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The effects of lightning on commercial aircraft are highly regulated worldwide today. There
have been several articles written [1, 2] concerning Lightning Induced Transient
Susceptibility requirements. The RTCA/DO-160G standard [3] section 22 is applicable to
equipment installed on metallic and composite aircraft. This article will cover the
application of transient impulses onto the interconnecting wiring and cable bundles used
on those aircraft. There are several test types discussed in section 22 that will be used
here. Specific emphasis will be for waveform 3 (Wf3), 1MHz used during the multiple
burst, multiple stroke, and PIN injection testing.

WF3 1MHz CABLE INDUCTION
Cable induction for single stroke, multiple stroke, and multiple burst are test methods
where the transient impulse waveform is coupled onto the inter-connecting wires and
cables under test. This is accomplished using an inductive coupling device such as a 1:1
transformer (coupling clamp). The coupling clamp used in this example is made from
nickel zinc ferrite. This material was selected due to its frequency response at or above
1MHz. The cable under test becomes the secondary of the coupling transformer. Energy
is coupled from the primary onto the cable and into the Equipment Under Test (EUT). To
capture these waveforms, the user will need a digital storage oscilloscope capable of
5GS/s with 20M points or better. Some of the test types have multiple irregularly spaced
waveforms that are spread over a period of 1 ½ seconds. Setting up the oscilloscope
properly before test execution is critical to accurately capturing these waveform patterns.
The voltage and current monitor probes used to collect these data are required to be
capable of high voltage and current with a wide enough bandwidth to be used for 10MHz
waveforms.
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Table 22-5: Test Levels for Cable Bundle
Multiple Burst Tests

Typically, the Procuring Officer (PO) of the airframe manufacturer will specify the test type,
waveform, and test level of the transient impulse (L1 increasing to L5) . The location of the
particular avionics equipment on or within the aircraft will determine the severity level to be
applied. The more protected the location, such as a shielded enclosure well inside the
aircraft, the lower the test requirement (L1, for example). Conversely, for avionics
equipment closer to the outside of the aircraft use the higher test level (L5, for example).
Likewise, mission critical avionics require this higher test level. See Table 22-5 for level
details. The wave shape of Waveform 3 is shown in Figure 22-3: it is an exponentially
decaying sinusoid with a frequency of 1MHz. The defining characteristics of the waveform
are its zero to peak voltage amplitude, the ringing frequency (1/T), and the ratio of the fifth
peak amplitude to the first peak amplitude. This is typically referred to as the waveform Q
(5th pk/1st pk > 25%). The same waveform parameters are used to define the current
waveform during PIN injection testing. Cable induction is a method used to apply any of
the DO-160G specified waveforms onto the interconnecting wires or cable bundles. The
generator output is measured and verified using the calibration loop on the injection
transformer. The waveform verification set-up is shown in Figure 22-16 and is used during
these tests. This article demonstrates applying the Wf3 1MHz waveform for each test type
discussed.
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Figure 22-3: Voltage/Current Waveform
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Figure 22-8: Multiple Burst Application
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Figure 22-16: Typical Generator
Performance Verification Setup for Cable
Induction Tests

Figure 22-17: Typical Cable Induction
Test Setup
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Figure 1: Wf3 Multiple Burst
1MHz Test Bench

WF3 1MHz MULTIPLE BURST
The waveform timing for multiple burst testing is shown in Figure 22-8. There are three
burst packets of 20 impulses each, spaced randomly over a period of 1 ½ seconds. Each
of the transient impulses has exactly the same waveform characteristics shown in Figure
22-3. Figure 1 illustrates the bench set-up used for the multiple burst test shown in Figure
22-17 of DO-160G. 120V, 60Hz AC is applied via the output side of the two line
impedance stabilization networks (LISNs) and routed to the EUT input. The one meter
power cable is raised 50mm above the ground plane interconnecting the LISNs and the
EUT with non-conductive foam blocks. The calibrated Pearson current monitor probe
(4535) is located between 5 and 15cm from the EUT output. The cable under test
contains 4 core wires that are connected to the support equipment, in this case, 72 solid
state LEDs. There is also a shield that is bonded to the ground plane at both ends
covering the core wires. The injection transformer is located between 5 and 50cm from
the current monitor probe. Note that the test cable is also 50mm above the ground plane.
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Select the multiple burst test type from the generator user interface. Next, select the
1MHz waveform. Set up the injection transformer and test cables then adjust the output
voltage to the desired transient level (L1 – 5). Verify the output waveform as shown in
Figure 22-3 with the timing intervals of Figure 22-8. The generator output is adjusted to
reach either the test voltage level or limit current level specified in Table 22-5 on the
cable under test. The screen shots below show that the current limit of level 5 is
reached first. Figure 2 shows the 3 irregularly spaced burst packets and the 20
irregularly spaced voltage and current transients are of equal amplitude. Figure 3 shows
one each of the 1MHz voltage and current waveforms. These same settings are
repeated every 3 seconds for a time period of 5 minutes in each polarity. The equipment
must operate normally throughout the entire test period and after completion with no
degradation of performance. Store this data and the test set-up pictures for inclusion in
the test report.

Figure 2: 20 Irregular Transients

Figure 3: Level 5 Current Limit

This completes the multiple burst cable induction test requirement.

WF3 1MHz COMBINED SINGLE STROKE AND MULTIPLE STROKE
The multiple stroke test type consists of a first stroke of a certain amplitude followed by
13 subsequent strokes. In our demonstration, the first transient of multiple stroke has the
higher peak amplitude given in Table 22-4. All of the subsequent strokes are 50% of the
first transient also indicated in the table. The bench set-up is the same as shown in
Figure 1 for multiple burst. The only difference is multiple stroke is selected from the user
interface and then applied to the injection transformer. The requirements for multiple
stroke first and subsequent strokes are shown in Table 22-4 for all waveforms. The
generator performance verification test set-up is the same as shown for multiple burst in
Figure 22-16. The cable induction test set-up is the same as shown in Figure 22-17 for
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Figure 22-4: Test and Limit Levels for
Cable Bundle Multiple Stroke Tests

As stated, the bench set-up is the same as shown in Figure 1 using the injection
transformer, current monitor, LISN’s, EUT, and support equipment. The generator output
is first adjusted to the voltage amplitude specified for the first transient. Next, the
generator output is adjusted for the voltage level of the thirteen subsequent transients at
50% of the first. Once the waveform verification is complete, the generator is programmed
for five positive applications at the levels determined in the calibration process. It is then
adjusted for five negative applications to the cable under test. Many POs allow for the
single stroke waveform to be included as the first stroke to speed up the test time (and
reduce test cost). The Single Stroke test requirements are shown in Table 22-3 of
DO-160G but not included here. In this case, the 1MHz single stroke requirement and first
stroke requirement are the same. This isn’t necessarily true for other waveform types, for
example: Wf4, and Wf5A/B.

Figure 22-7: Multiple Stroke Application
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The calibration results are shown in Figure 8. The test results for voltage and current are
shown in Figure 9.

Figure 8: Wf3 Voltage Multiple Stroke Calibration

Figure 9: Wf3 Voltage and Current on Cable

This completes the multiple stroke cable induction test requirement.

WF3 1MHz PIN INJECTION
PIN Injection is a test method where the transient impulse waveform is directly coupled
from the generator output to the connector pins and case ground. This is considered a
destructive test as the impulses are injected directly into the EUT. The five levels are
shown in Table 22-2 for Wf3, Wf4, and Wf5a. The level required is specified by the PO
based on the equipments location within the aircraft and electro-magnetic protection
provided.

Figure 22-2: Generator Setting Levels for
Pin Injection
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Figure 22-10: Pin Injection Calibration
Setup, Signal Pins & Power Pins - Direct
Injection Method

For signal and power pins, the waveform calibration set-up is shown in Figure 22-10, and
the test set-up is shown in Figure 22-13. There are several other choices for the PIN test
set-up indicated and discussed in DO-160G not shown here.
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Figure 22-13: Pin Injection Test Setup,
Signal Pins & Power Pins - Direct
Injection Method

The generator output impedance (Zo = 25 Ohms +10%) for the 1MHz waveform is
verified. Measure the open circuit voltage (OCV) and the short circuit current (SCI) then
apply Ohm’s Law: Zo = OCV/SCI. The impedance is measured at the end of a two meter
generator output cable. A one foot shorting wire is used to measure SCI.
Select the PIN Injection type from the user interface. Next select the 1MHz waveform and
adjust the set voltage for the desired transient impulse level. Verify the output waveforms
for OCV and SCI as shown in Figure 22-3 using the values listed in Table 22-2. Store this
calibration data and set-up pictures for inclusion in the test report.
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Figure 4: Wf3 PIN Injection L5 Current
Limit

Figure 4 shows the powered PIN Injection bench set-up. The resulting calibration
waveforms for voltage and current are shown in Figures 5 & 6. The limit current is reached
as shown in Figure 7 on this cable. Note that the coupling capacitor is connected in series
with the power pin and the generator output. The capacitor is used to isolate the generator output from the input power applied. The user must verify normal operation after test
completion. PIN testing usually consists of five positive and five negative
applications of the test impulse waveform at the required level.
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Figure 5: Wf3 PIN OCV Calibration

Figure 6: Wf3 PIN SCI Calibration

Figure 7: Wf3 PIN Level 5 Current Limit

This completes the PIN injection requirement

CONCLUSION
This has been a quick overview of the various 1Mz waveform test types. Each type is
performed for the EUT with all support equipment configured as installed with power
applied. The measured waveforms for the cable bundles acquired during the illustrated
tests demonstrate the application of these tests. Each test type covered also refers to the
relevant specifications. In addition to the Wf3, 1MHz waveform discussed above, there are
many more waveforms that may be required by the PO. For the specific types of test
requirements, refer to the RTCA/DO160G standard. The acceptance of the EUT and
supporting equipment is contingent upon the PO authorizing and witnessing the tests and
accepting the data.
There are many other specifications for avionics equipment not discussed here. Almost
every aircraft manufacturer has its own variations to those mentioned above form
DO-160G, for example, Boeing (D6-16050), Airbus (ABD0100.1.2). Most use similar
waveforms, test types, and coupling methods with some form of variation.
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