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PREFACE 
 
This report was prepared by the International Trade Bridge, Inc. (ITB) and submitted by the 
National Defense Center for Environmental Excellence (NDCEE), operated by Concurrent 
Technologies Corporation (CTC), under contract number DAAE30-98-C-1050, Task No. N272.  
This report was prepared on behalf of, and under guidance provided by, the Joint Group on 
Pollution Prevention (JG-PP) through the JG-PP Working Group.  The structure, format, and 
depth of the report�s technical content were determined by the JG-PP Working Group, 
government technical representatives, and government contractors in response to the specific 
needs of this project. 
 
Invaluable technical, business, and programmatic contributions were provided by the 
organizations listed below. 
 

• Air Force Research Laboratory/MLSA, Wright Patterson Air Force Base 
• Air Force Material Command/Depot Infrastructure and Logistics Environmental

Branch (AFMC/LGPE), Wright Patterson Air Force Base 
• American Competitiveness Institute 
• AMKOR 
• Astrium Space (U.K.) 
• ATK Thiokol 
• BAE Systems (U.K.) 
• Defense Contract Management Agency 
• Boeing 
• Defense Contract Management Agency 
• Ensil International Corporation (Canada) 
• European Space Agency 
• F-15 Program Office 
• Florida Cirtech  
• Hanscom Air Force Base  
• Harris 
• Hill Air Force Base 
• International Trade Bridge, Inc. 
• Intersil 
• ITT 
• F-35 Joint Strike Fighter 
• Lockheed Martin 
• MBDA (U.K.) 
• Mitsui Comtek/Senju Metals Co. 
• National Aeronautics and Space Administration (NASA) Ames Research Center
• NASA Goddard Space Flight Center 
• NASA Jet Propulsion Lab 
• NASA Marshall Space Flight Center 
• NASA Space Shuttle Main Engine (SSME) Program 
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• National Center for Manufacturing Sciences 
• National Institute of Standards and Technology 
• Naval Air Systems Command 
• Naval Air Warfare Center - Weapons Division 
• Naval Sea Systems Command 
• Northrop Grumman 
• Office of Chief of Naval Operations, Environmental Protection, Safety, and 

Occupational Health 
• Randolph Air Force Base 
• Raytheon 
• Redstone Army Arsenal 
• Rockwell Collins 
• Sandia Labs 
• Senju Solder � Mitsui 
• Texas Instruments 
• Tinker Air Force Base  
• TRW/ICBM 
• U.S. Army Aviation and Missile Command 
• U.S. Army Communications-Electronics Command 
• U.S. Army Tank-Automotive and Armaments Command; Armament Research, 

Development and Engineering Center 
• U.S. Marine Corps Materiel Command 
• U.S. Marine Corps Systems Command 
• United Defense Limited Partnership 
• United Space Alliance � Solid Rocket Boosters 
• Warner Robins Air Logistics Center, Robins Air Force Base  
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1. INTRODUCTION 
 

On September 15, 1994, the Joint Logistics Commanders (JLC) chartered the Joint 
Group on Pollution Prevention (JG-PP) to coordinate joint service activities affecting 
pollution prevention issues identified during a defense system�s acquisition process.  
JG-PP�s primary objectives are to: 

 
• Reduce or eliminate the use of hazardous materials (HazMats) by fostering 

joint cooperation. 
• Avoid duplication of efforts in actions required to reduce or eliminate 

HazMats and share technology. 
 

JG-PP focuses on implementing pollution prevention processes at defense contractor 
design, manufacturing, and re-manufacturing locations, with subsequent technology 
transfer to the U. S. Department of Defense (DoD) Sustainment Community.  JG-PP 
is managed by the JG-PP Working Group. 
 
The JG-PP Working Group has developed a methodology for implementing pollution 
prevention processes through interactions with original equipment manufacturers 
(OEMs) at several defense contractor locations.  The JG-PP methodology is being 
used by the Lead-Free Solder project team with the intent of facilitating the team�s 
efforts to identify and use environmentally acceptable materials and processes for 
circuit card manufacturing and maintenance. 
 
 

1.1. Lead-Free Solder Overview 
 

The use of conventional tin-lead (Sn-Pb) solder in circuit board manufacturing is 
under ever-increasing political scrutiny due to environmental issues and increasing 
regulations concerning lead.  Lead and lead compounds have been cited by the U.S. 
Environmental Protection Agency (EPA) as one of the top 17 chemicals posing the 
greatest threat to human health.  The European Union�s recently enacted �Restriction 
of Hazardous Substances� (RoHS) directive and a pact between the U.S. National 
Electronic Manufacturing Initiative (NEMI), Europe�s Soldertec at Tin Technology 
Ltd. and Japan�s Japan Electronics and Information Technology Industries 
Association (JEITA) are just two examples where worldwide legislative actions and 
partnerships/agreements are impacting the electronics industry.  As a result many 
global commercial grade electronic component manufacturers are initiating efforts to 
retain their worldwide market.  The components produced by these global 
manufacturers will be finding their way into the inventory of aerospace or military 
assembly processes under government acquisition reform initiatives.  These actions 
will result in increased risks associated with manufacturing and subsequent repair of 
military electronic systems.   
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Starting in CY2001, U.S. EPA lowered the Toxic Release Inventory (TRI) reporting 
threshold for lead to 100 pounds annually.  Previously, facilities were not required to 
report releases of lead and lead compounds unless they manufactured or processed 
more than 25,000 pounds annually, or use more than 10,000 pounds annually.  This 
requirement impacts Federal facilities, which, under Executive Order 12856, must file 
annual TRI reports if they meet the threshold requirements.   
 
The commercial sector is driving component and board suppliers to provide primarily 
lead-free compatible surface finishes and alloys.  If the military electronics industry 
does not proactively participate in determining the impact of lead-free solders, it is 
possible that parts with lead or Sn-Pb finishes may become impossible to procure or 
acquisition costs for �military lead containing components� will become prohibitive.  
The military and space sectors need to become an active participant in addressing the 
issue or it may quickly be perceived as a part of the problem. 
 
Since military and space applications typically are more severe than traditional 
commercial electronic applications the Lead-Free Solder project has been established.   
The purpose of the Lead-Free Solder project is to characterize, demonstrate and 
validate the performance of lead-free solders as potential replacements of 
conventional Sn-Pb solders used on circuit card assemblies.  This project's focus will 
be on lead-free solders for use on plated through hole (PTH), surface mount 
technology (SMT), and mixed technology circuit card assembly applications. 

   
 
1.2. Project Approach 

 
A joint group led by the JG-PP Working Group and project technical representatives 
identified engineering, performance, and operational impact (supportability) 
requirements for circuit card assemblies manufactured and reworked with lead-free 
solder alloys.  The joint group consisted of technical representatives from the affected 
defense and space programs, DoD Sustainment Community, and other government 
and contractor organizations.  The joint group reached consensus regarding the tests, 
procedures, methodologies and acceptance criteria to qualify alternatives against the 
requirements. 
 
This Joint Test Protocol (JTP) contains critical technical and performance 
requirements and tests agreed to by the joint group for use on DoD circuit cards.  
These requirements are at least the first step to validate the performance and 
reliability of circuit card assemblies manufactured and reworked with lead-free solder 
alloys.   
 
The JG-PP Working Group and project technical representatives selected rework 
procedures over repair procedures for the Lead-Free Solder testing program based on 
the following descriptions.  
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• Rework; The act of reprocessing non-complying articles, through the use of 
original or equivalent processing, in a manner that assumes full compliance of 
the article with applicable drawings or specifications.   

• Repair; The act of restoring the functional capability of a defective article in a 
manner that precludes compliance of the article with applicable drawings or 
specifications.   

 
A subsequent Joint Test Report (JTR) will document the data and results of testing.  
The JTP and JTR will be made available to other government and commercial users 
for guidance on future pollution prevention efforts.  Engineering authorities can refer 
to the lead-free solder alloy test results during design decisions for specific defense 
and space systems.  However, the tests and criteria defined in this JTP were 
developed by consensus only for the defense and space system programs involved, 
and may not address all areas of all applications.  A list of some of the potentially 
affected defense, space, and aerospace equipment and platforms are included in 
Appendix A.  
 
Table 1 is a summary table, which shows the target HazMats, current processes, 
applications, and specifications affected by this project. 
 

Table 1. Target HazMat Summary 
 

Target HazMats Current Processes Applications 
Lead Soldering 

• Wave 
• Reflow 
• Manual 

Electrical 
interconnects 

Current Specifications 
IPC/EIA J-STD-001 Revision C IPC-SM-785 IPC-TM-650 
ANSI/J-STD-003 IPC-9201 IPC-9701 
IPC-2221 MIL-STD-810F IPC-A-610 
IPC-2222  IPC-6012 
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2. ENGINEERING AND TESTING REQUIREMENTS 

 
This section summarizes the engineering and testing requirements for circuit cards 
prepared with lead-free solder alloys.  Tests contained in this JTP may involve the 
use of HazMats.  However, this JTP does not address safety issues associated with 
their use.  Therefore, when performing tests described in this JTP, appropriate safety 
and health practices must be established, and the applicability of regulatory 
limitations must be determined. 

 
 

2.1. Test Vehicle- Printed Wiring Assembly 
 
The test vehicle for most tests in this JTP (except where noted) is a printed wiring 
assembly (PWA), designed to evaluate solder joint reliability.  Test vehicle raw 
boards shall comply with IPC-6012, Class 3 (Qualification and Performance 
Specification for Rigid Printed Boards).  The design incorporates components 
representative of the parts used for defense and space systems and is designed to 
reveal relative differences in solder alloy performance.  The test vehicle will be used 
for all tests except Surface Insulation Resistance (SIR), JTP Section 3.3.3 and 
Electrochemical Migration Resistance Test, JTP Section 3.3.4.  
 
The test vehicle will include a variety of PTH and SMT components.  All components 
will be dummy daisy-chained components and will contain simulated die.  The circuit 
board will be designed with daisy-chained pads that are complementary to the daisy 
chain in the components, except for the chip capacitors. Therefore, the solder joints 
on each component will be part of a continuous electrical pathway that can be 
monitored during testing by an event detector (Anatech or equivalent). Failure of a 
solder joint on a component will break the continuous pathway and be recorded as an 
event.  Each component will have its own distinct pathway (channel).   

 
 

2.1.1.  Test Vehicle for Manufactured PWAs  
 

2.1.1.1. Lead-Free Assembly of Manufactured PWAs 
 
The lead-free PWAs shall have an immersion silver surface finish, be made from high 
temperature laminate (glass transition temperature of 170oC per IPC-4101/26), and 
components will be attached using the alternative lead-free solder alloys shown in 
Table 2.  Table 2 lists the test vehicle matrix for manufactured PWAs.  Processing 
procedures for the lead-free assembly of manufactured printed wiring boards is 
outlined in Appendix B.    
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2.1.1.2. Baseline Assembly of Manufactured PWAs 
 

The baseline (control) printed wiring board shall have an immersion silver surface 
finish, be made from high temperature laminate (glass transition temperature of 
170oC per IPC-4101/26), and components will be attached using eutectic Sn-Pb 
solder as shown in Table 2.  Processing procedures for the baseline assembly of 
manufactured PWAs are outlined in Appendix B.    

 
Table 2. Test Vehicle Matrix for Manufactured PWAs 

 
Type Laminate Surface Finish Reflow Solder Wave Solder 

Tin-Silver-
Copper 

Tin-Silver-
Copper Lead-Free 

Manufactured High Tg, FR4 Immersion Silver Tin-Silver-
Copper-Bismuth Tin-Copper 

Baseline 
(control) High Tg, FR4 Immersion Silver Eutectic Tin-

Lead 
Eutectic Tin-
Lead 

 
 

2.1.2.  Test Vehicle for Reworked PWAs 
 

2.1.2.1. Lead-Free Rework of Sn-Pb Assemblies 
 

PWAs reworked using lead-free solder shall have a hot air solder leveled (HASL) 
surface finish, be made from low temperature laminate (glass transition temperature 
in the range of 135oC to 140oC per IPC-4101/21) and initially soldered using eutectic 
Sn-Pb solder.  The lead-free rework shall consist of removing and replacing the ball 
grid arrays (BGA), thin quad flat packs (TQFP), thin small outline packages (TSOP) 
and the plastic dual-in-line packages (PDIP).  The components shall be de-soldered 
from the assembly.  The remaining Sn-Pb solder on the pads shall be solder wicked.  
New components will be used to replace the removed components and re-soldered 
using the lead-free solder(s) per Table 3. Processing procedures for lead-free rework 
of tin-lead assemblies are outlined in Appendix B.    

 
 

2.1.2.2. Sn-Pb Rework of Sn-Pb Assemblies 
 

The control rework printed wiring assemblies shall have a HASL surface finish, and 
will be made from low temperature laminate (glass transition temperature in the range 
of 135oC to 140oC per IPC-4101/21) and soldered using eutectic Sn-Pb solder.  Once 
the initial processing is complete, certain components (BGAs, TQFPs, TSOPs and 
PDIPs) shall be de-soldered from the assembly.  The remaining Sn-Pb solder on the 
pads shall be solder wicked.  New components will be used to replace the removed 
components and re-soldered using eutectic Sn-Pb solder per Table 3.  Processing 
procedures for tin/lead rework of tin-lead assemblies are outlined in Appendix B.    
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Table 3. Test Vehicle Matrix for Reworked PWAs 
 

Type Laminate 
 

Surface Finish Reflow & 
Wave Solder 

Alloy 

Rework 
Solder Alloy 

SMT 

Rework 
Solder Alloy 

PTH 
Tin-Silver �
Copper-
Bismuth a 

Tin-Copper Lead-Free 
Rework Low Tg, FR4 HASL Eutectic Tin-

Lead Tin-Silver-
Copper a 

Tin-Silver-
Copper 

Rework 
Control 

Low Tg, FR4 
 HASL Eutectic Tin-

Lead 
Eutectic Tin-
Lead a 

Eutectic Tin-
Lead 

a  A separate set of boards will be prepared for each line in Table 3. 
 
 
2.2.   General Inspection Procedures 

 
2.2.1.  Pre-Test Inspection 

 
Visual inspection and photographs will document the visual appearance of the solder 
joints prior to testing.  Deviations from Institute of Printed Circuits/Electronic 
Industries Association (IPC/EIA) J-STD-001 Revision C, Class 3 (Requirements for 
Soldered Electrical and Electronic Assemblies) will be noted.  X-ray will be used to 
document solder ball alignment and voiding.  Prior to assembly, board finishes and 
component finishes must be verified by energy dispersive X-ray (EDX) or X-ray 
fluorescence (XRF).   Prior to assembly, a few components of each type should be 
tested, using an ohmmeter, to make sure that they are daisy-chained internally.  A 
complete inspection log for pre-test inspection is shown in Appendix C.  

 
 

2.2.2.  Post-Test Inspection 
 

Visual inspection and photographs will document the visual appearance of the solder 
joints after testing is completed. One assembled test vehicle per solder will be set 
aside for cross sections, (three manufactured test vehicles plus three reworked test 
vehicles), and will not undergo testing.  Cross sections will be done to document 
post-test metallography and measures solder joint height and BGA and chip scale 
package (CSP) solder ball alignment.  A complete inspection log for post-test 
inspection is shown in Appendix C. 
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2.3.  Common Engineering, Performance, Testing Requirements and Test Flow    
 

The common performance requirements and related tests for PWAs are listed in 
Table 4. These tests are required by all defense and space systems, as listed in the 
Preface, which participated in the development of this JTP.  Both manufactured and 
reworked PWAs will be subjected to all common tests.    

 
Table 4. Common Performance Requirements 

 
Validation Test JTP 

Section 
Reference Electrical 

Test 
Acceptance Criteria a 

Vibration 3.2.1 
MIL-STD-810F, 
Method 514.5, 
Procedure I 

Electrical 
continuity 
failure 

Better than or equal to 
tin/lead controls 

Mechanical 
Shock 3.2.2 

MIL-STD-810F, 
Method 516.5, 
Procedure 1 

Electrical 
continuity 
failure 

Better than or equal to 
tin/lead controls 

Thermal Shock 3.2.3 
MIL-STD-810F, 
Method 503.4, 
Procedure I 

Electrical 
continuity 
failure 

Better than or equal to 
tin/lead controls at 10% 
Weibull cumulative 
failures 

Thermal Cycling 3.2.4 IPC-SM-785 
Electrical 
continuity 
failure 

Better than or equal to 
tin/lead controls at 10% 
Weibull cumulative 
failures 

Combined 
Environments 
Test 

3.2.5 
MIL-STD-810F 
Method 520.2 
Procedure I 

Electrical 
continuity 
failure 

Better than or equal to 
tin/lead controls at 10% 
Weibull cumulative 
failures 

a Failure of a test board in a specific test does not necessarily disqualify a lead-free solder alloy for use in an 
application for which that test does not apply.  Electrical performance requirements for a particular circuit 
apply only to parts containing that circuit.    

 
The following test flows will be used for executing the common tests; specifically, 
Figure 1 is the common test flow for manufactured PWAs and Figure 2 is the 
common test flow for reworked PWAs.  
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QTY= Number of PWAs per test alloy

Test
Vehicle

Assembly

Vibration
(Quantity 5)

JTP Section 3.2.1

Mechanical Shock
JTP Section 3.2.2

Pathfinder Test
Vehicle

(Quantity 1 Total)

Test Set One
(Quantity 2)

Test Set Two
(Quantity 2)

Thermal Shock
(Quantity 5)

JTP Section 3.2.3

Thermal Cycle
-55 to + 125 oC

(Quantity 5)
JTP Section 3.2.4

Thermal Cycle
-20 to + 80 oC
(Quantity 5)

JTP Section 3.2.4

Combined
Environments Test

(Quantity 5)
JTP Section 3.2.5

> = SnPb
Performance?

Pb-Free Alloy
Does NOT Meet

JTP Criteria

Pb-Free Alloy
Meets JTP Criteria

NO YES

 
 

Figure 1. Common Test Flow Diagram for Manufactured Test Boards 
 

QTY= Number of PWAs per test alloy

Test
Vehicle

Assembly

Vibration
(Quantity 5)

JTP Section 3.2.1

Mechanical Shock
JTP Section 3.2.2

Pathfinder Test
Vehicle

(Quantity 1 Total)

Test Set One
(Quantity 2)

Test Set Two
(Quantity 2)

Thermal Shock
(Quantity 5)

JTP Section 3.2.3

Thermal Cycle
-55 to + 125 oC

(Quantity 5)
JTP Section 3.2.4

Combined
Environments Test

(Quantity 5)
JTP Section 3.2.5

> = SnPb
Performance?

Pb-Free Alloy
Does NOT Meet

JTP Criteria

Pb-Free Alloy
Meets JTP Criteria

NO YES

 
 
Figure 2. Common Test Flow Diagram for Rework Test Boards 
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2.4.  Extended Engineering, Performance, Testing Requirements and Test Flow    
 

The extended test requirements for validating alternatives for lead-free solders are in 
Table 5. These tests are in addition to the tests identified in Table 4 and will be 
performed as needed by specific defense and space systems.  For two of the extended 
tests, Humidity and Salt Fog, the test vehicle is the same as described in Section 2.1.  
However, for the SIR and Electrochemical Migration test, a standard IPC test board 
will be used.    

 
Table 5. Extended Performance Requirements  

 
Validation 

Test 
JTP 

Section 
Reference Measurement Acceptance Criteria a 

Salt Fog 3.3.1 MIL-STD-810F, 
Method 509.4 

Visual pass/fail 
criteria per 
referenced standard  

Better than or equal to 
tin/lead controls 

Humidity 3.3.2 MIL-STD-810F, 
Method 507.4 

Visual pass/fail 
criteria per 
referenced standard 

Better than or equal to 
tin/lead controls 

Surface 
Insulation 
Resistance, 
Fluxes 

3.3.3 IPC-TM-650, 
Method 2.6.3.3 

Resistance 
Measurements  > 108 ohms (Ω) 

Electrochemica
l Migration 
Resistance Test  

3.3.4 IPC-TM-650, 
Method 2.6.14.1 

Visual pass/fail 
criteria per 
referenced standard 

• IR final > (IR initial)/10 
• No evidence of 

electrochemical 
migration 

• No corrosion of the 
conductors 

a Failure of a test board in a specific test does not necessarily disqualify a lead-free solder alloy for use in an 
application for which that test does not apply.  Electrical performance requirements for a particular circuit 
apply only to parts containing that circuit.   

 
Figure 3 contains the extended test flow diagram for manufactured test boards. 
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Test Vehicle
Assembly

Humidity
(QTY. 3)

JTP Section 3.3.2

Surface Insulation
Resisitance
(45 IPC-B-24
boards total)

JTP Sectiuon 3.3.3

Electrochemical
Migration Resistance
(45 IPC-B-25A boards

total)
JTP Section 3.3.4

Salt Fog
(QTY 3)

JTP Section 3.3.1

Lead-Free Alloy Does
NOT Meet JTP Criteria

Lead-Free Alloy Does
Meet JTP Criteria

> = SnPb
Performance

YES

NO

 
a QTY=number of PWAs per test alloy 
 

Figure 3. Extended Test Flow Diagram for Manufactured Test Boards 
 

 
2.5 Quality Assurance 
 

Statistical considerations are essential for meaningful conclusions that will hold up 
under scrutiny.  As such, the number of components on the test vehicle and the test 
sample sizes have been selected to provide statistically meaningful results. 

 
Statistical review of the data generated by the testing is of the utmost importance to 
the project consortium.  Statistical distribution of failures will be represented by a 
Weibull distribution.  As the lead-free solder testing is performed and the solder 
joints fail, Weibull distribution coefficients will be determined for the data collected 
as discussed in IPC-9701, Section 5.2.  The data of most interest is the first solder 
joint failure; the number of cycles required to reach 63.2% failures (called the 
characteristic life or alpha); the failure free period; and the Weibull shape parameter 
(beta).   

 
When one solder joint fails on a component, the whole component is considered 
failed.  In order to generate useful Weibull plots, ideally 50% of the assemblies must 
fail with a 63.2% component failure rate preferred, which requires many testing 
cycles (many hundreds to many thousands depending on the type of component).  
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The JG-PP Working Group and project technical representatives discussed sample 
size at length.  For those tests where five test vehicles are used, the sample size for 
each component type would be 25.  To achieve a 90% confidence level at 10% 
cumulative failures, a minimum sample size of 21 is required.  The stakeholder�s felt 
that the 25-sample size rather than 32 as specified in IPC-9701 would provide 
statistically meaningful results.  IPC-SM-785, Guidelines for Accelerated Reliability 
Testing of Surface Mount Solder Attachments, has equations for calculating the 
minimum number of failure-free test cycles for a given cumulative failure probability 
percentage with sample size and design life cycle requirement.      
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3.  TEST DESCRIPTIONS 
 

Section 3 briefly describes those tests that will permit project participants to consider 
qualifying lead-free solder alloys.  Each test description includes a procedure, 
rationale, test parameters and acceptance criteria.  Where appropriate, the 
descriptions also include the number and type of test specimens per solder alloy, 
number of trials per specimen, any major or unique equipment, and data recording 
and calculation requirements.   
 
Section 3.1 describes those auxiliary tests conducted prior to, during, or after each 
reliability test.  Section 3.2 describes each common reliability test listed in Table 4 of 
Section 2.3.  Section 3.3 describes each extended reliability test listed in Table 5 of 
Section 2.4.   
 
The information contained in Section 3 is brief and is intended to provide the 
information needed to understand the tests.  These sections can serve as a guide to 
those performing the tests. 

 
 

3.1. Auxiliary Testing 
 

3.1.1.  Electrical Continuity Testing  
 

An event detector (Anatech or equivalent conforming to IPC-SM-785) will be used to 
monitor the electrical continuity of each channel on the test vehicle, and thereby 
detect solder joint failures that occur during testing (i.e., an �event�).  The failure 
criteria measured by the event detector will be 10 events per channel with an 
interruption of electrical continuity (≥ 300 Ω up to 1000 Ω) for periods greater than 
0.2 µsec per IPC-SM-785 (Guidelines for Accelerated Reliability Testing of Surface 
Mount Solder Attachments).  Table 6 lists the failure criteria for the electrical 
continuity test. 

 
Table 6. Electrical Continuity Testing  

 
Failure Criteria • 10 events per channel  

• 0.2 microsecond  
• ≥ 300 Ω resistance for thermal shock and 

thermal cycle 
• ≥ 1000 Ω for mechanical shock and 

vibration 
 

Major or Unique Equipment 
Event detector (Anatech or equivalent) 
 
Data Recording and Statistical Analysis 
Record of failures 
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3.1.2.  Coefficient of Thermal Expansion (CTE) Testing 

 
Measure CTE of SMT components only and the test vehicle per IPC-TM-650, 
Method 2.4.41 (Coefficient of Linear Thermal Expansion for Electrical Insulating 
Materials). The measured CTE values will be representative of each component as a 
composite of its construction/configuration.   

 
 

3.1.3.  Component Height Testing 
 

The component height off the PWA of each SMT component type will be measured 
during the microsection examination of the finished vehicle assemblies set aside for 
post-test inspection; see section 2.2.2.   

 
 
3.2. Common Environmental Exposure and Physical Reliability Tests 
 
3.2.1. Vibration 

 
Description 
This test determines solder joint failures during exposure to vibration conditions. 
 
Perform this test in accordance with MIL-STD-810F (Test Method Standard for 
Environmental Engineering Considerations and Laboratory Tests) Method 514.5, 
(Vibration) and the following procedure. 
 
• Measure the electrical resistance of each channel prior to testing. 
• Place the PWAs into a test fixture in random order and mount the test rack 

onto a vibration table.  Expose PWAs to the following vibration profile in 
each of the three orthogonal axes for one hour per axis. 

• Continuously monitor the electrical continuity of the solder joints during the 
test.  

• It is assumed that most failures will occur with the vibration in the axis 
perpendicular to the plane of the board (Z axis) as a result of board bending.  
Increase the vibration level in this axis by approximately 2.0 acceleration of 
gravity, root mean square (grms) and shake for one hour. Continue to increase 
the Z axis vibration level in 2.0 grms increments, shaking for one hour per step 
until all parts have failed or 20.0 grms is reached. 

 
Figure 4 lists the vibration spectrum and Table 7 lists the vibration profile. 
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Figure 4. Vibration Spectrum 

 
Table 7. Vibration Profile  

 
Level 1 Level 2 Level 3 

20 Hz @ 0.0107 g²/Hz 20 Hz @ 0.0157 g²/Hz 20 Hz @ 0.0214 g²/Hz 
20 - 50 Hz @ +6.0 dB/oct 20 - 50 Hz @ +6.0 dB/oct 20 - 50 Hz @ +6.0 dB/oct 

50 - 1000 Hz @ 0.067 g²/Hz 50 - 1000 Hz @ 0.0984 g²/Hz 50 - 1000 Hz @ 0.134 g²/Hz 
1000 - 2000 Hz @ -6.0 dB/oct 1000 - 2000 Hz @ -6.0 dB/oct 1000 - 2000 Hz @ -6.0 dB/oct 

2000 Hz @ 0.0167 g²/Hz 2000 Hz @ 0.0245 g²/Hz 2000 Hz @ 0.0334 g²/Hz 
Composite = 9.9 grms Composite = 12.0 grms Composite = 14.0 grms 

Level 4 Level 5 Level 6 
20 Hz @ 0.0279 g²/Hz 20 Hz @ 0.0354 g²/Hz 20 Hz @ 0.0437 g²/Hz 

20 - 50 Hz @ +6.0 dB/oct 20 - 50 Hz @ +6.0 dB/oct 20 - 50 Hz @ +6.0 dB/oct 
50 - 1000 Hz @ 0.175 g²/Hz 50 - 1000 Hz @ 0.2215 g²/Hz 50 - 1000 Hz @ 0.2734 g²/Hz 

1000 - 2000 Hz @ -6.0 dB/oct 1000 - 2000 Hz @ -6.0 dB/oct 1000 - 2000 Hz @ -6.0 dB/oct 
2000 Hz @ 0.0436 g²/Hz 2000 Hz @ 0.0552 g²/Hz 2000 Hz @ 0.0682 g²/Hz 
Composite = 16.0 grms Composite = 18.0 grms Composite = 20.0 grms 

 
Rationale 
The stakeholders felt that MIL-STD-810F, Method 514.5, (Vibration) would be a 
reliable indication of lead-free solder alloys unsuited to endure dynamic mechanical 
forces.  The vibration test will be run in accordance with the vibration spectrum in 
Figure 4 developed specifically for this project by the Electronic, Electrical and 
Electromechanical (EEE) Parts and Packaging Group of National Aeronautics and 
Space Administration (NASA) Marshall Space Flight Center.  Project stakeholders 
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agreed that a stepwise vibration spectrum covering a wide array of intensities would 
best meet the specifications required by the lead-free solder project consortium.           
 
Table 8 lists the vibration test methodology. 

 
Table 8. Vibration Test Methodology 

 
Parameters • 1 hour per axis 

• Start at 9.9 grms in all three axes, then step 
up in 2 grms increments in the Z axis 

Number and Type of 
Specimens 

5 PWAs per solder alloy 

Trials per Specimen 1 
Acceptance Criteria Electrical reliability better than or equal to 

tin/lead controls 
 

Major or Unique Equipment 
• Vibration table 
• Event detector (Anatech or equivalent) 
• Fixture 

 
Data Recording and Calculations 
• Record data and compare to acceptance criteria as specified in JTP 

Section 3.1.1. 
 

 
3.2.2. Mechanical Shock 

 
Description 
The purpose of this test is to determine the resistance of the solder to the stresses 
associated with high-intensity shocks induced by service environments. 
 
Perform this test in accordance with MIL-STD-810F, Method 516.5, (Shock).  Mount 
the PWAs to an electro-dynamic shaker.  Program the required shock response 
spectrum (SRS) into the digital shock controller.  The digital controller will generate 
a transient shock time history satisfying the maximum SRS requirement.  Two sets of 
test vehicles will undergo mechanical shock testing per MIL-STD-810F, Method 
516.5 (Shock). 
 
• Test Set One:  Apply three shock transients, as shown in Figure 5, in each 

direction along each of the 3 orthogonal axes.   
• Test Set Two:  Apply the shock transients, as shown in Figure 5, in each 

direction along one axis parallel to the plane of the board.  Apply shocks until 
all parts fail or until the maximum number of shocks, 500, is reached.   

In addition, an extra �pathfinder� board will be subjected to both test conditions in 
order to identify potential problems with the test setup before testing Test Set One 
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and Test Set Two.  The resulting test SRS shall be within +3dB and -1.5dB of the 
nominal requirement over a minimum of 90% of the frequency band when using a 
1/12-octave analysis bandwidth.  The remaining 10% of the frequency band shall be 
within +6 decibel (dB) and �3 dB of the nominal requirement.  The electrical 
continuity of the solder joints will be continuously monitored during the test. The 
results will be recorded.  (Note: It is recognized that in a laboratory environment, the 
supplied SRS is very difficult to meet at low frequencies due to the large 
displacements involved.  Therefore, the low frequency cutoff of the SRS may be 
defined as the first natural frequency of the test item minus one octave.) 
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Figure 5. Mechanical Shock Response Spectrum  

 
Rationale 
The stakeholders felt that MIL-STD-810F, Method 516.5, Procedure I (Functional 
Shock) would be a reliable indication of solders that are unsuited to endure the high-
intensity shocks associated with service use.  The environmental engineering group at 
Naval Air Warfare Center � Weapons Division (NAWCWD), provided the shock 
spectrum shown in Figure 5.  This shock spectrum represented Naval Air System 
Command (NAVAIR�s) best professional judgment of a shock requirement for a 
single weapon system considered to be "significant" and which represented fairly 
severe conditions that would allow for discrimination in performance between tin-
lead and lead-free solder alloys.   
 
The stakeholders agreed to the need for two test sets representing different shock 
scenarios.  The first set addresses the requirements that many military customers will 
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have to see data correlating to a long-standing military specification, MIL-STD-810F, 
Method 516.5, Procedure I (Functional Shock).  This test is intended to test materiel 
(including mechanical, electrical, hydraulic, and electronic) in its functional mode 
and to assess the physical integrity, continuity and functionality of the materiel to 
shock.  In general, the material is required to function during the shock and to survive 
without damage to shocks representative of those that may be encountered during 
operational service.  The second test set addresses OEM desires to mechanically 
shock the board to obtain as many failures as possible.   
 
Two PWAs per solder alloy will be used for the mechanical shock testing procedure.  
Stakeholders agreed that mechanical shock testing would provide good data, but it is 
not vital to the overall testing program. A vote was taken and the group agreed that 
only two test vehicles per solder would be used.  The mechanical shock test has been 
designed with 100% part failure as a goal.  This will provide ten failures of each 
component type, allowing for a Weibull plot to be generated. 

 
Table 9. Mechanical Shock Test Methodology 

 
Parameters • Test Set One; apply three shock transients 

(Figure 5) in each direction along each of 
the 3 orthogonal axes 

• Test Set Two; apply the shock transients 
(Figure 5) in one axis parallel to the plane 
of the board until all parts fail or until the 
maximum number of shocks is reached 
(500)  

• Monitor and record electrical continuity; 
document vehicle orientation during 
testing 

Number and Type of 
Specimens 

• 2 PWAs per solder alloy for Test Set One 
• 2 PWAs per solder alloy for Test Set Two 
• One �pathfinder� board 

Acceptance Criteria Electrical continuity better than or equal to 
tin/lead controls 

 
Major or Unique Equipment 
• Shock table 
• Event detector (Anatech or equivalent) 
• Fixture 
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Data Recording and Calculations 
• Record data and compare to acceptance criteria as specified in JTP 

Section 3.1.1. 
 

 
3.2.3. Thermal Shock 

 
Description 
This test determines a test specimen�s resistance to degradation from thermal shock. 
 
Perform this test in accordance with MIL-STD-810F, Method 503.4, Procedure I 
(Temperature Shock Steady State) and the following:   
 
• Continuously monitor the electrical continuity of the solder joints during the 

test. 
• Cycle from -55°C to +125°C for 1000 cycles. 
 
Rationale 
The stakeholders felt that MIL-STD-810F, Method 503.4, Procedure I (Temperature 
Shock Steady State) would be a reliable indication of lead free solder alloys that are 
unsuited to endure the high-intensity thermal shock associated with service use. 

 
Table 10. Thermal Shock Test Methodology 

 
Parameters • -55°C to +125°C 

• 1000 shock cycles 
• 10 sec, max transfer 
• 15 minutes, dwell 

Number and Type of 
Specimens 

5 PWAs per solder alloy  

Trials per Specimen 1 
Acceptance Criteria Electrical reliability better than or equal to 

tin/lead controls 
 

Major or Unique Equipment 
• Event detector (Anatech or equivalent) 
• Dual Thermal shock chamber 

 
Data Recording and Calculations 
• Record data and compare to acceptance criteria as specified in JTP 

Section 3.1.1.  
 
 



 

19 
Draft Joint Test Protocol 

3.2.4. Thermal Cycling 
 

Description 
This test determines a test specimen�s resistance to degradation from thermal cycling. 
 
Perform this test in accordance with IPC-SM-785 (Guidelines for Accelerated 
Reliability Testing of Surface Mount Solder Attachments) and the following 
procedure.  
 
• Continuously monitor the electrical continuity of the solder joints during the 

test.  Place one set of PWAs in thermal chamber at -55 ºC to +125ºC. Cycle 
until 63% failures achieved. 

• Place another set of PWAs in thermal chamber at -20 ºC to +80 ºC.  Cycle 
until 63% failures achieved. 

 
Table 11. Thermal Cycling Test Methodology 

 
Parameters, 
Manufactured PWAs 

• -55°C to +125°C 
• -20°C to 80°C 
• Cycles: Until 63% failures or greater 
• Decision point at 5000 cycles if 63% 

failure not yet achieved 
• 5°C to 10°C/minute ramp 
• 10 minutes, dwell after test vehicle reaches 

temperature 
Parameters, Rework 
PWAs 

• -55°C to +125°C 
• Cycles: Until 63% failures or greater 
•  Decision point at 5000 cycles if 63% 

failure not yet achieved 
• 5°C to 10°C/minute ramp 
• 10 minutes, dwell after test vehicle reaches 

temperature  
Number and Type of 
Specimens 

5 PWAs per solder alloy  

Trials per Specimen 1 
Acceptance Criteria Electrical reliability better than or equal to 

tin/lead controls 
 

Rationale 
Technical representatives from the U.S. Army Aviation and Missile Command 
(AMCOM) noted that they required enough temperature cycles to produce sufficient 
failures for statistical analysis. In addition, two temperature ranges are required in 
order to define acceleration factors to allow extrapolation of the data to their systems' 
actual use conditions.  AMCOM proposed temperature cycling ranges of  -55°C to 
+125°C and -20°C to +80°C.  Although 1,000 temperature cycles may be enough for 
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some Programs to certify a product, this will not result in enough component failures 
for valid statistical analysis. 

 
Major or Unique Equipment 
• Event detectors (Anatech or equivalent) 
• Two thermal cycle chambers 
 
Data Recording and Calculations 
• Record data and compare to acceptance criteria as specified in JTP 

Section 3.1.1.  
 
 
3.2.5. Combined Environments Test 

 
Description 
This test determines the operational and endurance limits of the PWAs (test vehicles) 
and solder alloys.  
 
The Combined Environments Test (CET) for the Lead-Free Solder Project is based 
on a modified Highly Accelerated Life Test (HALT), a process in which products are 
subjected to accelerated environments to find weak links in the design and/or 
manufacturing process.   
 
The CET process can identify design and process related problems in a much shorter 
time frame than other development tests.  In this project, CET will determine the 
operation and endurance limits of the solder alloys by subjecting the test vehicles to 
accelerated environments.  The limits identified in CET will be used to compare 
performance differences in the lead-free test alloys vs. the baseline standard Sn-Pb 
(63/37) alloy.  The primary accelerated environments are temperature extremes (both 
limits and rate of change) and vibration  (pseudo-random six degrees of freedom 
[DOF]) used in combination. 

 
Perform this test in accordance with the following procedure: 

 
• Perform this test utilizing a temperature range of �55°C to 125°C with 

20°C/minute ramps.  The dwell times at each temperature extreme are the 
times required to stabilize the test sample plus a 15-minute soak. A 10 grms 
pseudo-random vibration is applied for the last 10 minutes of the cold and hot 
soaks.  Testing is continued until sufficient data is generated to obtain 
statistically significant Weibull plots indicating relative solder joint endurance 
(cycles to failure) rates.   If significant failure rates are not evidenced after 
100 cycles, the vibration levels are incremented by 5 grms and cycling 
continued for an additional 100 cycles.  This process is repeated until all parts 
have failed or 20 grms is reached.  

 
Rationale 
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The stakeholders felt that Combined Environments Testing would provide a method 
to identify comparative potential reliability differences in the test alloys vs. the Sn-Pb 
baseline in a short period of time. 
 

Table 12. Combined Environments Test Methodology 
 

Parameters • -55°C to 125°C 
• 20°C/minute ramp 
• 15 minute soak 
• 10 grms 

Number and Type of 
Specimens 

5 PWAs per solder alloy  

Trials per Specimens 1 
Acceptance Criteria Electrical reliability better than or equal to 

tin/lead controls 
 

Major or Unique Equipment 
• HALT chamber 
• Event detector (Anatech or equivalent) 
• Fixturing 
 
Data Recording and Calculations 
• Record data and compare to acceptance criteria as specified in JTP 

Section 3.1.1. 
 
 
3.3.  Extended Testing Procedures 
 
3.3.1.  Salt Fog 

 
Description 
 
This test determines the effects of salt deposits on the physical and electrical aspects 
of lead-free solder joints. 
 
Perform this test in accordance with MIL-STD-810F, Method 509.4 (Salt Fog) and 
the following procedure. 

 
• Measure and record the electrical resistance of each channel before salt fog 

exposure 
• Place test PWAs in salt fog chamber 
• Use a 5% +/- 1% salt solution concentration. 
• Standard exposure of 48 hours of exposure and 48 hours of drying time; 

alternate 24-hour periods of salt fog exposure and drying conditions for a 
minimum of four 24 hour periods (two wet and two dry).   
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• Temperature in the exposure zone should be maintained at 35oC +/- 2oC. 
• Measure and record the electrical resistance of each channel after exposure 
• Rinse PWA per MIL-STD-810F, Method 509.4 (Salt Fog) and inspect 

visually for corrosion.  
 

Rationale 
Technical representatives from the Air Force F-15 program and NAWCWD require 
salt fog per MIL-STD-810F Method 509.4 (Salt Fog or equivalent) because this test 
simulates the coastal atmosphere to which U.S. Air Force and Navy aircraft are 
subjected.  The salt fog test validates the effect/non-effect of corrosion on the external 
package elements (leads).  This is both a mechanical and electrical effect.  Since we 
will be using a lead free-lead finish, these representatives want to know the effect.   

 
Table 13. Salt Fog Methodology 

  
Parameters • 5% +/- 1% salt solution concentration 

• Four 24 hour periods (two wet and two 
dry) 

• Exposure zone temperature 35 +/- 2oC 
Number and Type of 
Specimens 

3 PWAs per solder alloy  

Trials per Specimen 1 
Acceptance Criteria Performs better than or equal to tin/lead 

controls 
 

Major or Unique Equipment 
• Salt fog chamber 

 
Data Recording and Calculations 
• Record the electrical resistance of each channel both pre and post execution of 

the salt fog test. 
• Record data, under 10X-20X magnification and compare to visual failure 

criteria for solder joints including: 
− Pitting 
− Flaking 
− Blistering 
− Other corrosion characteristics 
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3.3.2. Humidity   
 

Description 
This test determines a test specimen�s resistance to the deteriorative effects of high 
humidity and heat conditions.   
 
Perform this test in accordance with MIL-STD-810F, Method 507.4, (Humidity) and 
the following procedure. 

 
• Measure and record the electrical resistance of each channel before humidity 

exposure 
• Install test vehicle in the test chamber in the required configuration, adjust 

temperature to 23oC +/- 2oC and 50% +/- 5% relative humidity (RH) and 
maintain for 24 hours.   

• Adjust the test chamber temperature to 30oC and the RH to 95%. 
• Run test for five 48-hour cycles per Figure 507.4-1 in MIL-STD-810F, 

Method 507.4 (Humidity).   
• Measure and record the electrical resistance of each channel after testing.  

 
Rationale 
Technical representatives from the Air Force F-15 program, and NAWCWD require 
humidity testing per MIL-STD-810F Method 507.4 (Humidity) (or equivalent).  The 
humidity (moisture resistance) test is required to evaluate, in an accelerated manner, 
the effect of high humidity and high temperature environments (i.e., tropical 
environment) on the lead-free solder joint appearance. 
 

Table 14. Humidity Test Methodology  
 

Parameters • Five 48-hour cycles per Figure 507.4-1 in 
MIL-STD-810F, Method 507.4 
(Humidity) 

Number and Type of 
Specimens 

3 PWAs per solder alloy  

Trials per Specimens 1 
Acceptance Criteria Performs better than or equal to tin/lead 

controls 
 

Major or Unique Equipment 
• Temperature-humidity chamber 

 
Data Recording and Calculations 
• Record the electrical resistance of each channel both pre and post execution of 

the humidity test. 
• Record data, under 10X-20X magnification and compare to visual failure 

criteria for solder joints including: 
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− Pitting 
− Flaking 
− Blistering 
− Other corrosion characteristics 

 
 
3.3.3. Surface Insulation Resistance  

 
Description 
This test method is to characterize the test vehicle assembly process by determining 
the degradation of electrical insulation resistance of the lead-free test vehicle after 
exposure to the specified process. This test is carried out at high humidity and heat 
conditions. 

 
Perform this test in accordance with IPC-TM-650, Method 2.6.3.3 (SIR, Fluxes) and 
the following procedure. 

 
• Test performed independently  
• Test 45 processed IPC-B-24 boards 

 
Rationale 
Technical representatives from NAWCWD require SIR testing to demonstrate the 
relative degree to which the lead-free test vehicle is susceptible to dendritic growth 
due to the presence of condensed moisture.  The concern is because eliminating all 
moisture containing environments from the test matrix may lead to questions 
regarding basic performance at the end of the study.  For example, were there 
anomalous results with "standard" processing and "representative" configurations in a 
moist environment?  The lead dendrite problem found with the citric acid flux 
conversion is one example.  As such, the SIR test method is particularly suitable for 
PWA manufacturing process control. 

 
Table 15. Surface Insulation Resistance Test Methodology 

 
Parameters • 85°C +/- 2°C at 85°C +/- 2% relative 

humidity for 168 hours. 
Number and Type of 
Specimens 

45 IPC-B-24 boards 

Trials per Specimens 1 
Acceptance Criteria > 108 Ω 

 
Major or Unique Equipment 
• IPC-B-24 boards 
• Temperature-humidity chamber 
• SIR test setup 
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Data Recording and Calculations 
• Record data, including fluxes in use and the manufacturing and cleaning 

methods employed, and compare to acceptance criteria as specified in IPC-
TM-650, Method 2.6.3.3 (sir, Fluxes). 

• Record data and compare to visual pass/fail criteria per IPC-TM-650, Method 
2.6.3.3 (SIR, Fluxes). 

 
 
3.3.4.   Electrochemical Migration Resistance Test 

 
Description 
This test is used to provide a means to assess surface electrochemical migration on 
the no-lead solder test vehicles. 
 
Perform this test in accordance with IPC-TM-650, Method 2.6.14.1 
(Electrochemical Migration Resistance Test) and the following procedure. 

 
• Test performed independently 
• Test 45 processed IPC-B-25A boards, �D-comb pattern� 

 
Rationale 
Technical representatives from Naval Air Warfare Center (NAWC) felt that 
electrochemical migration is a real and reasonably possible failure mode with any 
new alloy. 

 
Table 16. Electrochemical Migration Resistance Test Methodology 

 
Parameters One of the following temperature ranges: 

• 40°C +/- 2°C at 93% +/- 2% RH,  
• 65°C +/- 2°C at 88.5% +/- 3.5% RH  
• 85°C +/- 2°C at 88.5% +/- 3.5% RH, 
• Depending on the flux used  

Number and Type of 
Specimens 

45 IPC-B-25A boards with D-comb pattern 

Trials per Specimens 1 
Acceptance Criteria • IR final > (IR initial)/10, that is the 

average insulation resistance shall not 
degrade by more than one decade as a 
result of the applied bias. 

• No evidence of electrochemical migration 
(filament growth) that reduces the 
conductor spacing by more than 20%. 

• No corrosion of the conductors; minor 
discoloration of one polarity of the comb 
pattern conductors is normal.   
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Major or Unique Equipment 

 
• IPC-B-25A boards 
• Temperature-humidity chamber 
• Electrochemical Migration Resistance test setup 

 
Data Recording and Calculations 

 
• Record data, including fluxes in use and the manufacturing and cleaning 

methods employed, and compare to acceptance criteria as specified in IPC-
TM-650, Method 2.6.14.1 (Electrochemical Migration Resistance Test). 

• Record data and compare to visual pass/fail criteria per IPC-TM-650, Method 
2.6.14.1 (Electrochemical Migration Resistance Test). 
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4. REFERENCE DOCUMENTS 
 
Table 17 summarizes the documents referenced in this JTP. 

 
Table 17. Reference Documents  

 
Reference 
Document 

 
Title 

 
Date 

Applicable 
Section(s) of 
Reference 
Document 

 
JTP Topic 

JTP 
Section

ANSI/J-STD-
003 

Solderability Tests for 
Printed Boards 

Apr 92 4.3.1 Assembly 
Criteria 2.1 

IPC/EIA J-
STD-001 
Revision C 

Requirements for Soldered 
Electrical and Electronic 
Assemblies 

Oct 96 

All 

 
 

Assembly 
Criteria 

2.1 

IPC-A-.610 Acceptability for 
Electronic Assemblies 

Jan 00 Section 6, 
Soldering 

Acceptability 
Requirements, 

Section 7, 
Cleanliness 

Assembly 
Workmanship 2.1 

IPC-2221 Generic Standard on 
Printed Board Design 

Not 
Dated All Assembly 

Criteria 2.1 

IPC-2222 Sectional Design Standard 
for Rigid Organic Printed 
Boards 

Not 
Dated All Assembly 

Criteria 2.1 

IPC-6012 Qualification and 
Performance Specification 
for Rigid Printed Boards 

July 00 
All Assembly 

Workmanship 2.1 

IPC-9201 Surface Insulation 
Handbook 

July 96 Cyclical Test 
Environments Humidity 3.3.2 

IPC-9701 Performance Test Methods 
and Qualification 
Requirements for Surface 
Mount Solder Attachments 
 

Jan 02 Section 3.4.2, 
Cyclic 

Temperature 
Range/Swing 

Section 4.2.2.1, 
Test Board 

Design 
Requirements 

Board Design, 
Thermal Cycle

2.1 and 
3.2.4 

 IPC-SM-785 Guidelines for Accelerated 
Reliability Testing of 
Surface Mount Solder 
Attachments 

Nov 92 

All Thermal 
Cycling 3.2.4 
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Reference 
Document 

 
Title 

 
Date 

Applicable 
Section(s) of 
Reference 
Document 

 
JTP Topic 

JTP 
Section

IPC-TM-650, 
Method 2.4.41  

Coefficient of Linear 
Thermal Expansion for 
Electrical Insulating 
Materials 

Mar 86 

All 

Coefficient of 
Thermal 
Expansion 
(CTE) Testing 

 

3.1.2 

IPC-TM-650, 
Method 
2.6.14.1 

Electrochemical Migration 
Resistance Test 

Sept 00 
IPC-TM-650, 
Method 2.6.14.1 

Electrochemic
al Migration 
Resistance 

Test 

3.3.4 

IPC-TM-650, 
Method 2.6.3.3 

Surface Insulation 
Resistance, Fluxes 
 

Jan 95 

IPC-TM-650, 
Method 2.6.3.3 

Surface 
Insulation 
Resistance, 

Fluxes 
 

3.3.3 

MIL-STD-
810F 

Test Method Standard for 
Environmental 
Engineering Consideration 
and Laboratory Tests, 
Vibration 

 
Jan 00 

Method 514.5 
Vibration 

 
 

3.2.1 

MIL-STD-
810F 

Test Method Standard for 
Environmental 
Engineering Consideration 
and Laboratory Tests, 
Shock 

 
Jan 00 

Method 516.5 
Mechanical 

Shock 
 

3.2.2 

MIL-STD-
810F 

Test Method Standard for 
Environmental 
Engineering Consideration 
and Laboratory Tests, 
Humidity  

Jan 00 

Method 507.4 Humidity 3.3.2 

MIL-STD-
810F 

Test Method Standard for 
Environmental 
Engineering Consideration 
and Laboratory Tests, 
Shock 

 
Jan 00 

Method 503.4 Thermal Shock
 3.2.3 

MIL-STD-
810F 

Test Method Standard for 
Environmental 
Engineering Consideration 
and Laboratory Tests, Salt 
Fog 

Jan 00 

Method 509.4 Salt Fog 3.3.1 
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LEAD- FREE SOLDER AFFECTED PLATFORMS  & EQUIPMENT 
    SERVICE 
Platform Equipment Title Nomenclature LFS OEM Army Navy Air Force Marine Corps Foreign NASA Other 
  501 <- Total Equipment ->   189 239 131 28 14  18 
727 Air Data Computer ADC-80K Rockwell Collins             X 
767 Tanker     Boeing     X         
A-64 Apache     Boeing X             

AH-1W DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

AH-1W RADIO SET (HAVE 
QUICK/SINCGARS) AN/ARC-210(V) Collins Avionics & 

Comm Di   X           

AH-1W TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

AH-1W TACAN SYSTEMS AN/ARN-153(V)4 
Collins Avionics & 
Communications 
Div 

  X           

AH-1W UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

AT-38B NAV RECEIVER 
(TACAN) AN/ARN-118(V)3 

Collins Avionics & 
Communications 
Div 

    X         

AT-38B NAV RECEIVER 
(VOR/LOC/GS/MB) *AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

    X         
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AV-8B AUTOMATIC TARGET 
HANDOFF SYSTEM ATHS II 

Collins Avionics & 
Communications 
Div 

  X           

AV-8B 

GLOBAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

AV-8B RADIO SER (HAVE 
QUICK/SINCGARS) AN/ARC-210(V) Collins Avionics & 

Comm Div   X           

AV-8B TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

AV-8B TACAN SYSTEM AN/ARN-153 
Collins Avionics & 
Communications 
Div 

  X           

AV-8B UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

AV-8B     Boeing       X       

B-1B COMPUTER, FLIGHT 
DIRECTOR 622-3964-002 

Collins Avionics& 
Communications 
Div 

    X         

B-1B CONTROL DISPLAY 
UNIT (CDU) CD-140/ALQ 

Collins Avionics & 
Communications 
Div 

    X         

B-1B CONTROL DISPLAY 
UNIT (CDU-900) 822-0941-001 

Collins Avionics & 
Communications 
Div 

    X         
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B-1B 
FLIGHT 
MANAGEMENT 
SYSTEM 

FMS-800 
Collins Avionics & 
Communications 
Div 

    X         

B-1B HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-1B INTERCOM SET AN/AIC-33(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-1B NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

B-1B SATCOM TERMINAL AN/ASC-19(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-1B UHF RADIO AN/ARC-171(V) Collins Avionics & 
Comm Systems     X         

B-1B VLF/LF RADIO 
RECEIVER SET AN/ARR-85(V)1 Collins Avionics & 

Comm Div     X         

B-1B     Boeing     X         
B-2     Boeing     X         

B-2A 
GLOBAL 
POSITIONING 
STYTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-2A HF RADIO AN/ARC-211 Rockwell Intl Corp     X         
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B-2A NAV RECEIVER ( 
TACAN) TCN-500 

Collins Avionics & 
Communications 
Div 

    X         

B-2A NAV RECEIVER 
(VOR/LOC/GS/MB) *AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

    X         

B-2A 
RECEIVER-
TRANSMITTER 
(TACAN) 

-RT-1578/A 
Collins Avionics & 
Communications 
Div 

    X         

B-52H 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-52H HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-52H NAV RECEIVER 
(TACAN) AN/ARN-118(V)2 

Collins Avionics & 
Communications 
Div 

    X         

B-52H SATCOM TERMINAL AN/ASC-19(V) 
Collins Avionics & 
Communications 
Div 

    X         

B-52H VHF-FM RADIO A/J AN/ARC-210(V) Collins Avionics & 
Comm Di     X         

B-52H VLF/LF RADIO 
RECEIVER SET AN/ARR-85(V)2 Collins Avionics & 

Comm Div     X         

Brimstone     Boeing         
X 

(British 
Min.) 
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C-5     X      
C-130     Boeing   X   X       
C-17     Boeing     X         

C-17A AUTO DIRECTION 
FINDER (UHF) DF-301E 

Collins Avionics & 
Communications 
Div 

    X         

C-17A GLOBAL 
POSITIONING (GPS) *AN/ARN-151(V)1 

Collins Avionics & 
Communications 
Div 

    X         

C-17A HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

C-17A NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

C-17A NAV RECEIVER 
(VOR/LOC/GS/MB) *AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

    X         

C-17A VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

C-2A 
AIRBORNE HF 
COMMUNICATIONS 
SYSTEM 

AN/ARC-190 
Collins Avionics & 
Communications 
Div 

  X           

C-2A DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           
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C-2A 

GLOBAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

C-2A RADIO DIRECTION 
FINDER SET AN/ARN-83 

Collins Avionics & 
Communications 
Div 

  X           

C-2A RADIO RECEVING 
SET AN/ARN-126 

Collins Avionics & 
Communications 
Div 

  X           

C-2A TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

C-2A UHF RADIO SET AN/ARC-159A(V)5 Collins Avionics & 
Comm Systems   X           

C-32A     Boeing     X         
C-40A     Boeing   X   X       
CALCM     Boeing     X         

CH-53E 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

CH-53E DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

CH-53E 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

  X           
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CH-53E HF RADIO SET AN/ARC-174A(V)2 
Collins Avionics & 
Communications 
Div 

  X           

CH-53E RADIO SET (HAVE 
QUICK/SINCGARA) AN/ARC-210(V) Collins Avionics & 

Comm Di   X           

CH-53E TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

CH-53E UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

CH-53E VOR/ILS NAVIGATION 
SYSTEM VIR-31A 

Collins Avionics & 
Communications 
Div 

  X           

CH-53E VOR/ILS NAVIGATION 
SYSTEM VIR-31A 

Collins Avionics & 
Communications 
Div 

  X           

DC-130A HF LIAISON RADIO 618T-3 
Collins Avionics & 
Communications 
Div 

  X           

DC-130A RADIO SET AN/ARC-186 Collins Avionics & 
Comm Div   X           

DC-130A TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

E-2C 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           
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E-2C 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V)2 
Collins Avionics & 
Communications 
Div 

  X           

E-2C TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

E-2C UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

E-4B AUTO DIRECTION 
FINDER (UHF) AN/ARA-50 

Collins Avionics & 
Communications 
Div 

    X         

E-4B HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

E-4B HORIZONTAL 
SITUATION IND (HIS) 331A-8K 

Collins Avionics & 
Communications 
Div 

    X         

E-4B NAV RECEIVER (MB) 51Z-4 
Collins Avionics & 
Communications 
Div 

    X         

E-4B RECEIVER, RADIO 
(ADF) 51Y-7 

Collins Avionics & 
Communications 
Div 

    X         

E-4B 
RECEIVER-
TRANSMITTER (RDR 
ALT) 

-860F-1 
Collins Avionics & 
Communications 
Div 

    X         
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E-4B SATCOM TERMINAL AN/ASC-21(V) 
Collins Avionics & 
Communications 
Div 

    X         

E-4B VHF-AM RADIO 618M-2D Collins Avionics & 
Comm Div     X         

E-6A 
AIRBORNE HF 
COMMUNICATIONS 
SYSTEM 

AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

  X           

E-6A LF/ADF RECEIVER 51Y-4 
Collins Avionics & 
Communications 
Div 

  X           

E-6A TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

E-6A UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

EP-3E 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

EP-3E 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

  X           

EP-3E UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

ES-3A 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           
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ES-3A 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151 
Collins Avionics & 
Communications 
Div 

  X           

ES-3A TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

ES-3A UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

ES-3A VOR/ILS NAVIGATION 
SYSTEM VIR-31A 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18     Boeing   X   X       

F/A-18A DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18A TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18A UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F/A-18B DATA LINK RT-1379( )/ASW 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18B DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           
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F/A-18B TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18B UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F/A-18C DATA LINK RT-1379( )ASW 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18C DATA LINK RT-1379/ASW-44 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18C DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18C DIRECTION FINDER 
GROUP OA-8697A/ARD 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18C 

GLOBIAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18C RADIO SET (HAVE 
QUICK/SINCGARS) AN/ARC-210(V) Collins Avionics & 

Comm Di   X           

F/A-18C TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18C UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           
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F/A-18C UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F/A-18D DATA LINK RT-1379( )/ASW 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18D DATA LINK RT-1379A/ASW 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18D DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18D DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18D 

GLOBAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

F/A-18D RADIO SET (HAVE 
QUICK/SINCGARS) AN/ARC-210(V) Collins Avionics & 

Comm Di   X           

F/A-18D TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18D TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

F/A-18D UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           
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F/A-18D UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F-14A 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

F-14A 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

F-14A UHF RADIO SET AN/ARC-159A(V)5 Collins Avionics & 
Comm Systems   X           

F-14A UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

F-14A UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

F-14B 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

F-14B UHF RADIO SET AN/ARC-159A(V)5 Collins Avionics & 
Comm Systems   X           

F-14B UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F-14D 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

F-14D TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           
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F-14D UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

F-15     Boeing     X         

F-16A 
GLOBAL 
POSITIONING 
SYSTEMS (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

F-16A NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

F-16A VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

F-16B 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

F-16B NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

F-16B VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

F-16C NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

F-16C VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

F-16D NAV RECEIVER  
(LOC/GS/MB) AN/ARN-108 

Collins Avionics & 
Communications 
Div 

    X         
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F-16D NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

F-16D VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

F-22     Boeing     X         

F-5E TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

F-5F TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

GBU-15     Boeing     X         
Harpoon     Boeing   X   X       

HH-1N 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

HH-1N TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

HH-1N TACAN SYSTEM AN/ARN-153 
Collins Avionics & 
Communications 
Div 

  X           

HH-1N UHF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           

HH-1N UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           
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HH-60H DIERCTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           

HH-60H DIRECTION FINDER 
GROUP OA-8697A/ARD 

Collins Avionics & 
Communications 
Div 

  X           

HH-60H 
GLOBAL 
POSITIONIONG 
SYSTEM (GPS) 

AN/ARN-151(V)2 
Collins Avionics & 
Communications 
Div 

  X           

HH-60H HF RADIO SET AN/ARC-174A(V)2 
Collins Avionics & 
Communications 
Div 

  X           

HH-60H TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

HH-60H UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

HH-60H VOS/ILS NAVIGATION 
SYSTEM AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

  X           

KC-10     Boeing     X         

KC-10A AUTO DIRECTION 
FINDER DF-206 

Collins Avionics & 
Communications 
Div 

    X         

KC-10A AUTO DIRECTION 
FINDER (UHF) DF-301F 

Collins Avionics & 
Communications 
Div 

    X         
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KC-10A 
FLIGHT 
MANAGEMENT 
SYSTEM 

FMS-800 
Collins Avionics & 
Communications 
Div 

    X         

KC-10A HF RADIO AN/ARC-190(V)8 
Collins Avionics & 
Communications 
Div 

    X         

KC-10A HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

KC-10A HORIZONTAL 
SITUATION IND (HSI) 331A-84 

Collins Avionics & 
Communications 
Div 

    X         

KC-10A INDICATOR, 
ATTITUDE (ADI) 329B-8V 

Collins Precision 
Div of Litton 
Systems 

    X         

KC-10A NAV RECEIVER (ILS) ILS-70 
Collins Avionics & 
Communications 
Div 

    X         

KC-10A NAV RECEIVER (MB) 51Z-4 
Collins Avionics & 
Communications 
Div 

    X         

KC-10A NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

KC-10A NAV RECEIVER 
(TACAN) AN/ARN-139(V) 

Collins Avionics & 
Communications 
Div 

    X         
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KC-10A NAV RECEIVER 
(VOR.LOC) 51RV-4B 

Collins Avionics & 
Communications 
Div 

    X         

KC-10A RECEIVER, RADIO 
(ADF) 51Y-7 

Collins Avionics & 
Communications 
Div 

    X         

KC-10A UHF RADIO AN/ARC-171(V) Collins Avionics & 
Comm Systems     X         

KC-10A VHF-AM RADIO 618M-3A Collins Avionics & 
Comm Div     X         

KC-135R Air Data Computer   Rockwell Collins   X X X X     

LC-130F 
AIRBORNE HF 
COMMUNICATIONS 
SYSTEM 

AN/ARC-190 
Collins Avionics & 
Communications 
Div 

  X           

LC-130F FLIGHT CONTROL 
SYSTEM FCS-105 

Collins Avionics & 
Communications 
Div 

  X           

LC-130F 
HORIZONTAL 
SITUATION 
INDICATOR 

HSI-45 
Collins Avionics & 
Communications 
Div 

  X           

LC-130F RADIO SET AN/ARC-186 Collins Avionics & 
Comm Div   X           

LC-130F TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

LC-130F UHF RADIO SET AN/ARC-159(V)1 Collins Avionics & 
Comm Systems   X           
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LC-130R 
AIRBORNE HF 
COMMUNICATIONS 
SYSTEM 

AN/ARC-190 
Collins Avionics & 
Communications 
Div 

  X           

LC-130R 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

LC-130R FLIGHT CONTROL 
SYSTEM FCS-105 

Collins Avionics & 
Communications 
Div 

  X           

LC-130R 
HORIZONAL 
SITUATION 
INDICATOR 

HSI-45 
Collins Avionics & 
Communications 
Div 

  X           

LC-130R RADIO RECEIVING 
SET AN/ARN-126 

Collins Avionics & 
Communications 
Div 

  X           

LC-130R RADIO SET AN/ARC-186 Collins Avionics & 
Comm Div   X           

LC-130R TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

LC-130R UHF RADIO SET AN/ARC-159 Collins Avionics & 
Comm Systems   X           

MH-53E DIRECTION FINDER 
GROUP OA-8697/ARD 

Collins Avionics & 
Communications 
Div 

  X           
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MH-53E 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

  X           

MH-53E HF RADIO SET AN/ARC-174A(V)2 
Collins Avionics & 
Communications 
Div 

  X           

MH-53E TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

MH-53E UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

MH-53E VOR/ILS NAVIGATION 
SYSTEM VIR-31A 

Collins Avionics & 
Communications 
Div 

  X           

MH-53J AUTO DIRECTION 
FINDER (UHF) DF-301E 

Collins Avionics & 
Communications 
Div 

    X         

MH-53J 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

MH-53J HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

MH-53J NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         
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MH-53J NAV RECEIVER 
(VOR/LOC/GS/MB) *AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

    X         

MH-60G AUTO DIRECTION 
FINDER (UHF) DF-301E 

Collins Avionics & 
Communications 
Div 

    X         

MH-60G 
GLOBAL 
POSITIONING 
SYSTEMS (GPS) 

AN/ARN-151(V)2 
Collins Avionics & 
Communications 
Div 

    X         

MH-60G NAV RECEIVER 
(TACAN) AN/ARN-118(V)2 

Collins Avionics & 
Communications 
Div 

    X         

MH-60G VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

P-3C 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

P-3C UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

PAC-3     Boeing X             
RAH-66 
Comanche     Boeing X             

RC-12F AUTOPILOT SPZ-4000 Rockwell Collins   X           

RC-12F VHF NAVIGATION 
SYSTEM VIR-32 

Collins Avionics & 
Communications 
Div 

  X           

RC-12F VHF TRANSCEIVER VHF-22B Collins Avionics & 
Comm Div   X           
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S-3B 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

S-3B UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

SH-2G DIRECTION FINDER 
GROUP ANTENNA OA-8697A/ARD-1 

Collins Avionics & 
Communications 
Div 

  X           

SH-2G TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

SH-2G UHF RADIO SET AN/ARC-159(V)1 Collins Avionics & 
Comm Systems   X           

SH-60B DIRECTION FINDER 
GROUP OA-8697A/ARD 

Collins Avionics & 
Communications 
Div 

  X           

SH-60B 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V)2 
Collins Avionics & 
Communications 
Div 

  X           

SH-60B HF RADIO SET AN/ARC-174A(V) 
Collins Avionics & 
Communications 
Div 

  X           

SH-60B TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

SH-60B UHF RADIO SET AN/ARC-159(V)2 Collins Avionics & 
Comm Systems   X           
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SH-60B UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

SH-60F DIRECTION FINDER 
GROUP OA-8697A/ARD 

Collins Avionics & 
Communications 
Div 

  X           

SH-60F 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

AN/ARN-151(V)2 
Collins Avionics & 
Communications 
Div 

  X           

SH-60F HF RADIO SET AN/ARC-174(V)2 
Collins Avionics & 
Communications 
Div 

  X           

SH-60F TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

SH-60F UHF/VHF RADIO  SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

SLAM-ER     Boeing   X   X       

T-2C TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

T-2C UHF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           

T-34C IFF TRANSPONDER TDR-950 
Collins Avionics & 
Communications 
Div 

  X           

T-34C UNF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           
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T-34C VHF NAVIGATION 
SYSTEM VIR-30 

Collins Avionics & 
Communications 
Div 

  X           

T-38A TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

T-39D FLIGHT DIRECTOR 
COMPUTER SYSTEM CPU-4/A Collins Avionics & 

Comm Div             X 

T-44A AUTOPILOT AP-106 
Collins Avionics & 
Communications 
Div 

  X           

T-44A IFF TRANSPONDER TDR-90 
Collins Avionics & 
Communications 
Div 

  X           

T-44A UHF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           

T-44A VHF NAVIGATION 
SYSTEM VIR-30 

Collins Avionics & 
Communications 
Div 

  X           

T-44A VHF RADIO SET VHF-20 Collins Avionics & 
Comm Div   X           

T-45     Boeing   X   X       

T-45A UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

TA-4J 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           
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TA-4J RADIO RECEIVING 
SET AN/ARN-126 

Collins Avionics & 
Communications 
Div 

  X           

TA-4J RADIO SET AN/ARC-186 Collins Avionics & 
Comm Div   X           

TA-4J TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

TA-4J UHF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           

TAV-8B 

GLOBAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

TAV-8B TACAN 
NAVIGATIONAL SET AN/ARN-118(V) 

Collins Avionics & 
Communications 
Div 

  X           

TAV-8B TACAN SYSTEM AN/ARN-153 
Collins Avionics & 
Communications 
Div 

  X           

TAV-8B UHF/VHF RADIO SET AN/ARC-182(V) Collins Avionics & 
Comm Div   X           

TC-130G GOBAL POSITIONING 
SYSTEM (GPS) AN/ARN-151(V) 

Collins Avionics & 
Communications 
Div 

  X           

TC-130G RADIO RECEVING 
SET AN/ARN-126 

Collins Avionics & 
Communications 
Div 

  X           
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TC-130G RADIO SET AN/ARC-186 Collins Avionics & 
Comm Div   X           

TC-130G TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

TC-130G UHF RADIO SET AN/ARC-159(V)1 Collins Avionics & 
Comm Systems   X           

TH-53A 
GLOBAL 
POSITIONING 
SYSTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         

TH-53A HF-SSB RADIO AN/ARC-190(V) 
Collins Avionics & 
Communications 
Div 

    X         

TH-53A NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

TH-53A NAV RECEIVER 
(VOR) VOR-101B 

Collins Avionics & 
Communications 
Div 

    X         

TH-57B UHF RADIO SET AN/ARC-159 
Collins Avionics & 
Communications 
Div 

  X           

TH-57B UHF RADIO SET AN/ARC-159 Collins Avionics & 
Comm Systems   X           

TH-57C UHF RADIO SET AN/ARC-159 Collins Avionics & 
Comm Systems   X           
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U-125A 
(Hawker 800) Air Data Computer ADS-86 Rockwell Collins             X 

UC-12B IFF TRANSPONDER TRD-90 
Collins Avionics & 
Communications 
Div 

  X           

UC-12B VHF NAVIGATION 
SYSTEM VIR-30 

Collins Avionics & 
Communications 
Div 

  X           

UC-12B VHF RADIO SET VHF-20B Collins Avionics & 
Comm Div   X           

UC-12F AUTOPILOT SPZ-4000 Rockwell Collins   X           

UC-12F VHF NAVIGATION 
SYSTEM VIR-32 

Collins Avionics & 
Communications 
Div 

  X           

UC-12F VHF TRANSCEIVER VHF-22B Collins Avionics & 
Comm Div   X           

UC-12M AUTOPILOT SPZ-4000 Rockwell Collins   X           
UC-90 Air Data Computer ADS-82 Rockwell Collins             X 

UH-1N AUTO DIRECTION 
FINDER (UHF) AN/ARA-50 

Collins Avionics & 
Communications 
Div 

    X         

UH-1N 
AUTOMATIC 
DIRECTION FINDER 
GROUP 

AN/ARA-50 
Collins Avionics & 
Communications 
Div 

  X           

UH-1N 
GLOBAL 
POSITIONING 
SSYTEM (GPS) 

*AN/ARN-151(V) 
Collins Avionics & 
Communications 
Div 

    X         
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UH-1N 

GLOBAL 
POSITIONING 
SYSTEM (GPS) 
MAGR 

AN/ASN-163 
Collins Avionics & 
Communications 
Div 

  X           

UH-1N NAV RECEIVER 
(TACAN) *AN/ARN-118 

Collins Avionics & 
Communications 
Div 

    X         

UH-1N NAV RECEIVER 
(VOR) *AN/ARN-82 

Collins Avionics & 
Communications 
Div 

    X         

UH-1N NAV RECEIVER 
(VOR/LOC/GS/MB) *AN/ARN-147(V) 

Collins Avionics & 
Communications 
Div 

    X         

UH-1N RADIO SET AN/ARC-186(V) Collins Avionics & 
Comm Di   X           

UH-1N RADIO SET (HAVE 
QUICK/SINCGARA) AN/ARC-210(V) Collins Avionics & 

Comm Di   X           

UH-1N TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

UH-1N TACAN SYSTEM AN/ARN-153 
Collins Avionics & 
Communications 
Div 

  X           

UH-1N UHF RADIO SET AN/ARC-159(V) Collins Avionics & 
Comm Systems   X           

UH-1N UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           
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UH-1N VHF RADIO SET VHF-20B Collins Avionics & 
Comm Div   X           

UH-1N VHF-AM/FM RADIO AN/ARC-186(V) Collins Avionics & 
Comm Di     X         

UH-3H RADIO RECEIVING 
SET AN/ARN-126 

Collins Avionics & 
Communications 
Div 

  X           

UH-3H RADIO SET AN/ARC-186(V) Collins Avionics & 
Comm Di   X           

UH-3H TACAN 
NAVIGATIONAL SET AN/ARN-118 

Collins Avionics & 
Communications 
Div 

  X           

UH-3H UHF RADIO SET AN/ARC-159(V)1 Collins Avionics & 
Comm Systems   X           

UH-3H UHF/VHF RADIO SET AN/ARC-182 Collins Avionics & 
Comm Div   X           

V-22 Osprey     Boeing       X       

VH-3A VHF TRANSCEIVER 618M-2D Collins Avionics & 
Comm Div   X           

  Advanced Cruise 
Missile (ACM)  Missile System Raytheon     X         

  
Advanced Targeting 
Forward-Looking 
Infrared (ATFLIR)  

Air Combat & Strike 
System Raytheon   X   X       

  Advanced Targeting 
Pod  

Air Combat & Strike 
System Raytheon     X         

  AGM-130 Air-to-Ground Guided 
Missile-130 

Boeing,  
R. Collins     X         
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  AGM-65 Maverick   Missile System Raytheon   X X X       

  AIM-54 Phoenix 
Missile  Missile System Raytheon   X           

  AIM-9 Sidewinder Missile System Raytheon   X X X       
  AIM-9M Sidewinder  Missile System Raytheon   X X         

  AIM-9X Next 
Generation Sidewinder  Missile System Raytheon,  

R. Collins   X X         

  Air Defense FLIR/TV 
Sight System (FTS)  

Combat Vehicle 
System Raytheon       X       

  
Airborne Low 
Frequency Sonar 
(ALFS)  

Naval & Maritime 
Integrated System Raytheon   X           

  Airborne Target 
Handover System ATHS   X             

  
Aircraft Survivability 
Equipment/Avionics 
Control System 

RC-12 ASE/ACS   X             

  ALL SOURCE 
ANALYSIS AN/TYQ-93(V)1,2,4   X             

  All Source Analysis 
System ASAS   X             

  AMDWS AN/GYQ-88   X             

  AMRAAM 
AIM-120 Advanced 
Medium-Range Air-to-
Air Missile 

Raytheon, 
R. Collins     X         

  
AN/AAQ-16 (3 FOV) 
Infrared Imaging 
System  

Air Combat & Strike 
System Raytheon X X X X       
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  AN/AAQ-26 Infrared 
Detecting Set  

Air Combat & Strike 
System Raytheon     X         

  AN/AAQ-27 MWIR 
Staring Sensor  

Air Combat & Strike 
System Raytheon       X X     

  AN/AAR-58 Missile 
Warning System  Electronic Warfare  Raytheon   X X X       

  
AN/AAS-44(V) Infrared 
Laser Detecting-
Ranging-Tracking Set  

Air Combat & Strike 
System Raytheon   X         NATO 

  AN/ALE-50 Towed 
Decoy System  Electronic Warfare  Raytheon   X X X       

  AN/ALQ-184 ECM Pod Electronic Warfare  Raytheon     X         

  AN/ALQ-184(V)9 ECM 
Pod with Towed Decoy Electronic Warfare  Raytheon   X X X       

  AN/ALQ-187 ECM 
System  Electronic Warfare  Raytheon     X         

  
AN/ALR-67(V)3&4 
Countermeasures 
Receiving Set  

Electronic Warfare  Raytheon   X           

  AN/APG-63 Radar  Air Combat & Strike 
System Raytheon     X   X     

  AN/APG-63(V)1 Radar  Air Combat & Strike 
System Raytheon     X         

  AN/APG-63(V)2 AESA 
Radar  

Air Combat & Strike 
System Raytheon     X         

  AN/APG-65 Radar   Air Combat & Strike 
System Raytheon   X   X X     
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  AN/APG-70 Radar  Air Combat & Strike 
System Raytheon     X         

  AN/APG-73 Radar  Air Combat & Strike 
System Raytheon   X X X X     

  AN/APQ-174/186 
Multi-Mode Radar  

Airborne Surveillance & 
Reconnaissance 
System 

Raytheon X           

Specia
l Opps 
Comm

and 

  AN/APQ-180 Radar  Air Combat & Strike 
System Raytheon     X       

U.S 
Specia
l Opps 
Forces 

  AN/APQ-181 Radar 
Systems  

Air Combat & Strike 
System Raytheon     X         

  AN/APS-137B(V)5 
Radar System  

Airborne Surveillance & 
Reconnaissance 
System 

Raytheon   X           

  
AN/AWG-9 and 
AN/APG-71 Weapon 
Control Systems  

Air Combat & Strike 
System Raytheon   X           

  AN/FPS-108 Cobra 
Dane Radar System  

Air/Missile Defense 
System Raytheon     X       

Air 
Defens

e 
Comm

and 

  

AN/FPS-120, AN/FPS-
123 (V7), and AN/FPS-
126, Ballistic Missile 
Early Warning System 
(BMEWS)  

Air/Missile Defense 
System Raytheon     X       

U.S. 
Air 

Force 
Space 
Comm

and 
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AN/FPS-123 (V)3 Pave 
Paws Early Warning 
Radar System  

Air/Missile Defense 
System Raytheon     X       

U.S. 
Air 

Force 
Space 
Comm

and 
  AN/MPQ-64 Sentinel  Ground Radar  Raytheon X             

  AN/PAS-13 Thermal 
Weapon Sight  Ground Night Vision  Raytheon X             

  AN/SLQ-32(V)5 EW 
System  Electronic Warfare  Raytheon   X           

  
AN/SLQ-48 Mine 
Neutralization System 
(MNS)   

Naval & Maritime 
Integrated System Raytheon   X           

  AN/SPQ-11, Cobra 
Judy Radar System  

Air/Missile Defense 
System Raytheon   X           

  AN/SPS-73 Surface 
Search Radar  

Naval & Maritime 
Integrated System Raytheon   X         Coast 

Guard 

  
AN/TPQ-36 Firefinder 
Weapon Locating 
System  

Ground Radar  Raytheon X             

  
AN/TPQ-37 Firefinder 
Weapon Locating 
System  

Ground Radar  Raytheon X             

  
AN/TPQ-47 Firefinder 
Weapon Locating 
System  

Ground Radar  Raytheon X             

  AN/VAS-5 Driver's 
Vision Enhancer (DVE) 

Combat Vehicle 
System Raytheon X             
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  ARL-M Crazy Hawk  
AIRBORNE 
RECONNAISSANCE 
LOW (ARL)  

Raytheon X             

  Army Tactical Missile 
System ATACMS   X             

  ASARS-2  
Airborne Surveillance & 
Reconnaissance 
System 

Raytheon     X         

  Avenger FLIR 
Receiving Set  

Combat Vehicle 
System Raytheon X             

  
AVIATION NIGHT 
VISION IMAGING 
SYSTEM (ANVIS)  

ANVIS   X             

  Battery Computer 
System BCS   X             

  Black Sparrow  Missile System Raytheon   X X         

  Brilliant Anti-Armor 
(BAT) Submunition  Missile System Raytheon X             

  CENTRAL 
COMMUNICATIONS AN/TSQ-190(V)3   X             

  CENTRAL 
COMMUNICATIONS AN/TTC-50   X             

  CGS AN/TSQ-179(V)1*   X             
  CIRCUIT SWITCH AN/TTC-39A/D/E   X             

  
Combat Vehicle 
Thermal Targeting 
System (CVTTS)  

Combat Vehicle 
System Raytheon X             

  COMM CONTROL 
SET AN/TYQ-40A(V)2*   X             

  COMM CONTROL AN/TYQ-63A(V)3*   X             
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SET 

  
Commander's 
Independent Thermal 
Viewer (CITV)  

Combat Vehicle 
System Raytheon X             

  
Commander's 
Independent Viewer 
(CIV)  

Combat Vehicle 
System Raytheon X             

  
Commander's 
Panoramic Sight (CPS-
I)  

Combat Vehicle 
System Raytheon X     X       

  Commander's Tactical 
Terminal CTT   X             

  COMMUNICATIONS 
CONTROL SET AN/TSQ-182A/B*   X             

  COMMUNICATIONS 
CONTROL SYSTEM AN/TSQ-183B/C*   X             

  COMMUNICATIONS 
CONTROL SYSTEM AN/TSQ-184D/E/F*   X             

  
Communications 
System Control 
Element 

CSCE   X             

  Compact Digital Switch CDS   X             

  COMPUTER GROUP, 
TACTICAL AN/TYK-22(V)*   X             

  COMPUTER SET 
FIELD 

AN/GYK-47(V)1,2,3,4,5 
*   X             

  COMPUTER SYSTEM, 
DIGITAL AN/TYQ-45*   X             
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Contingency DSCS 
Operational Support 
System 

CDOSS   X             

  
Contingency Satellite 
Configuration Control 
Element 

CSCCE   X             

  COUNTERMEASURE 
SET AN/TLQ-17A(V)3   X             

  DD (X)  Naval & Maritime 
Integrated System Raytheon   X           

  DECS Central 
Component DECS-CC   X             

  

Defense Satellite 
Communications 
System (DSCS) 
Frequency Division 
Multiple Access 
(FDMA) Control 
Subsystem 

DFCS   X             

  

Defense Satellite 
Communications 
System (DSCS) 
Operational Support 
System 

DOSS   X             

  DIGITAL DATA SET AN/PSG-8(V)2*   X             

  Digital Topographic 
Support System DTSS   X             

  DIGITAL Topographic 
Support System-LIGHT AN/TYQ-67(V)1   X             

  DIRECTION FINDER 
SET AN/PRD-13(V)   X             



Appendix A 

  DRIVER'S VISION 
ENHANCER (DVE) DVE    X             

  
DSCS ECCM Control 
System Remote 
Component 

DECS-RC   X             

  DTSS - HEAVY AN/TYQ-48A   X             
  Dual Mount Stinger  Missile System Raytheon X             

  Electronic Key 
Management System EKMS   X             

  Embedded GPS 
Inertial EGI   X             

  Enhanced 
TRACKWOLF E-TRACKWOLF   X             

  Evolved SeaSparrow 
Missile (ESSM)  Missile System Raytheon   X     X     

  

Excalibur Precision-
Guided Extended 
Range Artillery 
Projectile   

Missile System Raytheon X             

  Exoatmospheric Kill 
Vehicle (EKV)  Missile System Raytheon             

Ballisti
c 

Missile 
Defens
e Org 

  
Extended Range 
Guided Munition 
(ERGM)  

Missile System Raytheon   X           

  
F-22 Common 
Integrated Processor 
(CIP)  

Air Combat & Strike 
System Raytheon     X         
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FIREFINDER 
ARTILLERY 
LOCATING RADAR 

AN/TPQ-37(V)5,6,8   X             

  
FIREFINDER 
MORTAR LOCATING 
RADAR 

AN/TPQ-36(V)5,7,8   X             

  Forward Observer 
Systems FOS   X             

  GBS TGRS AN/TSR-7   X             

  GEM Guidance Enhanced 
Missile R. Collins X             

  
Global Hawk 
Integrated Sensor 
Suite  

Airborne Surveillance & 
Reconnaissance 
System 

Raytheon   X     X     

  Guardrail Common 
Sensor GR/CS   X             

  
Gunner's Primary Tank 
Thermal Sight 
(GPTTS)  

Combat Vehicle 
System Raytheon         X     

  HALO Network  Space System Raytheon             X 

  
HARM Targeting 
System (Export), HTS 
(E)  

Missile System Raytheon     X         

  HAWK/AMRAAM Air 
Defense System  

Air/Missile Defense 
System Raytheon X             

  

Heavy 
Terminal/Medium 
Terminal 
Modernization 

HT/MT MOD   X             

  High-speed Anti-
Radiation Missile Missile System Raytheon   X X X       



Appendix A 

(HARM)  

  HIRE  Combat Vehicle 
System Raytheon       X X     

  HISAR  
Airborne Surveillance & 
Reconnaissance 
System 

Raytheon X   X         

  Horizontal Technology 
Integration  

Combat Vehicle 
System Raytheon X             

  HUMRAAM  Air/Missile Defense 
System Raytheon X             

  
Improved Bradley 
Acquisition Subsystem 
(IBAS)  

Combat Vehicle 
System Raytheon X             

  Improved Data Modem IDM   X             

  
Improved Remotely 
Monitored Battlefield 
Sensor System 

I-REMBASS   X             

  
Infrared Acquisition 
and Designation 
System (IRADS)  

Air Combat & Strike 
System Raytheon     X         

  Initial Fire Support 
Automated System IFSAS   X             

  Integrated Inertial 
Navigation System ASN-132   X             

  
INTEGRATED 
METEOROLOGICAL 
SYSTEM (IMETS) 

AN/TMQ-40A/B*   X             
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  Intergrated 
Meteorological System IMETS I   X             

  Interim Tactical 
Orderwire System ITOS   X             

  JAVELIN Anti-tank 
Weapon System  Missile System Raytheon X     X       

  JDAM Joint Direct Attack 
Munition (JDAM) 

Boeing, 
R. Collins     X         

  

JOINT COMBAT 
IDENTIFICATION 
(CID) ADVANCED 
CONCEPT 
TECHNOLOGY 
DEMONSTRATION 
(ACTD) 

CID PANELS    X             

  

Joint Land Attack 
Cruise Missile Defense 
Elevated Netted 
Sensor (JLENS)  

Air/Missile Defense 
System Raytheon X X X X       

  Joint Standoff Weapon 
(JSOW)  Missile System Raytheon   X X         

  
Joint Tactical Combat 
Training System 
(JTCTS)  

Naval & Maritime 
Integrated System Raytheon   X X         

  
Joint Tactical 
Information Distribution 
System  

JTIDS   X             

  JOINT TACTICAL 
TERMINAL  JTT    X             
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LGE EXTENSION 
NODE SWITCHING 
GROUP 

AN/TTC-46   X             

  
LIGHTWEIGHT VIDEO 
RECONNAISSANCE 
SYSTEM 

LVRS    X             

  LINE OF SIGHT 
RADIO TERMINAL AN/TRC-190   X             

  

LONG RANGE 
ADVANCED SCOUT 
SURVEILLANCE 
SYSTEM (LRAS3) 

LRAS3   X             

  
Long Range Advanced 
Scout Surveillance 
System (LRAS3)  

Combat Vehicle 
System Raytheon X             

  
Long-Range Theater 
Ballistic Missile (TBM) 
Early Warning Radar   

Air/Missile Defense 
System Raytheon             

Ballisti
c 

Missile 
Defens

e 
Organi
zation/ 
DoD 

  LTACFIRE 
COMPUTER SET AN/GYG-3(V)1,2,3,4   X             

  MANPACK AN/PRD-12   X             

  Mark 46, Mark 48, 
Mark 50 Torpedoes  

Naval & Maritime 
Integrated System Raytheon   X           

  MCS Light AN/PYQ-6   X             
  MESSAGE SWITCH AN/TYC-39A   X             
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METEOROLOGICAL 
MEASURING SET 
(MMS) 

AN/TMQ-41   X             

  Meteorological 
Measuring System MMS   X             

  MLRS-Fire Direction 
System (ADA) MLRS-FDS   X             

  Mobile Subscriber 
Equipment MSE   X             

  

Moderate Resolution 
Imaging 
Spectroradiometer 
(MODIS)  

Space System Raytheon           X   

  MONOCULAR NIGHT 
VISION DEVICE MNVD   X             

  
National Missile 
Defense (NMD) X-
Band Radar (XBR)  

Air/Missile Defense 
System Raytheon             

Nation
al 

Missile 
Defens

e 

  NAVSTAR Global 
Positioning System NAVSTAR/GPS   X             

  NET CONTROL 
STATION AN/TSQ-158(V)4*   X             

  NIGHT VISION 
GOGGLES PVS-7    X             

  Nodal Control Circuit 
Switch - AN/TTC-39 NCCS   X             
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Nodal Control Mobile 
Subscriber Access 
Circuit Switch 

NC MS ACS   X             

  

NODE CONTR 
SWITCH - 
OPERATIONS 
GROUP 

AN/TTC-47   X             

  Patriot Missile System  Air/Missile Defense 
System Raytheon X       X     

  Paveway Laser Guided 
Bomb (LGB)  Missile System Raytheon   X X         

  Personnel Locator 
System PLS   X             

  
Phalanx Close-in 
Weapon System 
(CIWS)  

Missile System Raytheon   X           

  QUICKFIX 
COUNTERMEASURE AN/ALQ-151(V)2   X             

  Radar Warning 
Receiver AN/APR-39   X             

  RADIO REPEATER 
SETS AN/TRC-138A/C   X             

  RADIO REPEATER 
SETS AN/TRC-174   X             

  Radio Set AN/ARC-220(V)1   X             
  RADIO SET AN/ASQ-177C(V)4*   X             
  RADIO SET AN/GRC-245(V)1,2,3*   X             
  RADIO SET AN/PSQ-6C*   X             
  RADIO SET AN/VRC-83   X             
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  Radio Set AN/VRC-90F   X             
  Radio Set AN/VRC-92F   X             
  RADIO SET AN/VSQ-2C(V)1,2.4*   X             

  RADIO SET - AN/PRC-
119 IS MANPACK AN/PRC-119F*   X             

  RADIO SET - 
SINCGARS AN/VRC-87F - 92F*   X             

  RADIO TERMINAL 
SET AN/GRC-229C*   X             

  RADIO TERMINAL 
SETS AN/TRC-173   X             

  RADIO TERMINAL 
SETS AN/TRC-175   X             

  
Rapid Airborne Mine 
Clearance System 
(RAMICS)  

Naval & Maritime 
Integrated System Raytheon   X           

  Raytheon 240 FLIR  
Airborne Surveillance & 
Reconnaissance 
System 

Raytheon             Unkno
wn 

  RECEIVER, PREC. 
LTWT GPS AN/PSN-11*   X             

  Rolling Airframe 
Missile (RAM)  Missile System Raytheon   X     X     

  Satellite 
Communications Set SCS   X             

  Satellite Configuration 
Control Element SCCE   X             

  SCAMP I AN/PSC-11   X             
  SEA RAM  Missile System Raytheon   X           



Appendix A 

  Sea Vue Surveillance 
Radar 

Airborne Surveillance & 
Reconnaissance 
System 

Raytheon             Unkno
wn 

  
Second Generation 
Infrared Systems for 
Combat Vehicles  

Combat Vehicle 
System Raytheon X     X       

  Ship Self-Defense 
System (SSDS)  

Naval & Maritime 
Integrated System Raytheon   X           

  Ship System 
Integration (SSI)  

Naval & Maritime 
Integrated System Raytheon   X           

  
Single Channel Anti-
Jam Manportable 
Terminal 

SCAMP   X             

  Single Channel Ground 
to Air Radio System SINCGARS   X             

  Single Sheltered 
Switch SSS   X             

  SMALL EXTENSION 
NODE AN/TTC-48   X             

  SMART-T AN/TSC-154*   X             

  Software Loader 
Verifier SLV   X             

  Space Based Infrared 
System Low Space System Raytheon             Unkno

wn 
  Sparrow  Missile System Raytheon   X X   X     
  STANDARD Missile  Missile System Raytheon   X     X     

  State-of-the-Art 
Medium Terminal SAMT   X             

  Stinger  Missile System Raytheon X             
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TACTICAL AIRSPACE 
INTEGRATION 
SYSTEM 

AN/TSQ-221*   X             

  

TACTICAL 
ENHANCED 
SYNTHETIC 
APERTURE RADAR 

TESAR    X             

  
TACTICAL SATELLITE 
COMMUNICATIONS 
TERMINALS 

AN/TSC-85B   X             

  
TACTICAL SATELLITE 
COMMUNICATIONS 
TERMINALS 

AN/TSC-93B   X             

  TARGET 
ACQUISITION AN/TSQ-179(V)2*   X             

  TEAMMATE AN/TRQ-32(V)1   X             
  TEAMMATE TEAMMATE   X             

  
Theater High Altitude 
Area Defense 
(THAAD) Radar   

Air/Missile Defense 
System Raytheon X             

  THERMAL WEAPON 
SIGHT TWS    X             

  TLAM Tomahawk Land Attack 
Missile R. Collins   X   X       

  Tomahawk Cruise 
Missile  Missile System Raytheon   X           

  
TOW Improved Target 
Acquisition System 
(ITAS)  

Combat Vehicle 
System Raytheon X     X       

  TRAILBLAZER AN/TSQ-138   X             
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  Trailblazer TRAILBLAZER   X             

  
Transportable Single 
Channel Transponder 
Receiver 

TSCTR   X             

  TROPOCATTER 
RADIO AN/TRC-170(V)2,3   X             

  

Tube-launched, 
Optically engaged, 
WireLESS Fire & 
Forget (TOW F&F)  

Missile System Raytheon X             

  
Tube-launched, 
Optically tracked, Wire-
guided  (TOW 2A)  

Missile System Raytheon X             

  
Tube-launched, 
Optically tracked, Wire-
guided  (TOW 2B)  

Missile System Raytheon X             

  UHF DAMA 
TERMINAL SPITFIRE AN/PSC-5*   X             

  
Undersea Coastal 
Surveillance System 
(UCSS)   

Naval & Maritime 
Integrated System Raytheon   X           

  W1000 Portable 
Weapons Sight  Ground Night Vision  Raytheon X             

Orbiter   Space Shuttle system United Space 
Alliance           X   

Space Suit   Space Shuttle system Hamilton 
Sundstrand           X   
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Redesigned 
Solid Rocket 
Motor (RSRM) 

  Space Shuttle system Thiokol Propulsion           X   

    AN/GSC-49   X             
    AN/GSC-52   X             
    AN/PPS-15   X             
    AN/PPS-5   X             
    AN/PRC-112   X             
    AN/PRC-118   X             
    AN/PRC138   X             
    AN/PRC-139   X             
    AN/VRC-88   X             
    BCIS   X             
    COMSEC   X             
    CSEL   X             
    CSLA   X             
    EPLRS    X             
    HUNTER    X             
    JISR    X             
    JPSD    X             
    JSTARS   X             
    JTRS   X             
    LMST   X             
    LST-5D   X             
    MELIOS   X             
    MSE (ACUS)   X             
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    NTDR   X             
    OPTIES   X             
    PROPHET    X             
    RTV    X             
    SAR/MTI    X             
    SPEAKEASY   X             
    STAR-T   X             
    TRI TAC   X             
    TROJAN SPIRIT   X             
    TUAV    X             
    UAV PAYLOADS    X             
    WIN-T   X             

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
ASSEMBLY OF TEST PWAS FOR THE JOINT GROUP ON POLLUTION 

PREVENTION (JG-PP) NO-LEAD SOLDER PROJECT PDR-0205 (REFERENCE 
JTP SECTION 2.1) 
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