
In re cent years in creas ing re li ance
has been placed on in- line high po ten tial
test ing of in su lated wire prod ucts as a
means of dis cov er ing in su la tion flaws.

Studies made in the late ‘60s es tab -
lished that if the spark test po ten tial of
either a high-fre quency sine wave or
impulse wave form was prop erly se -
lected, the results were equiv a lent to
those ob tained by im mers ing the product 
in water and ap ply ing a 60Hz high  po -
ten tial between the con duc tor and the
water.

The Impulse Spark Test was sub se -
quently adopted by the Na tional Elec tri -
cal  Man u fac tur  ers’ As so ci  a  t ion
(NEMA) as a sub sti tute for a water im -
mer sion test.  This led to the in clu sion of
this test in mil i tary spec i fi ca tions for in -
su lated wire.

In 1968, the Un der writ ers Lab o ra to -
ries (UL) ap proved the use of high fre -
quency po ten tials (3000Hz) for the
testing of labeled prod ucts.

The Ca na dian Stan dards As so ci a tion 
(CSA) adopted the 3kHz test in 1976 and 
use of this method spread rapidly
through out the wire and cable in dus try.

Test voltage levels were care fully
spec i fied by UL, CSA, and the mil i tary
to insure the de tec tion of flaws, and were
gen er ally based on the di elec tric strength 
of the in su la tion coating rather than the
rated op er at ing voltage of the product.

Some prod ucts, however, have spec i -
fied spark test po ten tials based on a mul -
ti ple of the op er at ing voltage; for
example, if the rated op er at ing po ten tial

 is 12 DC volts, then 50 times this value,
or 600 AC volts, might be spec i fied as a
very safe test level which would cer -
tainly detect any in su la tion flaws.  The
reality of the sit u a tion is, however, that
any number of pa tently obvious in su la -
tion pin holes or skips could pass through
a spark tester elec trode at this level
without de tec tion. The reasons for this
are twofold:

1. If the test voltage is applied to a
me tal lic sleeve fitted closely around the
in su la tion cir cum fer ence, a pinhole flaw
through the in su la tion con sti tutes an
airgap equal to the in su la tion wall thick -
ness.  As shown in Fig. 1, the ex pected
flashover po ten tial can be some where
between 30 and 100 volts peak per mil of
thick ness.  Thus, if the product has a 0.01 
in. wall thick ness, a minimum of 1,000
peak volts should be allowed to detect a
flaw even with the ideal elec trode de -
scribed.

2. Most spark test elec trodes are far
from ideal and allow large air gaps
between various points on the in su la tion
surface and elec trode el e ments.  For a
large product in a bead chain elec trode
these gaps can ap proach half the product
di am e ter (see pho to graph, Fig. 2).  For
smaller prod ucts with thin in su la tions air 
gaps of several times the in su la tion
thick ness can easily occur because wire
tension can draw the bead drape to one
side, or vi bra tion can throw the beads
away from the product.  Again, ap ply ing
the figure of 100 peak volts per 0.001 in.
of air gap, it is easy to see that a peak

po ten tial of several thou sand volts may
be re quired to ini ti ate the elec tri cal dis -
charge through a pinhole defect even for
thin-walled prod ucts.

AC, DC strik ing po ten tials

A number of product samples were
tested in the lab o ra tory with pos i tive DC, 
neg a tive DC and 3kHZ test po ten tials. 
Pin holes were created in each sample
and each defect was held sta tion ary in a
bead chain elec trode.  Peak cur rents
were limited to small values to min i mize
in su la tion damage in the pinhole area,
and the strik ing po ten tials de ter mined
for each type of test.  The se quence was
re peated for each sample to es tab lish the
re peat abil ity of results.

In general, the value of a neg a tive
direct po ten tial re quired to ini ti ate an arc
was from 20% to 50% greater than the
peak value of a 3kHz wave form having
the same effect.  A pos i tive elec trode po -
ten tial ranged from 20% to 25% higher. 
The reason for these dif fer ences is not
clear, but it is con jec tured that in the DC
case the onset of air ion iza tion re dis trib -
utes the charges and po ten tial dif fer -
ences in the mixed di elec tric so as to
retard total ion iza tion of the air path.  At
3kHz, the same process would take place 
during the first half cycle, but during the
second half the re dis trib uted charges
would be of op po site po lar ity and would
in crease po ten tial dif fer ences to enhance 
ion iza tion.  A similar ex pla na tion was
put forward by N. Parkman re gard ing the 
elec tri cal be hav ior of in su la tion voids.1

Selection of 3kHz spark testing
potentials for insulated wire

Proper potentials may be easily established 
by a simple experimental procedure 

for any given product.
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If an in su lated wire spec i men is
placed in an elec trode excited by a 3kHz
po ten tial and the voltage is ad vanced
slowly, a violet glow can be ob served im -
me di ately ad ja cent to the in su la tion
surface.  The effect is best viewed in
dark ness.

Glow for ma tion begins in spots
where the elec trode el e ments touch the
in su la tion surface.  As the po ten tial is in -
creased the glow extends from these
points to en com pass more and more of
the in su la tion surface.  Finally the in su la -
tion surface is com pletely en vel oped by
the glow.

Ex per i ments have shown that this
po ten tial re quired for com plete cov er age 
is the minimum re quired for re li able
pinhole de tec tion.

Up per limit of 
3kHz test po ten tial

The test po ten tial ob vi ously must be
held below the value re quired to cause
failure or break down of the in su la tion, or 
even cause deg ra da tion of its in su lat ing
quality.  Since the factors which cause in -
su la tion break down are so diverse, pub -
lished ASTM test figures on the
in su lat ing ma te rial are not es pe cially
useful in pre dict ing the break down po -

ten tial of a given product in a spark test
elec trode.  At even the slowest wire line
speed, the im por tant effects of in creased
tem per a ture and erosion due to corona
do not have time to come into play.  As a
result, the po ten tial re quired to cause any 
mea sur able deg ra da tion of in su la tion
nearly co in cides with the break down
value.

The break down po ten tial can easily
be de ter mined by placing a product
sample in the elec trode, moving it con -
tin u ally back and forth in an ex cur sion of 
a few inches.  The test voltage is then ad -
vanced until failure occurs.  The process
should be com pleted within 10 or 15
seconds to avoid heating.

It will be found that some samples
will not fail at the maximum 15KV
voltage of the 3kHz gen er a tor.  Others
will exceed the output power ca pa bil ity
of the gen er a tor prior to either failure or
the maximum voltage limit.

Se lec tion of 
3kHz po ten tial level

For a given con stric tion, once the
lower and upper limits of the test po ten -
tial have been defined, it is usually ap -
par ent that a wide lat i tude in its se lec tion
is pos si ble without ap pre cia ble effect on

defect de tec tion.  For example, if the
lower limit is 3KV and the upper limit is
12KV, any where in the 5-8KV range
would be sat is fac tory.

Weak in su la tion prob lems

Some in su la tions, for example, paper 
or foam, cannot tol er ate the level of test
po ten tials re quired to over come air gaps
in a beaded elec trode.  For these cases a
low voltage (below 1,000 volts) test can
be carried out using water elec trodes or
highly re dun dant brush-type elec trodes.

Con clu sion

Proper 3kHz spark test po ten tials
may be easily es tab lished by a simple ex -
per i men tal pro ce dure for any given
product, as follows:

• De ter mine the po ten tial re quired
for full co rona flow en vel op ment.

• De ter mine the po ten tial at which
elec tri cal break down oc curs.

• Se lect an in ter me di ate value.
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