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AC vs. DC Dielectric Withstand Testing

Abstract: Dielectric withstand testing is used to evaluate
wiring insulation after it has been installed in a nobile hone.
As described below, if voltages are correctly set, dielectric
withstand testing using a DC voltage will performthe tests with
the sane outconme as an AC dielectric test with significant safety
and performance i nprovenents.

In the discussion below, the follow ng are expl ained: the purpose
and nethod of dielectric testing, the differences between AC and
DC voltages as they pertain to dielectric withstand tests, and

| evel s of operator safety inherent in both the AC and DC
dielectric wthstand tests.

1. The purpose of dielectric testing: D electric testing is a
sinple, non-destructive nethod of verifying the adequacy of
electrical insulation to withstand the sort of transients that
can occur during transient (surge) events. |In addition, the
dielectric test can verify that the insulation in question has an
adequat e anount of perfornmance "headroonmi. This is necessary to
ensure that the insulation does not fail because of degradation
of the insulation due to aging, noisture, wear due to vibration,
et c.

2. The nmethod of dielectric testing: A high voltage (typically
1000 Volts or higher) is applied between two conductors that are
"supposed” to be electrically insulated fromeach other. |If the
two conductors (an insulated "live" wire, and a netal enclosure,
for exanple) are conpletely isolated fromeach other, then the
application of a |large voltage difference between the two
conductors will not allow current to fl ow between the conductors.
The insulation will "withstand" the application of a |arge
vol t age potential between the two conductors - hence the term
"dielectric withstand test".

In general, there are two results of the test that are considered
a failure of the insulation: (1) excessive current flow during
the test due to |l ow insulation resistance of the insulating

mat eri al which separates the two conductors, and (2) an abrupt
dielectric breakdown due to electrical arcing or discharge,

ei ther through the insulation material, over the surface of the
insulation material, or a discharge through air.

3910 Sorrento Valley Blvd. Suite B, San Diego, CA 92121
www.compwest.com



COMPLIANCE WEST usa

A Compliance Products USA, Inc. Company
www.compwest.com

3. The determnation of a suitable test voltage: |If the test
voltage is too low, the insulation material in question will not
be adequately stressed during the test. This could cause

i nadequate insulation to pass the test, and be consi dered
acceptable. On the other hand, if the test voltage is too high,
then the test coul d cause permanent damage to an insul ation
material that is otherw se adequate for the application. A
general "rule of thunb” that is used for the testing of mains
wi ring which operates at voltages of 120-240 Vac is 1000 V plus
two tines the operating voltage. Using this rule, 120 V wiring
woul d be tested using a voltage of 1240 Vac.

4. Duration of the test: Generally, the test voltage is applied
for one mnute, in order to adequately stress the insulation.
Many standards allow the test duration to be reduced to 1 second
for production-line testing in order to accommodate | arge-vol une
production testing. |In this case, standards quite often require
that the test voltage be increased by 20% in order to ensure that
the shorter test duration of one second wll adequately test the
i nsulation in question.

5. AC vs. DC - background: The nom nal line voltage in the
United States is 120 Vac, 60 Hz. 60 Hz (al so known as Hertz, or
cycl es per second) refers to the frequency of the voltage. The
waveshape of the voltage is sinusoidal.

120 Volts refers to the RVS val ue of the voltage. RMS stands for
"root nmean square", and is a mathematical way to determ ne the

effective heating value of a voltage. |In other words, an AC
vol tage of 120 V RVM5, applied to a resistor (or a Ni Chronme-wire
heater) wll generate the sanme heat output as if a DC voltage of

120 V (froma battery, for exanple) were used instead.

The instantaneous voltage of 120 Vac, 60 Hz varies with tinme. 1In
one cycle (which repeats 60 tinmes a second), the voltage w |
start at zero volts, increase to a peak of about 170 V, drop down
to zero volts again, continue to drop to a negative peak of -170
V, and then increase again to zero volts. Taking the sinple
"average" of the voltage over one cycle results in a val ue of
zero volts. Calculating the RVS value results in a neasurenent
of 120 Volts. By definition, the peak of a sinusoidal waveform
will be the RVS value tines the square root of 2 (Vpeak = VRMS X
1. 414).

6. ACvs. DC - dielectric test voltages: The intent of the
dielectric test is to stress the insulation for a short period of
time, and check that it does not fail. Testing using a 60 Hz AC
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voltage is done only as a matter of convenience - a transforner
wi th a high-voltage secondary w nding (such as a neon-sign
transforner) can be used to generate the high voltage needed to
performthe dielectric test. A 60 Hz AC test voltage is no nore
of a "sinulation"” of real-world events than is a DC test voltage.
Even high voltage transients (surges) that appear on the 120 Vac
mai ns are not AC. they are nonentary voltage "spikes" with a
typical duration that is measured in mcroseconds (mllionths of
a second) or mlliseconds (thousandths of a second).

The voltage used for testing AC vs. DC nust take into
consideration the intent of the test, which is to stress the

i nsul ation being tested. The higher the voltage, the nore stress
that is applied to the insulation. Wen an AC test voltage is
used, the highest anmount of stress is applied to the insulation
at the nmonments when the test voltage is at a positive or negative
peak. At other points of the sinusoidal AC waveform the
electrical stress is |ower.

An AC test voltage of 1000 Vrnms will have voltage peaks of 1414
Volts. Therefore, if a DC test voltage is used, the test voltage
nmust be increased to 1414 Vdc in order to produce the sane |eve
of stress to the insulation as would 1000 Vac RVS. This
difference in test voltage for DC vs. AC is supported by National
Testing and Standards witing organi zati ons such as Underwiters
Laboratories, Factory Mutual Corporation, the Institute of

El ectrical and Electronic Engineers (IEEE) the American Nati onal
Standards Institute (ANSI), as well as international

organi zati ons such as the International Electrotechnical
Commttee (1 EC), and others.

7. AC vs. DC - advantages and di sadvantages: Historically, DC
test voltages are nore difficult to generate. This can result in
nore costly, conplicated test equipnment. This disadvantage is

of fset by performance and safety enhancenents. To explain these
advant ages, sone additional background information is needed:

An electric charge will devel op when ever a voltage difference is
appl i ed between two conductors that are separated by an
insulator. The anount of charge that is created is proportional
to the voltage applied, and is also proportional to the

capaci tance between the two conductors. |[If charge is represented
by the letter "Q', Voltage represented by "V', and the letter "C
used for capacitance, then the nmathematical relationship between
these three can be represented as Q= Ctines V, or Q= CV

In practical applications, capacitance can exist due to discrete
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capacitors, but can also exist inadvertently when ever two
conductors that have a voltage difference between them are pl aced
physically close together. Exanples of this type of capacitance
are electric notors, transfornmers, multi-conductor electrical

W ring, and single-conductor wiring that is routed near netal.

If the voltage is varied, the charge varies. |If the voltage

swi ngs both positive and negative, the charge will do the sane.

A second fundanental concept is that electric current will flow
t hrough a capacitor when ever the voltage changes. This is due
to the fact that as the voltage is increased across a capacitor,
t he amount of charge increases. Electric current is sinply the
measur enent of how nuch the charge changes over a period of tine.
The letter "1" is often used to indicate current (which is
nmeasured in Anperes, or Anps). The anount of charge (Q is
measured in Coul onbs. One Anp of current is defined as the
anount of charge flow of one Coul onb per second. Mathenmatically,
this is represented as follows: 1 Anp = 1 Coul onb per Second.

Combi ni ng these two concepts yields the follow ng: A changing
vol tage generates a changing charge. This changing charge is (by
definition) the flow of electric current. Therefore, a changing
voltage will cause current to flow between two conductors that
are physically insulated fromeach other, because of the

capaci tance between the two conductors. The nore capacitance

bet ween the conductors, the nore current that will flow

When performng dielectric tests using an AC test voltage, an
electric current will flow between the two points that are being
tested, due to the capacitance between the two conductors. This
current does not represent a failing test result (due to a | ow
insul ation resistance). Therefore, an AC dielectric tester nust
conpensate for this allowable flow of current. The npbst conmon
met hod to acconplish this is to allowthe tester to supply a
significant anmount of current (typically 20 mllianps or nore)

wi t hout indicating an excess current failure. |If multiple
products are tested with the sane dielectric tester, this current
l[imt set-point may need to be adjusted even higher, in order to
accommodat e the equi pnent that has the highest anount of

capaci tance between the conductors being tested. |In other words,
the dielectric tester nust be de-sensitized so that it wll
ignore current levels below 20 mllianps (for exanple). This

situation creates two very dangerous probl ens:

1. The "desensitized" AC dielectric tester can not tell the
difference between 5 mllianps and 15 mllianps. Consider what
happens if the circuit under test has capacitance between the
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conductors that causes 5 mllianps to flowin nornmal conditions
during the test. A product being tested that has faulty

i nsul ation which allows 300% of the normal amount of current to
flow (15 mllianps) would still be considered an acceptabl e test
result by the AC dielectric tester.

2. The "desensitized" AC dielectric tester can supply a LETHAL

anount of current to the human body, and still not shut down due
to excess current. |If the equipnent being tested allows 5
mllianps to flow, and the test operator accidentally conmes in
contact with the test voltage such that 10 mllianps of current
flows through the operator, the dielectric tester will not shut
down, and the operator will likely be seriously injured or

kill ed.

When performng dielectric tests using a DC test voltage,
electric current only flows while the voltage is being ranped up
fromzero Volts to the final test voltage. 1In this case, the
anmount of current flowng is very small, because the voltage is
typically ranped up over a period of 1-2 seconds, conpared to an
AC test voltage that goes froma positive peak to a negative peak
and back again 60 tinmes every second (remenber that the current
flowis proportional to the change in voltage over tine). In
fact, a DC test voltage that is ranped up over two seconds will
cause only 1/120 (less than 1% of the current to flow as would
an AC test voltage. As soon as the DC voltage reaches the final
test level, the current essentially stops altogether. |n nost
cases, the anmount of current that flows during a DC dielectric
test is negligible, regardl ess of the amount of capacitance that
exists in the equi pnent being tested.

Conmparing this situation to an AC dielectric test, DC testing
offers the foll ow ng advant ages:

1. The maxi num al | owabl e test current can be set to a nuch | ower
level (one millianmp is typical). The DC tester will shut down
when nore than one mllianp of current flows during the test.
This highly-sensitive test allows the operator to identify
mar gi nal constructions that woul d have been overl ooked by an AC
tester.

2. The lower test current levels are significantly safer for the
operator. At one mllianp, the current is enough to shock the
operator, but the test current can be automatically shut off (due
to a current flow of nore than one mllianp). The likelihood of
injury or death has been reduced significantly.
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I n concl usi on:

- AC and DC dielectric testing can acconplish the sane goal of
verifying the suitability of insulation between conductors.

- Voltage | evels nmust be adjusted according to whether the test
vol tage is AC or DC

- DCtesting represents the state-of-the-art. It offers
significant advantages over AC testing. DC and AC testing
provi de an equi val ent | evel of breakdown detection due to total
insulation failure. The hei ghtened accuracy of DC | eakage
current detection may all ow marginal insulation systens to be
detected only with a DCtest. DC dielectric testing is superior
in operator safety. Neglecting to consider DC testing as an
alternative to AC testing potentially jeopardi zes the test
operator (from shock hazards during testing), as well as the end-
consuner (from AC testing which overl ooks margi nal insulation).

Respectfully submtted,

JEFFREY R GRAY, P.E
Chi ef Desi gn Engi neer
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May 28, 1999

Office of Manufactured Housing
Department HUD

451 7" St. SW

Washington D.C. 20410

Attention: Mr. David Nemmir
Acting Director

Reference: 24 CFR Ch. XX, Para. 3280-810: Electrical Testing
Subject: Dielectric Withstand Tests conducted with DC voltages
Gentlemen:

We’'ve been made aware by NTA Inc. and Cavalier Homes that there is some question
about conducting dielectric testing referenced above with DC voltage. As the
referenced paragraph is written, AC or DC voltage of 900-1079 volts is acceptable to
test the manufactured home. While this is not entirely correct because of differences in
calculation of peak voltages between AC and DC, the lack of distinction between the
two types of voltages is valid, because either AC or DC will successfully test the
insulation of the electrical wiring of the manufactured home. Furthermore, the DC tests
afford benefits in detecting marginal insulation systems and in operator safety.

Our Chief Design Engineer, Jeff Gray, is a Registered Professional Engineer in the
State of California, and his analysis and comment regarding the subject is attached for
your consideration.

After reading his comments, we hope you will agree with us that the DC test should be
considered as an acceptable substitute for an AC test, provided the correct voltage is
specified. We believe the Referenced Paragraph does need clarification but we feel
the change should be to correctly specify the DC voltage required as noted below:

§ 3280.810 Electrical Testing.

(a) Dielectric Withstand Test. The wiring of each manufactured home shall be subjected
to a 1-minute, 900 to 1079 volt AC or 1272 to 1526 volt DC dielectric strength test (with all
switches closed) between live parts and the manufactured home ground, and neutral and the
manufactured home ground. Alternatively, the test may be performed at 1080 to 1250 volts AC
or 1527 to 1768 volts DC for one second. This test shall be performed after branch circuits are
complete.....
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We feel this modification to the CFR will clearly convey to manufacturers and others
how to set equipment to conduct a DC test. Please note that any manufacturers
wishing to conduct an AC test would still be allowed to do so.

We realize the National Electrical Code also neglects to make a distinction between AC
and DC voltages, and we are planning to submit the same request and reasoning to the
NFPA.

However, for the present, we respectfully request that HUD evaluate this and any other
material and if agreeable, allow manufacturers to fulfill the requirements of Para.
3280.810 using DC voltages.

Very truly yours,

JEFFREY LIND
Compliance Product USA, Inc.

cC: John Stevens

NTA Inc.

Attention: Jack Reinholt
305 N. Oakland Ave.
Nappanee, IN 46550

Cavalier Homes

Attention: Rickey Brimer
Hwy. 41 N. and Cavalier Rd.
Addison, AL 35540
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