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1 Executive Summary 
I, Michael Traskos, was retained by Judd Wire, Inc. (“Judd”) for an independent review of the Judd 

quality system as it relates to prior gaps in the required testing of certain Judd aerospace products. The 

objectives of this assessment were to:  

1) Review testing performance gaps of the products produced by Judd  

2) Determine if any other testing performed by Judd addresses these testing performance gaps 

3) Determine the risk level to the end customer as a result of these testing performance gaps  

 

Judd provided me with the results of an internal company review that determined the testing gaps.  I did 

not independently investigate Judd’s conclusions regarding the facts of the prior testing gaps and 

assume for purposes of this report that the information Judd provided was accurate.  

 

An internal review performed by Judd found gaps in Judd’s quality assurance process; primarily, testing 

was performed less frequently than required by certain aerospace product specifications. In many cases, 

certain required tests identified in the product specification were to be performed on each production 

lot, but were done less frequently, for example every six months or upon product requalification (once 

every 2-3 years, or as otherwise required by the qualifying activity). 

 

In summary, I found the risk posed by the testing gaps is low. The risk mitigation consists of four main 

factors: 

1. Nearly all of the testing gaps showed coverage by other testing that is performed regularly 

(Section 8). For nearly all of the tests with performance gaps, there are other tests that 

would identify any performance deviations. This reduced the likelihood of impacting the 

failure probability and/or severity. The tests without coverage show limited risk based on a 

combination of factors 3 & 4 (below). 

2. The failure severity would not be impacted by the testing gap (defined in Section 6). 

 

3. The material properties of the XL-ETFE insulation construction (the primary insulation 

technology used by Judd) limit the likelihood of failure due to process variations. The ETFE 

base material is tightly controlled by the polymer manufacturers and is a stable material. 

 

4. Regular testing across multiple product lines shows the lack of performance variability.  Use 

of the same equipment and materials limits the likelihood of uncaptured errors due to 

testing gaps. Further, the test data collected by Judd shows consistent performance across 

years of production runs. There is sufficient evidence to show the production variability is 

low (from test data sources in Section 4.2).   

 



  3 of 37 
 

This report details the analysis completed to reach these conclusions.   

2 Introduction 
I, Michael Traskos, was retained by Judd for an independent review of the Judd quality system as it 

relates to gaps in the required testing of certain Judd aerospace products. The objectives of this 

assessment were to:  

1) Review testing performance gaps of the products produced by Judd  

2) Determine if any other testing performed by Judd addresses these testing performance gaps 

3) Determine the risk level to the end customer as a result of these testing performance gaps  

 

An internal review performed by Judd found gaps in the Judd quality assurance process; primarily, 

testing was performed less frequently than required by certain aerospace product specifications. In 

many cases, certain required tests identified in the product specification were to be performed on each 

production lot, but were done less frequently, for example every six months or upon product 

requalification (once every 2-3 years, or as otherwise required by the qualifying activity). 

 

My goal was not to identify how the quality assurance process created these testing gaps but to identify 

the potential quality gaps that might exist in the final products given the gaps in testing. My assessment 

included a review of several documents, including: Judd test reports, Judd test records, and Judd’s 

internal testing gap analysis. Judd provided these background documents to inform my review. A list of 

the specific documents I considered in forming my conclusions is captured in Section 4.   

 

The scope of my analysis did not include verification of the data presented in the test reports and test 

records. A statistical analysis was performed of test data to ascertain the performance variability. My 

analysis did not verify the test claims by Judd and assumed that the information Judd provided was 

accurate.  

 
I am being compensated for my services at my standard rate of $200 an hour, but I am an impartial 
third-party reviewer and no part of my compensation depends on the outcome of this report. The 
conclusions in this report are my own and were not influenced by Judd, its employees or 
representatives, or any other person.   

3 Author Background & Qualifications 
A full curriculum vitae is provided in Section 12. The following are highlights of my qualifications: 

- President and lead engineer of Lectromechanical Design Company, LLC (“Lectromec”), a 

worldwide recognized company specializing in aircraft wiring systems and wiring system 

components. 

- Personally performed most of the wire and cable tests necessary for aerospace qualification.  

- Instituted and currently manage Lectromec’s ISO 17025:2017 accreditation.1  

 
1 An ISO 17025:2017 accreditation identifies that a lab adheres to a quality control system, has proven the 
capability to understand the testing under its accreditation scope, and is capable of generating repeatable results.  
This is the lab equivalent of the ISO 9001 accreditation used for manufacturing organizations.  
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- Written over 300 articles on wiring system components, Electrical Wiring Interconnect 

System (“EWIS”) safety, and regulations. 

- Presented to dozens of international conferences and symposiums regarding aerospace 

safety topics (details in Section 12). 

- Primary author of the US Air Force’s aircraft wiring system sustainment handbook.  

- An authorized Federal Aviation Administration (“FAA”) Designated Engineering 

Representative for aircraft electrical wiring interconnection systems.  

- Vice Chairman of the Society of Automotive Engineers (“SAE”) aircraft wire and cable 

committee (AE-8D). 

- Chairman of the SAE aircraft wiring system installation committee (AE-8A). 

- Earned a BS in both computer science and physics, and a MS in applied physics from George 

Mason University. 

4 Documents Considered 
In connection with my review, Judd provided me with the documents listed in the following sub-

sections.   

4.1 Internal Judd Process Documents  
I reviewed the following Judd documents in forming my conclusions: 

1. Incoming Inspection SOP 90555.docx – Judd standard operating procedure on “Incoming Raw 

Material Inspection.” The inspection procedures in this document guide the inspection of 

incoming conductors, braids, compounds, concentrates, inks, and tapes.   

2. OPL 1550 - Distinguishing Conductor Plating.pdf – Judd internal document for visually 

identifying different conductor plating types.   

3. QA test vs specification review-- 101521 final.xlsx – This document was generated by Judd and 

describes Judd’s assessment and conclusions regarding the testing gaps identified by Judd’s 

internal review. Within this document, several aerospace wire and cable specifications are listed 

with their test performance requirements and associated test frequency requirements.   

4.2 Test Data 
I reviewed the following test data sources in forming my conclusions: 

1. 09.01.2021-03.01.2022 Mil Spec additional tests by lot.xlsx – This file contains Judd’s test for its 

military specification (“Mil Spec”) products from September 2021 to March 2022. 

2. 0921 to Current Order QA Tests.xlsx – This file contains Judd’s test results across several 

product lines from September 2021 to March 2022.  

3. Periodic Testing ALL.xlsx – This document identified testing conducted by Judd on several 

wire/cable specification groups. The information contained in this document identifies the date 

of the testing, testing performed, and pass/fail performance.  

These documents were reviewed for test performance variability.  

4.3 Product Test Reports 
I reviewed the following product test reports for completeness and test results : 
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1. DMS-2340 IQ09-H03561-001 (Flex XLETFE).pdf – Judd produced engineering test report on DMS 

2340 (Dated 11-17-2005). 

2. Embraer ER-145 RQ13-M01473-24AWG.doc – Judd produced full requalification report for 

EMBRAER-ER-145-EL-004, EMB-1226-24-9, Rev D (Undated). 

3. Embraer ER-145 RQ13-M01473-2C 24AWG.doc – Judd produced full requalification report for 

EMBRAER-ER-145-EL-004, EMB-1226-24-9, Rev D (Undated). 

4. Sikorsky SS7614 RQ 2018.pdf - Requalification test report for Sikorsky SS7614, Revision 1 (Dated 

04-06-2018). 

5. Sikorsky SS7615 RQ 2018.pdf - Requalification test report for Sikorsky SS7615, Revision 4 (Dated 

04-20-2018). 

6. Sikorsky SS8548 RQ 2021.pdf - Qualification test report for Sikorsky SS8548, Revision 1 (Dated 

07-23-2021). 

4.4 Specifications 
I reviewed the following specifications in forming my conclusions: 

1. 30-278 – Bell Helicopter Filterline cable design drawing.  

2. 30-279 – Bell Helicopter multi conductor Filterline cable design drawing. 

3. 299-947-373D – Bell Helicopter Cable, Component, Electric, Filterline, Radio Frequency 

Absorptive specification to establish the design, performance, and test requirements for 

fluoropolymer insulated Filterline component cable in addition to the requirements of MIL-C-

85485 and specification sheets MIL-C-85485/9 or MIL-C-85485/10 as applicable.   

4. 299-947-374D – Bell Helicopter Cable, Electric, Filterline, Shielded and Jacketed, Radio 

Frequency Absorptive specification establishes design, performance, and test requirements for 

fluoropolymer-insulated Filterline, shielded and jacketed cable in addition to the requirements 

of MIL-C-85485 and specification sheet MIL-C-85485/12. 

5. AS22759D – Wire, Electrical, Fluoropolymer-insulated, copper or copper alloy specification. The 

specification covers fluoropolymer-insulated single conductor electrical wires made with tin-

coated, silver-coated, or nickel-coated conductors of copper or copper alloy as specified in the 

applicable detail specification. 

6. AS85485D – Cable, Electrical, Filterline, Radio Frequency Absorptive specification. This 

specification covers the requirements for radio frequency absorptive component wires and 

finished cables that function electrically as distributed low-pass filters. Materials and 

construction details are specified in the detail specification. 

7. MIL-DTL-16878 – U.S. Military Detail Specification for Wire, Electrical, Insulated, General 

Specification. This specification covers unshielded wire for hookup and lead wiring of electrical 

and electronic components and equipment. The temperature rating of wire under this 

specification ranges from -65 to 260 degrees Celsius with potential rating from 250 to 5,000 

volts root mean square (“Vrms”). 

8. ANSI/NEMA WC 27500-2020 – Aerospace and Industrial Electrical Cable. This specification 

contains requirements for finished cables. Component wires are covered by other referenced 

specifications.   

9. SS8548 – Sikorsky Cable, Electric, Filterline, Radio Frequency Absorptive Flat-Braid specification.  

This specification covers the requirements for radio frequency absorptive component wires 
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(cables) and finished cables which function electrically as distributed low-pass filters. Materials 

and construction details are as specified within this specification. 

4.5 Product Lines  
I reviewed the following Judd product lines for testing gaps: 

- AS22759 wires 

- Bell Helicopter 30-279, Sikorsky SS8548, Filterline:  AS85485 

- Bell Helicopter 299-974-374, Sikorsky SS8548, Filterline:  AS85485 

- Boeing 5M3152 cable 

- Embraer ER-145-EL-004 Wire and Cable 

- Lockheed MD Series Products (MD 1058, 1059, 1060, 1063, 1064, 1065) 

- Lockheed MD 982 Cable 

- McDonnell Douglas DMS 2340, Lockheed 79M000042, McDonnell Douglas Aerospace 

HS5649 

- Mil-Spec Equivalent Wires and Cables 

- MIL-DTL-16878H 

- NEMA 27500 Cables 

- Sikorsky SS7614 Rev 04 

- Sikorsky SS7615 Rev 07 

Many of the wire/cable groups listed above had testing performance gaps, as identified by Judd’s 

internal review.  After independently comparing the testing requirements listed in each specification 

with testing frequency information received from Judd, I determined that Judd correctly identified the 

test performance requirements detailed in its “QA test vs specification review-- 101521 final.xlsx” 

spreadsheet [Ref 3].  

5 Fundamentals  

5.1 XL-ETFE 
Crosslinked Extruded Ethylene Tetrafluoroethylene (“XL-ETFE”) is an insulation that has been used in the 

aerospace industry since the 1970s. The material’s stability in a variety of environmental conditions, 

resistance to fluids, mechanical performance, and light weight have made it a commonly selected 

material for aircraft wire and cable insulations.   

XL-ETFE has been used on a variety of aerospace platforms including commercial and military aircrafts, 

dozens of US military vehicles, and several NASA vehicles. NASA’s Wire Insulation Selection Guidelines 

identifies XL-ETFE as having the following advantages as a wire and cable insulation:2 

1) Higher strength than normal ETFE  
2) Resistant to cold flow and abrasion  
3) More resistant to radiation effects (to 5 x 107 Radiation Absorbed Dose (“RADS”))   
4) Higher maximum temperature than normal ETFE  

o Tin Coating = 150°C Max.  
o Silver Coating = 200°C Max.  

 
2 NASA Parts Selection List (NPSL) - Wire Insulation Selection Guidelines 

https://nepp.nasa.gov/npsl/wire/insulation_guide.htm?msclkid=af834ff7b44011eca673ae96c0fef467
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5) Good outgassing characteristics 

The material is supplied as the base material ETFE, then the polymer is crosslinked through a radiation 
process. The crosslinking changes the long chains of ETFE polymers such that the chains bind to one 
another and create a mesh. The crosslinked material has better mechanical and thermal performance 
than ETFE. 

As the ETFE base material has been in production for decades, the production process is stable, with 
quality controls in the polymer production process limiting the potential for the release of poor 
performing product.  

5.2 Product Testing 
There are five common types of tests performed on wire and cable products: 

1) Product Research and Design Testing:  Limited testing intended to verify concepts or 

materials and may include unique and novel means of testing the specimen. This is done 

prior to product production.   

2) Product Qualification:  The product is run through a wide range of tests to verify 

performance and compliance with the product specification. When the test regimen is 

completed successfully, the product is in compliance with the product specification. This 

testing is usually the most rigorous of the five testing types and is only done before the 

product is accepted by the qualifying activity. Major changes, such as change for insulation 

formulation and physical production location may also warrant a repeat of production 

qualification testing; the major changes that necessitate a repeat of product qualification 

testing are often included in the product specification. 

3) Requalification testing:  Usually a subset of product qualification testing (#2) and includes 

more testing than is typically required as part of lot acceptance testing (#4). The frequency 

of requalification testing is identified in the product specification (the duration between 

requalification cycles is typically 2 – 3 years). 

4) Lot Testing:  These are typically short-duration tests (performed in less than a day) and are 

done to verify product performance and identify any major product defects. The lot testing 

breadth is defined in the product specification.  

5) Sampling:  For test sampling, a product is examined periodically to verify its performance.  

The testing may be identified in the product specification, or a battery of tests defined by 

the producer as part of quality assurance procedures.   

5.3 Test Coverage 
As described in Section 2, one objective of my assessment was to determine if any alternative product 

assessment tests performed by Judd addressed the testing gaps, thus limiting the risk of shipping poor-

performing products to customers. While the alternative test is not expected to be a complete 

replacement of the original test listed in the product specification, it is important to consider whether 

the product weakness/defect that would be captured with the original test would be identified by an 

alternative test. An example of this is if a wire’s conductor type were not visually verified (e.g., 

determining if the conductor is copper or aluminum), but the final product’s weight is measured, then 

the weight difference between the two conductor types would detect the deviation (i.e., the difference 
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between copper and aluminum). Within this document, the term “test coverage” refers to an alternative 

test that can identify a product’s weakness/defect that would be captured by another test.   

Within this report, for a test to offer “test coverage” for any testing gaps, the test must be: 

- Tied to the fundamental property that was to be tested;  

- Performed as frequently as the missing test should have been performed (i.e., on a lot 

basis); and  

- Able to identify any changes that would increase failure probability and/or failure severity. 

6 Definition of Risk Levels 
Risk is the combination of failure probability and failure severity. The failure severity of a component, 

such as a wire or a cable, is dependent on the system to which it is attached (e.g., the failure of a cable 

supporting an aircraft flight control system is more severe than a failure of a cable connected to an 

inflight entertainment system). For this assessment, the failure severity was framed with the following 

question:  

If there was a gap in testing and the wire/cable were to fail, would the failure yield a worse 

event and impact aircraft safety (e.g., the cable failure would catch fire where a properly 

controlled and tested product would not catch fire)? Furthermore, if there is test coverage, does 

the test coverage mitigate any chance of increased failure severity? 

The failure severity was assigned one of three qualitative levels: 

- Severe Impact:  The wire/cable failure event would be significantly more severe, would yield 

unexpected performance in the case of a failure (e.g., perform worse than expected to 

perform), and could lead to a significant impact on aircraft airworthiness. 

- Material Impact:  The wire/cable failure event would be more severe than typical, but the 

failure severity would be unlikely to lead to a significant impact on aircraft airworthiness. 

- No Impact:  The wire/cable failure event would not yield a worse failure event. The 

wire/cable’s performance during a failure event would align with industry expectations for 

product performance.   

The failure probability of a component is based on several factors including its initial product quality, 

operational conditions, storage conditions, and exposure to random shocks (such as maintenance 

damage or being dropped).  While there are failure rate equations for aerospace wire/cable, these are 

based on generalized aircraft environmental conditions and assume a quality product is installed. There 

is insufficient industry research to capture and fully assess the potential failure rate impact for specific 

product performance variabilities (e.g., if a wire insulation has a 5% lower elongation to break 

performance, the long term reliability of the wire on aircraft and the insulation degradation is 

unknown). There are too many variables to estimate  a specific quantitative probability, but it is possible 

to evaluate the qualitative failure probability, which is what I did in my analysis.   

Thus, for this assessment, the failure probability was framed with the following question: 
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If there was a gap in testing and the wire/cable were to be installed on aircraft, would the failure 

probability be increased (e.g., the cable is more likely to fail, whereas a properly controlled and 

tested product would not)? 

The failure probability was assigned three qualitative levels: 

- High:  The likelihood of premature failure is high even if used within the limits defined on 

the product specification sheet. Maintenance activities related to the wire/cable are likely to 

be more common. Critical systems using this product would have diminished safety margins.  

- Medium:  The product will perform well if used in benign conditions but may fail 

prematurely if subject to the performance limitations as identified in the product 

specification.   

- Low:  The product is likely to perform as identified in the product specification. If used 

within the defined performance limitations (such as below the maximum temperature 

rating) the product will have a long service life without performance issues.   

Using the combination of the failure severity and failure probability, the qualitative risk levels shown in  

Table 1 were used to assign risk for any identified testing performance gaps.  

 

Table 1: Testing gap risk matrix  

 Failure Severity 

Severe Impact Material Impact No Impact 

Failure 
Probability 

High High High High 

Medium High Medium Medium 

Low High Medium Low 

 

7 Basis for Assessment 
As a starting point for my assessment, Judd provided an Excel document (QA test vs specification 

review-- 101521 final.xlsx [Ref 3]). This document listed products under review, the test requirements 

for each product, and the required test frequency interval as identified by the specification. Further, the 

document described the prior Judd test frequency.   

 

The first task of the analysis was to identify the testing frequency included in the specifications. My 

review of the at-issue product specifications vis-à-vis the test frequency captured by Judd in Ref 3 

concluded that Judd correctly identified the test performance requirements in the specifications and, 

based on the information it provided about its prior test frequency, also correctly identified testing 

performance gaps. 

The next task was to review the testing gaps and determine if there was test coverage for each of the 

tests.  The risk impact (as defined in Section 6) was assessed for testing gaps; this is captured in Section 

8.  

The final task was to determine the cumulative risk impact of the testing gaps for the at-issue product 

lines; this is captured in Section 9. 
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8 Tests with Performance Gaps 
The following sections review each of the testing performance gaps and provide: (1) the test purpose, 

(2) a brief test description, (3) the theoretical risk of not performing the test, and (4) the risk level as 

related to Judd.  The sections below describe all of the relevant testing gaps across all relevant 

aerospace specifications; not all of these testing requirements will apply for any given product produced 

under a particular specification, and thus, some of the listed testing gaps will not be relevant.    
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8.1 Conductor Elongation 
 

Conductor Elongation - Risk Level: Low  

Test Purpose The conductor elongation test evaluates the mechanical performance of the 
electrical conductor. Any conductor material or fabrication defects will show up as 
a conductor elongation percentage reduction. 
 

Brief Test 
Description 

This test may be done on a conductor before it is part of a wire or may be done 
after the wire fabrication process by removing the insulation.  
 
For the test, a short sample of the wire conductor is placed between two jaws, 
separated by 12 inches, then pulled apart at a uniform rate until the conductor 
breaks. The conductor elongation is measured by the conductor length change as 
the longitudinal force is applied to the conductor. 
 

Theoretical Risk  Smaller gauge wires are more likely to experience problems if there is a 
degradation in conductor performance, as there is less conductor material for the 
distribution of any mechanical load. The failure probability is lower for larger 
gauge wires, as there are more conductor strands for the mechanical load to be 
distributed to reduce the impact of any conductor imperfections. 
 
A wire/cable with lower conductor elongation performance would have no impact 
on the failure severity, meaning that a broken conductor with lower conductor 
elongation would have the same failure effect as one within the specified 
requirements.   
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Conductor Elongation - Risk Level: Low  

Risk Level as 
Related to Judd 

Several of the wire specification requirements identify the conductor elongation 
test as a required test on each production lot after the insulation has been applied 
to a wire.    
 
The failure probability is low, as the conductor used by Judd is tested by Judd’s 
conductor supplier prior to delivery and is reviewed by Judd as part of the 
incoming raw material inspection [Ref 1]. The only reason for significant 
performance deviations from the supplier report to the final product is in-process 
damage. While this may occur as the sample is pulled and spooled, the damage is 
likely to be identified by other quality control measures that Judd performs on 
each lot such as the plating testing (discussed in Section 8.6). 
 
For these reasons, the likelihood of there being an appreciable deviation in 
performance from the received conductor to the finished product is low. Further, 
the review of the new and historical test data across several wire product lines 
(detailed in section 4.2) found standard conductor elongation variability.  
Mechanical tests will typically have a standard deviation of about 15%, and the 
elongation variability was within this variability.   
 
Upon review of the data provided, I conclude that the risk posed by the lack of lot 
testing is low.  
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8.2 Conductor Break Strength (also referred to as Tensile Strength) 
 

Conductor Break Strength - Risk Level: Low  

Test Purpose The conductor break strength test evaluates the mechanical performance of the 
electrical conductor.  
 

Brief Test 
Description 

A short sample of the wire conductor is placed between two jaws separated by 12 
inches and pulled at a uniform rate until the conductor breaks. The ultimate 
conductor break strength is captured by the test equipment. Multiple trials are 
performed and averaged. As this is a mechanical test, the conductor break 
strength is expected to have a 10 to 20% variability from trial to trial. 
 

Theoretical Risk  Smaller gauge wires are most likely to experience problems if there is a 
degradation in conductor performance. The risk is lower for larger gauge wires, as 
there are more conductor strands in the case of any conductor imperfections. For 
smaller gauge wires, the mechanical strength is carried by the insulation and thus a 
slight reduction of conductor break strength is less of an issue. When terminated 
properly, any load on the wire is distributed across the insulation and conductor, 
not just the conductor.   
 
When installed properly, the wire/cable should not be subject to significant 
mechanical loads (e.g., such as being used for supporting the weight of a 
maintainer).  
 
A wire/cable with lower conductor break strength performance would have no 
impact on the failure severity, meaning that a broken conductor with lower 
conductor break strength would have the same failure effect as one within the 
specified requirements. 
 

Risk Level as 
related to Judd 

The risk posed by the lack of lot testing of the conductor break strength is low. The 
rationale behind this conclusion is similar to the conductor elongation test 
discussed in the previous section. 
 
Furthermore, the review of the actual lot test data provided by Judd [Ref 1] of the 
conductor elongation tests performed over a recent six-month period shows a 
repeatable process that has the expected performance variability with no test 
failure. My review of this test data found no anomalies in the last six months 
[Section 4.2]. 
 
For these reasons, the risk to users is low. Any significant deviations from expected 
performance would likely have been identified as part of the production process. 
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8.3 Proof of Crosslink (also referred to as Crosslink Verification) 
 

Proof of Crosslink - Risk Level: Low 

Test Purpose The purpose of the crosslinked proof test is to assess the adequacy of the 
crosslinking process of an insulated wire or jacket of an insulated cable.  
 

Brief Test 
Description 

In this test, a 24-inch length specimen is placed into a high-temperature oven at a 
temperature exceeding the specimen’s temperature rating (e.g., typically the test 
is performed at 290oC). The specimen remains in the oven for seven hours, is then 
removed for a mechanical bend test (these samples are wrapped around a 
mandrel), and a voltage withstand test (a test to determine degradation of the 
insulation). Any cracks or degradation of the wire insulation or cable jacket are 
detected by the voltage withstand test and constitute failure. 
 

Theoretical Risk  The cross link proof test is done as part of XL-ETFE wire/cable production to ensure 
that the crosslinking process is done correctly. If the crosslinking is not done 
correctly, the material’s performance attributes are significantly diminished. This 
includes a reduced performance for insulation elongation, scrape abrasion, and 
resistance to high temperatures.  
 
In particular, XL-ETFE materials are expected to perform at higher temperatures 
than ETFE. If the crosslinking is not done properly, then the wire insulation or 
jacket will degrade much more quickly and be more susceptible to failure if it is 
exposed to temperatures exceeding 150oC. While ETFE products are not typically 
used in extremely hot operating environments, they are rated for temperatures up 
to 200oC and there is the potential that a user will use it in such an application. 
 
The lack of high temperature performance would be the greatest impact on the 
failure severity. The extent of damage from high temperature exposure would 
impact an entire harness and not simply those wires and cables that might be 
closest to the heat source. The failure to properly capture proper cross linking 
would lead to a more severe failure event. 
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Proof of Crosslink - Risk Level: Low 

Risk Level as 
related to Judd 

Judd did not perform the Proof of Crosslink test on a per lot basis.  However, Judd 
personnel identified that a test similar to the Proof of Crosslink test, AS4373 
Method 106 (Thermal/Mechanical Resistance), was performed on each lot.   
 
The Thermal/Mechanical Resistance test, commonly referred to as the ”soldering 
iron test,” is a very simple but effective test to ensure the crosslinking has been 
done correctly. In this test, a soldering iron is placed against the wire insulation or 
cable jacket for a brief duration. If the cross linking is not done correctly, then the 
insulation will melt, and the soldering iron will quickly make contact with the wire 
conductor or cable shield. If the cross linking is done correctly, the insulation will 
char, carbonize, and it will take much longer to penetrate the insulation to the 
conductor or shield. This test is a quick and very effective means to determine the 
crosslinking of the insulation or jacket. 
 
For these reasons, the Thermal/Mechanical Resistance test can be considered as 
test coverage for the crosslink proof test and mitigate any impact on risk (both 
probability and severity). The risk posed by the gap in the Proof of Crosslink test is 
low.   
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8.4 Insulation Resistance 
 

Insulation Resistance - Risk Level: Low 

Test Purpose The purpose of the insulation resistance test is to assess the insulation or jacket 
integrity across the length of cable or wire. Weak points in the insulation, such as 
areas of the product with thinner insulation walls, are identified to have a lower 
insulation resistance. 
 

Brief Test 
Description 

A 20-foot section of specimen is removed from the spool, the ends of the 
specimen are stripped to expose the conductor, the conductors (from both ends) 
are then twisted together, and the remainder of the specimen is submerged in a 
saline bath. After a defined duration (typically one to four hours), a voltage is 
applied to the conductors of the specimen with the ground electrode in the saline 
bath. The direct current (“DC”) voltage is increased to 500 volts and the electrical 
current through the specimen is measured and the insulation resistance is 
calculated from the measured values. 
 

Theoretical Risk  If the insulation resistance is not performed on every lot, construction defects 
might not be caught. However, the voltage rating for the wires using these 
products is low (less than 600 volts) and unlikely to show any appreciable 
performance impact in service if there is a slight deviation outside of normal 
performance criteria. 
 
A wire/cable with lower insulation resistance performance would have no impact 
on the failure severity, meaning that a cable with lower insulation resistance would 
have the same failure effect as one within the specified requirements. 
 
 

Risk Level as 
Related to Judd 

Other tests that evaluate the insulation/jacket integrity include the impulse 
dielectric test, which is included as part of the production process. The impulse 
dielectric test verifies the insulation integrity by applying a short high voltage 
differential across the insulation or jacket. Any appreciable insulation wall 
thickness deviation would be identified by the impulse dielectric test method. 
 
Furthermore, review of a recent six month period of test data provided by Judd 
[Section 4.2]] shows that when this test is performed, the samples conform with 
the insulation resistance requirements. While there is a deviation from the testing 
requirements, the likelihood of a specimen passing the existing per lot tests (e.g., 
the impulse dielectric test) and failing the insulation resistance test is low.  My 
review of Judd test data from a recent six-month period found no anomalies 
[Section 4.2].  
 
The impact of this testing gap on the failure probability is low and the overall risk 
impact is low.   
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8.5 Low Temperature Cold Bend  
 

Low Temperature Cold Bend - Risk Level: Low 

Test Purpose The cold bend test is designed to assess a wire/cable’s ability to flex under extreme 
cold conditions. In aerospace environments, wires able to flex under these cold 
conditions are used in wiring for flight control surfaces or landing gears.  
 

Brief Test 
Description 

In this test, the specimen is placed in a low temperature freezer (typically between 
-65 and -55oC). The specimen remains in the chamber for four hours, then is slowly 
wrapped around a mandrel. The specimen is then removed from the freezer, 
returned to room temperature, and an insulation integrity test is performed to 
determine if there is any insulation damage or propagation of cracks through the 
insulation to the conductor. 
 

Theoretical Risk  If the cold bend test is not performed, it is possible that the design of the cable 
may result in additional stresses on the cable jacket exceeding the original design 
expectations that will not be detected. However, this failure mode would likely be 
identified as part of the initial product qualification and is unlikely to emerge 
through repeat evaluations of the products. 
 
The likelihood of failing this test is low, as long as the original performance is 
verified prior to continuing production or mass production of the product. 
 
A wire/cable with worse cold bend performance would have no impact on the 
failure severity, meaning that a cable with worse cold bend performance would 
have the same failure effect as one within the specified requirements. 

Risk Level as 
related to Judd 

Fluoropolymers, which include XL-ETFE, perform very well in low temperature 
conditions and still maintain elasticity during low temperature exposure. 
 
Considering the Judd process, there is coverage in the assessment of the cold bend 
susceptibility with the insulation elongation testing that Judd performs on a lot 
basis. In effect, if the jacket or insulation shows performance elongation 
degradation at ambient conditions, then it will very likely show performance 
degradation in high temperature or low temperature mechanical tests such as the 
cold bend test. For this reason, the elongation test should be considered as test 
coverage for the cold bend test.   
 
With the combination of these factors, the probability of a product failing cold 
bend performance is low. For these reasons, while there is a deviation from the lot 
testing requirements, the likelihood of a Judd sample passing the cold bend test 
given these other factors is extremely high.   
 
The impact of this testing gap on the failure probability is low, and the overall risk 
impact is low.   
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8.6 Solderability (Conductor, Braid, and Shield) 
 

Solderability - Risk Level: Low 

Test Purpose The solderability test is a means to evaluate the plating of conductors or shields. If 
there are discrepancies or imperfections in the conductor shield, then solder will 
not adhere to the plating and can lead to poor adhesion when soldered in 
application. 
 

Brief Test 
Description 

In this test, the conductor or shield from the sample is exposed (insulation or 
jacket is stripped back), and the sample is dipped into a wetting agent.  
Immediately afterward, the sample is dipped into solder. The sample is then 
cooled to ambient temperature and visually examined for any imperfections in the 
soldering. 
 

Theoretical Risk  A couple issues can arise if a conductor or shield is not solderable. First, the 
solderability test is a good means to determine the conductor plating type. Silver 
plating will have very good solder adhesion, nickel plating does not have any 
solderability adhesion, and tin has some solder adhesion, but not as good as silver. 
 
Second, the solderability tests verifies the plating continuity. If there are gaps in 
the plating, the solderability test will show pitting or incomplete adhesion of the 
solder. This can lead to poor conductor adhesion at the terminations and broken 
connections if stressed.   
 
From an application perspective, the conductor solderability is likely to be 
identified during the wire harness fabrication process. As part of standard industry 
practices, if there is poor soldered adhesion, a product non-conformity will likely 
be filed by the end user with the distributor who will then notify the producer. 
 
A wire/cable with worse solderability performance would have no impact on the 
failure severity, meaning that a cable with lower solderability would have the same 
failure effect as one within the specified requirements. 
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Solderability - Risk Level: Low 

Risk Level as 
related to Judd 

As a means to mitigate the risk of a conductor not being solderable, there are 
several steps through the Judd manufacturing process that mitigate the potential 
for a poorly plated conductor to make it into the supply chain.  
 
First, the conductor vendor supplies the delivered product with a certification of 
the conductor performance plating integrity and additional conductor verification 
tests. 
 
Second, to ensure that the correct conductor plating is part of the final delivered 
product (e.g., silver-plated conductor versus tin-plated conductor), Judd personnel 
are trained to visually identify the differences of the final product. The training of 
Judd’s staff is captured in document, “OPL 1550 - Distinguishing Conductor 
Plating.pdf” [Ref 2]. This training guide provides sufficient detail to a technician or 
line worker to identify the different plating types and ensure that the final product 
matches the required specification. 
 
Lastly, as part of the conductor verification, the conductor verification test (known 
as the polysulfide test) is performed on the conductors on a lot basis. The 
polysulfide test is intended to identify gaps in conductor plating. A conductor that 
passes the polysulfide test is unlikely to fail the solderability test. This should be 
considered as test coverage for the solderability test. 
 
The impact of this testing gap on the failure probability is low and the overall risk 
impact is low.   
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8.7 Blocking – Insulation  
 

Insulation Blocking - Risk Level: Low 

Test Purpose The blocking test, more specifically the insulation blocking test, investigates the 
susceptibility of wire insulations or cable jackets to adhere to itself when exposed 
to high temperature conditions.  
 
 

Brief Test 
Description 

In this test, the sample is wrapped around a mandrel and then wrapped on itself 
such that there are at least three layers of the sample. The sample is then placed 
into a high-temperature oven for a specified duration. The sample is then removed 
and returned to ambient temperature. Once at ambient temperature, the sample 
is examined for any adhesion between the layers. Any adhesion is considered a 
failure. 
 

Theoretical Risk  Insulation adhesion to itself is not desirable, as this can cause flexibility reduction 
and make it impossible to repair single wires/cables on aircraft as the sections of 
harness that have melted together make it impossible to separate one wire from 
another. This would mean that several wires or an entire harness might need to be 
replaced versus a single wire or cable.   
 
Insulation blocking is unlikely to be identified until the wire harness has been in 
service for several months or years depending on the duration and level of 
elevated temperature exposure.   
 
A wire/cable with poor blocking performance would have no impact on the failure 
severity, meaning that a cable with poor blocking performance would have the 
same failure effect as one within the specified requirements. 
 
 

Risk Level as 
related to Judd 

The soldering iron test discussed in the crosslink proof tests (Section 8.3) provides 
coverage for the insulation blocking test. At a fundamental level, if the insulation 
does not melt or soften, it is unable to adhere to itself. The soldering iron test 
verifies that the XL-ETFE insulation does not melt at the maximum rated 
temperature and thus will not lead to blocking. The soldering iron test can be 
considered as test coverage for the blocking test.   
 
The impact of this testing gap on the failure probability is low and the overall risk 
impact is low.   
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8.8 Thermal Resistance Test 
 

Thermal Resistance Test - Risk Level: Low 

Test Purpose The thermal resistance test examines the performance of a wire or cable at both 
high and low temperature extremes. 
 

Brief Test 
Description 

In this test, a 5-foot sample is placed into an oven for a short duration, moved to a 
freezer, then inspected for any degradation. 
 

Theoretical Risk  If the thermal resistance test is not performed and the product would have failed 
the test, it will have a shorter reliable service life if exposed to extreme thermal 
conditions. How much shorter a service life is dependent upon the duration and 
frequency of the temperature exposure. This is unlikely to be identified quickly, as 
any major performance degradation would take years to impact performance.    
 
However, it is unlikely that a sample will fail the thermal resistance test if this test 
was performed as part of the original product qualification. Furthermore, XL-ETFE 
degradation is primarily tied to oxidation and this test does not capture this 
degradation mode. For these reasons, failure to perform the thermal resistance 
test  is unlikely to have an impact on the failure severity. 
 
 

Risk Level as 
related to Judd 

The risk of the thermal resistance testing gap is minimized given that Judd 
performs shrinkage testing on a lot basis. In the shrinkage test, a one-foot length 
of sample is prepared. One inch of insulation at each end of the sample is stripped 
from the sample, and the distance from the end of the sample to the insulation or 
jacket is measured. The sample is then placed into a high temperature oven for a 
short duration, removed and returned to ambient temperature, then the distance 
from the end of the sample to the insulation is again measured. The sample has 
passed the test if there is no appreciable change in the insulation-to-end-of-cable 
distance. 
 
There is a gap between the shrinkage test and the thermal resistance test, in that 
there is no cold exposure as part of the shrinkage test to evaluate the low 
temperature performance of the wire/cable. But as discussed with the cold bend 
test (8.5), the material properties of XL-ETFE are such that there is no appreciable 
performance change at low temperatures.   
 
The impact of this testing gap on the failure probability is low, and the overall risk 
impact is low.   
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8.9 Conductor Strand Blocking (also referred to as Adhesion of Conductors) 
 

Conductor Strand Blocking - Risk Level: Low 

Test Purpose This test examines if there is any adhesion between conductor strands.  
 

Brief Test 
Description 

A six-inch length of sample is stripped, and the conductor strands are separated.  
Any adhesion between the conductor strands is considered a failure.   
 

Theoretical Risk  If there is significant conductor strand adhesion, the wire/cable conductor will be 
stiffer. This would have an insignificant impact on smaller gauge wires as the 
change in bend force would be limited, but the impact of conductor strand 
blocking would become very noticeable with larger gauge constructions.   
 
The system performance impact if installed with conductor strand adhesion is low. 
A wire/cable with worse conductor strand blocking performance would have no 
impact on the failure severity, meaning that a cable with worse conductor strand 
blocking performance would have the same failure effect as one within the 
specified requirements. 
 
 

Risk Level as 
related to Judd 

Conductor strand blocking has a low likelihood of occurring with the XL-ETFE 
products, as there is not an adhesive applied to the insulation as there is for other 
wire construction techniques.   
 
There is no coverage test for this testing gap, however, as identified in the 
Theoretical Risk section above, the risk posed by not performing the conductor 
strand blocking test on every lot is low. 
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8.10 Flammability 
 

Flammability  - Risk Level: Low 

Test Purpose The flammability test examines the susceptibility of a wire or cable to sustain the 
flame after being exposed to a direct fire. 
 

Brief Test 
Description 

In this test, a 24-inch sample is placed at a 60° angle and affixed at both ends. A 
flame is then placed onto the center point of the sample for 30 seconds. The 
sample is examined for the length of burning, any molten material falling from the 
sample, and the duration the sample maintains the flame after the flame is 
removed. This test evaluates the insulation properties rather than conductor 
properties.   
 

Theoretical Risk  If a sample fails the flammability test, and is placed onto an aircraft, then the 
wiring system can potentially propagate a flame through the vehicle leading to a 
hazardous or catastrophic event. Without extenuating factors, poor flammability 
resistance performance would have a severe impact on failure severity and lead to 
a significantly worse failure event.  
 
Focusing on the materials in question, ETFE and XL-ETFE are inherently materials 
that do not sustain a fire after the flame is removed. This is one of the primary 
reasons that ETFE and XL-ETFE are so common in aerospace applications.   
 
During the manufacturing process, additives are included in the ETFE mixture for 
several reasons, including color, flexibility, etc.  While it is possible that these 
additives could impact the flammability of the final product if they are not 
controlled, their quantity is limited, and they are just as likely to impact the 
performance of several other tests, such as insulation elongation and shrinkage.   
 
It is for these mitigating factors related to the ETFE/XL-ETFE material properties 
that there is no impact on the failure severity.   
 

Risk Level as 
related to Judd 

The material properties used in the wire and cable products produced by Judd 
limit the potential for sustaining a fire and failing the flammability test. XL-ETFE is a 
material that is unlikely to continue to sustain the flame after the flame is removed 
(as discussed in the Theoretical Risk section above). 
 
No test coverage was identified for the flammability test, however, any change to 
the insulation properties that would have impacted flammability test performance 
would have likely appeared in other tests, including insulation elongation and the 
thermal/mechanical resistance test discussed in Section 8.3. 
 
For these reasons, the impact on flammability failure probability is low.  Further, 
the likelihood of a production lot failing this test is low and thus the risk posed by 
the lack of regular lot testing is also low. 
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8.11 Wicking 
 

Wicking - Risk Level: Low  

Test Purpose The wicking test examines the propensity of the wire insulation to wick fluid.   
 

Brief Test 
Description 

A 4-inch specimen is taken and placed 2 inches deep into a solution with an 
fluorescent dye for 24 hours.  The specimen is then removed, dissected, and the 
travel distance of the dye is measured.  The specimen is considered to have passed 
the test if the travel distance is limited.  
 

Theoretical Risk  A specimen that is more suspectable to wicking will cause greater moisture or 
contaminant absorption and is more likely to lead to shorting events or noise on 
the circuit. 
 
From a severity of failure perspective, a wire or cable with greater wicking can 
potentially increase failure severity as the material is more likely to absorb fluids 
such as fuel or corrosion preventive compounds (“CPC”) that can impact material 
flammability. Materials more susceptible to wicking are those that include 
absorbent insulation constructions (e.g., fibrous jackets). 
 
From a failure probability perspective, an insulation with a greater propensity for  
wicking will have a negative impact on the failure probability. 
 
However, ETFE/XL-ETFE is a material construction that is not typically associated 
with issues related to wicking. Furthermore, wicking is a material property that is 
captured and examined during initial qualification and is unlikely to change during 
the lifecycle of the product.   
 
Due to these mitigating factors related to the ETFE/XL-ETFE material properties, 
there is no failure severity change.   
 

Risk Level as 
Related to Judd 

There is no test coverage for the wicking testing gaps. The wicking test is a unique 
test and does not have a similar test with which it can be compared. 
 
However, the XL-ETFE wire insulation is a very chemically stable and inert material 
and not one associated with chemical absorption.   
 
There is unlikely to be a change in the wicking performance of the material in the 
wire or cable construction. 
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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8.12 Notch Sensitivity  
 

Notch Sensitivity - Risk Level: Low  

Test Purpose The notch sensitivity test examines the susceptibility of a wire or cable to 
withstand notching or nicking without propagating the notch completely through 
the insulation to the conductor. 
 

Brief Test 
Description 

In this test, a 6-inch specimen is cut at a defined depth with a precision tool. The 
tool creates a small cut into the insulation and the wire is then wrapped and 
unwrapped several times (depending on the particular test, this may be done as 
few as two times or as many as 100).  The specimen is then removed and 
subjected to a visual inspection and a dielectric withstand voltage test to 
determine if the notch created at the start of the test has propagated to the 
conductor. 
 
A specimen has successfully completed the test if the notch is not propagated to 
the conductor. 
 

Theoretical Risk  A wire or cable with poor notch propagation performance will have the same 
failure severity as one with good notch propagation performance. 
 
A specimen with poor notch propagation performance is more likely to fail in 
service as it is damaged by normal operations, maintenance actions, and random 
shocks that occur over the life of the wire on the aircraft. 
 

Risk Level as 
Related to Judd 

Notch sensitivity is closely tied to the insulation elasticity and elongation 
properties. For this reason, the insulation elongation test that Judd performs can 
be considered as test coverage for the notch sensitivity test. If there is a significant 
deviation in the insulation elongation, this would be identified by the insulation 
elongation test. Thus, the insulation elongation test provides coverage for the 
notch sensitivity test.  
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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8.13 UV Laser Marking 
 

UV Laser Marking - Risk Level: Low  

Test Purpose This test examines ability of the insulation to be marked with a UV laser. 
 

Brief Test 
Description 

In this test, a UV laser is used to mark letters on a 1-foot section of a specimen 
with a white insulation/jacket. The specimen is then examined and the contrast of 
the letters against the insulation background is measured. A specimen is 
considered to have passed this test if the contrast is above a specific value defined 
on the individual product sheet. 
 
This test is not performed on non-white insulation/jacket products because the 
jacket color has a negative impact on the contrast measurement. 
 

Theoretical Risk  There is no impact on failure severity due to the lack of UV laser markability.  
 
In most cases, it is unlikely that a wire or cable that failed the UV laser markability 
would ever make it onto an aircraft other than for minor repairs. As part of the 
wire harness fabrication process, a wire is often UV laser marked with the unique 
identifier of the circuit. If the contrast falls below the expected performance, this 
would be identified by the wire harness fabricator or by the aircraft OEM’s quality 
assurance team. Similar to solderability, issues with the UV laser markability would 
be reported back through the supply chain. 
 
If the wire were to be installed, the only impact would be that the text on the 
wire/cable would be harder to read, which would result in more time allocated to 
maintenance actions.  
 

Risk Level as 
Related to Judd 

There is no test coverage for the UV laser markability of the wire insulation. 
 
However, a wire with poor UV laser markability performance that is installed on a 
vehicle will have the same failure probability as a wire with good UV laser 
markability.  
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low. 
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8.14 Jacket Flexure Endurance  
 

Jacket Flexure Endurance - Risk Level: Low  

Test Purpose The jacket flexure endurance test examines the impact of cyclical flexing on the 
cable jacket. 
 

Brief Test 
Description 

The specimen cable is bent over specified mandrels sizes for 180 degrees, 
straightened, and reverse bent 180 degrees over the same mandrel. This cycle is 
repeated for ten cycles, after which the jacket is examined for evidence of 
cracking.  
 
The specimen is considered to have passed the jacket flexure endurance test if 
there are no identifiable jacket cracks. 
 

Theoretical Risk  A cable with poor jacket flexure endurance performance is more likely to 
experience cracks in the cable jacket.  The flexing may come from wire/cable 
installation, from normal operations in a flex environment, or from standard 
maintenance actions.   
 
While failure is more likely, the failure severity of a specimen with poor jacket 
flexure endurance performance is the same as a specimen with good jacket flexure 
endurance performance. 
 

Risk Level as 
Related to Judd 

The jacket flexure is closely tied to the insulation elasticity and elongation 
properties. For this reason, the insulation elongation test that Judd performs can 
be considered as test coverage for the jacket flexure test. A deviation in the 
insulation elongation test results would be identified and addressed.   
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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8.15 Dielectric Withstand Test (also referred to as Dielectric Withstand Voltage, 

Dielectric Proof, Voltage Withstand) 
 

Dielectric Withstand Test - Risk Level: Low  

Test Purpose The dielectric withstand test verifies a wire/cable’s insulation integrity. 
 

Brief Test 
Description 

A length of specimen is removed from the spool (the specimen length varies 
depending on the application and specification), the ends of the specimen are 
stripped to expose the conductor, the conductors (from both ends) are then 
twisted together, and the remainder of the specimen is submerged in a saline 
bath. After a defined duration (typically one to four hours), a voltage is applied to 
the conductors of the specimen with the ground electrode in the saline bath. The 
alternating current (“AC”) voltage is increased to a voltage exceeding the 
wire/cable’s voltage rating (typically tested to 2500 Volts) and the electrical 
current through the specimen is measured.   
 
A specimen is considered to have failed if a high current is detected indicating an 
insulation breakdown.  
 

Theoretical Risk  If the dielectric withstand test is not performed on every lot, wire/cable 
insulation/jacket defects may not be identified. However, the voltage rating for the 
wires using these products is low (less than 600 volts) and unlikely to show any 
appreciable performance impact in service if there is a slight deviation outside of 
normal performance criteria. 
 
A wire/cable with lower dielectric withstand performance would have no impact 
on the failure severity, meaning that a wire/cable with dielectric resistance would 
have the same failure effect as one within the specified requirements. 
 
 

Risk Level as 
Related to Judd 

Other tests that evaluate the insulation/jacket integrity include the impulse 
dielectric test, which is included as part of the production process. The impulse 
dielectric test verifies the insulation integrity by applying a short high voltage 
differential across the insulation or jacket. Any appreciable insulation wall 
thickness deviation would be identified by the impulse dielectric test method. 
 
Furthermore, a review of a recent six month period and historical data provided by 
Judd [Section 4.2] shows that when this test is performed, the samples pass 
without issue.  While there is a deviation from the testing requirements, the 
likelihood of a specimen passing the impulse dielectric test and failing the 
dielectric withstand test is low. 
 
I reviewed Judd test data from a recent six-month period  [Section 4.2] and found 
consistent dielectric withstand test results. The impact of this test gap on the 
failure probability is low and the overall risk impact is low.   
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8.16 Secant Modulus 
 

Secant Modulus Test - Risk Level: Low  

Test Purpose The Secant Modulus test is used to capture a wire/cable’s insulation elasticity.  
 

Brief Test 
Description 

For the test, a short sample of the wire insulation is placed between two jaws, 
separated by 12 inches, then pulled apart at a uniform rate until the insulation 
breaks. The insulation elasticity (secant modulus) is then calculated from the 
captured data.   
 

Theoretical Risk  Wires/cables with secant modulus identified are products specifically designed for 
repeat flex applications (e.g., landing gear wire harnesses).   A specimen with poor 
insulation secant modulus performance would quickly develop insulation/jacket 
tears as the insulation would be unable to stretch without damage when the 
harness is bent and folded for storage.   
 
While the poor performance can have an impact on failure probability, there 
would be no failure severity change. 
 

Risk Level as 
Related to Judd 

The secant modulus is a derived property from the insulation elongation, and 
deviations in the secant modulus would appear during the insulation elongation 
tests.  It is possible that there could be a deviation of the secant modulus that 
would not prevent the insulation elongation from performing within expected 
limits; however, the likelihood is low. For these reasons, the insulation elongation 
test can be considered as test coverage for the secant modulus test.   
 
Further, because the insulation elongation is directly tied to the secant modulus, 
the likelihood of impact to the failure probability is low. A wire/cable with good 
insulation elongation performance would perform well in flex applications.   
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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8.17 Eccentricity of Inner Conductors 
 

Eccentricity of Inner Conductors  - Risk Level: Low  

Test Purpose The eccentricity of inner conductors test evaluates the conductor cross section 
dimensions. 
 

Brief Test 
Description 

Four specimens, each 1 inch in length, are prepared by removing the jacket and 
shielding. The ends are cut squarely and carefully deburred. The conductor 
eccentricity is determined by measuring the conductor with a high-precision tool 
at multiple locations.  The difference between the minimum and maximum 
conductor diameter is then used to calculate the eccentricity. 
 

Theoretical Risk  A cable with a conductor eccentricity exceeding the performance requirements 
will have an impact on the signal strength of the cable length.  Those systems using 
high frequencies would see diminished performance and would likely replace the 
cable. 
 
A wire/cable with poor eccentricity of inner conductor performance would have no 
impact on the failure severity.  
 

Risk Level as 
Related to Judd 

The physical dimension inspection test that Judd performs on a lot basis provides 
test coverage of the eccentricity of inner conductor.  In the physical dimension 
test, a high precision tool is used to measure the conductor diameter.  This can 
identify if the conductor falls outside the acceptable bounds which would lead to a 
failure of the eccentricity of inner conductor test.  Since several points on the 
conductor are measured with diameter measurement test, this is just as likely to 
catch a conductor deficiency as the eccentricity of inner conductor test.   
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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8.18 Wrap Back 
 

Wrap Back  - Risk Level: Low  

Test Purpose This test is used to determine whether a specimen will crack when wrapped upon 
itself or around a mandrel.  
 

Brief Test 
Description 

A 12 inch specimen is wound tightly around itself for a total of four close turns and 
placed in an elevated temperature oven for a duration defined in the product 
specification. After removal from the oven, the specimen is examined visually for 
cracks. A specimen has passed the wrap back test if there are no insulation cracks. 
 

Theoretical Risk  The wrap back test is designed to mechanically stress the wire insulation at an 
elevated temperature to verify the sintering process for PTFE insulation types 
(PTFE, known by the tradename Teflon, is another polymer commonly used for 
wire and cable insulation). The sintering process for wire is done to gain adhesion 
between layers of wrapped insulation. The wire or cable is exposed to a very high 
temperature for a short duration; the temperature and duration are controlled to 
cause adhesion between layers without damaging the insulation.  If the 
parameters of the sintering are not set correctly, the insulation will either peel off 
(if the sintering temperature is too low or the exposure duration is too short), or 
the insulation will be damaged and may show signs of melting or heat damage (if 
sintering the temperature is too high of the exposure duration is too long). 
 
Because the products produced by Judd are ETFE construction (extruded insulation 
and not tape wrapped), the wrap back test is not particularly useful to identify 
flaws. An ETFE/XL-ETFE insulated wire that failed the wrap back test would likely 
have other problems with the insulation construction that would be detected with 
other tests (such as poor insulation elongation performance).   
 
While the failure probability is higher, in theory, if this test is not performed, the 
failure severity of poor wrap back performance is the same as a specimen with 
good wrap back performance. 
 

Risk Level as 
Related to Judd 

The wrap back performance of wires is closely tied to the insulation elasticity and 
elongation properties. For this reason, the insulation elongation test can be 
considered as test coverage for the wrap back test. Deviation in the insulation 
elongation test results would identify a specimen that would also fail the wrap 
back test.   
 
The impact of this test gap on the failure probability is low and the overall risk 
impact is low.   
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9 Cumulative Impact on Wire/Cable Performance  
After the testing gaps analysis and test coverage analysis was completed, I determined the cumulative 

risk of the testing gaps for each wire/cable identified in Section 4.5 by assessing the combination of 

failure severity and failure probability. Table 2 summarizes the cumulative risk for each wire/cable 

group. 

Table 2: Cumulative risk level for wire/cable groups.  

Wire/Cable Group Cumulative 
Impact on 

Failure Severity 

Cumulative 
Failure 

Probability 

Cumulative Risk 
Level 

AS22759 wires No Impact Low  Low 

Bell Helicopter 30-279, Sikorsky SS8548, Filterline:  
AS85485 

No Impact Low  Low 

Bell Helicopter 299-974-374, Sikorsky SS8548, Filterline:  
AS85485 

No Impact Low  Low 

Boeing 5M3152 cable No Impact Low  Low 

Embraer ER-145-EL-004 Wire and Cable No Impact Low  Low 

Lockheed MD Series Products (MD 1058, 1059, 1060, 
1063, 1064, 1065) 

No Impact Low  Low 

Lockheed MD 982 Cable No Impact Low  Low 

McDonnell Douglas DMS 2340, Lockheed 79M000042, 
McDonnell Douglas Aerospace HS5649 

No Impact Low  Low 

Mil-Spec Equivalent Wires and Cables No Impact Low  Low 

MIL-DTL-16878H No Impact Low  Low 

NEMA 27500 Cables No Impact Low  Low 

Sikorsky SS7614 Rev 04 No Impact Low  Low 

Sikorsky SS7615 Rev 07 No Impact Low  Low 

 

My conclusions shown in Table 2 are based on the following factors: 

1. Nearly all of the testing gaps showed coverage by other testing that is performed regularly 

(Section 8). For nearly all of the tests with performance gaps, there are other tests that 

would identify any performance deviations. This reduced the likelihood of impacting the 

failure probability and/or severity. The tests without coverage show limited risk based on a 

combination of factors 3 & 4 (below). 

2. The failure severity would not be impacted by the testing gap (defined in Section 6). 

3. The material properties of the XL-ETFE insulation construction (the primary insulation 

technology used by Judd) limit the likelihood of failure due to process variations. The ETFE 

base material is tightly controlled by the polymer manufacturers and is a stable material.     
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4. Regular testing across multiple product lines shows the lack of performance variability.  Use 

of the same equipment and materials limits the likelihood of uncaptured errors due to 

testing gaps.  Further, the test data collected by Judd shows consistent performance across 

years of production runs. There is sufficient evidence to show the production variability is 

low (from test data sources in Section 4.2).   

In summary, the testing gaps do not lead to a loss of confidence in the final product or the final 

product’s impact on other products in the supply chain. If Judd’s products are used within their 

identified performance limitations (as defined in the individual product specifications), the products 

would experience a reliable service life without premature degradation stemming from poor initial 

product performance or manufacturing defects.  

10 Lack of Industry Consensus on Frequency of Testing  
It should be noted that there is a lack of industry consensus on the frequency of testing for wire and 

cable production. For example, a test may be required on a per lot basis in one specification, whereas 

another specification will require that test to be performed only as part of requalification. This 

inconsistent application of test frequency across the industry shows the lack of industry consensus 

regarding the frequency needed for specific test performance; several of the tests identified in the 

“testing gaps” have inconsistent requirements across industry specifications.   

One reason for this frequency inconsistency is that many of the specifications are consensus 

specifications that require agreement from product users (e.g., aircraft Original Equipment 

Manufacturers (“OEMs”)) and the product producers; even those specifications that are OEM-specific 

(e.g. Boeing or Sikorsky), are usually based on existing industry specifications and may be collaboratively 

developed with wire/cable producers.  The aerospace industry is a very risk adverse industry that 

embraces risk avoidance at every step of the process; this inconsistency with test frequency suggests the 

industry has not fully agreed upon the risks posed by certain theoretical deficiencies.   

11 Conclusion 
The objectives of this assessment were to:  

1) Review testing performance gaps of the products produced by Judd  

2) Determine if any testing performed by Judd addresses these testing performance gaps 

3) Determine the risk level to the end customer as a result of these testing performance gaps  

 

The review examined the specifications and the test data provided by Judd and found the risks posed by 

the gaps in the testing is low. The risk posed by the testing gaps is addressed by four main factors: 

1. Nearly all of the testing gaps showed coverage by other testing that is performed regularly 

(Section 8). For nearly all of the tests with performance gaps, there are other tests that 

would identify any performance deviations. This reduced the likelihood of impacting the 

failure probability and/or severity. The tests without coverage show limited risk based on a 

combination of factors 3 & 4 (below). 
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2. The failure severity would not be impacted by the testing gap (defined in Section 6). 

3. The material properties of the XL-ETFE insulation construction (the primary insulation 

technology used by Judd) limit the likelihood of failure due to process variations. The ETFE 

base material is tightly controlled by the polymer manufacturers and is a stable material.     

4. Regular testing across multiple product lines shows the lack of performance variability.  Use 

of the same equipment and materials limits the likelihood of uncaptured errors due to 

testing gaps.  Further, the test data collected by Judd shows consistent performance across 

years of production runs. There is sufficient evidence to show the production variability is 

low (from test data sources in Section 4.2).   

While this review identified gaps in the test performance, the risk of poor performing products being 

released to the supply chain is low. Since the testing gaps were originally identified by Judd, the testing 

gaps have been addressed, and Judd is now testing all products in full compliance with the 

specifications. As described above, for the purposes of my review, Judd provided six months of recent 

test data reflecting its updated testing practices [Section 4.2].  This data shows the product performance 

to be consistently within the specified test performance requirements.    
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