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Abstract ─ In this paper, an indirect lightning-induced 

transient protection circuit for avionics system is 

proposed, and its effectiveness is verified. The proposed 

circuit consists of a metal oxide varistor (MOV), a 

transient voltage suppression (TVS) diode, and a 

resistor. Compared with the conventional circuits (MOV 

or TVS diode), the improved noise suppression of  

the proposed circuit against indirect lightning strikes  

are experimentally verified in accordance with radio 

technical commission for aeronautics (RTCA) DO-160G 

Sec. 22. The highest attenuation levels of indirect 

lightning strike WF5A reference voltage and current 

signals are approximately 91.0% and approximately 

98.4% for the input lightning signals, respectively. 

 

Index Terms ─ Indirect lightning, lightning induced 

transient, lightning protection, pin injection test, RTCA 

DO-160G Sec. 22  
 

I. INTRODUCTION 
Surge voltages derived from direct lightning strikes 

cause malfunction or damage to the electronic equipment 

in aircrafts; this phenomenon is referred to as the indirect 

effects of direct lightning strikes. The lightning indirect 

effects are caused by the currents induced by lightning 

strikes on avionics as well as damage to the aircraft due 

to direct lightning strikes. There is an increase in the  

use of miniaturized, solid-state components in aircraft 

electronics and electric power systems [1],[2]. Moreover, 

modern aircrafts are increasingly constructed from 

composite materials, in particular, carbon-fiber 

composites in place of metal skins, a practice that 

reduces the electromagnetic shielding previously 

furnished by the conductive skin as a by-product [3-7]. 

The application of protection design for indirect 

lightning strikes on avionics is becoming more important. 

To establish aircraft airworthiness from lightning-

induced effects, the standards and guidelines such as 

RTCA DO-160G & SAE ARP 5415A and EUROCAE 

ED-14G are widely used [8]. RTCA DO-160G air-

worthiness certification standard for civil aviation 

aircraft defines the need for flight and safety essential 

equipment, emphasizing the need for induced lightning 

protection of aviation electronic equipment. According 

to this standard, flight essential equipment must verify 

that the system meets the requirements for lightning 

protection and electromagnetic environment requirements 

including it. 

This study was conducted based on RTCA DO-

160G Sec. 22. The standard is used by the Federal 

Aviation Administration (FAA) and defines lightning-

induced transient susceptibility aircraft test specifications. 

Lightning-induced transient sets the test standard 

considering the installation location of the electronic 

device and the interlocking concept. RTCA DO-160G 

Sec. 22 consists of pin injection tests and cable bundle 

tests. The simplified test setup of RTCA DO-160G Sec. 

22 pin injection test is shown in Fig. 1. 

 

 
 

Fig. 1. Simplified test setup of RTCA DO-160G Sec. 22 

pin injection test [8]. 
 

Table 1. Pin injection test level [9] 

Peak Level 
Test Waveform No. 

WF3 WF5A 

V𝑜𝑐 / 𝐼𝑠𝑐
* V𝑜𝑐  / 𝐼𝑠𝑐  V𝑜𝑐  / 𝐼𝑠𝑐  

1 100/4 50/50 

2 250/10 125/125 

3 600/24 300/300 

4 1500/60 750/750 

5 3200/128 1600/1600 
*𝐕𝒐𝒄: Peak open circuit voltage (Unit: V), 𝑰𝒔𝒄: Peak short 

circuit current (Unit: A). 
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Table 1 shows the pin injection test level. Pin 

injection tests level criteria are divided into levels 1  

to 5 depending on the installation environment of  

the equipment. Level 3 applies to equipment and 

interconnect wiring mounted in environments such as 

electromagnetically open areas (control rooms) of 

aircraft, which are made primarily of metal [9]. This 

study considers the installation and configuration of 

aviation electronics and applies pin injection tests, 

Category B (WF3 and WF5A). The WF3 and WF5A 

voltage/current of RTCA DO-160G Sec. 22 are shown  

in Fig. 2. Level 3 is the most in demand in aviation 

electronics development companies. 
 

 
 

Fig. 2. Voltage/Current waveform of RTCA DO-160G 

Sec.22: (a)WF3 and (b) WF5A. 
 

II. INDIRECT LIGHTNING PROTECTION 

CIRCUIT DESIGN 
Indirect lightning transient protection and clamping 

on avionics include series resistors, metal oxide varistors 

(MOV), gas discharge tubes (GDT), transient voltage 

suppression (TVS) diodes, and a trace width. The MOV, 

GDT, and TVS diodes which can be easy to apply to 

aviation electronics are highly effective for transient 

suppression without major design changes [10]. 
 

Table 2. Comparison of typical MOV, TVS diode, and 

the proposed circuit 

Item MOV TVS Diode 
Proposed 

Circuit 

Energy 

capability 

High 

(Hundreds of 

joules) 

Low 

(Number of 

joules) 

Very high 

(Hundreds of 

joules) 

Surge 

current 

capability 

High 

(Hundreds of 

amperes) 

Low to 

moderate 

(Tens of 

amperes)  

Very high 

(Hundreds of 

amperes) 

Response 

time 

Slow 

(ns level) 

Fast  

(ps level) 

Fast 

 (ps level) 

Clamping 

voltage 

High 

(Hundreds of 

volts) 

Low 

(Tens of 

volts) 

Low 

(Tens of 

volts) 

Lifespan 

Long  

(Thousands 

of times) 

Intermediate 

(Hundreds of 

times) 

Very long  

(Thousands 

of times) 

Table 2 shows the characteristics of MOV, TVS 

diode, and proposed circuit. The TVS diode can suppress 

and protect external instantaneous stress input through 

external pins by the protection circuit of the input 

terminal. It can be applied in both directions. The 

characteristic of the TVS diode can be clamped at lower 

voltages, low capacitance, low leakage current, and  

fast response time. However, it is required to use the 

clamping voltage precisely and is suitable for sensitive 

circuit parts due to the high price. The peak clamping 

voltage of the MOV is higher than the TVS diodes. It  

has greater tolerance for high energy temperatures,  

long-term life, competitive price (on average, 10 times 

cheaper than TVS diode), higher capacitance, and 

bidirectional components. In addition, it can control  

high currents. Voltage and current characteristics are 

symmetrical (DC and AC circuits can be applied). 

However, it is not suitable for sensitive circuits as a high 

priority. The proposed indirect lightning protection 

circuit (ILPC) uses the characteristics of the MOV, TVS 

diode, and series resistor electronic components to create 

synergy effects. The ILPC is shown in Fig. 3 aiming  

to maximize benefits and overcome the disadvantages  

of the individual part. The proposed protection circuit 

has the structure of first clamping through MOV that 

withstands a few large surges. A series resistor (R) 

reduces a residual noise, a shorter-pulse noise, and 

control current. The value of R was set to 2 Ω and tested 

due to the impedances (25 Ω or 1 Ω) of the waveforms 

(WF3 or WF5A). Third clamping is performed through 

a TVS diode and controls small surges. By using the 

proposed ILPC, the incoming current noise can be 

distributed and the lightning long-term stable protection 

becomes possible [11]. 

 

 
 

Fig. 3. Proposed indirect lightning protection circuit. 

 

Based on the 28 V power of avionics, the TVS 

diode applied indirect lightning protection measures 

applied in positive and negative polarities. Considering 

the voltage conditions of MIL-STD-704F, a TVS diode 

with a maximum clamping voltage of ±50 V and higher 

was selected. The device chosen was 30KPA43CA made 

by Littelfuse [12],[13] and a maximum clamping voltage 

(𝑉𝐶) of 73 V was selected [12]. The allowable peak pulse 

current (IPP @ WF3 or WF5A) at WF3 or WF5A is calculated 

using: 
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@ 3  5

OC C
PP WF or WF A

S

V V
I

Z

−
= , (1) 

where ZS is an impedance that can obtain the ratio of  

VOC and ISC, VOC is a peak open circuit voltage, and VC  

is a maximum clamping voltage. The maximum peak 

pulse currents (IPP @ WF3 or WF5A) at WF3 and WF5A are 

approximately 21.1 A and 227 A, respectively. The peak 

pulse current (IPP @ TVS) at TVS diode is calculated using: 

 @

@

@10/1000

PPP T

PP TVS PP

PP s

P
I I

P 

=  , (2) 

where PPP is a peak pulse power at TVS diode and IPP is  

a maximum peak pulse current at a datasheet. The 

allowable current of TVS diode at WF3 and WF5A can 

obtain approximately 5120 A and 1107 A, respectively. 

Therefore, the used TVS diode has an enough margin for 

WF3 and WF5A. It was confirmed that the indirect 

lightning input current applied to the signal line during 

the indirect lightning test can be applied within the 

maximum current of the TVS diode. In case of the MOV 

circuit application, the MOV can handle the peak pulse 

current. The peak pulse current is the maximum current 

at which the MOV voltage does not change by more than 

10% [14][15]. The MOV operating DC voltage VM(AC) 

should be selected to be higher than the maximum 

allowable DC voltage operating circuit voltage. The 

ILPC design clamping MOV should be higher than  

30.8 V (28 V power of avionics + 10%) and a maximum 

clamping voltage of over 50 V. The clamping voltage is 

over 50 V but higher than the TVS diode clamping 

voltage. This is because MOV is more resistant to indirect 

lightning strikes than the TVS diode. The maximum 

current (ISurge) flowing in the MOV during the surge is 

lower than the indirect lightning surge current (IILS) [14]. 

ISurge is calculated using: 

 ( )1 10%OC O C

Surge

V V V
I

R

+ + −
= , (3) 

where R is a value of resistor (2 Ω). The maximum 

current (ISurge @ WF3 or WF5A) at WF3 and WF5A are 

approximately 268.9 A and 118.9 A, respectively. Using 

V20E30AUTO (VC = 93V, VDC = 34V, IILS = 3000A) as 

MOV made by Littelfuse [15], it was confirmed that the 

indirect lightning input current can be applied within  

the maximum current of MOV. Before the experimental 

verification, the simulation was performed using the 

PSPICE program. The waveforms (WF3 and WF5A) of 

RTCA DO-160G Sec. 22 were applied to each element 

(MOV and TVS) and the proposed circuit, and the 

performance was confirmed and compared in Figs. 4 and 5. 

 

 
 

Fig. 4. Simulated comparisons of MOV, TVS diode, and 

proposed circuits for WF3: (a) and (b) voltage and current 

WF3, (c) and (d) voltage and current comparisons for 

WF3, respectively. 
 

 
 

Fig. 5. Simulated comparisons of MOV, TVS diode, and 

proposed circuits for WF5A: (a) and (b) voltage and 

current for WF5A, (c) and (d) voltage and current 

comparisons for WF5A, respectively. 

 

III. RESULTS AND DISCUSSIONS 
To experimentally verify the ILPC the proposed 

circuit, the pin injection test based on RTCA DO-160G 

Sec. 22 lightning-induced transient susceptibility has 

been conducted. Pin injection tests are primarily for 

damage assessment and involve the injection of transients 

directly into EUT interface circuits [8]. Figure 6 shows 

the test setup of RTCA DO-160G Sec. 22. The pin 

injection generators (MIG OS-M and MIG 0600MS by 

EMC Partner), the injection probe (CN-MIG-BT3 by  
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EMC partner), the oscilloscope (MSO-X 4154A by 

Keysight Technologies), the high voltage differential 

probe (TT-SI9091 by TESTEC), the current clamp  

probe (Pearson Electronics 3525), and the electric load 

(PLZ164WA by Kikusui Electric Co.) were used to  

the test. Waveforms applied to the pin injection test  

were tested on WF3 and WF5A of level 3. In order to 

determine the effect of indirect lightning for each of the 

devices applied by an accredited testing laboratory, a 

comparative test was conducted by dividing into MOV, 

TVS diode, and ILPC. 

 

 
 

Fig. 6. Proposed indirect lightning protection circuit. 

 

The measured results for WF3 and WF5A are  

shown in Figs. 7 and 8, respectively. In the WF3 and 

WF5A tests, it was confirmed that ILPC has the best 

characteristics of voltage and current reduction. During 

the test, visual inspection and tolerance items were 

checked, and no specifics were found. In particular,  

the characteristics of the indirect lightning filter were 

confirmed using WF5A, in which a large induced 

lightning was induced. Table 3 shows the results of  

pin injection test with regard to WF3 and WF5A by 

comparison between the MOV, TVS, and the proposed 

circuits. The calculated measurement uncertainties with 

95% confidence level for the pin injection test (voltage 

and current) in Fig. 6 are 10V and 0.63A, respectively. 

Compared to the input signals (600 V for WF3 and 300 

V for WF5A), the peak voltage of the proposed circuit  

to which the MOV is applied has attenuation of 

approximately 74.7% and 87%, and the attenuation of 

approximately 80.2% and 87.7% when the TVS diode is 

applied, respectively. The peak current of the circuit  

to which the MOV is applied has attenuation of 

approximately 69.2% and 98.2% compared to the input 

signal (24A for WF3, 300A for WF5A), and approximately 

75.4% and 98.2% of attenuation when the TVS diode is 

applied, respectively. On the other hand, the highest 

attenuation levels of the proposed circuit in the indirect 

lightning strike WF5A reference voltage and current 

signals are approximately 91.0% and approximately 

98.4% for the input lightning signals, respectively. As a 

result, it means that the propose circuit is possible to 

improve the noise suppression and protect avionics from 

noised caused by indirect lightning. 
 

 
 

Fig. 7. Measured comparisons of MOV, TVS diode, and 

proposed circuits for WF3: (a) and (b) voltage and 

current WF3, (c) and (d) voltage and current com-

parisons for WF3, respectively. 
 

 
 

Fig. 8. Measured comparisons of MOV, TVS diode, and 

proposed circuits for WF5A: (a) and (b) voltage and 

current for WF5A, (c) and (d) voltage and current 

comparisons for WF5A, respectively. 
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Table 3. The results of pin injection test with regard to WF3 and WF5A 

Waveforms 

V𝑃𝑒𝑎𝑘 (U = 10 V, 95% Confidence Level) I𝑃𝑒𝑎𝑘 (U = 0.63 A, 95% Confidence Level) 

Input 
Reference 

Prop. Circuit Input 
Reference 

Prop. Circuit 
MOV TVS Diode MOV TVS Diode 

WF3 
600 V 152 V 119 V 117 V 24 A 7.4 A 5.9 A 5.4 A 

100% -74.67% -80.17% -80.5% 100% -69.17% -75.42% -77.50% 

WF5A 
300 V 39 V 37 V 27 V 300 A 5.5 A 5.3 A 4.8 A 

100% -87.00% -87.67% -91.00% 100% -98.17% -98.23% -98.40% 

IV. CONCLUSION 
In this paper, we proposed an ILPC for indirect 

avionics filters. Previously, a large protective device had 

to be attached to the outside of avionics, but the proposed 

indirect lightning filter can be modified and changed 

simply by reducing the size and weight. The RTCA  

DO-160G Sec. 22 test was conducted according to the 

verified procedure. As a result of the test, ILPC complies 

with WF3 and WF5A providing lower clamping voltage 

and current. Owing to its high resistance to noise from 

indirect lightning strikes, it can be expected to act as  

a filter for a very long-term protection circuit. The 

proposed ILPC can be applied to avionics devices that 

that the aircraft is powered itself, and it can be applied 

immediately as a power line indirect lightning protection 

filter for aviation-mounted electronic devices such as 

aircraft transceivers, communications, navigation, flight 

recorder, monitoring, control system, the display and 

management systems etc. This ILPC is an effective way 

to prevent indirect lightning strikes of avionics systems. 
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