (This is Cerjter
the so-called "shell type") ‘

Coil configuration

Type® :noncoaxial and non-
concentric

Coils are arranged biaxially and ! !

eccentrically. Cerfter (Cerjter

Otherwise, the conditions are ° i | °

the same as those @ (this

constitutes an “core type”).

Type@:noncoaxial and twist
nonconcentric Axis

Coils are arranged non coaxia- ° ! ﬁ[is

1ly and twist but are configur- ’ E;JQ Cerlter]

ed eccentrically. o |

Otherwise, the conditions are

the same as those @

Axis Axis
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P;:Simulated surge measurement point.
P2:Measurement point of propagated surge voltage on the
secondary side.
Pu + Pv: Measurement point of each line currenton the primary
side.
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c) Secondary voltage waveform in the sample(D
in Table 1 (coaxial/concentric type transformer).
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secondary side.
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side.
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Table 2 Comparison of impulse suppression effects

in each test samples.

Impulse caused by Attenua
Type in Samples Line condition electromagnetic in-
duction on the sec-
ondary side (V) (dB)

tion

Type®
Corresponding
to Sample®

in Table 1
(Coaxial/conce-

ntric) Unbalanced 2,500 -12
Type@

Corresponding
to Sample®@

in Table 1
(Coaxial/nonco-
ncentric)
Type®
Corresponding
to Sample®@

in Table 1
(Noncoaxial/
nonconcentric)
Type®
Corresponding
to Sample@®

in Table 1
(Noncoaxial and
twist nonconce-
ntric)

Balanced 430 =27

Balanced 3.6 -69

Unbalanced 160 -36

Balanced 3.2 -70

Unbalanced 42 -48

Balanced 0.72 -83

Unbalanced 15.7 -56
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Sample(D (Tablel) coaxial and

consentric coil configuration.
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d) Current waveform on the U-side of the sample @
in Table 1(noncoaxial and twist/nonconcentric type
isolation transformer).
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¢) Current waveform on the V-side of the sample @
in Table 1 (noncoaxial and twist/nonconcentric type
isolation transformer).
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{) Secondary voltage waveform in the sample@
in Table | (noncoaxial and twist/nonconcentric type
isolation transformer).
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Sample@ (Tablel) noncoaxial and twist/nonconsentric

coil configuration.
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Fig.6 Voltage and current waveform with the unbalanced lines.
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Table 3 Comparison of parameters and characteristics of coaxial/concentric type transformer with coaxial/nonconcentric type transformer.
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Output voltage Output voltage
Weight of Magpnetic Cross section Magnetic Current Noload Load Full load
Test regulation regulation
iron core circuit length of pole flux density density losses losses ' efficiency
Samples P£100%load P.£.80%load
(kg) (cm) (cm?) (Wb/m®) (A/mm?) W) (W) (%)
(%) (%)
OF : ,
9.2 34.6 36.7 1.115 2.49 23.6 35 35 433 944
Table 1
@ in
9.2 34.6 36.7 1.115 249 24.0 38.5 4.7 8.63 934
Table 1
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