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Introduction

Wire harnesses and cables are essential components
in any electrical system. From data centers to aircraft
engines, EVs to battery systems, wire harnesses and
cables play an essential role in digital communications
and power transfer. These cables contain insulated
conductors that must be continuous and prevent un-
intended current flow between conductors or between
conductors and ground.

Test standards (UL, IEC, ANSI, NFPA, etc.) govern
the test criteria and requirements for production line
testing of cables and wire harnesses. These test require-
ments and test standards are often misunderstood by
contract manufacturers of cables and wire harnesses.
The main reason for this is that testing procedures are
governed by several international standards. For ex-
ample, a contract manufacturer may be testing against

specifications that reference a test standard that the
contractor has not read.

In cable and harness manufacturing, customer re-
quirements flow downstream: from OEM to contract
manufacturer. Each layer strips context, leaving the
contractor with a clause and no rationale. While the test
standards may look different, the test requirements are
similar. However, a lack of understanding of the test
standards and requirements can lead to false failures,
missed defects, low throughput and improperly tested
products. These discrepancies can lead to more serious
impacts such as failed audits and product recalls, and
most importantly, loss of confidence: OEMs that expe-
rience repeated issues with components provided to
them by contract manufacturers may see fewer orders,
tighter oversight, or even contract termination. This
article is meant to clarify this gap and provide wire
harness and cable contractors with a basic understand-
ing of the test requirements. Contractors do not need
to become experts at understanding the standards,
they just need to understand what the required tests
are checking.

Standards

Wire harness and cable testing is governed by several
international standards that define test voltages, dura-
tions, and acceptance criteria. These standards provide
a consistent framework for safety and quality, helping
manufacturers identify defects during production and
verify that each assembly meets performance require-
ments. They also support build-to-build consistency and
help manufacturers meet customer expectations. Some
of the most commonly referenced standards for wire
harness and cable testing are listed in Figure 1 below.

Dielectric isulation
Application area Standard What it governs Withstand A Continuity
& Resistance
(Hipot)
ANSI/TIA-568 Structured cabling for North American data v v
centers
International equivalent to TIA-568; used in
ISQAEC11801 Europe and global data center designs 4 v
IEC 61156 LAN cables used in data center environments v v
Data canter & structured cabling CMP, CMR, and CM rated cables in North
UL 444 g ; v v
American installations
UL 758 Internal wiring harnes%es in servers, racks, and v v
other data center equipment
|EC 60512 RJA4S connectors, modular jacks and high-speed v v
copper connectors
IEC 60227 / IEC 60502 Glol?al low-voltage building and power cable 72 v
testing
General electrical & appliance Material/insulation & i
d properties and electrical
witing UL 485A/8 safety for appliance wiring and connectors v
UL 62 Flexible cords and power cords v 4
Cable & harness assembly IPC/WHMA-A-620 Manufacturmg_requlrements and acceptance v v
of cable and wire harness assemblies
1SO 6722 /1SO 19642 | Automotive cable and wire harness v v
Automotive & EV / battery vV123/1v 124 Automotive and EV electrical systems
SAE J1654 / J1128 Au(qmotiya high- and low-voltage wire harness v 7
specifications

Figure 1. Common Wire Harness & Cable Manufacturing Industry Standards.
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Dielectric Withstand (Hipot)

PROVES
Insulation survives voltage stress

above operating level without
breakdown or flashover.

HOW IT'S MEASURED

Leakage current under applied high
voltage. AC mirrors operating

conditions; DC is preferred for long,

capacitive cables and needs a
discharge afterward.

Insulation Resistance (IR)

PROVES
Insulation is healthy enough to
operate without excessive leakage.

HOW IT'S MEASURED

Quantitative resistance in MQ / GQ
via elevated DC. A non-destructive
screen that catches moisture and
contamination.

Figure 2. Types of Tests.

Continuity

PROVES
Each conductor is connected
end-to-end with no opens, shorts, or

miswires.,

HOW IT'S MEASURED
A small DC signal is injected into one
end and received at the other end.
Ground bond may substitute on
shielded harnesses and drain wires.

Common Electrical Safety Tests

Although these standards differ in numbering and
format, they share many of the same core electrical
safety requirements. In most cases, they include three
fundamental tests:

* Dielectric withstand testing

¢ Insulation resistance testing

¢ Continuity testing

Tests

Dielectric Withstand (Hipot)

Dielectric withstand or dielectric strength refers to the

maximum electrical field that an insulating material

can endure before electrical breakdown occurs. When

voltage is applied across an insulator, an electric field

develops. If the field exceeds the dielectric strength,

the material may conduct current, causing insulation

failure. The dielectric withstand test verifies that a ca-

ble’s insulation maintains integrity under a specified

test voltage that exceeds its normal operating voltage.

During testing, a small amount of current may pass

through the insulation due to capacitive and resistive

effects. This is known as leakage current, and most

hipot testers display it during the test. Excessive leak-

age current may indicate defects such as:

¢ Insulation contamination

¢ Moisture intrusion

* Insulation damage or thin spots

* Manufacturing defects

Most test standards require no breakdown of the in-

sulation, or flashover, during testing:

¢ Breakdown: Internal insulation failure that allows
the flow of current

¢ Flashover: Arcing across the cable’s insulation

Either condition indicates that the cable does not meet
safety requirements. OEMs can also specify an upper
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and lower threshold for the leakage current for stricter
quality requirements and to prevent false passes.

AC Withstand Test

AC voltage is applied between conductors or between
conductors and the shield. AC testing closely simulates
real operating conditions and is widely used for com-
munications cables.

Advantages include:

e Realistic stress on insulation which results in real
and reactive current measurement.

* Detection of capacitive weaknesses.

DC Withstand Test

DC voltage is applied across the insulation. DC testing
produces lower leakage currents and is easier to meas-
ure in some setups. AC tests can result in extremely
high leakage currents requiring more powerful test
equipment and causing false failures. Contractors
often prefer a DC test over an AC test due to the high
capacitance of the wire harness and cables. A DC test
measures the real component of the current flowing
through the insulation. For capacitive products such
as longer cables, this test is more convenient to use.
Most test standards provide flexibility to the con-
tractor that allows them to pick between AC or DC
tests.

Insulation Resistance (IR)

Similar in nature to the dielectric withstand test, the
insulation resistance test measures a quantifiable value
of the insulation’s resistance. The test is performed by
applying an elevated DC voltage to the conductor and
measuring the current flow to a reference. The out-
come of the IR test is a resistance measurement often
displayed in megaohms or gigaohms. The resistance
measurement is used to determine whether the cable
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One Test, Many Standards: Electrical Safety Testing ..continued

Continuity
Verify wiring first

—

Insulation Resistance

Screen insulation

Dielectric Withstand

Stress test last

Common Production Testing Order

Figure 3. Test sequence.

will operate without excessive leakage current through
the insulation when energized.

Continuity

Continuity tests are used to verify each conductor is
connected end-to-end with no opens or miswiring.
This is a simple yet important test for wire harnesses
and cables. The test is performed by injecting a small
DC signal from one end and receiving it on the other,
hence proving a continuous path exists from one end
of the cable to the other. For certain types of shielded
harnesses and drain wires, a ground bond test can be
substituted for continuity.

Test Process
Test Sequence Flexibility

The three tests described in the previous section can
be performed in any order. A common sequence be-
gins with continuity testing, followed by Insulation
resistance testing, and ends with dielectric withstand
(hipot) testing.

Choosing the Right Order

The best test sequence depends on the application.
Some contract manufacturers run insulation resistance
before dielectric withstand tests, while others reverse
the order. Because insulation resistance uses a lower
voltage, it is often a useful non-destructive screening
step for most applications before the higher-voltage hi-
pot test. It can detect moisture or contamination before
hipot testing, which carries a greater risk of destructive
arc-over. In some cases, manufacturers perform only
continuity and dielectric withstand testing and omit
insulation resistance altogether.

Production Considerations

What is important for contractors to understand is
the purpose of all three tests, perform them correctly,
and maintain efficient throughput. Trial runs and test
optimization can help determine the most effective test
times and settings for a specific application. In addi-
tion, the use of multiplexers as part of the test system
can significantly improve throughput and reduce
operator errors.
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Customer Requirements and Traceability

Production testing for wire harnesses and cables typi-
cally requires 100% of assemblies to be tested, with
records maintained for traceability and audit support.
Contractors must remain flexible and align their test
process with OEM requirements. Although individual
specifications may vary, most OEMs require some
combination of the three core tests described in this
article.

Test Parameters
Setting Test Parameters

Selecting the correct test parameters is essential for any
wire harness or cable test application. In some cases,
OEMs provide contract manufacturers with detailed
requirements. In others, contractors must determine
suitable parameters based on the product, the test
method and the expected operating conditions.

Key Parameter Considerations

When requirements are not fully defined by the OEM,

the contractor must establish acceptable settings by

understanding the basic test process and validating
them through sample testing. Important parameters
typically include:

* Test voltage: For dielectric withstand testing, a
common starting point is 2 x the wire’s operating
voltage rating + 1000v when no specific voltage
is provided.

* Leakage current limits: Upper and lower thresh-
olds can be set based on sample testing and prod-
uct behavior.

* Test duration: If the OEM or standard does not
clearly define test time, suitable durations can
often be established through experimental testing.

DC Test Timing

For DC testing, ramp, charging, and discharging times
are especially important. Charging time should be
long enough to apply the test voltage smoothly and
avoid current spikes or false failures. Discharging
time is equally important for safety, ensuring that no
residual energy remains on the test specimen after the
test is complete.
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SETUP TESTS
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Figure 5. Typical test connections for an end-to-end continuity test on a multi-conductor cable.

Common Setup Mistakes

Operator error and unsafe work practices remain
common risks in electrical safety testing. Reducing
these risks requires both well-designed equipment
and proper operator training. Common test-related
errors include improper test connections, selecting
incorrect test routines, false passes and fails and unsafe
practices. Most advanced test systems include features
that help prevent mistakes and improve safety. When
selecting test equipment, contractors should look for
capabilities that support both operator protection and
error prevention, such as:

* Built-in safety features for the operator

* Functions that help detect or prevent common
setup errors

¢ Compatibility with multiplexers for a fully auto-
mated test setup

¢ (lear procedures and training that reinforce safe
testing practices

Operator education is essential to reducing mistakes
and maintaining a safe, consistent test process.

Conclusion
Although confusion and uncertainty still exist in the
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wire harness and cable industry, they can be reduced
with a clear and consistent approach to testing.

When wire harness and cable contract manufacturers
understand the purpose of each test, they are better
equipped to choose the right test process for their
products and applications. A disciplined process can
often satisfy a wide range of standards and customer
requirements.

Building an effective test process starts with under-
standing the product, the customer’s requirements,
the function of each test, and the capabilities of the test
equipment. With that foundation, contract manufac-
turers can improve test accuracy, support compliance
and maintain confidence in product quality.

www.arisafety.com
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