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Scope 

This document contains the test results and conclusions for the conducted current 

lightning testing of the test articles in Table 1. Testing took place at the NIAR 

Environmental Test Lab located at 3800 S. Oliver Wichita, Kansas 67210 and was 

performed for Kansas Aviation Research and Technology (KART) research project 

R52520. The test took place from April 26, 2021 to May 28, 2021.  

 

The purpose of these tests are experimental identification of the occurrence of potential 

ignition sources emanated by a fastener-containing joint as a result of induced lightning 

conducted current within the joint. The data from this test report will be put towards 

implementation of the NIAR/WSU KART “Fastener Database” project, the purpose of 

which is compiling a fastener ignition source threshold database for metal, composite, 

and hybrid test article coupons containing both nominal and fault fastener installations 

for the fasteners commonly utilized in aircraft fuel tank structures. The test level at 

which no visible light is observed, utilizing the photographic test method per ARP 

5416A, establishes the ignition source threshold for a particular joint assembly. 

Detailed test summaries are in Section 5.0 of this report. The waveform parameters and 

test data table is provided in Appendix A. Photographs of the test setups can be found 
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in Appendix B. Appendix C contains the test article drawings. Appendix D contains the 

200 µJ camera calibration documentation.  

 
Test Setup 

Test setups for the two lightning generators, the lower amplitude 25.981 generator and 

the full scale direct effects of lightning (DEL) generator, can be seen in Figure 1 - Figure 

5 below. The test articles were oriented such that at both generators, the direction of 

current flow passed through Joint 3 first and exited through Joint 1.  

 
Figure 1: Nichrome Waveform Verification Strip Installation 

 
Figure 2: 25.981 Generator Test Set Up 
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Figure 3: Test Camera in Shielded Box 

 
Figure 4: Blowout Film for Pressure Changes in Test Chamber 

 
Figure 5: DEL Generator Test Setup – Test Chamber with Cameras in Shielded Boxes 

 
Figure 6: DEL Generator Test Setup – Generator Output 
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Use of Multiple Test Cameras 

Initial testing, and the majority of testing at 10 kA or below, was performed with cameras 

6 and 7. When test levels were increased past 10 kA, these cameras began to 

malfunction due to electromagnetic interference from the lightning generator. Testing 

was paused while two replacement cameras (camera 3 and camera 8) were calibrated 

and shielded boxes were fabricated to protect the new cameras from interference. 

Testing resumed using cameras 3 and 8 and was completed without any additional 

camera malfunctions.  

 

Isolating Sparking from Opposite Camera 

In many cases, sparking was too bright to determine if the sparks were coming from the 

head or tail side. This was important to determine, specifically for countersink fasteners, 

for which sparking is allowable on the head side of the test article (exterior side) but is 

not allowable on the collar side of the test article (internal to fuel tank). To remedy this 

issue of spark identification, a physical divider made of tape was placed around the 

edges of the test article to block off the view of the tail side sparking from the head side 

camera and vice versa. Calibrated camera thresholds were not used in the analysis due 

to the extreme light interference. Instead a visual inspection of the photos was 

implemented to determine if a sparking event took place. 

 
Test Article Intake 

There were 32 unique test configurations evaluated, which are listed in Table 1. The 

test article naming convention can be found in Table 2 below. Nearly half of the 

configurations were hybrid carbon-fiber-composite and aluminum joints, in which the 

carbon represented the skin and the aluminum represented internal structure for the test 

articles with countersink fasteners. In the case of the hybrid joints with protruding 

fasteners, both the carbon and aluminum coupons represented internal structure. The 

rest of the test articles were carbon-fiber-composite to composite joints representing 

both skin to internal structure configurations and internal structure to internal structure 

configurations.  
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Composite versus hybrid joints, fastener head type, fastener type, fastener coating, and 

the presence of faults were variables in the test article configurations that were 

evaluated for this test.  

 

All test articles were received with the correct pins, collars, and faults. The expected 

quantity of test articles was received. Some of the test articles were received with extra 

spots of primer on both the head and tail side of the test article. The faulted fastener 

hole locations of the CF8-4C20A configuration were not square with the other fastener 

locations. The CF4-4C20A configuration was received with primer touch-up spots on the 

head side, which appear to be covering up scratches that were made on the head side 

instead of the tail side. These erroneous scratches in the fuel tank coating were not 

expected to impact test results since the primer was repaired.  

 

Table 1: Test Article Configurations 
Configuration Joint Type Fastener Type Head Type Fault Type Coating 

CF9-4C20A Carbon Hi-Kote/Hi-Lite Countersink Substitute Hi-Kote  

CF9-4C18E Carbon Hi-Kote/Hi-Lite Protruding Substitute Hi-Kote  

HF9-4C20C Hybrid Hi-Kote/Hi-Lite Countersink Substitute Hi-Kote  

HF9-4C18D Hybrid Hi-Kote/Hi-Lite Protruding Substitute Hi-Kote  
CN-4C21A Carbon Hi-Lite Countersink Nominal Hi-Kote 

CN-4C21E Carbon Hi-Lite Countersink Nominal Hi-Kote 

CN-4C19E Carbon Hi-Lite Protruding Nominal Hi-Kote 

HN-4C21C Hybrid Hi-Lite Countersink Nominal Hi-Kote 

HN-4C19D Hybrid Hi-Lite Protruding Nominal Hi-Kote 

CF5-4C20A Carbon Hi-Lite Countersink Composite drill breakout / Burr  

CF7-4C20A Carbon Hi-Lite Countersink Countersink too deep  

CF4-4C20A Carbon Hi-Lite Countersink Fuel tank coating scratch  

CN-4C20A Carbon Hi-Lite Countersink Nominal  

CN-4C20E Carbon Hi-Lite Countersink Nominal  

CF8-4C20A Carbon Hi-Lite Countersink Perpendicularity  



 

Page 13 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

CF6-4C20A Carbon Hi-Lite Countersink Under torque  

CF5-4C18E Carbon Hi-Lite Protruding Composite drill breakout / Burr  

CF4-4C18E Carbon Hi-Lite Protruding Fuel tank coating scratch  

CN-4C18E Carbon Hi-Lite Protruding Nominal  

CF8-4C18E Carbon Hi-Lite Protruding Perpendicularity  

CF6-4C18E Carbon Hi-Lite Protruding Under torque  

HF5-4C20C Hybrid Hi-Lite Countersink Composite drill breakout / Burr  

HF7-4C20C Hybrid Hi-Lite Countersink Countersink too deep   

HF4-4C20C Hybrid Hi-Lite Countersink Fuel tank coating scratch  

HN-4C20C Hybrid Hi-Lite Countersink Nominal  

HF8-4C20C Hybrid Hi-Lite Countersink Perpendicularity  

HF6-4C20C Hybrid Hi-Lite Countersink Under torque  

HF5-4C18D Hybrid Hi-Lite Protruding Composite drill breakout / Burr  

HF4-4C18D Hybrid Hi-Lite Protruding Fuel tank coating scratch  

HN-4C18D Hybrid Hi-Lite Protruding Nominal  

HF8-4C18D Hybrid Hi-Lite Protruding Perpendicularity  

HF6-4C18D Hybrid Hi-Lite Protruding Under torque  
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Table 2: Test Article Naming Convention: AB#-#C#D-# 

A Joint Type C-Carbon  
H-Hybrid 

B Nominal or Faulted N-Nominal 
F-Faulted 

# Fault Type 4-Scratch 
5-Burr 
6-Undertorque 
7-Countersink Too Deep 
8-Perpendicularity 
9-Substitute Hi-Kote 

# No. of Fasteners per Joint 4-All joints in this study had 4 fasteners per joint. 
C Fit Type C-Clearance 

 
# Unique Pin/Collar Combination 18- HST10BJ8-5/ HST79CY8 

19- HST10AG8-5/ HST79CY8 
20- HST11BJ8-5/HST79CY8 
21- HST11AG8-5/ HST79CY8 

D Coupon Type A-ECF carbon to plain carbon 
C-ECF carbon with fiberglass to aluminum 
D-plain carbon with fiberglass to aluminum 
E-plain carbon to plain carbon 

# Instance 1-First instance of the configuration 
2- Second instance of the configuration 
3- Third instance of the configuration 
4-Last instance of the configuration 

 
Testing 

 

1.1 Fuel Tank Conducted Current Test Procedure 

The non-sparking threshold is defined as the highest test level where no sparking 

occurs. To find this threshold, begin by testing at 25.981 generator for the 1-10 kA tests. 

1. Verify the 25.981 generator waveforms meet requirements by using a dummy 

test article (Nichrome strip). 

2. Measure pre-test DC resistance across each fastener joint prior to testing. 

3. Ensure cameras are set to the calibrated settings and focused on the test article. 
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4. Install test article into copper clamps. Cover edges of the clamping surface with 

clay or tape to prevent sparking from escaping from this region. Power on and 

connect all measurement probes to the test article. 

5. Begin conducted current testing at 10 kA for the first test article instance (one of 

the four duplicate test articles) of each configuration. Only the first shot per test 

article counts toward a threshold to limit the effects of conditioning due to 

damage resulting from the test. 

a. If no spark occurs at 10 kA, the next test level should be increased. The 

remaining test articles for that configuration will be tested at the DEL 

generator.  

b. If a spark occurs at 10 kA, the next test level should be decreased. Move 

on to the next instance of that test article configuration. Decrease the test 

amplitude by half and test again. If no spark is observed, replace the test 

article with the next instance of the configuration and increase the test 

level to 7 kA. Continue to increase or decrease the current based on the 

presence of a spark until a maximum non-sparking threshold is obtained.  

6. Measure the post-test DC resistance across each fastener joint before and after 

each shot. 

Once all configurations have been tested at the 25.981 generator, those that did not 

spark at or below 10 kA will be tested at the DEL generator at increased current 

amplitudes. 

1. Verify the DEL generator waveforms meet requirements. 

2. Measure pre-test DC resistance across each fastener joint prior to testing. 

3. Ensure cameras are set to the calibrated settings and focused on the test article. 

4. Install test article into copper clamps. Cover edges of the clamping surface with 

clay or tape to prevent sparking from escaping from this region. Power on and 

connect all measurement probes to the test article. 

5. Begin conducted current testing on the next untested instance at 60 kA.  
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a. If no spark is observed at 60 kA, test the next instance at 100 kA. If no 

spark is observed at 100kA, testing is complete. If there is a spark at 

100kA, test the next instance at 80 kA.  

b. If a spark is observed at 60 kA, test the next instance at 30 kA. If no spark 

is observed at 30kA, test the next instance at 40 kA. If a spark is observed 

at 30 kA, test the next instance at 20 kA. 

6. Measure the post-test DC resistance across each fastener joint before and after 

each shot. 

Test Image Analysis 

Sparking from countersink fasteners was evaluated differently than sparking from 

protruding fasteners. 

• For test articles with countersink fasteners, sparking was considered a failure 

(counted towards the threshold) only if it occurred on the tail side or between the 

plates of the test article.  

• For test articles with protruding fasteners, all sparking – tail side, between the 

plates, and head side – is considered a failure (counts to the threshold).  

 

The difference in spark evaluation is due to the location of the fastener head types in 

the fuel tank. Countersink fasteners are typically installed on skin surfaces, for which the 

fastener heads are external to the fuel tank environment. Sparking on the external side 

of the tank is not considered a threat of ignition. Sparking at the fastener tail side, as 

well as sparks escaping from between the plates are both located inside the fuel tank 

environment and are considered ignition sources for countersink fasteners.  

 

Protruding fasteners are typically installed in internal structure locations and thus any 

sparking from the head or tail of these fasteners can act as an ignition source. All 

following analysis will separate the data for the protruding and countersink head 

fasteners, as the non-sparking threshold criteria for the two types were different.  
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Table 3 - Equipment Used For Conducted Current Testing 

Description Manufacturer Model 
Number 

Serial 
Number 

Cal Due 
Date 

Mixed Signal Oscilloscope-
LIMITED CAL Agilent MSO6104A MY44004620 9/30/2021 

4 Channel 500 MHz 20 GSPS 
Oscilloscope Tektronix DPO7054C C302445 2/28/2022 

Current Monitor Probe 100:1 
Pearson 

Electronics Inc. 101 157914 2/28/2022 
Milliohm Meter Hioki RM3548 160526787 9/30/2021 

High Current Generator NIAR HC1 001 N/A 

Current Monitor Probe 
Pearson 

Electronics Inc. 301X 147836 8/28/2021 

HV Power Supply Spellman 
SL8PN2000X4

874 
102151349-

A00001 N/A 
Oscilloscope Yokogawa DL850E 91P313729 9/30/2021 

Current Probe 1:1500 Danisense DS600IDSA 14170020014 12/12/2021 

Current Monitor Probe 
Pearson 

Electronics Inc. 1423 147997 8/28/2021 
Analog Voltage Input Module Yokogawa 701250 91P321170 9/30/2021 

HV Power Supply Spellman 
STR70N6/200/

3PHASE 
102186808-

A00003 N/A 
Analog Voltage Input Module Yokogawa 701250 91P321166 9/30/2021 

#3 EOS Rebel 18-55mm Camera 
Lens Canon EFS 18-55mm 1446092416 

N/A 

#3 EOS Rebel Canon DS126311 402077002849 N/A 
#8 EOS Rebel T3i Camera Canon DS126311 402077002846 N/A 

#8 EOS Rebel 18-55mm Camera 
Lens Canon EFS 18-55mm 1446092413 

N/A 

#6 EOS Rebel 18-55mm Camera 
Lens Canon EFS 18-55mm 610204005366 

N/A 

#6 EOS Rebel T6i Camera Canon DS126571 352072015432 N/A 
#7 EOS Rebel 18-55mm Camera 

Lens Canon EFS 18-55mm 610204005502 N/A 
#7 EOS Rebel T6i Camera Canon DS126571 352072015496 N/A 

 

 

1.2 Results/Discussion 

Thickness measurements of the fuel tank coating primer were taken in three locations 

across each test article. This was done to ensure that the paint thickness was 

reasonably uniform and would not impact the testing. The paint thickness averages of 

the three measurements per test article for the four test article instances of each 
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configuration are shown in Figure 7. From this graph, it is clear that the paint thickness 

is reasonably uniform. Figure 8 shows the average paint thickness of the specific test 

article that the non-sparking threshold was obtained on for each configuration. From this 

graph, it is clear that there is no trend between paint thickness and the non-sparking 

threshold. 

 

  
Figure 7: Average Paint Thickness at Check In 

 
Figure 8: Paint Thicknesses v. Non-sparking Threshold 
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DC resistance measurements were taken across each joint for each test article instance 

both before and after testing. These measurements were used to determine if the pre-

test measurements could be correlated with the maximum non-sparking threshold 

levels. Average DC resistance measurements were also compared between the pre-test 

and post-test measurements to determine whether conditioning took place as a result of 

the test. In Figure 9 below are the pre-test DC measurements for the specific test article 

instance that resulted in the threshold for each configuration, plotted against said 

threshold for protruding head fasteners. The complimentary graph for the countersink 

fasteners is in Figure 10. No clear trend emerged between the pre-test DC resistance 

measurements and the non-sparking thresholds. 

  
Figure 9: Average Protruding Pre-test DC Resistance vs. Non-sparking Threshold 
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Figure 10: Average Countersink Pre-test DC Resistance vs. Non-sparking Threshold 

 

The pre and post-test DC measurements were plotted against each other to study the 

conditioning effects of the lightning events in Figure 11 for the protruding fasteners and 

Figure 12 for the countersink fasteners. The DC resistance decreased after testing 

protruding head configurations 61% of the time, and 100% of the time for countersink 

configurations. The decrease in DC resistance after testing was not by a consistent or 

predictable amount. The 39% of protruding fasteners which had an increase in DC 

resistance after testing were all faulted configurations. Of those faulted configurations, 

two were composite joints and five were hybrid joint configurations. 
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Figure 11: Average DC Resistance for Protruding Head Fasteners 

 

 
Figure 12: Average DC Resistance for Countersink Head Fasteners 

 
The non-sparking thresholds that resulted from this work can be found in Figure 13 and 

Figure 14 for protruding head and countersink head fasteners respectively. To minimize 

the effects of conditioning, only the first shot on each test article is valid. Of those, the 

shot with the highest peak current value that did not result in a sparking event is 

considered the non-sparking threshold. The only configuration for which no threshold 

was obtained was the non-conductive, protruding, composite test article configuration 

(CN-4C19E). This particular test article sparked at every test level, including the lower 
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limit of testing of 1 kA, and thus no threshold could be determined. Specific factors were 

selected for test article configurations to determine which affected the non-sparking 

threshold. The following discussion considers each of these factors. The factors that 

were considered in testing were: 

1. Fastener Coatings 

2. Fault Type 

3. Joint Type 

 

 
Figure 13: Non-sparking Threshold for Protruding Fasteners 
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Figure 14: Non-sparking Threshold for Countersink Fasteners 

 

Factor 1 – Fastener Coating 

Two types of fastener coatings were evaluated:  

1. Conductive – aluminum ion vapor deposition (IVD) layer. 

2. Non-conductive: Hi-Kote phenolic-based aluminum coating. 

 

 Overall, the hybrid configurations had higher non-sparking thresholds than composite 

configurations for both protruding and countersink fasteners. The non-conductive 

fasteners reduced the threshold for hybrid joints when compared to the conductive 

fasteners in hybrid joints. The composite joints had lower non-sparking thresholds 

overall, though it appears that the nonconductive fasteners did not further reduce the 

non-sparking threshold when compared to the conductive fasteners. This is likely 

because the resistive nature of the composite-composite joints had more of an effect 

than the fastener coating. Similar results were seen in both the protruding and 

countersink fasteners, seen in Figure 15 and Figure 16 below. 
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Figure 15: Impact of Fastener Coatings on Protruding Fasteners 

 
Figure 16: Impact of Fastener Coatings on Countersink Fasteners 

 

Factor 2 – Fault Type 

Of the configurations with a conductive protruding head fastener, on average, those with 

the perpendicularity fault had a higher non-sparking threshold than any other 

configuration (21 ± 14 kA), including the nominal installations (6 ± 7 kA). The under 

torque and scratch faults also had slightly higher non-sparking thresholds than the 

nominal configurations did at 9 ± 3 kA. In fact, the only conductive faulted configuration 
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that performed similarly to the conductive nominal installations was the burr fault (6 ± 6 

kA).  

 

There were two types of configurations containing nonconductive protruding fasteners: 

a nominal configuration and the faulted substitute Hi-Kote installations. The nominal 

configurations included four Hi-Kote fasteners per joint, while the faulted installation 

included one Hi-Kote fastener per joint, along with three conductive IVD coated 

fasteners. The faulted configuration had a higher average non-sparking threshold (10.6 

± 0.3 kA) than the nominal nonconductive configuration (3 ± 3 kA).  

 

On average for protruding head fasteners, the nominal configurations, regardless of 

fastener coating, had lower non-sparking thresholds than some of the faulted 

configurations. This result may be due to manufacturing variability and/or the small 

sample size of comparable configurations, since the faulted configurations were 

expected to have the lower non-sparking thresholds then their nominal counterparts.  

 

 
Figure 17: Protruding Conductive Non-sparking Threshold by Fault Type 

 

Of the configurations with conductive countersink head fasteners, on average, those 

with the countersink too deep fault had a higher non-sparking threshold than any other 
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configuration (28 ± 26 kA), including the nominal installations (14 ± 19 kA). The 

perpendicularity and burr faults both had average thresholds of 10 ± 0.5 kA. The under 

torque and scratch faults had average thresholds of 15 ± 8 kA, and 6 ± 6 kA.  

There were two configurations with nonconductive countersink fasteners: nominal Hi-

Kote and the faulted substitute Hi-Kote installations. The nominal installation included 

four Hi-Kote fasteners per joint, and the faulted installation included one Hi-Kote 

fastener per joint, along with three conductive IVD coated fasteners. The faulted 

nonconductive configuration had a lower average threshold (15 ± 8 kA) than the 

nominal nonconductive configuration (16 ± 5 kA), though not by a significant amount. 

 

 
Figure 18: Countersink Conductive Non-sparking Threshold by Fault Type 

 

 

Factor 3 – Joint Type 

Hybrid joints had higher non-sparking thresholds than composite joints, as seen in 

Figure 15 and Figure 16, and Figure 19 and Figure 20. This was expected, as the 

aluminum coupon conductivity is higher than the carbon fiber coupon conductivity. The 

only configuration where the composite joint had a higher non-sparking threshold than 

the corresponding hybrid joint was for protruding head fasteners installed with a 

perpendicularity fault. 
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Figure 19: Impact of Joint Type on Protruding Non-sparking Threshold 

 

  
Figure 20: Impact of Joint Type on Countersink Non-sparking Threshold 

 

 

Anomalies 

The all composite, protruding head fastener test article with nonconductive Hi-Kote 

fasteners configuration, CN-4C19E, resulted in anomalous data. The CN-4C19E-1 test 

article was tested at 10 kA. This protruding configuration had head side sparking at all 

three joints and failed the 10 kA test level. The CN-4C19E-2 test article was tested at 3 
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kA and failed due to head side sparking at joint 3. The CN-4C19E-3 test article was 

tested at 1 kA – which is the lowest test level – and failed due to head side sparking at 

joint 1. No threshold was obtained because the lightning generator could not be reduced 

to lower test levels than 1 kA. The very low undiscovered threshold for this configuration 

was likely due to the non-conductive coating on the protruding fasteners. This 

configuration was the only non-conductive protruding configuration that was tested. The 

only other nonconductive protruding configuration was a hybrid (5 kA) which almost 

always had higher thresholds than the carbon configurations.  

 

Conclusions 

• Only taking into account instances which resulted in a threshold, average DC 

resistance values per configuration decreased after lightning testing for all 

countersink configurations and 61% of protruding configurations. 

• Fasteners with nonconductive Hi-Kote coating have lower non-sparking 

thresholds in hybrid configurations than fasteners with aluminum IVD coating. 

• Faulted protruding head fasteners had higher non-sparking thresholds than the 

nominal protruding head installations on average. 

• The countersink too deep faulted configuration had the highest average non-

sparking threshold (28 kA) of any conductive countersink configuration.  

• The countersink “substitute Hi-Kote” faulted installations had higher non-sparking 

thresholds than the nominal Hi-Kote installations. This was expected as there 

was only one nonconductive Hi-Kote fastener and three conductive IVD fasteners 

per joint in the faulted configuration, but four Hi-Kote fasteners per joint in the 

nominal configuration. 

• Hybrid joints (aluminum to carbon fiber composite) had higher non-sparking 

thresholds than composite to composite joints in every configuration except for 

one (protruding head fasteners with a perpendicularity fault). 

• On average, protruding head fasteners had lower non-sparking thresholds than 

configurations with countersink fasteners, primarily because sparking at the head 

side of the fastener was considered in determining non-sparking thresholds for 
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protruding head fasteners (internal fuel tank configurations) but was not 

considered for countersink head fasteners (fastener heads external to fuel tank).
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Appendix A – Waveforms and Test Data 

Scaled Down 25.981 Generator 

A scaled-down conducted-current lightning generator, purposely constructed for this 
KART project, was utilized during testing. The generator was built having a 1-to-20 
target ratio with respect to full-threat generator characteristics per ARP 5412A.  The 
scaled waveforms are shown in Figure 1 and Figure 2. The rationale for the design was 
based on scaling down the action integral parameter of the full-threat current 
Component A, while the total charge transferred was scaled to obtain the reduced 
Component B current (Charge = Current x Time). Finally, the scaled Component B 
waveform was extended beyond its designated 5-ms duration in order to account for the 
charge transfer contributed by the scaled C*.  
 

 
Figure 1: Scaled Down Component A Waveform 

 
The characteristics for the scaled current Component A include: 

• Unidirectional waveform 
• 5.0·103 A2s (±20%) action integral within 500 μs 
• 10 kA (±10%) peak current amplitude 
• ≤ 50 μs rise time between 10% and 90% of peak amplitude 
• 70 μs time to 50% decay 
• Total time to 1% peak not exceeding 500 μs. 
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Figure 2: Scaled Down Component B/C* Waveform 

 
 
The characteristics for the scaled current Component B/C* include: 

• Unidirectional waveform 
• 171 A (±20%) average current  
• 290 A peak current  
• 1.4 C (±10%) total charge transfer.  

 
DEL Generator 

A full-scale direct effects of lightning generator was also used for testing at increased 
current amplitudes ranging from 20kA to 60kA. Sample waveforms are shown below in 
Error! Reference source not found. and Error! Reference source not found.. 
 
 

 
Figure 3: Full Scale Component A Waveform 
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The characteristics for the scaled current component A include: 
• Unidirectional waveform 
• 250 kA2s±20% action integral in 500 µs 
• Peak current of 100 kA 
• 6.4 µs rise time, 70 µs to 50% decay 
• Total time ≤ 500µs 

 
Figure 4: Full Scale Component B/C* Waveform 

 
 
The characteristics for the current component B/C* include: 

• Unidirectional waveform 
• 3 kA average current 
• 6.5 kA peak current 
• 0.8 ms rise time 
• 14 C total charge transfer 

 
The tables below contain data from testing, including the measured and expected 
waveform parameters and all relevant sparking events. All configurations and test levels 
are included. The test point which resulted in the threshold level for each configuration 
is in bold text. 
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Measured Expected (± 10%) Measured Expected (± 10%) Measured Expected (± 20%)
HN-4C20C-1 1 1.3 1.4 10.48 10 4.571 5.0000 No Pass Countersink
HN-4C20C-1 2 N/A 2.29 15.01 15 8.5 10.8183 No Pass Countersink
HN-4C20C-1 3 2.68 2.86 20.53 20 16.03 20.2034 No Pass Countersink
HN-4C20C-1 4 4.48 4.59 30.4 30 38.8 46.3033 No Pass Countersink
HN-4C20C-1 5 5.95 5.95 41 40 69.13 88.3645 No Pass Countersink
HN-4C20C-1 6 7.07 7.12 47.8 50 94.47 120.9416 No Pass Countersink
HN-4C20C-1 7 8.58 8.72 57.33 60 136.52 179.7895 No Pass Countersink
HN-4C20C-2 1 8.55 8.72 62.13 60 155.83 179.7895 No Pass Countersink
HN-4C20C-3 1 8.54 8.72 62.3 60 157.4 179.7895 Tail J3 Fail Countersink
HN-4C20C-4 1 4.41 4.59 31.1 30 39.18 46.3033 No Pass Countersink
CN-4C20A-1 1 0.67 0.7 5.04 5 1.091 1.2500 No Pass Countersink
CN-4C20A-1 2 0.35 0.42 3.04 3 393.8 0.4590 No Pass Countersink
CN-4C20A-1 3 0.85 0.98 7.28 7 2.212 2.5000 No Pass Countersink
CN-4C20A-1 4 1.24 1.4 10.16 10 4.442 5.0000 Tail J1 Fail Countersink
CN-4C20A-2 1 1.26 1.4 10.16 10 4.436 5.0000 No Pass Countersink
CN-4C20A-3 1 8.5 8.72 57 60 111.7 179.7895 Tail J1, J3 Fail Countersink
CN-4C20A-4 1 4.39 4.59 29.67 30 29.18 46.3033 Tail J1, J2 Fail Countersink
CN-4C20E-1 1 1.3 1.4 10.16 10 4.414 5.0000 No Pass Countersink
CN-4C20E-2 1 8.47 8.72 55.27 60 102.1 179.7895 Tail J2 Fail Countersink
CN-4C20E-3 1 4.49 4.59 32.67 30 34.56 46.3033 No Pass Countersink
CN-4C20E-4 1 5.63 5.95 44.1 40 63.4 88.3645 No Pass Countersink
HN-4C21C-1 1 1.3 1.4 10.24 10 4.448 5.0000 No Pass Countersink
HN-4C21C-2 1 8.59 8.72 61.87 60 152.38 179.7895 Tail J1, J2, J3 Fail Countersink
HN-4C21C-3 1 4.41 4.59 32.2 30 39.8 46.3033 Tail J2 Fail Countersink
HN-4C21C-4 1 2.94 2.86 20.73 20 15.78 20.2034 No Pass Countersink
CN-4C21A-1 1 N/A 1.4 10.24 10 4.43 5.0000 No Pass Countersink
CN-4C21A-2 1 N/A 8.72 56.27 60 105.25 179.7895 Tail J1, J2, J3 Fail Countersink
CN-4C21A-3 1 3.07 2.86 18.67 20 10.74 20.2034 Tail J2 Fail Countersink
CN-4C21E-1 1 1.33 1.4 10.08 10 4.406 5.0000 No Pass Countersink
CN-4C21E-2 1 8.34 8.72 55.93 60 105.03 179.7895 Tail J1, J2, J3 Fail Countersink
CN-4C21E-3 1 3.2 2.86 18.2 20 10.2 20.2034 No Pass Countersink
CN-4C21E-4 1 5.89 5.95 44.3 40 64.85 88.3645 Tail J1, J2 Fail Countersink
HN-4C18D-1 1 N/A 0.7 5.6 5 1.258 1.2500 No Pass Protrouding
HN-4C18D-1 2 1.32 1.4 10.8 10 4.703 5.0000 No Pass Protrouding
HN-4C18D-2 1 1.34 1.4 10.8 10 4.743 5.0000 No Pass Protrouding
HN-4C18D-3 1 4.63 4.59 31.47 30 37.57 46.3033 Head J1, J2, J3 Fail Protrouding
HN-4C18D-4 1 3.21 2.86 20.47 20 14.87 20.2034 Head J2, J3 Fail Protrouding
CN-4C18E-1 1 N/A 1.4 10.16 10 4.397 5.0000 Head J1, J2, J3 Fail Protrouding
CN-4C18E-1 2 N/A 1.4 10.24 10 4.422 5.0000 No Pass Protrouding
CN-4C18E-2 1 0.67 0.7 5 5 1.086 1.2500 Tail J3 Fail Protrouding
CN-4C18E-3 1 N/A 0.28 2.16 2 0.1873 0.2000 Head J3 Fail Protrouding
CN-4C18E-4 1 N/A 0.14 0.96 1 41.2 0.0500 No Pass Protrouding
HN-4C19D-1 1 0.66 0.7 5.36 5 1.161 1.2500 No Pass Protrouding
HN-4C19D-1 2 1.32 1.4 10.8 10 4.689 5.0000 No Pass Protrouding
HN-4C19D-2 1 1.32 1.4 10.6 10 4.645 5.0000 Head J1, J2, J3 Fail Protrouding
HN-4C19D-3 1 0.94 0.98 7.6 7 2.326 2.5000 Head J3 Fail Protrouding
HN-4C19D-4 1 0.8 0.84 6.6 6 1.75 1.8400 Head J2, J3 Fail Protrouding
CN-4C19E-1 1 0.67 1.4 10 10 4.336 5.0000 Head J1, J2, J3 Fail Protrouding
CN-4C19E-2 1 0.39 0.42 2.9 3 0.3781 0.4590 Head J3 Fail Protrouding
CN-4C19E-3 1 0.11 0.14 0.92 1 39.76 0.0500 Head J1 Fail Protrouding
HF9-4C20C-1 1 1.31 1.4 10.8 10 4.76 5.0000 No Pass Countersink
HF9-4C20C-2 1 8.52 8.72 61.33 60 155.98 179.7895 Tail J3 Fail Countersink
HF9-4C20C-3 1 4.39 4.59 32.13 30 41.66 46.3033 Tail J3 Fail Countersink
HF9-4C20C-4 1 N/A 2.86 21.13 20 17.52 20.2034 No Pass Countersink
HF7-4C20C-1 1 1.29 1.4 10.8 10 4.733 5.0000 No Pass Countersink
HF7-4C20C-2 1 8.39 8.72 61.47 60 156.67 179.7895 Tail J3 Fail Countersink
HF7-4C20C-3 1 4.32 4.59 31.93 30 42.27 46.3033 No Pass Countersink
HF7-4C20C-4 1 5.93 5.95 46.73 40 91.54 88.3645 No Pass Countersink
HF8-4C20C-1 1 1.34 1.4 10.8 10 4.765 5.0000 No Pass Countersink
HF8-4C20C-2 1 8.44 8.72 62.07 60 157.26 179.7895 Tail J3 Fail Countersink
HF8-4C20C-3 1 5.77 5.95 43.6 40 80.29 88.3645 Tail J3 Fail Countersink
HF8-4C20C-4 1 3.14 2.86 20.87 20 17.02 20.2034 Tail J2 Fail Countersink
HF4-4C20C-1 1 1.31 1.4 10.8 10 4.77 5.0000 No Pass Countersink
HF4-4C20C-2 1 N/A 8.72 60.93 60 158.47 179.7895 Tail J2, J3 Fail Countersink
HF4-4C20C-3 1 4.48 4.59 32.73 30 43.68 46.3033 Tail J3 Fail Countersink
HF4-4C20C-4 1 2.92 2.86 20.87 20 17.56 20.2034 Tail J3 Fail Countersink

Pass/Fail Head TypeConfiguration Shot # Charge Transfer (As) Current (kA) Action Integral (kAAs) Sparking

Table 1: Test Data 
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Measured Expected (± 10%) Measured Expected (± 10%) Measured Expected (± 20%)

HF5-4C20C-1 1 1.3 1.4 10.8 10 4.747 5.0000 No Pass Countersink
HF5-4C20C-2 1 8.68 8.72 61.13 60 159.78 179.7895 Tail J1, J2, J3 Fail Countersink
HF5-4C20C-3 1 4.5 4.59 32.05 30 42.62 46.3033 Tail J1, J3 Fail Countersink
HF5-4C20C-4 1 3.16 2.86 21 20 17.78 20.2034 Tail J1, J3 Fail Countersink
CF9-4C20A-1 1 1.3 1.4 10.16 10 4.44 5.0000 No Pass Countersink
CF9-4C20A-2 1 8.59 8.72 63.47 60 141.06 179.7895 Tail J3 Fail Countersink
CF9-4C20A-3 1 4.38 4.59 32.67 30 37.22 46.3033 Tail J3 Fail Countersink
CF9-4C20A-4 1 3.14 2.86 22.73 20 17.53 20.2034 Tail J2 Fail Countersink
CF7-4C20A-1 1 1.31 1.4 10.24 10 4.448 5.0000 No Pass Countersink
CF7-4C20A-2 1 8.47 8.72 63 60 139.77 179.7895 Tail J1, J2, J3 Fail Countersink
CF7-4C20A-3 1 4.51 4.59 32.67 30 37.12 46.3033 Tail J1, J3 Fail Countersink
CF7-4C20A-4 1 3.18 2.86 22.8 20 18.02 20.2034 Tail J3 Fail Countersink
CF8-4C20A-1 1 1.32 1.4 10.24 10 4.493 5.0000 No Pass Countersink
CF8-4C20A-2 1 8.55 8.72 63.47 60 141.97 179.7895 Tail J1, J2, J3 Fail Countersink
CF8-4C20A-3 1 4.42 4.59 32.47 30 37.32 46.3033 Tail J1, J3 Fail Countersink
CF8-4C20A-4 1 3.09 2.86 23.2 20 18.3 20.2034 Tail J2, J3 Fail Countersink
CF4-4C20A-1 1 1.31 1.4 10.16 10 4.445 5.0000 Tail J2 Fail Countersink
CF4-4C20A-1 2 0.65 0.7 5.16 5 1.123 1.2500 No Pass Countersink
CF4-4C20A-1 3 0.95 0.98 7.28 7 2.236 2.5000 No Pass Countersink
CF4-4C20A-2 1 1.18 1.26 9.2 9 3.603 4.1300 Tail J2 Fail Countersink
CF4-4C20A-2 2 1.04 1.12 8.24 8 2.846 3.2000 No Pass Countersink
CF4-4C20A-3 1 N/A 0.7 5.2 5 1.118 1.2500 Tail J1, J2, J3 Fail Countersink
CF4-4C2AC-3 2 N/A 0.14 1.16 1 50.88 0.0500 No Pass Countersink
CF4-4C20A-3 3 0.37 0.42 3.16 3 0.4091 0.4590 No Pass Countersink
CF4-4C20A-4 1 0.27 0.28 2.16 2 0.184 0.2000 No Pass Countersink
CF6-4C20A-1 1 1.34 1.4 9.92 10 4.203 5.0000 No Pass Countersink
CF6-4C20A-2 1 8.47 8.72 62.87 60 140.59 179.7895 Tail J1, J2, J3 Fail Countersink
CF6-4C20A-3 1 4.45 4.59 32.67 30 36.98 46.3033 Tail J2, J3 Fail Countersink
CF6-4C20A-4 1 3.09 2.86 22.7 20 17.56 20.2034 Tail J3 Fail Countersink
CF5-4C20A-1 1 1.29 1.4 10.16 10 4.398 5.0000 No Pass Countersink
CF5-4C20A-2 1 8.27 8.72 62.87 60 139.48 179.7895 Tail J1, J2, J3 Fail Countersink
CF5-4C20A-3 1 4.34 4.59 31.87 30 34.03 46.3033 Tail J1, J2, J3 Fail Countersink
CF5-4C20A-4 1 3.01 2.86 22.6 20 17.17 20.2034 Tail J1, J2, J3 Fail Countersink
HF9-4C18D-1 1 1.34 1.4 10.8 10 4.746 5.0000 No Pass Protrouding
HF9-4C18D-2 1 8.64 8.72 65.67 60 181.62 179.7895 Head and Tail J1, J2, J3 Fail Protrouding
HF9-4C18D-3 1 4.54 4.59 32.8 30 42.97 46.3033 Head J1, J2, J3 Fail Protrouding
HF9-4C18D-4 1 3.17 2.86 24.23 20 23.1 20.2034 Head J2, J3 Fail Protrouding
HF8-4C18D-1 1 1.35 1.4 10.8 10 4.774 5.0000 No Pass Protrouding
HF8-4C18D-2 1 4.55 4.59 32.73 30 42.61 46.3033 Head J1, J2, J3 Fail Protrouding
HF8-4C18D-3 1 3.23 2.86 21.93 20 18.79 20.2034 Head J3 Fail Protrouding
HF4-4C18D-1 1 1.34 1.4 10.8 10 4.68 5.0000 No Pass Protrouding
HF4-4C18D-2 1 4.54 4.59 32.73 30 43.17 46.3033 Head J1, J2, J3 Fail Protrouding
HF4-4C18D-3 1 3.21 2.86 22.07 20 18.72 20.2034 Head J1, J3 Fail Protrouding
HF6-4C18D-1 1 N/A 1.4 10.8 10 4.662 5.0000 No Pass Protrouding
HF6-4C18D-2 1 8.6 8.72 59.67 60 142.18 179.7895 Head J1, J2, J3 Fail Protrouding
HF6-4C18D-3 1 4.57 4.59 31.2 30 36.33 46.3033 Head J1, J2, J3 Fail Protrouding
HF6-4C18D-4 1 3.18 2.86 20.4 20 14.99 20.2034 Head J3 Fail Protrouding
HF5-4C18D-1 1 1.34 1.4 10.8 10 4.713 5.0000 No Pass Protrouding
HF5-4C18D-2 1 4.59 4.59 32.67 30 42.41 46.3033 Head J1, J2, J3, Tail J2 Fail Protrouding
HF5-4C18D-3 1 3.26 2.86 22.07 20 18.44 20.2034 Tail J1, J3 Fail Protrouding
CF9-4C18E-1 1 1.33 1.4 10.4 10 4.609 5.0000 No Pass Protrouding
CF9-4C18E-2 1 4.55 4.59 29.73 30 29.11 46.3033 Head J1, J2, J3, Tail J2 Fail Protrouding
CF9-4C18E-3 1 3.11 2.86 19.6 20 12.25 20.2034 Head J3 Fail Protrouding
CF8-4C18E-1 1 1.32 1.4 10.6 10 4.56 5.0000 No Pass Protrouding
CF8-4C18E-2 1 4.46 4.59 30.07 30 29.96 46.3033 No Pass Protrouding
CF8-4C18E-3 1 5.69 5.95 38.27 40 49.68 88.3645 Head J1 Fail Protrouding
CF4-4C18E-1 1 0.64 0.7 5.2 5 1.127 1.2500 No Pass Protrouding
CF4-4C18E-1 2 1.33 1.4 10.6 10 4.636 5.0000 No Pass Protrouding
CF4-4C18E-2 1 1.33 1.4 10.6 10 4.594 5.0000 Head J3, Tail J2 Fail Protrouding
CF4-4C18E-3 1 1.05 0.98 7.4 7 2.287 2.5000 Head J3 Fail Protrouding
CF4-4C18E-4 1 0.77 0.84 6.4 6 1.703 1.8400 No Pass Protrouding
CF6-4C18E-1 1 1.34 1.4 10.6 10 4.587 5.0000 Head J3 Fail Protrouding
CF6-4C18E-2 1 0.95 0.98 7.2 7 2.186 2.5000 No Pass Protrouding
CF6-4C18E-3 1 1.06 1.12 8.24 8 2.85 3.2000 Head J1, J3 Fail Protrouding
CF5-4C18E-1 1 1.33 1.4 10.6 10 4.537 5.0000 Tail J2 Fail Protrouding
CF5-4C18E-2 1 1.07 1.12 8.16 8 2.815 3.2000 Head J3, Tail J2 Fail Protrouding
CF5-4C18E-3 1 N/A 0.56 4.16 4 0.7292 0.8000 Tail J2, J3 Fail Protrouding
CF5-4C18E-4 1 0.26 0.28 2.12 2 0.1861 0.2000 No Pass Protrouding

Sparking Pass/Fail Head TypeConfiguration Shot # Charge Transfer (As) Current (kA) Action Integral (kAAs)
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Appendix B - Test Photos 
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Figure 1:  CF4-4C18E-2-Head Side-Open Box-Shot 1-10 kA 

 
Figure 2:  CF4-4C18E-2-Head Side-Test Photo-Shot 1-10 kA 
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Figure 3:  CF4-4C18E-2-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 4:  CF4-4C18E-2-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 5:  CF4-4C18E-3-Head Side-Open Box-Shot 1-7 kA 

 
Figure 6:  CF4-4C18E-3-Head Side-Test Photo-Shot 1-7 kA 
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Figure 7:  CF4-4C18E-3-Tail Side-Open Box-Shot 1-7 kA 

 
Figure 8:  CF4-4C18E-3-Tail Side-Test Photo-Shot 1-7 kA 
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Figure 9:  CF4-4C20A-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 10:  CF4-4C20A-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 11:  CF4-4C20A-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 12:  CF4-4C20A-1-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 13:  CF4-4C20A-2-Head Side-Open Box-Shot 1-9 kA 

 
Figure 14:  CF4-4C20A-2-Head Side-Test Photo-Shot 1-9 kA 
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Figure 15:  CF4-4C20A-2-Tail Side-Open Box-Shot 1-9 kA 

 
Figure 16:  CF4-4C20A-2-Tail Side-Test Photo-Shot 1-9 kA 
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Figure 17:  CF4-4C20A-3-Head Side-Open Box-Shot 1-5 kA 

 
Figure 18:  CF4-4C20A-3-Head Side-Test Photo-Shot 1-5 kA 
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Figure 19:  CF4-4C20A-3-Tail Side-Open Box-Shot 1-5 kA 

 
Figure 20:  CF4-4C20A-3-Tail Side-Test Photo-Shot 1-5 kA 
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Figure 21:  CF5-4C18E-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 22:  CF5-4C18E-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 23:  CF5-4C18E-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 24:  CF5-4C18E-1-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 25:  CF5-4C18E-2-Head Side-Open Box-Shot 1-8 kA 

 
Figure 26:  CF5-4C18E-2-Head Side-Test Photo-Shot 1-8 kA 
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Figure 27:  CF5-4C18E-2-Tail Side-Open Box-Shot 1-8 kA 

 
Figure 28:  CF5-4C18E-2-Tail Side-Test Photo-Shot 1-8 kA 

  



 

Page 58 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 29:  CF5-4C18E-3-Head Side-Open Box-Shot 1-4 kA 

 
Figure 30:  CF5-4C18E-3-Head Side-Test Photo-Shot 1-4 kA 
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Figure 31:  CF5-4C18E-3-Tail Side-Open Box-Shot 1-4 kA 

 
Figure 32:  CF5-4C18E-3-Tail Side-Test Photo-Shot 1-4 kA 

  



 

Page 60 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 33:  CF5-4C20A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 34:  CF5-4C20A-2-Head Side-Test Photo-Shot 1-60 kA 

  



 

Page 61 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 35:  CF5-4C20A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 36:  CF5-4C20A-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 37:  CF5-4C20A-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 38:  CF5-4C20A-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 39:  CF5-4C20A-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 40:  CF5-4C20A-3-Tail Side-Test Photo-Shot 1-30 kA 

  



 

Page 64 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 41:  CF5-4C20A-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 42:  CF5-4C20A-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 43:  CF5-4C20A-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 44:  CF5-4C20A-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 45:  CF6-4C18E-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 46:  CF6-4C18E-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 47:  CF6-4C18E-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 48:  CF6-4C18E-1-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 49:  CF6-4C18E-3-Head Side-Open Box-Shot 1-8 kA 

 
Figure 50:  CF6-4C18E-3-Head Side-Test Photo-Shot 1-8 kA 
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Figure 51:  CF6-4C18E-3-Tail Side-Open Box-Shot 1-8 kA 

 
Figure 52:  CF6-4C18E-3-Tail Side-Test Photo-Shot 1-8 kA 
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Figure 53:  CF6-4C20A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 54:  CF6-4C20A-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 55:  CF6-4C20A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 56:  CF6-4C20A-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 57:  CF6-4C20A-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 58:  CF6-4C20A-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 59:  CF6-4C20A-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 60:  CF6-4C20A-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 61:  CF6-4C20A-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 62:  CF6-4C20A-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 63:  CF6-4C20A-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 64:  CF6-4C20A-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 65:  CF7-4C20A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 66:  CF7-4C20A-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 67:  CF7-4C20A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 68:  CF7-4C20A-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 69:  CF7-4C20A-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 70:  CF7-4C20A-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 71:  CF7-4C20A-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 72:  CF7-4C20A-3-Tail Side-Test Photo-Shot 1-30 kA 

  



 

Page 80 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 73:  CF7-4C20A-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 74:  CF7-4C20A-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 75:  CF7-4C20A-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 76:  CF7-4C20A-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 77:  CF8-4C18E-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 78:  CF8-4C18E-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 79:  CF8-4C18E-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 80:  CF8-4C18E-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 81:  CF8-4C20A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 82:  CF8-4C20A-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 83:  CF8-4C20A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 84:  CF8-4C20A-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 85:  CF8-4C20A-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 86:  CF8-4C20A-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 87:  CF8-4C20A-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 88:  CF8-4C20A-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 89:  CF8-4C20A-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 90:  CF8-4C20A-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 91:  CF8-4C20A-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 92:  CF8-4C20A-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 93:  CF9-4C18E-2-Head Side-Open Box-Shot 1-30 kA 

 
Figure 94:  CF9-4C18E-2-Head Side-Test Photo-Shot 1-30 kA 
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Figure 95:  CF9-4C18E-2-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 96:  CF9-4C18E-2-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 97:  CF9-4C18E-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 98:  CF9-4C18E-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 99:  CF9-4C18E-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 100:  CF9-4C18E-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 101:  CF9-4C20A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 102:  CF9-4C20A-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 103:  CF9-4C20A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 104:  CF9-4C20A-2-Tail Side-Test Photo-Shot 1-60 kA 

  



 

Page 96 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 105:  CF9-4C20A-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 106:  CF9-4C20A-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 107:  CF9-4C20A-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 108:  CF9-4C20A-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 109:  CF9-4C20A-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 110:  CF9-4C20A-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 111:  CF9-4C20A-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 112:  CF9-4C20A-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 113:  CN-4C18E-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 114:  CN-4C18E-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 115:  CN-4C18E-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 116:  CN-4C18E-1-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 117:  CN-4C18E-1-Head Side-Test Photo-Shot 2-10 kA 

 
Figure 118:  CN-4C18E-1-Tail Side-Test Photo-Shot 2-10 kA 
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Figure 119:  CN-4C18E-2-Head Side-Open Box-Shot 1-5 kA 

 
Figure 120:  CN-4C18E-2-Head Side-Test Photo-Shot 1-5 kA 
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Figure 121:  CN-4C18E-2-Tail Side-Open Box-Shot 1-5 kA 

 
Figure 122:  CN-4C18E-2-Tail Side-Test Photo-Shot 1-5 kA 
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Figure 123:  CN-4C18E-3-Head Side-Open Box-Shot 1-2 kA 

 
Figure 124:  CN-4C18E-3-Head Side-Test Photo-Shot 1-2 kA 
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Figure 125:  CN-4C18E-3-Tail Side-Open Box-Shot 1-2 kA 

 
Figure 126:  CN-4C18E-3-Tail Side-Test Photo-Shot 1-2 kA 
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Figure 127:  CN-4C19E-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 128:  CN-4C19E-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 129:  CN-4C19E-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 130:  CN-4C19E-1-Tail Side-Test Photo-Shot 1-10 kA 

  



 

Page 109 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 131:  CN-4C19E-2-Head Side-Open Box-Shot 1-3 kA 

 
Figure 132:  CN-4C19E-2-Head Side-Test Photo-Shot 1-3 kA 
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Figure 133:  CN-4C19E-2-Tail Side-Open Box-Shot 1-3 kA 

 
Figure 134:  CN-4C19E-2-Tail Side-Test Photo-Shot 1-3 kA 
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Figure 135:  CN-4C19E-3-Head Side-Open Box-Shot 1-1 kA 

 
Figure 136:  CN-4C19E-3-Head Side-Test Photo-Shot 1-1 kA 
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Figure 137:  CN-4C19E-3-Tail Side-Open Box-Shot 1-1 kA 

 
Figure 138:  CN-4C19E-3-Tail Side-Test Photo-Shot 1-1 kA 
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Figure 139:  CN-4C20A-1-Head Side-Test Photo-Shot 4-10 kA  

 
Figure 140:  CN-4C20A-1-Tail Side-Test Photo-Shot 4-10 kA  
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Figure 141:  CN-4C20A-3-Head Side-Open Box-Shot 1-60 kA 

 
Figure 142:  CN-4C20A-3-Head Side-Test Photo-Shot 1-60 kA 

  



 

Page 115 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 143:  CN-4C20A-3-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 144:  CN-4C20A-3-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 145:  CN-4C20A-4-Head Side-Open Box-Shot 1-30 kA 

 
Figure 146:  CN-4C20A-4-Head Side-Test Photo-Shot 1-30 kA 
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Figure 147:  CN-4C20A-4-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 148:  CN-4C20A-4-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 149:  CN-4C20E-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 150:  CN-4C20E-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 151:  CN-4C20E-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 152:  CN-4C20E-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 153:  CN-4C21A-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 154:  CN-4C21A-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 155:  CN-4C21A-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 156:  CN-4C21A-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 157:  CN-4C21A-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 158:  CN-4C21A-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 159:  CN-4C21A-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 160:  CN-4C21A-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 161:  CN-4C21E-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 162:  CN-4C21E-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 163:  CN-4C21E-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 164:  CN-4C21E-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 165:  CN-4C21E-4-Head Side-Open Box-Shot 1-40 kA 

 
Figure 166:  CN-4C21E-4-Head Side-Test Photo-Shot 1-40 kA 
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Figure 167:  CN-4C21E-4-Tail Side-Open Box-Shot 1-40 kA 

 
Figure 168:  CN-4C21E-4-Tail Side-Test Photo-Shot 1-40 kA 
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Figure 169:  HF4-4C18D-2-Head Side-Open Box-Shot 1-30 kA 

 
Figure 170:  HF4-4C18D-2-Head Side-Test Photo-Shot 1-30 kA 
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Figure 171:  HF4-4C18D-2-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 172:  HF4-4C18D-2-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 173:  HF4-4C18D-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 174:  HF4-4C18D-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 175:  HF4-4C18D-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 176:  HF4-4C18D-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 177:  HF4-4C20C-1-Head Side-Open Box-Shot 1-10 kA 

 
Figure 178:  HF4-4C20C-1-Head Side-Test Photo-Shot 1-10 kA 
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Figure 179:  HF4-4C20C-1-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 180:  HF4-4C20C-1-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 181:  HF4-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 182:  HF4-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 183:  HF4-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 184:  HF4-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 185:  HF4-4C20C-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 186:  HF4-4C20C-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 187:  HF4-4C20C-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 188:  HF4-4C20C-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 189:  HF4-4C20C-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 190:  HF4-4C20C-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 191:  HF4-4C20C-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 192:  HF4-4C20C-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 193:  HF5-4C18D-2-Head Side-Open Box-Shot 1-30 kA 

 
Figure 194:  HF5-4C18D-2-Head Side-Test Photo-Shot 1-30 kA 
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Figure 195:  HF5-4C18D-2-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 196:  HF5-4C18D-2-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 197:  HF5-4C18D-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 198:  HF5-4C18D-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 199:  HF5-4C18D-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 200:  HF5-4C18D-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 201:  HF5-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 202:  HF5-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 203:  HF5-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 204:  HF5-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 205:  HF5-4C20C-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 206:  HF5-4C20C-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 207:  HF5-4C20C-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 208:  HF5-4C20C-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 209:  HF5-4C20C-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 210:  HF5-4C20C-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 211:  HF5-4C20C-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 212:  HF5-4C20C-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 213:  HF6-4C18D-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 214:  HF6-4C18D-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 215:  HF6-4C18D-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 216:  HF6-4C18D-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 217:  HF6-4C18D-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 218:  HF6-4C18D-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 219:  HF6-4C18D-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 220:  HF6-4C18D-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 221:  HF6-4C18D-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 222:  HF6-4C18D-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 223:  HF6-4C18D-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 224:  HF6-4C18D-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 225:  HF6-4C20C-3-Head Side-Open Box-Shot 1-60 kA 

 
Figure 226:  HF6-4C20C-3-Head Side-Test Photo-Shot 1-60 kA 
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Figure 227:  HF6-4C20C-3-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 228:  HF6-4C20C-3-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 229:  HF6-4C20C-4-Head Side-Open Box-Shot 1-30 kA 

 
Figure 230:  HF6-4C20C-4-Head Side-Test Photo-Shot 1-30 kA 
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Figure 231:  HF6-4C20C-4-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 232:  HF6-4C20C-4-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 233:  HF7-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 234:  HF7-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 235:  HF7-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 236:  HF7-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 237:  HF8-4C18D-2-Head Side-Open Box-Shot 1-30 kA 

 
Figure 238:  HF8-4C18D-2-Head Side-Test Photo-Shot 1-30 kA 
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Figure 239:  HF8-4C18D-2-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 240:  HF8-4C18D-2-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 241:  HF8-4C18D-3-Head Side-Open Box-Shot 1-20 kA 

 
Figure 242:  HF8-4C18D-3-Head Side-Test Photo-Shot 1-20 kA 
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Figure 243:  HF8-4C18D-3-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 244:  HF8-4C18D-3-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 245:  HF8-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 246:  HF8-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 

  



 

Page 167 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 247:  HF8-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 248:  HF8-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 249:  HF8-4C20C-3-Head Side-Open Box-Shot 1-40 kA 

 
Figure 250:  HF8-4C20C-3-Head Side-Test Photo-Shot 1-40 kA 
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Figure 251:  HF8-4C20C-3-Tail Side-Open Box-Shot 1-40 kA 

 
Figure 252:  HF8-4C20C-3-Tail Side-Test Photo-Shot 1-40 kA 
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Figure 253:  HF8-4C20C-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 254:  HF8-4C20C-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 255:  HF8-4C20C-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 256:  HF8-4C20C-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 257:  HF9-4C18D-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 258:  HF9-4C18D-2-Head Side-Test Photo-Shot 1-60 kA 

  



 

Page 173 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 259:  HF9-4C18D-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 260:  HF9-4C18D-2-Tail Side-Test Photo-Shot 1-60 kA 

  



 

Page 174 of 228 
KART 25.954 Composite Report 

Report No 21-2152-RR52520, Rev - 

 
 

Export Controlled Document - See Cover Page 

 

 
Figure 261:  HF9-4C18D-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 262:  HF9-4C18D-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 263:  HF9-4C18D-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 264:  HF9-4C18D-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 265:  HF9-4C18D-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 266:  HF9-4C18D-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 267:  HF9-4C18D-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 268:  HF9-4C18D-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 269:  HF9-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 270:  HF9-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 271:  HF9-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 272:  HF9-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 273:  HF9-4C20C-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 274:  HF9-4C20C-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 275:  HF9-4C20C-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 276:  HF9-4C20C-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 277:  HN-4C18D-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 278:  HN-4C18D-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 279:  HN-4C18D-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 280:  HN-4C18D-3-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 281:  HN-4C18D-4-Head Side-Open Box-Shot 1-20 kA 

 
Figure 282:  HN-4C18D-4-Head Side-Test Photo-Shot 1-20 kA 
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Figure 283:  HN-4C18D-4-Tail Side-Open Box-Shot 1-20 kA 

 
Figure 284:  HN-4C18D-4-Tail Side-Test Photo-Shot 1-20 kA 
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Figure 285:  HN-4C19D-1-Head Side-Open Box-Shot 1-5 kA 

 
Figure 286:  HN-4C19D-1-Head Side-Test Photo-Shot 1-5 kA 
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Figure 287:  HN-4C19D-2-Head Side-Open Box-Shot 1-10 kA 

 
Figure 288:  HN-4C19D-2-Head Side-Test Photo-Shot 1-10 kA 
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Figure 289:  HN-4C19D-2-Tail Side-Open Box-Shot 1-10 kA 

 
Figure 290:  HN-4C19D-2-Tail Side-Test Photo-Shot 1-10 kA 
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Figure 291:  HN-4C19D-3-Head Side-Open Box-Shot 1-7 kA 

 
Figure 292:  HN-4C19D-3-Head Side-Test Photo-Shot 1-7 kA 
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Figure 293:  HN-4C19D-3-Tail Side-Open Box-Shot 1-7 kA 

 
Figure 294:  HN-4C19D-3-Tail Side-Test Photo-Shot 1-7 kA 
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Figure 295:  HN-4C19D-4-Head Side-Open Box-Shot 1-6 kA 

 
Figure 296:  HN-4C19D-4-Head Side-Test Photo-Shot 1-6 kA 
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Figure 297:  HN-4C19D-4-Tail Side-Open Box-Shot 1-6 kA 

 
Figure 298:  HN-4C19D-4-Tail Side-Test Photo-Shot 1-6 kA 
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Figure 299:  HN-4C20C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 300:  HN-4C20C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 301:  HN-4C20C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 302:  HN-4C20C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 303:  HN-4C20C-3-Head Side-Open Box-Shot 1-60 kA 

 
Figure 304:  HN-4C20C-3-Head Side-Test Photo-Shot 1-60 kA 
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Figure 305:  HN-4C20C-3-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 306:  HN-4C20C-3-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 307:  HN-4C20C-4-Head Side-Open Box-Shot 1-30 kA 

 
Figure 308:  HN-4C20C-4-Head Side-Test Photo-Shot 1-30 kA 
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Figure 309:  HN-4C20C-4-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 310:  HN-4C20C-4-Tail Side-Test Photo-Shot 1-30 kA 
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Figure 311:  HN-4C21C-2-Head Side-Open Box-Shot 1-60 kA 

 
Figure 312:  HN-4C21C-2-Head Side-Test Photo-Shot 1-60 kA 
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Figure 313:  HN-4C21C-2-Tail Side-Open Box-Shot 1-60 kA 

 
Figure 314:  HN-4C21C-2-Tail Side-Test Photo-Shot 1-60 kA 
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Figure 315:  HN-4C21C-3-Head Side-Open Box-Shot 1-30 kA 

 
Figure 316:  HN-4C21C-3-Head Side-Test Photo-Shot 1-30 kA 
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Figure 317:  HN-4C21C-3-Tail Side-Open Box-Shot 1-30 kA 

 
Figure 318:  HN-4C21C-3-Tail Side-Test Photo-Shot 1-30 kA 
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Appendix C – Test Article Drawings 
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Appendix D – 200 μJ Camera Calibration 
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