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The Honorable John D. Dingell
Chairman, Subcommittee on Oversight

and Investigations
Committee on Energy and Commerce
House of Representatives
Dear Mr. Chairman:
In response to your October 9, 1986, request, we reviewed quality assur-
ance issues on four missile systems—the Phoenix AIM-54C, the High-
Speed Anti-Radiation Missile (HARM) AGM-88A, the Harpoon AGM;
RGM/UGM-84A, and the Sparrow AIM/RIM-7M—{for which the Navy
has management responsibility. Our review focused on the quality of
missiles accepted by the Navy during 1986 and early 1987. Where qual-
ity problems were identified, we obtained information on the causes and
potential effects of the problems. Details on the results of our review are
in appendixes II through VI.

All of the missile systems we examined had defects—that is, they failed
in one respect or another to conform with contract specifications. Sorue
defects occurred because of inadequate manufacturing processes at the
prime contractor, while several of the more significant problems were
caused by poor manufacturing and inadequate quality oversight at ~ub-
contractors. The long-term effect of other defects, such as items not
meeting the Navy’s soldering specification, is not clear. This aspect of
quality-—compliance with the soldering specification—has been a point
of debate within the Navy and industry for years and will probably not
be resolved in the near future.

The problems we noted, based on our review of Navy and contractor
reports and interviews with Navy and contractor officials, included the
following:

The Phoenix AIM-54C’s safety and arming device has design and work-
manship defects that have delayed its production. This, in turn. hus
delayed deliveries of over 500 Phoenix missiles to the fleet.

HARM pressure transducers may not have been tested as required betore
being put into missiles. The transducer is used in activating the missiie’s
target seeking device. In recent testing of a sample of 30 of 1,300 su--
pect transducers, 20 percent did not meet contractual requirements due
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Evaluating Missile
Quality

to defects. Additional testing is being conducted to determine the extent
of the problem and its impact on missile reliability.

Harpoon altimeters are being accepted under a contract deviation that
permits a certain type of soldering-related condition in the printed wir-
ing assemblies of 720 units. This condition is indicative of production
problems and could affect missile reliability, particularly after several
years of deployment in the fleet.

Detonators that unknowingly were manufactured without sufficient
explosive compound to activate the missile’s warhead were installed in
the safety and arming devices in Sparrow and other missile warheads,
some of which were placed in missiles and shipped to the fleet. This has
required the screening of up to 10,000 of these devices to determine
whether they have been affected.

The Department of Defense (DOD) does not define a quality product as
one that meets each and every contract specification. Instead, pop regu-
lations state that a product is a quality product if the composite of all its
various characteristics, including performance, satisfies the user’'s
needs.

The contracts for each of these missile systems establish specific relia-
bility measures that must be met. Reliability is measured in two ways:
mean-time-between-failure in a simulated testing environment and
mean-time-between-failure based on captive carry data. (Captive carry
means that the missiles are attached to operational aircraft with some of
their circuitry periodically functioning.) The mean-time-between-failure
for three of the missiles—HARM, Sparrow, and Harpoon—surpassed the
contract requirements. Because most of the Phoenix AIM-54C missiles
are unusable, data available from the fleet are not sufficient to be con-
clusive about its reliability.

While mean-time-between-failure data indicate that reliability require-
ments are being met, it should be noted that before a missile undergoes
its initial captive carry test, its circuitry is tested to determine if it is
receiving and transmitting data with the aircraft. Missiles failing this
test are not reported as part of the captive carry results. Information
was not available to determine the extent of such failures, but not
counting them increases the reported reliability rates.
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Each instance we identified where quality defects were not detected
until large numbers of missiles or missile components were affected
involved subcontracted parts. The prime contractor is responsible for
the quality of material and parts provided by its subcontractors and
suppliers. Government plant representative offices within the prime
contractor plants are responsible for verifying that contractors are exer-
cising adequate control over their vendors.

Vendors, both large and small, have a major role in the production of
each of the four missiles. For example, about 72 percent of the contract
cost for the Harpoon missile is for parts and material furnished to the
prime contractor by subcontractors and suppliers.

Most of the problems at the subcontractor level, which led to the
defects, involved insufficient production process controls. One common
problem was that changes were made in manufacturing processes which
were unknown to the prime contractor but affected the quality of the
product. Defense Logistics Agency reviews in 1985 and 1986 disclosed a
general pattern of inadequate prime contractor control of
subcontractors.

Some Navy officials believe that it is probably impossible to adequately
police this problem. They contend that to do so would require prime con-
tractors to have “‘an army of people” at all their vendors’ plants and
that this would not be cost effective.

Guidance provided in pop’s Transition From Development to Production
Manual of September 1985 and in the Navy’s follow-on Best Practices
manual of March 1986 include guidelines to avoid or minimize the risk
of subcontractor quality assurance problems. The manuals emphasize
the importance of good communications among the government, prime
contractor, and subcontractor. Practices recommended include con-
ducting design reviews and joint government/prime contractor vendor
conferences and having the prime contractor assign an individual within
its organization to be responsible for each subcontractor.

Many of the missile manufacturing defects being reported by inspectors
are related to soldering. Some contractors and government officials
believe that certain requirements in the Navy’s soldering specification
are more stringent than necessary to have a reliable missile. They cite
high reliability rates and the successful use of missiles that deviate from
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the soldering specifications as evidence that the Navy's soldering speci-
fication may be too stringent.

poD and Navy quality assurance officials believe that compliance with
the soldering specification is important to ensure that the missiles are
reliable and will perform effectively throughout their lives. They
emphasize the importance of the missiles to the U.S. defense posture and
the need for the missiles to withstand the adverse conditions of the fleet
environment. They state that even minor soldering defects, which may
not affect missile reliability, need to be reported and addressed to
ensure that production processes meet high quality standards. Contrib-
uting to the controversy is a shortage of data on the effects of the fleet
environment on certain soldering nonconformances, particularly after
several years of deployment. The Navy is doing research and tests to
obtain more of this type data.

Conclusions

Missiles are complex systems with numerous components and parts
required in their assemblies. Each requires demanding production
processes and many thousands of individuals, using an array of produc-
tion and testing equipment, to manufacture and deliver a quality prod-
uct. The opportunities for defects to occur are immense and just one
defect can render a missile ineffective.

DOD’s in-plant quality assurance program is intended to assure that
weapons producers comply with contract quality requirements. but this
review and other studies by DOD show that contractors do not always
adequately control quality and produce hardware that conforms with
contract requirements. Each missile system we reviewed had some type
of problem.

Navy, DoD, and contractor officials continue to disagree about the need
for some of the requirements in the Navy’s soldering specification. This
disagreement continues because of the lack of convincing empirical data
on whether certain soldering conditions, now classified as defects. affect
the long-term reliability and performance of the missile. Consequently,
the Navy’s research and testing to evaluate soldering requirements need
to be continued. The results of such efforts should help resolve some of
the controversy surrounding the quality of these missiles and other
weapon systems.

An important area of quality that needs to be continually stressed and
evaluated is prime contractor oversight of subcontractors and snppliers.
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Agency Comments

Subcontractors, particularly those with little or no experience with mili-
tary specifications, need to be better informed of the technical and *boil-
erplate’’ requirements of a contract. Tight controls by the
subcontractors over critical production process steps need to be
stressed. Changes in manufacturing processes need to be reported and
evaluated closely before being implemented to ensure that the quality of
the product is not compromised. Also, the prime contractors need to pro-
vide closer inspection and testing of items delivered by subcontractors.

We believe the guidance provided on subcontractor control in the
recently issued poD and Navy manuals on transitioning from develop-
ment to production, when implemented, should improve controls and
help minimize the likelihood of the types of problems we found. Because
of the clear need for improvements in this area of the acquisition pro-
cess, it is important that the Office of the Secretary of Defense and the
heads of DOD components ensure successful implementation of that
guidance.

DOD reviewed a draft of this report and partially concurred with our
findings and conclusions. (See app. VII.) We made changes to the report,
where appropriate, to incorporate DOD’s comments. DOD acknowledged
that a number of problems have been experienced during production of
the missiles, but said that in no case has the Navy knowingly accepted
missiles suspected of containing defects that could affect the perform-
ance of the missiles. It said missiles are accepted with certain noncon-
formances but only after review and analysis confirm that performance
is not affected.

We found that the Navy’s review and analysis of nonconforming mis-
siles did not always confirm that the defects would not affect missile
performance. For example, four separate teardown inspections during
1986 and 1987 of representative Sparrow missiles detected defects that,
according to criteria in a 1987 Navy teardown guide, would likely affect
the reliability of the missile. On two of the four sample missiles the con-
tractor did additional testing subsequent to the teardown that indicated
that the defects would not affect reliability. However, such additional
testing was not performed on the other two sample missiles or on any of
the hundreds of other Sparrow missiles produced at the same time as
the four missiles and suspected of having similar defects. (See app VI
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In the case of t a : s
altimeters, DOD said none of the units accepted under the contract devia-
tion were sufficiently flawed to affect reliability. However, we found
that pop’s conclusion was based on a defect analysis of two units
selected by the contractor and that the analysis was not designed to
assess relative risk. Furthermore, DOD’s conclusion is not universally

shared by Navy soldering and quality assurance experts. (See app. V.)
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Contractor Comments

We provided pertinent sections of our draft report to each contractor
involved for review and comment. Changes were made to the report in
response to their comments and copies of their comments are attached
in appendixes VIII through XVII.

McDonnell Douglas Astronautics Company disagreed that the soldering
related condition in the Harpoon altimeters could affect missile reliabil-
ity. It said the printed wire board industry considers the type of condi-
tion in question to be ‘‘cosmetic,” not affecting the reliability of the
product, and cited a 1971 industry study to support this position. Our
review, however, disclosed that such a condition can and apparently has
affected the reliability of some products. This is discussed more fully in
appendix V.

t

As arranged with your office, unless you publicly announce its contents
earlier, we plan no further distribution of this report until 15 days from
its date. At that time we will send copies to the Secretaries of Defense
and the Navy and to other interested parties.

Sincerely yours,

Frank C. Conahan
Assistant Comptroller General
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Objectives, Scope, and Methodology

At the request of the Chairman, Subcommittee on Oversight and Investi-
gations, House Committee on Energy and Commerce, we reviewed qual-
ity assurance issues on four Navy missiles systems—the Phoenix AIM-
54C, the High-Speed Anti-Radiation Missile (HARM) AGM-88A, the Har-
poon AGM/RGM/UGM-84A, and the Sparrow AIM/RIM-7M. The Chair-
man was concerned with (1) the extent and seriousness of quality
problems in the production of missiles, (2) the causes of the quality
problems, (3) the effect of these problems on missile performance and
cost, and (4) the structure of the DOD and contractor quality assurance
organizations. Another concern was whether the contractors were being
paid while delivering poor quality missiles.

Our review was performed from October 1986 to September 1987 and
was limited to new production missiles that the government had
accepted during calendar years 1986 and early 1987. It was performed
primarily at the Naval Air Systems Command (NAVAIR), which has man-
agement responsibility for the four missile programs, and at the prime
contractor plants where the guidance and control sections are produced.
Two prime contractors produce the Sparrow missile—Raytheon Com-
pany and General Dynamics. As agreed with the Subcommittee, we per-
formed work only at the Raytheon plant, although some information
obtained about the Sparrow program also would apply to General
Dynamics-produced missiles.

Information on the quality of the other two major segments of the mis-
siles—the propulsion and warhead sections—was obtained through
review of reports and other documents, discussions with government
and contractor representatives, and visits to the production facilities,
where necessary.

We reviewed (1) boD and Navy directives and instructions that establish
the quality assurance policies and procedures for weapon system pro-
grams and (2) numerous government and contractor reports that pro-
vided data on the quality of the missiles, including their reliability.
effectiveness, and conformance with contract specifications. We did not
validate the accuracy of the data in these reports. Also, we examined
contracts and contract modifications, including waivers and deviations!
granted by the government. In identifying quality problem areas. we

' A waiver is a written authorization to accept an item that during production or after hav i been
submitted for inspection is found to depart from specified requirements but nevertheless i~ consid-
ered suitable for use “as is” or after rework by an approved method. A deviation 15 a written author-
zation granted before the manufacture of an item to depart from a particular contract requirement or
specification for a specific number of units or specific period of time.
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Organizations
Contacted During Our
Review

also used information from a central Navy quality deficiency reporting
system, the Airborne Weapons Corrective Action Program.

To obtain the user’s perspective, we met with Atlantic Fleet representa-
tives, including pilots and ordnance crews from three aircraft wings and
officers and crew of a destroyer. Also, we observed two Sparrow missile
teardown inspections® and attended the briefings on the inspections’
results.

We contacted the following government and contractor organizations
and facilities during our review.

United States Government

Office of the Secretary of Defense, Washington, D.C.

Office of the Assistant Secretary of the Navy for Shipbuilding and Logis-
tics, Office of the Directorate of Reliability, Maintainability and Quality
Assurance, Washington, D.C.

Office of the Chief of Naval Operations, Washington, D.C.

Naval Air Systems Command, Washington, D.C.

Naval Inspector General, Washington, D. C.

Naval Sea Systems Command, Washington, D.C.

Naval Weapons Engineering Support Activity, Washington, D.C.

Naval Weapons Center, China Lake, California

Naval Weapons Support Center, Crane, Indiana

Naval Material Quality Assurance Office, Portsmouth, New Hampshire
Naval Weapons Station, Yorktown, Virginia

Naval Weapons Station, Fallbrook Annex, Seal Beach, California

Naval Weapons Station, Concord, California

Fleet Analysis Center, Corona, California

Pacific Missile Test Center, Point Mugu, California
Commander-in-Chief, U.S. Atlantic Fleet, Norfolk, Virginia
Commander, Naval Air Force, U.S. Atlantic Fleet, Norfolk, Virginia
Commander, Naval Surface Force, U.S. Atlantic Fleet, Norfolk, Virginia
Commander, Operational Test and Evaluation Force, Norfolk, Virginia
Commander, Fighter Wing One, Naval Air Station, Oceana, Virginia

2A teardown inspection 1s a nondestructive disassembly and visual examination of selected compo-
nents or subassemblies contained within a sample missile. It is used to assess the quality of workman-
ship, production processes. and quality assurance procedures of the producer and provides a source
of feedback to the contractor.
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Beach, Virginia

Commander, Light Attack Wing One, Naval Air Station, Cecil Field, Flor-
ida

Commander, Medium Attack Wing One, Naval Air Station, Oceana, Vir-
ginia Beach, Virginia

Commanding Officer, U.S.S. Conolly (DDG-979), U.S. Atlantic Fleet, Nor-
folk, Virginia

Contracting Officer’s Technical Representative, Lewisville, Texas

Naval Technical Representative Office, Tucson, Arizona

Naval Weapons Industrial Reserve Plant, McGregor, Texas

Naval Plant Representative Office, St. Louis, Missouri

Defense Contract Audit Agency, St. Louis, Missouri

Air Force Plant Representative Office, Tucson, Arizona

U.S. Army Missile Command, Huntsville, Alabama

Federal Bureau of Investigation, Ventura, California

Defense Logistics Agency, Headquarters, Cameron Station, Alexandria,
Virginia

Defense Logistics Agency, Defense Contract Administration Services
offices at

Brea, California
Burlington, Massachusetts
Dallas, Texas

Dayton, Ohio

Hollister, California
Lewisville, Texas

Los Angeles, California
Lowell, Massachusetts
McGregor, Texas

Piqua, Ohio

San Francisco, California

Contractors

Caelus Devices, Inc., Hollister, California

General Dynamics Corporation, Camden Operations, East Camden,
Arkansas

Hercules Incorporated, Aerospace Products Group, Rocket Center. West
Virginia

Hughes Aircraft Company, Missile Systems Group, Tucson, Arizona
International Business Machines, Federal Systems Division, Owego. New
York

Marvin Engineering Co., Inc., Inglewood, California

McDonnell Douglas Astronautics Company, St. Louis, Missourt
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Micronics International, Inc., Brea, California

Motorola, Inc., Phoenix, Arizona

Piqua Engineering, Incorporated, Piqua, Ohio

Raytheon Company, Missile Systems Division, Lowell, Massachusetts
Texas Instruments Incorporated, Lewisville and Dallas, Texas
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Quality and Its Role in the Production of Four
Navy Missile Systems

Quality
Responsibilities

The objective of DOD's weapon system acquisition process is to provide
the Armed Forces with quality products that meet their needs. Accord-
ing to DOD, the quality of a weapon system is the composite of all attrib-
utes or characteristics, including performance, that satisfy a user's
needs. Quality is the responsibility of every person involved in the man-
ufacture and acquisition of the weapon system. Achieving the desired
level of quality is dependent on the equipment, tools, workmanship, and
supervision involved in producing the product. In the end, the quality of
a product can be measured by the contractor’s success in complying
with contract specifications related to both production process and tech-
niques and by product reliability and performance.

Prime contractors are responsible for providing quality products to the
government; however, DOD is responsible for ensuring that the products
purchased meet the contract specifications, are operationally effective,
and satisfy the users’ needs. It does this by ensuring that (1) minimum
quality, technical, and related requirements are specified in the contract
and are achievable and (2) contractor inspections and other quality
assurance procedures are reliable and working.

NAVAIR’s Quality Program

Each of the four missile programs we reviewed has a program office in
NAVAIR and a program manager who ensures that products acquired from
prime contractors are in compliance with the contract requirements. The
program manager also is accountable for all other aspects of the pro-
gram, including cost and schedule requirements.

The NAVAIR Quality Assurance Branch provides the program manager
with advisory and technical support on quality matters, including
reviewing proposed contracts to ensure that they contain the appropri-
ate quality assurance provisions. However, the Quality Assurance
Branch has no direct line authority over the program. As shown in tig-
ure I1.], staff of this office and the program managers report through a
separate chain of command to the Commander, NavAIR. This office pro-
vides general oversight of NAVAIR’s quality program (e.g.. the promulga-
tion of quality policies and procedures) but has no direct link or
authority over quality assurance at the contractors’ plants.

In the past 2 to 3 years, NAVAIR has attempted to strengthen the author-
ity and staffing of this office, but, relative to program managers. the
office remains at a low organizational level within headquarters See
fig. IL1.) The navalr Commander, the Director of Systems Acquisition,
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and the Branch Head of the Quality Assurance Branch told us they
believe this office is effectively located in the engineering organization
for execution of the NAVAIR quality program and is organizationally inde-
pendent from the weapon system programs it supports. They did state,
however, that the office is new and its current limitation is the maturity
of the staff in performing their responsibilities, not the office's size.

Figure I1.1: Organizational Location of the NAVAIR Quality Assurance Branch
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The Quality Assurance Branch is separately funded but must rely on
program offices to fund and support quality efforts, such as teardown
inspections. If, however, the office believes the level of support is not
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adequate, it can have this issue raised to the Commander, Navair. but
officials in this office said they have never found it necessary to do so.

Program managers obtain additional technical and engineering support
for quality efforts from various Navy field activities, particularly the
Naval Weapons Center, China Lake, California, and the Pacific Missile
Test Center, Point Mugu, California. These field activities perform qual-
ity assurance functions that are funded by the cognizant program office,
and thus their level of program support is determined by the program
manager.

The China Lake Naval Weapons Center, as lead development agency for
air-launched missiles and other airborne weapons, provides quality sup-
port in all phases of weapon system development and production. This
support includes performing engineering investigations of quality prob-
lems, participating in missile teardown inspections, and providing guid-
ance and support in the implementation of soldering requirements.

The Pacific Missile Test Center’s involvement begins late in the develop-
ment process and continues through the production and life of the
weapon system. Program support includes conducting production lot
acceptance tests, reviewing contractor manufacturing operations to
monitor contract compliance, participating in missile teardown inspec-
tions, and administering a program that monitors airborne weapon sys-
tem problems.

Plant Representative
Offices

To ensure that contractors comply with contract quality requirements,
DOD has an in-plant quality assurance program that is administered by
Plant Representative Offices of the Army, Navy, Air Force and by the
Defense Logistics Agency’s Defense Contract Administration Services
(Dcas). The primary mission of these offices is to support the system
program offices by administering contracts awarded to the prime
contractor.

These offices are responsible for verifying that contractors’ products
conform to contract quality requirements and for taking appropnate
action to “‘discourage’” continued production of nonconforming products.
These actions include rejecting products offered for acceptance and doc-
umenting the contractor’s performance record. The offices accomplish
their quality assurance responsibilities through actions such as: 1)
reviewing a contractor’s quality procedures, (2) conducting audits to
determine the adequacy of the management and product assurance
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Assessing Quality

aspects of the contractor’s quality control system, (3) inspecting the
products being produced to see if they are in conformance with specifi-
cations, and (4) collecting and evaluating quality data for purposes such
as identifying recurring deficiencies and ensuring that the contractor is
taking adequate corrective actions.

The Plant Representative Office can refuse to accept a product because
it has defects that affect the product’s performance, durability, or relia-
bility or that have other such serious effects; however, the final accep-
tance decision is to be made by the procuring contracting officer based
on information provided by this office and the contractor. If the defects
are of a more minor nature, this office can accept the product, except
when this authority has been withheld by the procuring contracting
officer. The procuring contracting officers for the Phoenix, HARM, Har-
poon, and Sparrow report to the NAVAIR Assistant Commander for Con-
tracts, not to the program manager.

On November 3, 1986, we issued a report! that cited a number of factors
that were hampering Plant Representative Offices’ oversight activities
and increasing DOD’s risk of accepting defective products. We reported
that these offices were delegating some of their inspection responsibili-
ties to the contractors and were not performing all mandatory inspec-
tions. We also reported that their efforts to discourage repeated tender
of nonconforming products were hampered by the lack of data needed to
readily identify recurring contractor deficiencies.

poD defines quality as the composite of all attributes or characteristics.
including performance, of a product to satisfy a user’s needs. Thus. to
have a quality product, the design must reflect the user’'s needs and the
product should conform to the design. The extent and type of noncon-
formances or defects? that occur during production affect the degree to
which a user’s needs are satisfied.

Several measures are available to assess the quality of the missiles being
delivered to the Navy. The most prominent are (1) degree of conform-
ance with government specifications, partially provided by teardowns
and other inspections before the missiles are delivered to the fleet and

'Quality Assurance: Efforts to Strengthen DOD’s Program (GAO/NSIAD-87-33, Nov. 3. 198 .

2DOD defines a nonconformance as a failure of a unit or product to conform to requirements for ar
quality characteristic. A defect is defined as any nonconformance to a requirement. Thus defex1 ud
nonconformance have been used interchangeably within DOD.
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(2) reliability of the missiles, which is measured through various tests
before and after the missiles have been accepted by the government. In
addition, fleet firings of the missiles are conducted to assess perform-
ance of the entire missile system, including its interface with the pilot
and the aircraft.

Compliance With
Specifications

Our review of contractor documentation on nonconformances, contract
waivers and deviations, and teardown inspection and other reports and
discussions with government and contractor personnel disclosed that
the four missile systems had numerous nonconformances or defects.
Most of these were judged by the government and contractors to be
minor, having no effect on missile performance, and thus the missiles
were accepted. A common type of minor nonconformance was the use of
alternative, but acceptable, material or production processes. For exam-
ple, an alternative microcircuit was installed in some Sparrow missiles
when the supplier discontinued production of the microcircuit stipulated
in the specification.

Groups of missiles, however, were accepted that were suspected of hav-
ing defects that, according to criteria in NAVAIR teardown guidance, could
affect the performance of some of the missiles. In a few instances, these
defects were known to exist during the production process. but the con-
tractor requested and was granted a waiver or deviation from the speci-
fication by the Navy.

Some waivers, deviations or contract modifications were granted
because requiring corapliance with the contract specifications would
have increased production costs or caused schedule delays. Navy offi-
cials said that another reason for granting waivers was that to rework
or repair certain types of defects could cause further quality problems.

In other instances, defects were detected during teardown inspections of
sample missiles, but the Navy accepted all the missiles of that lot as they
were rather than have the contractor open each suspect missile. Again,
the concern was that additional defects could be caused during the
repair or rework process. In some instances, additional testing was per-
formed on the sample teardown missile or components, which provided
some assurance that the defects would not affect missile reliability.
Also, in some cases, the Navy received extended contractor warranties
to cover the cost of repairing any failures caused by these defects.
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Some defects in the missiles delivered during 1986 and 1987 were not
discovered until after the missiles had been delivered to the fleet. While
these defects often were detected in only one or two missiles, others
were found in groups of missiles; in a few instances, hundreds or
thousands of missiles may have been affected. These quality “escapes,”
which were detected and corrected in most every instance before the
missiles or components were widely dispersed to the fleet and other
users, are discussed in appendixes IV through VI.

In commenting on a draft of this report, DoD said that in no case did the
Navy knowingly accept missiles that were suspected of containing
defects that could affect the performance of the missiles. It said all
defects detected during teardown inspections were analyzed and/or
tested to confirm there was no affect on missile performance. When the
defects were judged to affect performance, the contractor was required
to rework the missiles. Where waivers, deviations, or other contract
modifications were granted to allow certain defects in the missiles, DoD
said careful engineering review and analysis, including testing, was con-
ducted to ensure that there was no performance or reliability impact.

We found that the review and analysis of these defects, in some
instances, was quite limited and did not always ensure that the defects
would not affect the missiles. Teardown inspections of Sparrow missiles
produced by Raytheon Company during 1986 and 1987 identified
defects in the four missiles inspected that could affect missile reliability,
according to Navy teardown criteria. However, on only two of the four
missiles was additional testing done to assess the potential effect on reli-
ability. Also, none of the hundreds of other Sparrows produced at the
time and suspected of having similar defects were inspected or tested
beyond what was required in the contract. (See app. VL.) In the case of
the Harpoon missile, a deviation allowing a certain soldering-related
condition in 720 missiles, which could affect the reliability of some of
these missiles, was approved, although no risk analysis was performed.
(See app. V.)

Missile Reliability

The Pacific Missile Test Center conducts production acceptance tests on
the four missile systems before they are sent to the fleet to determine
whether they meet contract specifications. These tests consist of taking
a sample of missiles from each production lot; subjecting them to vibra-
tion, temperature, and humidity conditions; and examining some, but
not all, missile functions for malfunctions. These tests, which for the
Phoenix were supplemented by data gathered during captive carry tests,
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provide mean-time-between-failure (MTBF) data that give a continuing
assessment of production quality. While some failures occurred during
this testing, data provided to us by the Navy on the results of produc-
tion lot acceptance tests from January 1, 1986, through June 30, 1987,
indicated that all four missile systems were meeting the contract MTBF
requirements. (See table I1.1.)

Table Il.1: Comparison of Contract MTBF,
Production Lot Acceptance Test MTBF, Figures in hours
and Fleet Captive Carry MTBF

Production lot

Contractually acceptance test Captive

required MTBF MTBF?* carry MTBF®

Phoenix AIM-54C 505 - s42
HARM AGM-88A 125 2226 10927
Harpoon 84A 250 1883 3639
Sparrow M 550 700 21307

#Production lot acceptance test data for the period January 1, 1986, through June 30. 1987

PCaptive carry data for the HARM, Harpoon, and Sparrow are for the period October 1, 1982 through
June 30, 1987. Phoenix MTBF data are from October 1, 1984, through June 30. 1987 there were no
captive carry fights of the Phoenix AIM-54C during fiscal year 1986

“Because of the imited availability of the Phoenix AIM-54C 1n the fieet, only a few captive carry flights
took place As of June 30, 1987, the Phoenix had a minimum MTBF of 346.9 captive carry hours
because there have been no captive carry fallures, no MTBF has been established for the missile If
results from operational test and evaluation are considered, the MTBF 1s 572 haurs at a 75-percent
confidence level.

To assess the reliability of missiles after they are in the fleet, the Navy
performs captive carry testing. While the aircraft is in flight, various
functions of the guidance and control sections of the missile are tested,
but the missile is not fired. Because of the long duration of the flights
and the environmental conditions to which the missile is exposed, the
Pacific Missile Test Center’s reliability reports state that the MTBr from
captive carry operations is the best measure of missile reliability. Data
on captive flight hours failures are submitted by the fleet air squadrons
to the Navy’'s Fleet Analysis Center, Corona, California, which compiles
the data into an overall average missile MTBF. Despite the Pacific Missile
Test Center’s statement about the MTBF from captive carry operations
being the best measure of reliability, DOD, in commenting on our report,
stated that the Navy’s position is that fleet firing data is the best
measure.

As shown in table I1I, fleet captive carry data also indicated that the

HARM, Harpoon, and Sparrow missile systems were meeting the VTBF rel
ability criteria. Because there had been no fleet captive carry failures
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for the Phoenix AIM-54C, a fleet captive carry MTBF had not been estab-
lished as of June 30, 1987. Fleet data do not include operational test
data which, if added, results in an MTBF of 572 hours at a 75-percent
confidence level.

Before a missile undergoes a captive carry test for the first time, pre-
flight tests are conducted. If a missile failure occurs during these tests,
this information is to be reported by the fleet, but not as part of the
captive carry data. We attempted to obtain data on these failures but
were told such data are not readily available. We were told the data are
not reliably reported by the fleet and thus may be inaccurate. Exclusion
of these failures increases the reported reliability rates.

Captive carry testing, while intended to measure reliability, does not
detect failures in the propulsion and warhead sections of the missiles.
The Navy has separate screening procedures for those sections.

The Navy also has a program for evaluating the quality of its stockpiled
missiles. The program includes bringing the guidance and control sec-
tions into laboratories for a comprehensive material analysis to see if
quality has degraded. At the time of our review, no such analyses had
been done on these sections of the four missiles. According to Navy offi-
cials, this had not been done because the Phoenix AIM-54C and Sparrow
AIM/RIM-7M missiles had not been deployed for a sufficient period of
time under the program’s guidelines, and the HARM and Harpoon were in
short supply and could not be taken out of inventory for such analyses.

In commenting on a draft of this report, DOD said the HARM and the Har-
poon had been evaluated under this program. We obtained a listing of
the evaluations referred to in DOD’s official comments and found that the
evaluations were not comprehensive laboratory evaluations of the guid-
ance and control sections, but rather more limited analyses of propul-
sion and warhead components and parts such as batteries and screws.
DOD also said that the Air Force has data that indicate Sparrow missiles
significantly exceed their storage requirements; however, it acknowl-
edged that there are no unique Sparrow AIM-7M guidance and control
section reports available at this time.
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Fleet Firings

As part of the Navy's evaluation of the performance and reliability of
air-launched weapons, the Fleet Analysis Center conducts a missile fir-
ing program in conjunction with the fleet. However, as with captive
carry, fleet firing data also present an incomplete picture of missile reli-
ability because pre-flight test failures are not counted in measuring fleet
firing results. Furthermore, fleet firing tests are not part of the contrac-
tual performance parameters.

Under the Center’s firing program, a telemetry package is installed in
place of the missile’s warhead before a firing. This package provides
data that the Center uses to analyze the performance of the entire
weapon system, including the missile and the launch platform. If the
Center decides the firing is a failure, it determines whether the failure is
attributable to the missile, the aircraft, the aircrew, or the environment.
Since the missiles are not recovered, the degree to which a failure is
attributable to material or workmanship defects cannot be determined.

In addition, the Center receives reports on warhead firings but does not
use them in its performance analysis because, with the absence of a
telemetry package, data are not available for the analysis. Center per-
sonnel told us that the success or failure of warhead firings is deter-
mined by the pilot’s visual observations as to whether the target was
hit.

The conditions under which telemetry firings occur are dictated by the
Navy's Operational Test and Evaluation Force. Officials from the Fleet
Analysis Center and the Operational Test and Evaluation Force told us
that the firings are often conducted “at the edge of the missile’s per-
formance envelope” to test the missile’s capabilities. Every missile to be
fired in a telemetry test is tested before the aircraft becomes airborne. A
missile that fails is replaced with another. The pre-flight failure. how-
ever, is not recorded in the telemetry test data. As is the case with mis-
siles that fail before their first captive carry flight, NAVAIR logistics
personnel said this information is not readily available or reliably
reported.

In commenting on this report, DOD said that the Navy’s Maintenance
Data Collection System analyzes all pre-flight test data as part of all
maintenance data. However, bob acknowledged that the telemetry test
data contains only the actual missile flight and firing data. not pre-fligh
test results.
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Of the four missile systems we examined, the Sparrow AIM-7M has had
the most fleet telemetry firings. Between January 1986 and July 1987,
49 fleet telemetry firings were made of the Sparrow and 22 were made
of the Harpoon AGM/RGM/UGM-84A. The HARM was fired 27 times by
the fleet between January 1986 and July 1987, all of which were war-
head firings. (This does not include those fired in the Libyan operation
in 1986.) Because there were no telemetry packages available for fleet
firings, the only telemetry firings providing scientific data on HARM were
nine performed by the China Lake Naval Weapons Center for research
and development purposes. Navy logistics personnel said that only three
HARM telemetry packages are available for future tests and that these
are also for research and development purposes, not for fleet firings. A
June 12, 1987, NavAIR memorandum discussing the fleet requirement for
HARM telemetry packages stated that the shortages are expected to con-
tinue through 1989.

In commenting on a draft of this report, DOD said telemetry packages
have not been used for HARM fleet firings because the telemetry shots
destroy both the targets and the missile, whereas for other missiles the
targets are intended to be recoverable. We contacted NAVAIR to resolve
the apparent inconsistency between the DOD statement and the June 12,
1987, memorandum concerning fleet requirements for telemetry pack-
ages; however, we were unable to obtain an explanation.

Since only a few Phoenix AIM-54C missiles have been deployed to the
fleet, the only firing data available are those obtained during the mis-
sile’s operational test and evaluation, which was conducted from March
1983 to August 1984, and a follow-on test and evaluation, which was
conducted from May to December 1985. Results from the 1983 and 1984
tests indicated that the Phoenix AIM-54C generally met its operational
effectiveness requirements. The 1985 test results indicated the missile
met most, but not all, of its effectiveness requirements.

The Phoenix AIM-54C is undergoing additional follow-on test and evalu-
ation, which began in the Spring 1987, to validate software and other
changes that had been made since the 1985 testing. In early September
1987, during the first of three or four scheduled firings, the warhead
failed to detonate and the missile fell into the ocean. The Navy's testing
agency initially attributed the failure to the Phoenix’s FSU-IOA safety
and arming device. The Phoenix NAVAIR program office told us that fur-
ther investigation found that the personnel at the Pacific Missile Test
Center, who had prepared the missile for testing, failed to configure 1t
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for the warhead to detonate. Program officials told us that since the mis-
sile’s rocket motor worked and the missile tracked to the target, the fir-
ing was not considered a failure; however, they could not say whether
the firing would ultimately be considered a success or a ‘‘no-test.”

User Satisfaction

Quality of
Subcontractor
Material

We met with fleet pilots and ordnance crews and with the commanding
officer and crew of a destroyer who use these missiles to discuss their
experiences with the missiles during captive carry tests and fleet firings.
While they were not in a position to judge the quality of workmanship,
they were satisfied with the missiles’ performance and capabilities and
cited no particular problems.

Subcontractors play a major role in the production of each of the four
missiles. For example, in producing the HARM, the prime contractor,
Texas Instruments, uses over 2,000 suppliers of which about 600 pro-
vide parts or products unique to the missile. For the Harpoon, about 72
percent of the contract cost is for subcontracted material. The Federal
Acquisition Regulation and the contracts for the four missiles place
responsibility on the prime contractor for assuring that the quality of
the material and the parts provided by its subcontractors conform to
contract requirements. The Plant Representative Office at the prime
contractor plant is responsible for verifying that the prime contractor
has adequate control over subcontractor material and for recommending
corrective action when such control is lacking.

Subcontracted parts were involved in every instance we identified
where a quality problem was not discovered until after defective or
potentially defective missiles or missile components had been accepted
by the government. This includes potentially defective transducers and
undersized launch lug slots on the HARM (see app. IV) and faulty detona-
tors, wings, and bracket springs on the Sparrow (see app. VI).

Air Force and Defense Logistics Agency reviews from 1984 through
1986 indicated that prime contractor control of vendor material has
been a widespread problem in DOD. Some of the most common problems
were inadequate vendor selection procedures, failures to include quality
requirements in contracts and purchase orders, and insufficient receiv-
ing inspection procedures. Defense Logistics Agency follow-on reviews
in 1987 concluded that most of the prime contractors with unacceptable
controls had taken adequate corrective action.
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The Navy’s Executive Director for Reliability, Maintainability, and Qual-
ity Assurance acknowledged that subcontractor control is a problem.
The director said there is often much inconsistency between what the
contract requires for vendor control and what the centractor actually
does. He believes many contractors are not aware that they have vendor
control problems. The director also said it would be too costly for the
Navy to pay prime contractors to provide thorough oversight of all ven-
dors’ plants. Instead, the amount of control is generally dictated by the
worth of the item and its criticality to the end product. Thus, less signifi-
cant items may get little scrutiny, although they too can affect missile
performance and fleet readiness.

DOD Manual 4245.7-M, Transition From Development to Production,
effective September 1985, cited the need for more emphasis by industry
and the government on prime contractor management of subcontractors
because of the impact of subcontractors on final product quality, cost,
and delivery. The manual includes guidelines that are to be used by pop
components and that are expected to reduce the risk of encountering
subcontractor control problems.

In its Best Practices manual of March 1986, which supplements the pop
manual, the Navy's Reliability, Maintainability, and Quality Assurance
Directorate points to poor communication among the Navy, prime con-
tractors, and subcontractors as one of the primary causes of subcontrac-
tor problems. The manual describes proven, best practices for the
material acquisition process and identifies several practices to ensure
effective subcontractor control. Examples include

evaluating a subcontractor’s capabilities before a contract is awarded to
avoid performance problems;

conducting design reviews with subcontractors to determine technical
progress;

using a dedicated specification team to ensure completeness and consis-
tency of specifications, procurement packages, technical interfaces, and
flow down requirements to ensure that subcontractors thoroughly
understand technical product requirements;

conducting joint government,/prime contractor vendor conferences with
subcontractors to establish a team approach; and

assigning an individual in the prime contractor organization responsibil-
ity for each subcontractor to enhance control of the subcontractor’s
products.
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Soldering and
Teardown Inspections

Two controversial subjects concerning the quality of missiles have been
soldering and teardown inspections. While these are separate issues,
many of the defects cited during the teardowns have been soldering
related.

Soldering

Soldering® electrical connections is a critical production function on
these missile systems. For example, the HARM and Phoenix missiles have,
respectively, about 42,500 and 60,000 solder joints. Soldering defects
can and have lead to missile failures, although many defects have no
effect on missile reliability. Large numbers of them, however. indicate
that the soldering process may be lacking control and may need
adjustment.

While there has been agreement that adherence to soldering standards is
important in producing a reliable missile, there also has been considera-
ble controversy about the appropriateness of certain soldering require-
ments provided in the Navy’'s WS-6536 specification. This specification
has been revised several times since it was originally issued in 1966, and
various versions are now in the production contracts for the four missile
systems. The specification contains essential design and manutacturing
fundamentals and is often referred to as a ‘“*how to” specification
because it gives very specific requirements and procedures. According
to Navy and contractor officials, the specification is considerably more
rigid and exacting than normal industry standards and also more rigor-
ous than the standards applied by the other military services [ 'ntil
1984, the specification was not required for all Navy equipment but was
primarily used by missile programs with the specification moditied to
meet individual program requirements.

Conflicts have arisen over implementation of the specification because
most contractors’ soldering processes do not meet all its requirements.
Examples of problem areas include requirements related to mounting

components on printed wire boards, bubbles in the coating on printed
wire boards, and electrostatic discharge. Until 1984, Navy program
offices granted contractors numerous waivers and deviations to the
specification; but in July 1984, the Navy began requiring (1 s of the
WS-6536 specification on all Navy equipment procurements .and - 2)
approval of all major waiver and deviation requests by the Commander
of the cognizant Naval Systems Command. The effect was to hring the
3Soldering is the process of joining metallic surfaces with solder without the meit.r & Cee
material.
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Navy and its contractors together to clarify the specification’s require-
ments and to modify them where appropriate.

A troublesome noint with regard to the need for suich a striet gealde
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specification is the continuing shortage of age-related data and analysis
on how environmental conditions affect soldering over the long term. A
Navy project team, after assessing soldered electronic assemblies in var-
ious fleet systems, stated in its February 1987 report that the fleet was
experiencing equipment failures that could be directly attributable to
defects that occurred during the manufacturer’s soldering process. How-
ever, the study concluded that most of the defects were the result of
poor quality workmanship rather than the application of a specific sol-
dering specification. Thus, the study did not resolve questions of
whether specific soldering standards are more stringent than necessary
to ensure long-term system reliability. It did, however, emphasize that
Navy and DoD standards need to be consistently applied in controlling
the soldering process.

The Navy is evaluating specific WS-65636 requirements to determine
whether they are more stringent than necessary to meet weapon system
performance requirements. This evaluation includes researching the
rationale behind the initial establishment of the requirements and con-
ducting experiments, when necessary, to develop new data.

Although this issue has not been resolved, the Navy has begun to phase
out the use of the WS-6536 specification in favor of a recently issued
DOD soldering specification (DOD-STD-2000). The new specification is
intended to standardize soldering requirements by reducing the number
of solder specifications used in defense system production and is to be
used by all DOD components. According to the Director of the Quality
Assurance Division in the Navy’s Directorate of Reliability, Maintain-
ability and Quality Assurance, the Navy is encouraging its contracting
officers to incorporate the new specification into contracts for new sys-
tems or when major modifications are made to existing systems. While
some of the points of controversy between the Navy and industry over
the WS-6536 specification are likely not to occur under pop-STD-2000.
Texas Instruments commented that many of the same problems with
requirements will continue to exist.

Teardown Inspections

The Navy has performed teardown inspections on guidance and control
sections of all four missiles systems we reviewed. The results of many of
these teardowns were controversial and are discussed in more detail in
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appendixes III through VI. Much of the controversy centered around the
(1) criteria used to assess the quality levels of the missiles and (2)
reporting of the results of the teardowns.

Teardowns are an important element of NAVAIR's quality program. A
teardown is an analysis of a weapon system or component (such as a
guidance section) and is accomplished by taking it apart and inspecting
it. Teardowns are used by the Navy in determining the quality level of
hardware being procured from the contractor. Such evaluations detect
nonconformances with manufacturing specifications, which are then
traced back to problems with the manufacturing process, process con-
trols, design weaknesses, and/or poor workmanship. Thus, the results of
teardowns can be a valuable tool to the contractor in identifying defi-
clencies in the production process and in implementing corrective
actions.

The Sparrow contracts specify that two annual teardowns will be made
for each contractor. Contracts for the other three missile systems do not
specifically call for teardown inspections, but NAVAIR's Quality Assur-
ance Branch anticipates approximately one every year for every missile.
However, a Harpoon has not been torn down since January 1985, and a
teardown is not scheduled.

Two sources of controversy about teardown inspections have been (1)
inconsistencies in the criteria applied and (2) the manner in which the
results are reported. To reduce the controversy, the NAVAIR Quality
Assurance Branch issued a teardown guide in March 1987 to provide
consistent criteria for evaluating hardware and a uniform format for
reporting results. This guide established three standard risk categories
for assessing nonconformances—high risk (likely to adversely affect the
short-term reliability of the missile), moderate risk (has potential to
affect long-term reliability of the missile), and low risk (not likely to
adversely affect missile reliability but is a departure from established
standards). It also states that the teardown report should provide a
summary of the types of nonconformances cited, as well as a risk
assessment.

Quality Assurance Branch officials told us that under the new guidance
only the number of high risk nonconformances will be reported. Accord-
ing to these officials, the number of moderate and low risk noncon-
formances will not be reported because people unfamiliar with the
teardowns tend to focus on the total number of nonconformances, and
this could be misleading. Many nonconformances cited in teardowns are
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deviations from the specifications that the government and contractors
believe are not likely to affect missile performance or reliability.

In addition to compliance with contractual requirements, the new guide
also allows for evaluating the missiles for ‘‘best design and workman-
ship practices.” Including such practices in the inspection’s criteria per-
mits the identification and reporting of nonconformances with
specifications that have been allowed through an approved waiver,
deviation, or other contract modification. Such reporting will provide
data not only for assessing overall missile quality and quality trends but
also for indicating the effects of waivers, deviations, and contract modi-
fications on the quality of the missiles.
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The Phoenix (see fig. 111.1) is an air-to-air missile that has been manufac-
tured by the Hughes Aircraft Company, Tucson, Arizona, since 1971.
The first contract for production of the Phoenix AIM-54C missile was
awarded in 1979, and in 1983 a contract was awarded for an improved
version of this missile. The missile’s guidance and control sections. man-
ufactured by Hughes, are integrated by Hughes with Navy-provided
propulsion and armament sections. The missiles are tested by Hughes
before being delivered to the government. DOD’s in-plant quality assur-
ance program at Hughes is administered by an Air Force Plant Repre-
sentative Office.

Figure ill.1: Phoenix AIM-54C Sections/Components
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Waivers and
Deviations

The Navy plans to procure 7.204 Phoenix AIM-54C missiles at an aver-
age unit procurement cost of $922,000. The total program cost is esti-
mated to be $6.8 billion. Operational evaluation of the missile was
completed in 1984 with follow-on evaluations in 1985 and 1987. The
monthly rate of production was expected to increase from 24 to 38 by
February 1988.

A few of the AIM-54Cs are at naval weapon stations and aboard ships.
but those now being accepted by the government are being immediately
placed into storage awaiting resolution of problems with the Safety and
Arming Device (FSU-10/A). The Target Detecting Device (TDD), which
along with the FSU-10A is government-furnished equipment, has also
experienced problems, but solutions to these problems appear to have
been identified and are now being implemented.

The Navy granted Hughes 3 major and 13 minor waivers on the missiles
that we reviewed. The major waivers related to an industrywide alert
put out in 1984 regarding a testing deficiency by three suppliers on
thousands of semiconductor devices used in many defense products.
Both Navy and industry representatives told us that the deficiency was
determined to be inconsequential after the affected semiconductors were
tested. Most of the 13 minor waivers related to nonconformances in test-
ing and to the use of a marking ink that was not contractually specified
for use in marking parts.

The Navy also granted Hughes 1 major and 92 minor deviations on these
missiles. The major deviation was to allow Hughes to deliver missiles
without the Safety and Arming Device (FSU-10/A) provided by the gov-
ernment as government-furnished equipment. We reviewed 27 of the
minor deviations and found that about one half were to allow the use of
technically acceptable alternative component parts and materials. For
‘example, nickel and gold-plated material with thicknesses that differed
from the specification were allowed in the production of certain compo-
nents. Ten of the other minor deviations related to the WS-6536D solder-
ing specification and were granted after the 1986 teardown. According
to the Navy, Hughes officials said they needed this relief so that the
missiles could be produced without incurring additional rework expense
and delivery delays. The contracting officer told us that it is unlikely
these soldering deviations will result in monetary consideration tu the
Navy because the Navy sees no reduction in missile quality and because
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the deviations were granted so that the contractor could meet produc-
tion schedules. In commenting on our draft report, the Navy said an
extended warranty has since been obtained.

According to the Navy’s contracting officer, all waivers and deviations
are reviewed for possible monetary adjustment, but at the time of our
review there had been none on the Phoenix program. However, non-
monetary benefits have been obtained including (1) improved missile
warranties at no additional cost to the government and (2) additional
assembly work to install a temporary piug, in place of the FSU-10/A | in
the missile until problems with the device are resolved.

In commenting on this report, oD disagreed with the Navy's contracting
officer and said that monetary adjustments have been obtained. [t said
that although no specific contract modification has been exclusively
issued for such actions, the final prices established for subsequent pro-
duction contracts took into account the waivers and deviations. pob said
that this was explicitly acknowledged by the government and the con-
tractor, but the consideration amounts were merged during the negotia-
tion process with other amounts and therefore cannot be specifically
identified.

Teardowns

On June 6 and 7, 1984, in preparation for a decision to go from hmited to
full-scale production of the Phoenix AIM-54C, the Navy performed its
first teardown inspection of the missile. The teardown team tound many
defects that violated both contractual requirements and acceptable man-
ufacturing practices. Problems included damaged parts, defective solder
joints, and unacceptable levels of cleanliness. Many problems were
attributed to the difficulty of assembling the missile as designed. but
poor quality workmanship was a major concern. The Executive [hrector
of the Navy’s Reliability, Maintainability, and Quality Assurance Direc-
torate also told us the workmanship exhibited both poor management
and a lack of work ethics on the part of the labor force at the Hughes
plant.

On June 22, 1984, the Navy stopped accepting Phoenix missiles Two
additional missiles were disassembled and inspected by the government
from June 26 to June 28, 1984, and much the same types of problems

were found. The need was evident for Hughes to improve quahty by
identifying and rooting out the systemic causes of the problems T'he
teardown report identified the Phoenix’s design, Hughes' controi ot its
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soldering processes, and its oversight of subcontractors as three of many
areas requiring corrective action.

In August 1984, after the Air Force Plant Representative Office issued a
letter of intent to disapprove Hughes’ quality assurance system, Hughes
shut down the entire Tucson operation. During this shutdown, which
lasted for 5 months, Hughes developed an extensive quality assurance
improvement plan as required by the Air Force Plant Representative
Office. As part of its improvement effort, Hughes invested about $160
million to upgrade the Tucson facility, including installation of new sol-
dering machinery and a computerized quality assurance system. The
Navy modified its contracts to require Hughes to rework, reinspect, and
redeliver 84 Phoenix AIM-54C missiles that had been previously deliv-
ered. The modifications also set forth a plan to teardown a Phoenix mis-
sile or component approximately every 6 months during the 2-year
period following resumption of missile deliveries. However, only two
teardowns have taken place—one in June 1986 and the other in Febru-
ary 1988.

1986 Teardown

Although the 1984 teardown did not list the total number of defects, the
June 1986 teardown did—2,694. Hughes, Navy quality assurance and
program officials, and Air Force Plant Representative Office officials
classified the majority of the defects as either *“‘cosmetic” or the result of
using inappropriate inspection criteria. However, the teardown team
identified what appeared to be 38 “significant findings”’—defects that
could potentially affect the long-term reliability of the missile. The cate-
gorization of the 2,694 reported defects is shown in table IIIL.I.
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Table 11l.1: Classification of Defects by
Type Identified During 1986 Phoenix
Teardown

Type of defect Number
Inappropriate inspection critera? - 943
Primarily cosmetic® - 1T

Potential long-term refiability impact
Damaged wire insulation

3

~ Foreign materials 5
Solder splashes/splatter s
! -

8

7

Wrong size screw i
Partially torqued jack screws on connector assembly

Fractured solder joints T
Subtotal s
Total 5551

2The missile torn down was produced under a derivative of Military Standard 454, Standard General
Requirements for Electronic Equipment, but, according to the teardown critenia. was inspected against
weapon specification, WS-6536D. These defects would not have been defects under the derivative of
Military Standard 454

bAppearance does not meet the specification, however, component rehability was not questioned

After the teardown, Hughes tested and analyzed the 38 significant find-
ings in an effort to assess the long-term effect and concluded that they
would not affect reliability. Navy quality assurance and program offi-
cials and the Air Force plant representative agreed with the analysis.
The Navy, after observing Hughes’ testing, reviewing its analysis, and
performing some additional analysis, agreed with Hughes.

After the 1986 teardown, the Air Force Plant Representative Office
increased its oversight of the production program, and Hughes unilater-
ally halted delivery of the missiles for 2 months while it strengthened it:
quality assurance program. Some of the actions Hughes took included
improving the inspection and automatic soldering processes and provid-
ing additional training to employees.

1988 Teardown

The Navy's most recent teardown of the Phoenix was in early February
1988. This inspection was delayed several times as the Navy waited for
a missile that reflected most of the changes made in the production pro-
cess after the June 1986 teardown. The report on this teardown was not
available when we completed this report.

The total number of defects identified in this teardown will be reported

differently than in the 1986 teardown. The 1986 report listed the total
number of all defects individually and identified as significant those
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Safety and Arming
Device

that could potentially affect missile reliability. The plan for the 1988
teardown does not include reporting individual defects that are not sig-
nificant; instead it requires reporting the same type of defect as either
“one” if there is one, ‘‘several” if there are two to six, and “numerous”
if there are seven or more. Defects are to be categorized into areas need-
ing improvement, which could include such areas as general workman-
ship, missile cleanliness, and soldering.

Although the March 1987 NAVAIR teardown guide calls for classifying
nonconformances as high, moderate, or low risk, the plan for the 1988
teardown originally did not call for using these risk categories. Accord-
ing to the teardown team leader, the plan was prepared before the new
guide was published. A NAVAIR Quality Assurance Branch official advised
us that the plan was revised to coincide with the teardown guide.

The FSU-10/A Safety and Arming Device (see fig. II1.2) provides the igni-
tion and safe-arming function for both the propulsion and warhead sec-
tions of the Phoenix AIM-54C missile. FSU-10/A development started in
1977 as part of the Phoenix AIM-54C upgrade. Originally conceived and
proposed by the China Lake Naval Weapons Center, the FSU-10/A
became a joint effort between the Center and the manufacturer—
Micronics International, Brea, California. Under a study contract with
the Center, Micronics became responsible for the majority of the design
and development work.
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Figure iil.2: Drawing of the Safety and Arming Device (FSU-10/A) Assembly

[

Source. Micronics International Incorporated

The FSU-10/A is provided to Hercules, Incorporated, as government-
furnished equipment for assembly into the propulsion section. The FSU
10/A, which was first procured under a fiscal year 1982 contract, is
installed in missiles manufactured under the fiscal year 1983 and subse
quent year contracts. Before fiscal year 1983, Phoenix missiles used the
igniter safety mechanism.

Current Status Reliability problems with the FSU-10/A were discovered during enviror
mental testing. Without the device, Hughes cannot provide an operable
Phoenix missile. However, since the FSU-10/A is government-tfurnished
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equipment and no alternative component is available, the Navy is
accepting delivery and paying for missiles without the device and is
then storing these missiles pending resolution of the FSU-10, A reliability
question.

As of February 9, 1988, 512 Phoenix AIM-54C missiles, valued at about
$472 million, were being stored at Tucson or elsewhere awaiting a usa-
ble safety and arming device. Because the number of stored missiles will
continue to grow until an improved FSU-10/A is available and storage
space at Tucson was exhausted at the end of September 1987, the Navy
started shipping missiles to the Crane Army Activity, Crane, Indiana,
for storage. From there the missiles will be shipped to the Seal Beach
Naval Weapons Station, Fallbrook Annex, Fallbrook, California. where
integration with the completed propulsion sections received from Hercu-
les will occur.

Erosion and Interference
Problems

Post firing inspections of propulsion sections in April 1986, coupled
with FSU-10/A ground tests, revealed significant flame erosion ot the
units, which was caused by hot gas leakage between the units. [n addi-
tion, physical interference between the igniter housing insert and the
rocket motor liner was identified. The Navy believed these problems
were design and/or data package related. Design changes were pro-
posed, which the Navy believed corrected these problems, and a correc-
tive action program that the Navy estimated would cost $1.14 million
was initiated. This covered the cost of both rework and new production
units. By about April 1987, 139 FSU-10/A devices, manufactured under
a fiscal year 1982 contract, had been reworked at a cost of $0.2 million
The Navy paid for the rework because, according to the Navy. Micronics
had complied fully with its contract (a firm-fixed price production «on-
tract), including numerous changes issued by the Navy.

Current Problems

In April 1987, during environmental testing of the redesigned units.
other problems were uncovered when FSU-10/A devices expericnced rest
failures. All testing was stopped and a new investigation that included
hardware failure analysis, a design assessment study, and a
producibility assessment study was initiated. According to the Navy 'he
investigation identified four problem areas involving both design .t
workmanship issues. The NAVAIR Phoenix program office said all i< !
year 1983 and subsequent FSU-10/As would be reconfigured to elhiniate
any potential problems.
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Although the time needed to identify and implement corrective actions
is unknown, the program office said in September 1987 it believed the
design and production problems would be resolved by January 1988.
FSU-10/As were scheduled to be available for assembly into new pro-
duction Phoenix missiles in January or February 1988, and soon there-
after devices were to be installed in missiles in storage. A program
official acknowledged at the time that this schedule was very “success-
oriented” and dependent upon encountering no further problems.

In February 1988, the program official advised us that some delays have
been encountered. The official said design changes have been imple-
mented and Micronics has commenced low-rate production; however,
additional testing remains, including environmental tests. It is these
tests that have disclosed problems in the past, and thus the risk of fur-
ther problems and delays remains. Full-rate production is scheduled to
begin in April 1988, and the program office anticipates deliveries of
FSU-10/A equipped Phoenix missiles to the fleet in late May or June
1988. If testing discloses the need for further design changes to the FSU-
10/A, disassembly of production units may be necessary and further
delays and increased cost could be encountered.

Cause of Problems

According to the Navy program office, Micronics did not provide ade-
quate quality assurance and the China Lake Naval Weapons Center did
not provide the necessary oversight of Micronics’ quality assurance pro-
gram. Under both the development and production contracts, the Center
did not insist on strict adherence to contract requirements. For example,
Micronics was not held to the quality assurance data collection specifica-
tions. The resulting lack of quality assurance data made it more difficult
to determine the cause of the second series of problems.

According to a Naval Weapons Center official, the Center failed to ade-
quately monitor the FSU-10/A contract quality assurance program
because it ““wanted the hardware out the door.” The official also said
that the design and development effort did not follow the Center’s nor-
mal in-house development program for two reasons. First, a lack of
Center personnel led to Micronics being given a study contract under
which Micronics was to generate concepts and select a development con-
cept for the FSU-10/A—tasks normally performed by the Center Sec-
ond, because of a possible compromise of the Phoenix following the fall
of the Shah of Iran, the Navy believed an upgraded version of the mis-
sile was needed immediately. The upgraded missile included the design
and development of the FSU-10/A within a compressed time frame.
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Target Detecting
Device

To address the FSU-10/A problem. the NavaIR Phoenix program office
transferred responsibility for overseeing the program from the fuze
department to the technical management office at the Naval Weapons
Center. In addition, Micronics instituted production process changes.
including establishing a dedicated production line for the FSU-10:A. The
NAVAIR Phoenix program manager expects that the Micronics changes
may increase the FSU-10/A unit cost about $2,000, from roughly $4.500
to $6,500.

In providing oral comments on this report, the President of Micronics
said he was unaware of any information that indicates that workman-
ship problems contributed to the problems experienced with the FSU-
10/A. He believes they were strictly design related. However, Navy offi-
cials said workmanship problems were involved.

The TDD performs target proximity initiation for detonating the Phoenix
warhead. The TDD, a Naval Weapons Center design, is manufactured by
Motorola, Inc., Phoenix, Arizona, and is provided as government-
furnished equipment to Hughes for assembly into the Phoenix. along
with other government- and contractor-furnished equipment.

TDD failures were first observed in March 1985 during missile testing at
Hughes. As a trend became apparent, failure analyses were conducted.
and in November 1985 these failures were determined to be caused by a
microscopic crystalline tin growth (*‘tin whiskers™) on the chassis walls
of the TDD Radio Frequency Assembly. The tin whiskers, which resulted
from using pure tin plating within the assembly rather than a more com-
monly use tin alloy plating, could potentially cause internal shorting of
the assembly. Beginning with fiscal year 1986 production, the Navy
imposed a tin alloy plating as a design requirement.

The type of interior plating of the Radio Frequency Assembly was not
specified by the Motorola contract. Instead, the contract specified per-
formance requirements, allowing Motorola to provide design details.
including the plating composition. In December 1985 Motorola proposed
a parylene conformal coating' of the affected area and the Navy
accepted this proposal as corrective action. Although initial TDD tailures
were from the fiscal year 1981 and 1982 production, research of produc-
tion records and a physical examination of fiscal year 1983 hardwure
indicated that all TbDs were susceptible to the tin whiskers. As a result

'A conformal coating is an insulating protective coating applied to the completed board st
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of this problem, 526 TDDs are being reworked to incorporate the
parylene coating.

Cost Implications

On February 21, 1986, the Navy notified Motorola that the problem was
considered to be a latent defect? and directed the company to take cor-
rective action. Pursuant to contract terms, Motorola is taking the corree-
tive action. The Navy believes financial responsibility rests with
Motorola. However, before accepting financial responsibility for cor-
recting the defect, Motorola is reviewing its legal position regarding a
potential claim against the government.

The status is as follows:

Financial responsibility for reworking fiscal years 1982 to 1984 units
has not been resolved between Motorola and the Navy. Motorola esti-
mated rework costs to be $2.6 million.

The Navy issued a contract modification to Motorola for rework of fiscal
years 1980 and 1981 units. Motorola estimates the total costs at comple-
tion will be about $650,000. Navy officials said that because of the cost
reimbursement nature of the contract for these units, the Navy will pay
for the rework.

The Navy negotiated a $1.3 million contract with Hughes for removing
and exchanging TDDs in missiles with new or reworked units.

The parylene application is now a requirement for production under the
fiscal year 1985 contract at no additional costs.

In commenting on a draft of this report, Motorola said the Navy exer-
cised close scrutiny over the development and initial production con-
tracts for the TpD, including the Radio Frequency Assembly. It said that
the Navy was at all times aware of the method of plating the assembly
and that in January 1985 the Navy formalized concurrence with its use
through drawing approval. Regarding the use of the parylene coating,
Motorola said this process emerged from technical discussions with the
Navy. According to Motorola, the Navy asked Motorola to investigate
the effectiveness of the process and, after evaluating Motorola data,
directed its use.

A latent defect is a hidden defect that a normal inspection would not have disconverise
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The Navy, in a joint procurement program with the Air Force, is
purchasing the High-Speed Anti-Radiation Missile (HARM), AGM-88A,
(see fig. IV.]) from Texas Instruments Incorporated, under annual firm
fixed-price contracts. The HARM is an air-launched, surface attack missile
for use against land- and sea-based enemy defense radars. Initial pro-
duction began in 1982 and deliveries through June 30, 1987, totaled
2,319 missiles. The program plan is for the Navy to procure 7,505 at an
estimated average unit procurement cost of about $303,000. The Air
Force also plans to procure 7,114 missiles. Texas Instruments is produc-
Ing HARM missiles at the rate of about 150 per month and is in the pro-
cess of increasing that rate to 211 per month.

Figure IV.1: High-Speed Anti-Radiation Missile AGM-88A (HARM) Sections

Wing (4)
Warhead Rocket Motor

Guidance

o

Control Fin (4)

Missile Dimensions & Weight

Diameter 10 In.
Length 13.7 Ft.
Wing Span 44 In.
Weight 800 Lbs.

Source Texas Instrument incorporated
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Modification of Defect
Criteria

The HARM is composed of four sections: the guidance and control sec-
tions, which are produced by Texas Instruments, and the warhead and
rocket motor sections, which are furnished by Morton Thiokol, Incorpo-
rated, and Hercules, Inc., subcontractors of Texas Instruments. ( The
government will furnish the rocket motor section to the contractor
beginning with the fiscal year 1987 contract.) The four sections are
assembled and integrated at Morton Thiokol in Brigham City, Utah, and
at the Naval Weapons Industrial Reserve Plant operated by Hercules in
McGregor, Texas. The complete missile is tested at the two integration
sites before being sent to naval weapons stations. boD's in-plant quality
assurance program at Texas Instruments is administered by Das.

In July 1986 a contract modification was implemented to permit certain
soldering defects in the missiles. Regarding subcontractor-produced
items, there are potential problems with the pressure transducer in
about 1,300 missiles, and there was a problem with launch lugs on 30
rocket motor cases.

The Navy performed a teardown of a HARM in February 1986 and. as a
result of this teardown and other information, a modification in defect
criteria was made to the fiscal year 1985 contract. The modification
allows certain soldering defects in the missile within established defect
control limits and establishes measures intended to improve quality
levels.

1986 Teardown

A teardown of HARM guidance and control sections was conducted in
early 1986 by a team from the Pacific Missile Test Center. Using the WS-
6536D soldering specification as the criterion, the inspectors identified
936 defects, of which 28 were described as major, potentially atfecting
long-term reliability. The primary conclusion was that Texas Instru-
ments was producing a missile with some defects, none of which would
likely result in a malfunction during near-term service life

The inspectors used the WS-6536D soldering specification rather than
the modified HARM version of the specification so that they could main-
tain teardown consistency between various missile programs and con-
tractors. Texas Instruments objected to the inspection tfinding~ hecause

the contractual soldering specification requirements—WS-65361) 1IARM
with approved HARM drawings—were not used as the standard tor eval-
uating the missile’s workmanship and material. It also objedcted to count

ing certain manufacturing processes, such as the method ot mounting
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particular components on the printed wiring boards, as noncon-
formances. These processes were specifically allowed in the Texas
Instruments contract but were cited as nonconformances because they
conflicted with WS-6536D specified procedures. In commenting on a
draft of this report, DOD said it believes Texas Instruments’ objections
were valid.

Contract Modification

Following the teardown, a series of inspections of HARM guidance and
control sections, and subsequent DCAS nonacceptance of guidance and
control sections, the Navy negotiated a modification—P00030— to the
fiscal year 1985 HARM contract. The modification (initiated prior to the
teardown, according to the Navy), which took effect in July 1986. signif-
icantly reduced the number of soldering defects for which Texas Instru-
ments must take corrective action and introduced a process control
approach for monitoring the manufacturing process. Two government
organizations involved in the HARM program expressed opposition to it.

Group I Soldering Defects

Repeated discovery in 1985 and early 1986 of Group I soldering
defects—defined as defects requiring rework or repair' before the arti-
cle or material can be accepted—precipitated the contract modification.
The specification requires that Group I defects be reworked or repaired
when found at any stage of the production process. In February 1986
DCAS, believing that there was a high probability that Group I defects
existed in missiles being produced and in those ready for acceptance,
stopped accepting HARM missiles for about 10 days. DCAS said that it
would no longer accept HARM missiles because Group I defects continued
to be detected during internal and Navy audits and because the contrac-
tor had failed to provide acceptable corrective action.

To address the findings of the 1986 teardown and DCAS’s concerns.
Texas Instruments agreed to (1) an extended 3-year workmanship and
material warranty: of all HARM guidance and control sections suspected
of containing Group I defects and (2) reliability and engineering tests of
sample groups of the affected missiles as conditional terms for resuming
acceptance. A sample of missiles successfully completed the reliability

' A reworkable defect is one that can be reprocessed to make the article or materal conform to 1h
drawings, specification, or contract. A repairable defect cannot be returned to conformance hut ..
be made usable after special repairs.

“Texas Instruments’ workmanship and material warranty on HARM guidance and control se< .~ «
normally a year.
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tests conducted at the Pacific Missile Test Center. Failures were
reported on two missiles; however, both failures were in the missile’s
gyro and were believed by the test manager to be attributable to a
design problem in the missile test set, not to Group I soldering defects.
The test manager recommended that the missiles be returned to Texas
Instruments to verify that failures were not missile related. However,
the NAVAIR HARM program manager believed there was insufficient reason
to return the two missiles to Texas Instruments and thus directed that
the missiles be sent to the fleet. Texas Instruments, in its cormments on
our draft report, said one of these missiles subsequently failed an inven-
tory test and was returned to Texas Instruments for repair at govern-
ment expense.

The engineering assessment tests of Group I defects, which Texas
Instruments made to determine possible failure modes and their poten-
tial impact on operational use of the missiles, showed that components
with these defects could withstand environmental stress and remain
functional. Pacific Missile Test Center representatives who observed the
tests agreed with the findings. In commenting on a draft of this report,
DOD said that these tests demonstrated that the 28 major defects identi-
fied in the February 1986 teardown would not affect missile perform-
ance and reliability. However, the scientific consuitant to the Reliability
Evaluation Division at the Pacific Missile Test Center told us that the
aging tests could not be used to project the long-term impact of the
defects on the missiles.

Agreement Reached

After the DCAS’ nonacceptance decision, the Navy and Texas Instrument:
agreed to a modification of the fiscal year 1985 HARM contract. The mod
ification reduced by 32 (from 44 to 12) the number of unacceptable
Group I defects requiring rework, when these defects were identified
after initial inspection. The 32 defects (e.g., insufficient solder, nicked o
cut wires, and certain types of residue) would be considered acceptable
in completed guidance and control sections because the NAVAIR quality
assurance personnel believed they were unlikely to cause long-term reli-
ability problems.

The modification also introduced the use of process controls during pro-
duction for monitoring and reducing the number of undesirable solder-
ing conditions. Under the process control approach, contractual
thresholds of acceptance have been established for acceptable Group I
soldering defects. These thresholds become tighter as the contract pro-
gresses. As long as the number of defects remains within an acceptable
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range, the production process is assumed to be under control. However,
an increasing number of defects would indicate a process is getting out
of control and may require the contractor to take appropriate corrective
action.

Impact

By modifying the contract, the Navy, in effect, authorized the accep-
tance of certain Group I defects in HARM missiles and changed the solder-
ing criteria DCAS uses to monitor contractor performance. Navy and
Texas Instruments officials said the modification was necessary because
it would have been difficult and costly for the contractor to comply with
certain requirements in the Navy’s soldering specification, considering
the HARM's design and Texas Instruments’ soldering processes. However.
Texas Instruments did not provide an estimate of the cost for producing
the HARM without the contract modification.

In its comments on this report, Texas Instruments said the prime ditfer-
ence in quality requirements before and after the February 1986 tear-
down was a sudden shift by the government on the acceptability of
noncritical Group I defects in the hardware subsequent to 100 percent
visual inspection by Texas Instruments. It said that visual inspection is
not 100 percent effective but when coupled with an effective test and
environmental stress screening program, it is adequate to screen out
critical defects. Thus, according to Texas Instruments, the modification
will not adversely affect the integrity of the missile.

Navy program officials and senior quality assurance personnel believe
the Navy benefited by modifying the contract because rework and scrap
were reduced and production yields were improved without degrading
ruissile reliability. In contrast, personnel at the Naval Weapons Center
objected to the modification because it relaxed what they considered to
be important soldering specification requirements. DCAS also objected for
several reasons, including the (1) appropriateness of reclassifying some
Group I defects to a lower criticality, (2) effect on any meaningful com-
parison of future teardown results with prior teardowns due to the
change in criteria, (3) message the revisions may send to the contractor
concerning inspection and overall quality control, and (4) precedent that
may be set in future contracts that incorporate the WS-6536 soldering
specification. Senior Navy quality assurance personnel disagreed with
some elements of the positions of the Naval Weapons Center and 1x A~
but did not specify which elements.
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While the modification enabled Texas Instruments to avoid the cost of
complying with contract specifications, the government did not receive
any monetary consideration from Texas Instruments for the modifica-
tion. The Navy said that while the specification requirements were
changed, Texas Instruments also had to change its process controls and
inspections. Navy officials said that they believed the changes were a
“wash” from a cost viewpoint. Navy officials said the government did
receive nonmonetary consideration in the form of an extended 3-year
workmanship and material warranty on suspect guidance and control
sections. Navy program officials further said the modification may
allow for production of future HARM missiles at a lower cost by reducing
rework and scrap and by increasing production yields.

Texas Instruments officials said that despite the modification, the com-
pany still incurred some costs. Although the modification avoided costs
that strict contract interpretation would require, Texas Instruments
maintains that additional inspection hours and statistical analysis costs
and other paperwork costs will be incurred.

In its comments on this report, DoD said that the missiles produced under
the new process controls have shown significant improvements in qual-
ity and production efficiency. The Navy provided us with Texas Instru-
ments’ data that indicated the number of acceptable Group I defects had
dropped and was within the acceptable range under the modification. A
DCAS Plant Representative Office official at Texas Instruments con-
firmed the accuracy of the Texas Instruments data based on reviews
and analyses his office had performed.

Transducer Problems

The pressure transducer, a critical component of the HARM control sec-
tion, electrically measures atmospheric pressure. The pressure reading
is used in estimating the position and altitude of the missile in flight.
These estimates are then used in activating the missile’s target seeking
device.

The Federal Bureau of Investigation is investigating an allegation that
Genisco Technology Corporation, Simi Valley, California (one of two
suppliers of the transducer) falsified test data on its transducers
between 1980 and 1987. Contractual provisions require Genisco to test
the transducer at specified cold, ambient, and hot temperature levels.
However, Genisco allegedly used computer simulations of the hot and
cold temperature tests rather than actual tests to accumulate the test
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data. The Navy and Texas Instruments were notified of the investiga-
tion in March 1987.

Both Texas Instruments and DcAs had conducted, at one time. source
inspections of Genisco transducers for the HARM. However, in about
1985, pcas stopped its inspections after (1) deciding that Texas Instru-
ments’ source inspection procedures were adequate, (2) finding no evi-
dence of past transducer problems at Texas Instruments, and (3)
determining the component’s failure rate to be low.

Neither Texas Instruments nor the Navy has determined the extent to
which the transducer problem may affect HARM reliability or pertorm-
ance; however, Texas Instruments believes about 1,300 transducers may
be affected. Most of these are in HARM missiles that have already been
accepted by the government.

In July 1987, Texas Instruments officials told us they believe that 11.ArM
performance will not be appreciably degraded by the Genisco trans-
ducer. Data from preliminary tests using computer simulations indicated
a small increase in “‘flyers’” (missiles that miss the target by more than a
specified distance), but still within contractual requirements. Other test
results had indicated that only high temperatures may pose & problem.
Texas Instruments believed its product acceptance test flow process.
which tests the pressure transducer in various temperature and pres-
sure combinations during production assembly, was sufficient to detect
any component failures that would degrade HARM performance. In
August 1987, a Navy official told us that recent testing of 30 transduc-
ers from fiscal year 1985 production revealed that 20 percent did not
conform with contractual performance requirements and that the prob-
lem was not design related.

In its November 1987 comments on this report, Texas Instruments auid
that when the transducer is integrated into the missile the impact ot the
nonconformance on missile performance decreases significantly. It said.
however, that a small unspecified number of fiscal year 1985 transduc-
ers installed in missiles sold to the government will have to be replaced
Texas Instruments also said results from its tests on 30 transducers
from the fiscal year 1984 production lot were not yet available. [t
expected to complete testing and analysis on a sample of 30 from tis 4l
year 1983 in January 1988 after which final recommendations for cor
rective action would be made.
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Defective Launch Lugs

Texas Instruments is accumulating cost data for evaluating and resolv-
ing the transducer problem and plans to recover the costs from Genisco.
Until the transducer evaluation is completed, a second source of pres-
sure transducers is meeting production needs and an additional source is
being developed. DOD, in commenting on this report, said that under the
terms of the contract, Texas Instruments will be responsible for repair
costs on any and all missiles that the government determines need repair
due to faulty transducers.

The launch lugs on the HARM rocket motor case attach the missile to the
aircraft missile launcher and are used in conjunction with a handling
fixture in the missile assembly process. Three companies produce the
rocket motor cases for Morton Thiokol which, as a subcontractor of
Texas Instruments, loads propellant into the cases and provides the
rocket motors to Texas Instruments.

In November 1986, during final rocket motor assembly, Morton Thiokol
discovered a launch lug that would not fit a handling fixture. Measure-
ment revealed the lug slot was under the allowed drawing tolerance size.
After evaluating the problem, Morton Thiokol determined that the
undersized lug slot resulted from the supplier using a new, faster cutting
tool in its production process, which increased the stress in the lug. The
supplier, Lucas Aerospace of Lancashire, England, used an inspection
procedure that required inspecting the dimension of the slot after it was
machined with the cutting tool, but not after the heat treatment process
that relieves stress caused by the cutting operation. It was at this point
that the slot defect would have been detectable. Morton Thiokol repre-
sentatives at Lucas inspected the lug's dimension after the heat process
on a sample basis but did not detect any problem.

Further investigation by Morton Thiokol indicated that of the 111 rocket
motor cases with launch lugs that had been produced using the new cut-
ting tool, 30 had undersized lug slots that needed to be repaired by Mor-
ton Thiokol. Five of those had been shipped to Navy and Air Force
installations and had to be recalled.

To prevent recurrence of this problem, the three rocket motor case sup-
pliers are required to inspect all lugs after the heat process and betore
delivery to Morton Thiokol. Also, Morton Thiokol inspects the lug
dimensions on all rocket motor cases upon arrival. In commenting on
this report, Morton Thiokol said that since the lug problem was wiir-
ranty related it absorbed the cost of repairing the discrepant parts.
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The Harpoon AGM/RGM/UGM-84 (see fig. V.]) is an antiship missile
designed to destroy surface ships. It can be launched from aircraft, sur-
face ships, and submarines and is used by the Navy, the Air Force, and
16 other countries. It is built by McDonnell Douglas Astronautics Com-
pany (MDAC), St. Louis, Missouri, and has been in production since 1975.

Figure V.1: Harpoon AGM/RGM/UGM-84A Missile Sections

Guidance

Sustainer Booster
Warhead Control

S\ N7 N\

N S

Missile Dimensions & Weights

Diameter 13.5 in. Weight

Wing Span 36.0 In. Airlaunch 1144.9 Lbs,

Length Ship/Sublaunch 1503.3 Lbs.
Airlaunch 151.5 In.

Ship/Sublaunch  182.5 in.

Source McDonnell Douglas Corporation

While MDAC has overall responsibility for the quality and performance of
the missile, the company actually makes only a small portion of it.
MDAC’s role is to integrate and assemble subcontracted components and
assemblies.
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Altimeter Deviation

The program calls for procurement of 3,971 Harpoons at an average
procurement unit cost for air, surface, and submarine-launched missiles
of about $854,000. Production averages between 40 and 45 missiles a
month, with about 30 per month being delivered to the Navy. A Navy
Plant Representative Office is responsible for DOD’s in-plant quality
assurance program.

Several waivers and deviations have been granted on these missiles; one
deviation allows a certain type of soldering condition in a critical compo-
nent—the altimeter—and could lead to reliability problems in some of
the missiles. Two teardown inspections were performed in early 1985,
and the overall workmanship was reported to be very good, but there
was room for improvement.

MDAC has had problems controlling some of its subcontractors and get-
ting them to take corrective actions to address production problems that
could affect the missile. There was also one instance in 1986 where 10
missiles were recalled, at no expense to the government, when a poten-
tial problem was discovered with crystals in those missiles.

All the waivers and deviations that related to missile quality were clas-
sified as minor by the Navy Plant Representative. However, one devia-
tion, involving the soldering acceptance criteria on the altimeter’'s
printed wiring assemblies, could affect the reliability of some missiles.
The altimeter is part of the missile’s guidance section.

Deviation Request

Kollsman Instrument Company, located at Merrimac, New Hampshire,
was awarded a contract in 1978 to produce an altimeter for the Harpoon
with inherent electronic counter countermeasures capabilities. Kollsman
encountered numerous problems, including design and soldering. that
delayed deliveries to MDAC. Missile deliveries were delayed further in
1985 as a result of production problems that caused measling' in the
altimeter’s printed wiring assemblies. A combination of high humidity
and extreme heat in the processing of printed wiring assemblies at Kolls-
man has been causing the measling.

! A condition existing in the base material of printed wiring boards and assemblies iy wia b *he glass
fibers are separated from the resin at the weave intersection. This condition manitests 1w ' n the
form of discrete spots beiow the surface of the base material.
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In October 1985, after months of high rejection rates of measled printed
wiring assemblies, MDAC submitted a deviation request to the Navy Plant
Representative Office for approval. The proposed deviation established
inspection criterion that Kollsman had developed. MDAC, anticipating
that the request would be approved and with approval from the Plant
Representative Office, authorized Kollsman to deliver 14 altimeters that
contained measled printed wiring assemblies.

The China Lake Naval Weapons Center, however, recommended disap-
proval of the deviation, contending that Kollsman should use the crite-
rion in the Navy’s soldering specification, WS-6536E, which had just
been released. Both the Naval Weapons Center and the Pacific Missile
Test Center expressed concern that the measling was an indication of
workmanship problems at Kollsman.

A temporary 90-day deviation that allowed more measles than autho-
rized under the soldering specification, as long as they did not form a
continuous chain between conductive circuits, was approved in April
1986. The restriction in the soldering specification on distance between
measles was not included in the deviation. The Navy Plant Representa-
tive Office, with NAVAIR'S approval, was authorized to accept missiles
with the Kollsman altimeters. (Figure V.2 illustrates the difference in
the spacing criteria between the DOD specification and the deviation.)
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Figure V.2: Harpoon Altimeter Measling Criteria
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Improvements were made by Kollsman in its processing of printed wir-
ing assemblies, and in August 1986 the temporary deviation was revised
and approved to include the WS-65636E spacing criterion. This revised
deviation applied to 420 altimeters in the existing purchase order but it

Page 54

GAOQO/NSIAD-88-104 Navy Misaile Quality Issues



Appendix V
Harpoon Missile

did not apply to the 133 altimeters already delivered or to the printed
wiring assemblies in Kollsman's inventory.

Change to the Revised
Deviation

Through October 1986, Kollsman experienced few rejections. After Octo-
ber, however, rejection rates rose again with measling being part ot the
problem. MDAC advised the Navy Plant Representative Office that Kolls-
man needed relief from the revised deviation and submitted a change to
the revised deviation. The plant representative approved the change in
January 1987, adopting the Kollsman criteria in the original deviation
that included less stringent requirements regarding spacing of the
measling between conductive paths. The newly revised deviation
applied to 720 altimeters procured on one purchase order.

Acceptance Criteria in
January 1987 Deviation

In commenting on this report, DOD said none of the Kollsman units
accepted under the deviation were sufficiently flawed to be of concern
relative to long-term reliability. It said measling is indicative of poor
production process control but that the Naval Weapons Center had con-
ducted an analysis of worse case measled assemblies from Kollsman and
concluded that the risk of using them was minimal. Thus, NAVAIR recom-
mended the Plant Representative Office approve the deviation. We
found, however, that there was no analysis to support such a
conclusion.

We examined various documents concerning the Naval Weapon Center's
analysis, including the Center’s laboratory report on its evaluation. and
discussed the analysis with the Center’s soldering specialist involved
with the review. The purpose of the analysis was to determine the eftect
of the measling on the hardware and this was to be done by examining
assemblies that represented examples of ‘“‘worst case conditions.” W¢
found that the analysis, which occurred in January 1987, involved only
two assemblies and that these had been selected by MDAC and Kollsman
representatives. The Center’s soldering specialist said the two assem-
blies were not representative of the worst assemblies at Kollsman—
there were many others that were much worse.

Our review of the Weapon Center’s laboratory report and disctissions
with the soldering specialist at the Center disclosed that the anals <is of
the assemblies by the Center’s Failure Analysis Laboratory did no
assess risk or the potential impact of the measling on missile reliabnlity
The Center, however, concluded, based on the limited analysis. that the
risk of using measled assemblies of the type analyzed was minim:il .ind
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provided NavAIR with a report and pictures to be used as ‘‘not to exceed”
criteria. However, the recommended acceptance criteria were not used
in the deviation. The criteria adopted were less stringent, according to
the Center’s soldering specialist, than that represented in the Center’s
report and pictures.

Impact of Measles on
Missile Reliability

There is disagreement over the potential impact of measling on equip-
ment reliability. MDAC, in its comments on this report, said “one fact is
very clear, there is absolutely no evidence of a hardware failure, field or
otherwise, that was caused by the phenomenon known as measling."” It
added that the printed wire board industry considers it to be a cosmetic
defect and cited a 1971 industry study that concluded the effect of mea-
sles on the functional characteristics of finished products was “‘at worst
minimal and in most cases insignificant.” DOD, in its response to this
report, said that in extreme cases measling can be a potential source of
future reliability problems.

We contacted the Director of the Quality Assurance Division in the
Navy’s Reliability, Maintainability, and Quality Assurance Directorate;
one of the Navy’s three top soldering examiners; and the Director of the
Failure Analysis Laboratory at the Naval Weapons Center to discuss the
impact of measling on reliability. We were told the measling require-
ments in the Navy’s soldering specification were established to ensure
that the dielectric (nonconductive) characteristics designed into printed
wire board assemblies are not degraded by measling. Measled sites pro-
vide a place for entrapment of moisture. This becomes more of a factor
when the measled assembly, which is not waterproof, is deployed in the
fleet where it can be subject to humidity and temperature fluctuations
for extended periods of time. These small pockets of moisture, which
become conductors of electricity, can degrade the dielectric characteris-
tics of the assembly and result in electrical current leakage, possibly
affecting the reliability of the product.

The Director of the Quality Assurance Division and the soldering exam-
iner told us equipment failures have been attributed to measling. Thus,
it is important that waivers and deviations from the measling require-
ments in the specification be carefully analyzed for impact on reliability
before being approved. This apparently was not done on the Kollsman
altimeter deviation.

According to both the Navy Procuring Contracting Officer and an MDAC
official, MDAC verbally agreed that if measling is determined to be the
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cause of failures, MDAC will pay for repairs; but in commenting on this
report, DOD said contractor liability will be established through the
latent defect clause in the production contract.

Teardowns

There were no teardowns of a Harpoon missile during the period of our
review and one is not scheduled. However, teardown inspections were
performed in early 1985 on one missile, which was new production, and
on a 5-year-old missile that had been returned from the fleet. The
inspections evaluated all workmanship using the latest soldering specifi-
cation, WS-6536D, which differed from that used in the design and man-
ufacture of the missiles; WS-6536D was used because the teardown team
members were not familiar with the Harpoon's specific contract
requirements.

Although the teardown report described the overall workmanship qual-
ity as “very good,” some problems were disclosed and recommendations
were made. While the report did not individually classify them or list
the total number—which was 191 on the new production missile and
208 on the fleet return missile—it did conclude they were minor.

We asked Naval Weapons Center and Pacific Missile Test Center repre-
sentatives who had participated in these teardowns to assign risks to
each defect using WS-6536C, the specification used to manufacture the
missiles. These assessments were performed based on the descriptive
words in the report and did not include reviewing the photographs of
the defects. These representatives said that about 80 defects that had
been classified as minor would have been considered serious based on
the criteria in WS-6536C. Defects included fractured or disturbed solder
joints, joints with insufficient soldering, and flux residue. According to
the specification, parts with these defects are to be reworked or
repaired.

The results of the teardowns were published by the Naval Weapons
Center but were not widely disseminated. According to MDAC, the Navy
Plant Representative Office, and the teardown team members we con-
tacted, they had not seen the report until we provided them copies. In
our opinion, such reports should be disseminated because they contain
information that contractors can use in identifying and eliminating
defects. In commenting on a draft this report, DOD said that since there
were no major defects and no recommendations, the teardown report
was not generally released. All team members, including MDAC and plant
representative office personnel, were given exit debriefs.
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Subcontractor Control

According to MDAC cost data, about 72 percent of the cost of the Harpoon
is for subcontracts and material. Thus, the quality of the missile is heav-
ily dependent upon the quality control at subcontractor facilities and
MDAC's control of the quality of its subcontractors and suppliers. How-
ever, our review of quality assurance audit reports prepared by MDAC
and various government agencies indicated that MpaC was not always
able to get its subcontractors to take effective corrective action. The
most common problems were adherence to procedures and to soldering
specifications, inadequate records and work instructions, and inappro-
priate material disposition.

Subcontractor quality assurance requirements are not always imple-
mented as intended. MDAC representatives told us MDAC is hesitant to
force compliance or to seek adequate corrective action for contractual
and/or procedural requirements. This, they said, stems from the fact
that many of MDAC’s subcontractors are major prime contractors (e.g.,
Texas Instruments and IBM) and are considered to be expert in their
fields, providing unique items that usually cannot be obtained from
other sources.

In commenting on this report, MDAC said that although it was lax in its
follow-up of quality assurance audits, the problems cited above repre-
sent noncritical matters and its follow-up system has been improved. It
added that although it recognizes and uses the expertise of major suppli-
ers, all Harpoon requirements are rigidly enforced.

Our conclusions concerning MDAC’s control of subcontractors is based on
our extensive review and analysis of 782 quality assurance audit find-
ings. We found that 383 of the findings related to subcontractors and
about 25 percent of those could affect the form, fit, or function of the
missile based on definitions contained in Military Standard 105, Sam-
pling Procedures and Tables for Inspection by Attributes. Our analysis
of the actions taken to correct the 91 most serious subcontractor find-
ings disclosed that in 29 instances either action was not taken or action
taken did not address or correct the problem.
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The Sparrow (see fig. V1.1) is a medium-range air-to-air (AIM) and sur-
face-to-air (RIM) missile used by the Navy, the Air Force, and several
foreign countries. The AIM/RIM-7M, the latest version of the missile,
was first delivered to the fleet in January 1983. Current plans are to
procure 7,944 missiles at an estimated average unit procurement cost of
$183,000.

Figure VI1.1: Sparrow AIM/RIM-7M Missile Sections

Guidance Section

Radome

Warhead

Rocket Motor
Wing (4)

Control Section

Missile Dimensions & Weight

Diameter 8 In.
Length 142 In.
Wing Span 40 In.
Weight 510 Lbs.
Source: U.S. Navy
The two prime contractors producing the guidance and control e« tions

under firm fixed-price contracts are the Raytheon Company, Low«l}
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Massachusetts, and General Dynamics Corporation, East Camden,
Arkansas. The missile’s rocket motor is procured from Hercules, Incor-
porated, Rocket Center, West Virginia, and the safety and arming device
for the warhead is procured from Piqua Engineering, Inc., Piqua, Ohio,
and Micronics International Inc., Brea, California. The guidance, control,
propulsion, and warhead sections are assembled into complete rounds at
naval weapons stations. The government’s in-plant quality assurance
programs at Raytheon and General Dynamics are administered by DCAS.

We reviewed reports and other documents on the quality of the guidance
and control sections produced by Raytheon, the original prime contrac-
tor. Teardowns of four samples of those sections during 1986 and 1987
disclosed continuing quality problems. The government accepted hun-
dreds of missiles during this time that were suspected of having defects
that could affect missile reliability according to Navy teardown criteria.
In two instances, additional testing of the teardown missiles by Ray-
theon indicated that the defects would not affect reliability. Other sus-
pect missiles were not further tested or inspected beyond requirements
in the contract but, for some, additional warranties were obtained. Addi-
tionally, problems with three missile components/parts (the detonators,
the wings, and antenna bracket springs), each involving subcontractors,
were not detected until thousands of missiles or missile components
were potentially affected.

Teardowns

As required by the Navy’s contracts with Raytheon and General Dynam-
ics, two teardowns of the guidance and control sections are performed
yearly under each contract. Seven teardowns took place during the
period covered by our review, four of them on Raytheon missiles.

April 1986 Teardown

An April 1986 teardown of a Raytheon missile disclosed 603 defects, of
which 10 were described as major, requiring repair. Of these, eight were
soldering defects such as a fractured solder joint, insufficient solder, and
solder fragments; one was a problem with the missile’s gyro; and one
was a damaged resistor. Defects of a similar nature on other Sparrow
missiles also were being detected and reported by DCAS during produc-
tion, thus raising concern about the missiles being produced at that time.
Accordingly, Raytheon strengthened its production and process controls
and DCAS set up special inspection points at four areas of the plant
where teardown resuits had indicated major problems existed.
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September to October 1986
Teardown

During the September to October 1986 teardown of a Raytheon missile,
defects were categorized as high, moderate, or low risk rather than as
major or minor. The number of defects reported dropped from 603 in
April 1986 to 146, of which 9 were identified as high risk (i.e., likely to
affect the short-term reliability of the missile). These included conduc-
tive material contamination, insufficient solder, and solder fragments. A
DCAS representative who participated in the teardowns said the quality
of the missile torn down was about the same as the one in April 1986.

June and August 1987
Teardowns

A June 1987 teardown of a Raytheon missile showed 127 reported
defects, of which 12 were reported as high risk. These high risk defects
included five instances of solder fragments, three conductive material
contaminations, three nicked leads or wire cuts, and one extensive
measling problem. (See discussion of altimeter problem in app. V for
information on measling.) The teardown team noted some improvements
in quality but also said they were concerned about the type and number
of defects.

In a July 15, 1987, letter to Raytheon, the NAVAIR Sparrow program man-
ager described the teardown results as disappointing and directed the
China Lake Naval Weapons Center, the Pacific Missile Test Center, and
the pCas Plant Representative Office to conduct a detailed review of
Raytheon production procedures. The review, conducted in August
1987, focused on the two areas where most of the defects were occur-
ring—rework and soldering operations—and included a teardown Ray-
theon performed with government representatives as observers. Risk
assessments were not assigned to the defects identified; however, the
results were described by government representatives as being essen-
tially the same as those from the previous two teardowns. A written
report was not prepared, but the need for certain changes was identified
and agreed to verbally by Raytheon officials.

Raytheon officials said that, in their opinion, the problems detected in
the teardowns were more cosmetic than substantive. They said that
before a missile is subjected to a teardown inspection, it has usually
undergone about 200 hours of simulated flight without a failure. Addi-
tionally, in commenting on this report, Raytheon said there is no correla-
tion between the types of faults found in the missile teardowns and
reliability as verified through testing. It cited high reliability figures
experienced in various tests of the missile and additional testing of the
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April 1986 and June 1987 teardown missiles. Raytheon said both mis-
siles were re-assembled and rerun for additional failure free hours—350
hours on the April 1986 missile and 184 hours on the June 1987 missile.

DOD, in commenting on this report, said each of the major and high risk
defects was carefully reviewed and determined to have no affect on mis-
sile performance and reliability. However, the only additional testing
and analysis we found to support such a determination was the testing
done by Raytheon on the April 1986 and June 1987 teardown missiles.
Neither of the other two teardown missiles was tested beyond what was
required in the contract nor were any of the other Sparrow missiles
which the four sample missiles represented.

Warranty Controversy

For some Sparrow guidance and control sections delivered in 1986 and
1987, the Navy took two actions that affected warranties and responsi-
bilities for repair costs on a limited number of the Sparrow missiles
delivered by Raytheon. One action resulted in the Navy and Raytheon
disagreeing about who will pay for the repair of certain failures.

NAVAIR, concerned about the number and type of defects (primarily sol-
dering defects) discovered in the April 1986 teardown and revealed dur-
ing DCAS inspections, negotiated a special agreement with Raytheon in
which a conditional acceptance would be attached to 512 missiles.
Under the agreement, Raytheon is to repair failures caused by soldering
workmanship and material defects during the next 3 years and to be
responsible for the repair costs.

As of February 12, 1988, 28 failures of these missiles had been reported
in tests after they left Raytheon, and the missiles were returned tor
repair. Nineteen returns were because the missile had failed incoming
electrical tests either at weapons stations or at depots and 9 because of
test failures at other locations such as the Pacific Missile Test Center.

Raytheon officials said that Raytheon does not believe it is liable for
repair costs on any of these missiles because the Sparrow has not gone
below the 95-percent acceptance quality level specified in the contracts.
According to Raytheon officials, missiles that fail incoming electrical
tests at weapons stations come under the acceptance quality level clause

'Under an acceptance quality level clause in its contracts, if the missiles do not meet watogative
acceptance level of 95 percent or more during incoming electrical tests, Raytheon i~ ri~j«sihle for
the repair costs. Raytheon’s acceptance quality level for the 1985 contract was over 0 ja -t as of

April 1987, and the cumulative level has been about 97 to 98 percent since 1981
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Defective Detonators

in the contract, not the special warranty agreement. These officials
believe the special warranty relates only to failures experienced after
the missiles have passed these incoming tests.

NAVAIR officials disagree with the Raytheon officials. They believe that
missiles that fail during these incoming tests as a result of soldering
workmanship or material defects are covered under the special agree-
ment and should be repaired at Raytheon’s expense.

Raytheon, in its November 1987 comments on our report, stated:

“Notwithstanding our firm belief that we have no contractual obligation to do so.
Raytheon, without prejudice on a nonprecedent basis, will bear the costs of repair-
ing the nineteen GCS’s [guidance-control sections] in question which have failed the
first electrical test, to the extent repairs are required.”

Navy testing and analysis of Sparrow safety and arming devices in late
1986 and early 1987 revealed that some MK 71 detonators in these
devices were defective because they lacked some of the explosive com-
pound (lead azide) required by the detonator specifications. The detona-
tors are produced by Caelus Devices, Incorporated, Hollister, California,
a subcontractor to Micronics International and Piqua Engineering, which
manufacture the Sparrow’s safety and arming device.

The Navy and the contractors involved began attempting to determine
the extent of the problem (i.e., how many detonators were suspect and
which devices contained these suspect detonators) in October 1986.
However, this has been complicated by the possible intermingling of det-
onator lots and by the uncertainty of the effect of having one bad and
one good detonator in a safety and arming device. (Each Sparrow missile
safety and arming device has two detonators.) Testing and analysis
were ongoing at the completion of our review.

Extent of Problem

In March 1987 the Navy estimated that there were eight lots of Sparrow
safety and arming devices containing 3,950 suspect detonators. Of these
eight lots, four were placed in warheads that were shipped to weapons
stations where some of the warheads were installed in missiles sent to
the fleet. The Navy later revised its estimate to about 8,000 suspect
Sparrow detonators.
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As of July 1987, 3,611 Sparrow safety and arming devices, containing
7,222 of the suspect detonators, had been screened. Of those screened,
225 devices failed because they contained at least one bad detonator.
Figure VI.2 illustrates the difference between a detonator with the miss-
ing explosive compound (lead azide) and one with all the lead azide.

Figure V1.2: lllustration of Normal and Defective Sparrow Detonators
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By September 1987 the Navy had decided to screen additional missile
safety and arming devices. This decision was based on the results of
tests performed in late August 1987 at the China Lake Naval Weapons
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Center. The tests involved detonating 50 good and 50 defective detona-
tors in simulated safety and arming devices to determine whether one
good and one bad detonator was sufficient to detonate a missile’s war-
head. A Sparrow program official said the results indicated that this
combination is sufficient to detonate the missile’s warhead about 72 per-
cent of the time. Navy officials said that two defective detonators proba-
bly will not set off the warhead.

The only way to ensure that missiles do not contain bad detonators is to
x-ray or screen all devices that could contain potentially defective deto-
nators. According to a Sparrow program office representative, this will
involve screening devices in up to 400 additional Sparrow warheads.

Safety and arming devices for the Navy’s Sidewinder and Standard mis-
siles and the Army’s Chaparral missile also received some of the suspect
detonators. Considering all Navy, Army, and Air Force missiles. we esti-
mate that up to 10,000 of these safety devices will have to be screened
to determine whether they have been affected. As of June 29, 1987,
screening of 7,127 devices had identified 297 with at least one bad
detonator.

In its January 1988 comments on this report, DoD said all but 402 Spar-
row safety and arming devices had been screened and these are being
recalled. According to the Navy, based on statistical experience to date.
four of these are potentially defective.

Cause of Problem

A NAVAIR Sparrow program official and Naval Weapons Center otficials
said the problem occurred because Caelus did not use sound manufac-
turing techniques. According to Caelus officials, certain second shift
workers did not follow prescribed production procedures that resulted
in insufficient explosive compound being placed in detonators produced
over a l-month period. The Caelus officials indicated that the production
and inspection processes lent themselves to inefficient quality control
When this problem was discovered, several corrective actions were
taken. However, these actions were insufficient to detect all defective
units processed.

The former DCAS representative responsible for performing government
source inspections at Caelus did not report any problem. The former
inspector told us at a meeting in June 1987 that he “probably™ did not
perform the required reviews, even though he had signed and affixed
the Dcas stamp on the respective shipping documents. He said thit
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because of the workload and number of sites he had to cover, his pri-
mary concern was to oversee prime contracts, not small subcontracts.

In commenting on this report, Caelus said the inspector probably did not
inspect for the problem because it was not required. To verify our infor-
mation, we contacted the current bcas representative for Caelus who
told us that the letter of delegation from the DcAS at Piqua required that
a test be done to verify the presence of lead azide. Documentation on file
indicated only one such test had been performed by the former Dcas rep-
resentative, and it was of an insufficient sample. Caelus also suggested
in its comments that we may have misquoted the inspector when we
said his primary concern was prime contracts, although Caelus officials
were not present when we interviewed the former DCAS inspector.

Micronics and Piqua, as contractors for the safety and arming devices,
are responsible for the quality of materials provided by their subcon-
tractors, including Caelus. The Vice President of Micronics acknowl-
edged to us that they have this responsibility but added that the
government may also be partially at fault for this problem. In his opin-
ion, the request of the DCAS at Micronics to the pcas at Caelus to perform
government source inspection at Caelus and the bcas stamp affixed to
the Caelus shipping documents indicate government quality assurance
review and acceptance of the detonators.

Piqua’s quality assurance surveys at Caelus did not note potential prob-
lems with Caelus’ production process. In commenting on this report,
Piqua acknowledged that it is responsible for the quality of material
supplied by its subcontractors, but said it believes the government must
bear part of the responsibility for the defective detonators. It said all
shipments were source inspected at Caelus by the government, which
indicated specified tests were run and procedures were followed.
According to Piqua, it could not have caught Caelus deviating from the
procedures without having an inspector in the plant at the time the
deviation occurred.

DOD did not comment on why the DCAS inspector approved acceptance of
the Caelus detorators without performing the proper inspections or on
the extent to which the government may be responsible for the defectiv:
detonators. DoOD did remark that the records at Caelus were exception-
ally poor, making the screening process difficult.
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Cost Implications

RIM-7M Wings

In September 1987 a Sparrow program office official said that at the
present time, the Navy and the Air Force are paying for the screening
program. The official also said that Piqua and Micronics agreed to pay
for replacing defective detonators and reinspecting the safety and arm-
ing devices and for some related shipping costs. Piqua estimates it will
cost about $300 to repair each device. However, until the number of
devices with defective detonators is determined, the cost of correcting
the problem will not be known. The program office estimates that the
Navy and the Air Force's cost to screen both Sparrow and Sidewinder
missiles will not exceed $220,000 and said the Navy may seek some
reimbursement from Piqua and Micronics.

According to a NavAIR Sparrow program official, Piqua and Micronics
agreed to x-ray detonators under current Sparrow contracts at no addi-
tional cost to the government. Although not required by the specifica-
tion, Piqua and Micronics officials said that it would be impossible to
detect a void without x-raying the detonators.

Sparrow RIM-7M folding wings, manufactured by Marvin Engineering
Co., Inc., Inglewood, California, under subcontracts with Raytheon and
General Dynamics, were not cut sufficiently during production to permit
some of the wings to fold enough to allow the missile to be placed cor-
rectly in launching tubes aboard ships. Marvin Engineering started
repairing the wings in February 1987 at no cost to the government, and
Marvin Engineering officials believe that all wings have now been
repaired.

Problem Identified

The Navy first learned of the problem with Sparrow folding wings when
the Hellenic Navy (Greece) reported the problem to NAVAIR in September
1986. The wings were returned to the Yorktown Naval Weapons Station
for investigation, and Raytheon notified Marvin Engineering of the
problem.

In November 1986 representatives from NavAIR, North Atlantic Treaty
Organization, Yorktown Naval Weapons Station, China Lake Naval
Weapons Center, Raytheon, and General Dynamics met at Yorktown to
examine wings that had been returned from Greece. The wings were
evaluated as “bad” because they would not accept the launcher clip and.
therefore, would not fit into the launcher tube.
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This problem had not been reported by U.S. Navy fleet units. NAVAIR offi-
cials offered two possible explanations for this: the wings provided to
the Navy were not as far out of tolerance and could fit into the launch-
ers, or U.S. sailors were able to force the wings closed to install the
launcher clip and fit the missile into the launchers.

Extent of Problem

In January 1987 an urgent bulletin was issued that, based on serial num-
bers involved, identified as many as 5,721 defective wings. According to
Marvin Engineering, because of a break in the manufacturing serial
number sequences only 5,036 suspect wings were produced, not 5,721.
In February 1987 Marvin Engineering began correcting defective wings
at Yorktown. As of September 1987, a Marvin Engineering official told
us the company had repaired 4,841 wings and believed that all defective
wings had been repaired.

Most of the defective wings were identified and repaired before being
put aboard ships. The Navy, however, has no system for tracking these
missile wings and therefore could only estimate the number of suspect
wings placed aboard ships. The Sparrow program office believed as
many as 936 might have been aboard ships in January 1987.

DOD, in commenting on this report, said that it has two systems for
tracking and controlling suspect or defective minor components of mis-
siles and weapons and that these were used to locate the defective
wings. We found, however, that the wings were not tracked by serial
number, and thus the exact locations of the wings in question were not
known.

Impact of Problem

The Sparrow program manager said the wing problem has not attected
readiness or missile performance as it was possible to force the wings to
close, put a clip on them, and insert the missile into the launcher tube.
The acting supervisor of the wing and fin repair shop at the Yorktown
Naval Weapons Station and other Navy officials told us. however. that
some of the defective wings would not fold sufficiently, even when
forced, to allow missile placement within launcher tubes.

In commenting on this report, DoD said the wing problem has had abso-
lutely no effect on missile performance and the effect on readiness is
considered very small. It said that only 20 wings could not be tolded,
and these were easily replaced in the fleet. We found, however. that the
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number of wings that could not be folded is not known. When the prob-
lem was discovered and the serial numbers of the wings in question
were identified, repairs were initiated by Marvin Engineering. Many of
the wings were repaired without being inspected to see if they could be
folded sufficiently to permit attachment of the wing clip. Thus, the
number of wings flawed to the point of affecting use was never estab-
lished. Figure V1.3 shows Sparrow wings with the clip attached, and fig-
ure V1.4 shows two defective wings folded on a missile.

Figure V1.3: Folded Non-Defective
Sparrow RIM-7M Wings

= . |
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Figure Vi.4: Folded Defective Sparrow
RIM-7M Wings

Sl

Quality Control
Breakdown

In December 1986 a review team, consisting of representatives from
Raytheon, General Dynamics, and the China Lake Naval Weapons
Center, visited Marvin Engineering to investigate the problem. They
found that the problem started in June 1985, when Marvin Engineering
changed its manufacturing method by using different machinery that

did not cut the wings to the acceptable angle. A Marvin Engineering off:

cial said the company did not notify either prime contractor because the
change was not a production process change that would have required
such a notification.

A Marvin Engineering official said that the problem is a vague note on
the drawing, not one of quality. Also, a drawing or specification require
ment for folding the wings to any specific degree, which would verify
they were properly cut, did not exist. In commenting on this report, the
company added that there was no specific requirement for a fold angle.
Thus, Marvin Engineering does not believe it made any errors in machi
ing the wings to the drawings as they existed at that time. The prime
contractors and NavAIR officials claim that if the contractor had followe
the specification, the wings would have been properly produced.
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Neither the DCAS quality assurance representatives at Marvin Engineer-
ing nor the General Dynamics and Raytheon inspectors detected the
problem. A Raytheon official said that the inspection checklist the Ray-
theon inspectors used did not require folding the wings to a specific
angle because the drawing did not specify this requirement. Such an
inspection of the end item part would have been the only way to detect
the problem in a completed wing. Additionally, Raytheon said that an
interface gauge to assure proper assembly should have been designed
and made available by the government for Plant Representative Office
and contractor use. Finally, Yorktown Naval Weapons Station personnel
did not detect the problem because, according to a Yorktown official,
wings received at the station are categorized as ready for issue and the
fold angle is not checked.

Actions were taken to prevent future problems. The China Lake Naval
Weapons Center assigned General Dynamics the task of reviewing, clari-
fying, and updating the folding wing drawing package. Marvin Engineer-
ing added new machining and inspection operations to its work process
and tightened its in-process quality inspection requirements. Raytheon
revised its inspection acceptance forms to require that the wings be
folded to the minimum fold angle and that a check be made of the hinge
radius area on unassembled parts. Raytheon officiais told us that the
pcas at the Raytheon-Lowell facility requested the pDcas at Marvin Engi-
neering to perform government source inspection of the wing hinge.

Cost Impact

Antenna Bracket
Springs

The President of Marvin Engineering stated the company is repairing
the wings at no cost to the government. However, the Navy stated in a
May 1987 letter that it had paid about $29,000 to uncrate and recrate
suspect wings. An official of NavAIR told us that the Navy requested Ray-
theon and General Dynamics to pay for these costs and that discussions
are in process with the contractors.

In March 1986 operational units in Germany discovered that the
antenna bracket spring, a small part externally attached to the rocket
motor of the Sparrow, was cracking and/or breaking in a number of
deployed missiles. Although a defective spring would not affect the per-
formance of the missile, there is a remote chance that the broken spring
could fall from a missile, perhaps onto the flight deck of an aircraft car-
rier, and be drawn into the engine of an aircraft, causing serious
damage.
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The affected missiles and rocket motors were identified and the springs
replaced as soon as possible. Hercules, Inc., the prime contractor for the
rocket motor, replaced 2,728 springs, and the Navy performed the labor
at an estimated cost of $85,000. NavAIR does not intend to seek reim-
bursement for this expense as the Navy’s technical data package for the
spring was deficient and contributed to the problem.

The problem occurred as a result of a Hercules subcontractor heat treat-
ing the springs to a higher tensile strength than necessary to meet mini-
mum requirements. This caused the springs to become excessively hard
and to crack and,/or break when placed under pressure in the missiles. [t
was never determined why the supplier started heat treating the springs
to a higher tensile strength. At the time, the Navy’s drawings stated a
minimum tensile strength but did not specify a maximum. However, the
specification has been changed to specify a maximum tensile strength. A
Hercules representative told us that the company has stopped purchas-
ing springs from this supplier because of quality and delivery schedule
problems.

According to the Hercules representative, the company paid tfor the
replacement springs because it is responsible for ensuring the quality of
the parts in the rocket motor. He said that while Hercules does perform
receiving inspection on all components, the degree of inspection per-
formed is relative to the complexity of the part. He added that subcon-
tractors cause quality problems for Hercules when they (1) do not
adhere to quality assurance procedures and (2) do not fully understand
that government specifications are usually tighter than commercial
specifications.
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ASSISTANT SECRETARY OF DEFENSE
WASHINGTON D C 20301 8000

PRODUCTION AND
LOGISTICS 19 JAN 1989

(PS/IPQ)

Mr. Frank C. Conahan

Assistant Comptroller General

National Security and
International Affairs Division

U.S. General Accounting Office

Washington, DC 20548

Dear Mr. Conahan:

This is the Department of Defense (DoD) response to the
General Accounting Office (GAO) Draft Report, "QUALITY ASSURANCE:
Concerns About Four Navy Missile Systems," dated October 29, 1987
(GAO Code 394186), OSD Case 7451.

The DoD partially concurs with the report. The DoD
acknowledges that a number of problems have been experienced during
the production of the Navy missiles. There are established
procedures to identify defects and potential problems at the
earliest time in production and to expedite corrective actions
necessary to provide quality missiles to the fleet. Contrary to
the GAO implication, in no case has the Navy knowingly accepted
missiles suspected of containing defects that could affect the
performance of the missile. 1In any case where the defects were
determined to affect performance, the contractor was required to
take the necessary corrective action.

Further comments on each of the GAO findings are enclosed. 1In
addition, a number of technical corrections have been separately
provided to members of your staff.

The DoD appreciates the opportunity to comment on the draft

report.
) ?ince;ely,
< = ~
—
. Jack Katzen
Deputy Assistant Secretary of Defense
(Systems)
Enclosure
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GAO DRAFT REPORT DATED OCTOBER 29, 1587
(GAO CODE 394186) OSD CASE 7451

"QUALITY ASSURANCE: CONCERNS ABOUT FOUR NAVY MISSILE SYSTEMS"

DEPARTMENT OF DEFENSE COMMENTS

x k k k K

FINDINGS

FINDING A: Assessing the Quality of Navy Missiles: Conformance
With Specifications. The GAO reported that one measure to assess
the quality of missiles being delivered to the Navy is how well
the missiles conform with specifications. The GAO found that the
four missiles 1t reviewed had numerous instances of nonconformance
or defects. The GAO reported that, while most of these instances
were judged to be minor, groups of missiles were accepted that
were suspected of having defects that could effect performance.
According to the GAO, in a few instances, the defects were xnown to
exist during production, but the Navy granted a waiver or
deviation. The GAO reported that in other instances, however, the
defects were detected during teardown inspections, and the Navy
opted to accept the missiles as they were. In addition, the GAU
reported that some of the defects in the missiles delivered during
1986 and 1987 were not discovered until after the missiles had
been delivered to the fleet, effecting anywhere from one or twc to
hundreds or thousands of missiles. (pp. 24-26/GAO Draft Report)

DoD Regponse: Nonconcur. The report indicates that the Navy
knowingly accepted missiles that were suspected to contain defecrs
that could effect the performance of the missiles. 1In no case d:d
the Navy knowingly accept missiles suspected of containing defecrs
that could effect the performance of the missile.

In the case of defects detected during teardown inspectiuns,,
all were analyzed and/or tested to confirm there was no effect :n
the performance of the missile. When the defects were judged t.
effect the performance of the missile, the contractor was required
to rework the missiles. The report cites examples of actions
taken by the Navy to have the contractor correct such defects
missiles known to have defects effecting performance.

In some cases, missiles are accepted with certain
specification nonconformances after careful engineering review a:d
analysis, including testing, to ensure that there is no
performance or reliability impact. Such nonconformances dc r.-
render the product defective. This is a formal, contractually
authorized and well documented process. Rework of minor ccsme- .
nonconformances often has a higher potential for reducing m.ss..e
reliability than the original problem, and unnecessarily adds
program cost. Also, by definition, minor deviations or wa.vers

1
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not effect cost or performance. If a major deviation or waiver 1s
granted, consideration is obtained from the contractor.

The report also states that a number of problems were
discovered after delivery to the fleet. The report does not,
however, give adequate credit to the fact that the in-place
quality assurance system at contractors and Navy activities was
responsible for detecting almost all cited problems. More
importantly, the Navy took quick and decisive actions to resolve
problems detected by the in-place guality assurance systems. In
any large and complex manufacturing process, "escapes" are bound
to happen. The important point is that the Navy is not complacent
about such escapes, and has actively and aggressively obtained
corrective actions from responsible contractors and seeks to
introduce process disciplines that will reduce the future
likelihood of such escapes. Such efforts as teardown inspections
are ample evidence of the continued importance the Navy places
upon quality.

FINDING B: Assessing the Quality of Navy Missiles: Missile
Reliability. The GAO reported that a second measure of quality 1is
the reliability of the missiles. The GAO reported that, to assess
reliability, various tests are performed after the missiles are
delivered to the Government. The GAQO, discussed two such tests,
as follows:

- production acceptance tests, performed before the missiles are
sent to the fleet; and

- captive carry tests, after they are sent to the fleet.

The GAO assessed the mean-time-between-failure (MTBF) for both
types of tests performed for the four missiles it reviewed and
found that the missiles are generally meeting the MTBF contract
requirements. The GAO noted that there was insufficient data to
assess captive carry results of the PHOENIX AIM-54C. The GAO
pointed out that captive carry testing does not detect failures in
the propulsion or warhead sections of the missiles, but that such
problems have impacted missile effectiveness. In addition, the
GAO noted that the Navy has a program to evaluate the quality of
stockpiled missiles, but found that no such analyses had been
performed on the missiles it reviewed. (pp. 3-4 p. 24, pp. 27-
30/GAO Draft Report)

DoD Response: Partially concur. While the DoD agrees with the
general gescription of tests and their results, the DoD does not

agree that "there was insufficient data to assess captive carry
results for the PHOENIX AIM-54C." Table II.1 of Appendix II of
the GAO draft report indicated PHOENIX captive carry MTBF to be
346.9 hours. Also, the report ignores all operational test
experience on the AIM-54C. Considering all flights through
Operational Test IIIA, the AIM-54C MTBF is 572 hours at a 75
percent confidence level.
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With regard to the GAO statement that captive carry testing
does not detect failures in the propulsion or warhead sections of
the missiles, and that such problems have impacted missile
effectiveness, the first phrase was factual, but the follow on
phrase is not relevant. It appears that the GAO intent was to
define a need for testing that goes beyond the guidance and
control section. Any test of those components, however, would
result in their destruction. The Navy speciflies stringent test
and acceptance quality levels on lots of each of the aft (warhead
and propulsion) components. In addition, these "single shot”
devices are sample tested (destructive evaluation) at the sub-
contractor level to verify lot i1ntegrity and provide
quality/reliability confidence.

Contrary to the GAO finding, the Navy program for the quality
evaluation of all of 1ts in-service or stockpile missiles and
weapons has included the four missiles reviewed by the GAO. This
program addresses the gquality of produced missiles and weapons
after fleet deployment or storage (time). This program brings all
of the components or sections of the missiles into laboratories
not just the guidance and control sections. Complete all-up-round
weapons or sections are evaluated on a cyclic schedule based upon
in-service age, environmental usage, similarity to other systems,
chemical/ physical make-up, as-built configuration, etc. During
FY 1986 and FY 1987, for example, six PHOENIX evaluation reports,
15 SPARROW reports, six HARM reports, and 14 HARPOON reports were
prepared.

The PHOENIX (AIM-54C) guidance and control sections have not
been evaluated by this program as the units have not experienced
sufficient fleet deployment time to allow for a scientific or
statistically significant evaluation. It should be noted that the
AIM-54C only represents 10 percent of the active PHOENIX missile
inventory (AIM-S4A and C).

The SPARROW (AIM~7M) guidance and control sections have been
included in the overall SPARROW (AIM=7E, F, M and RIM-7H) weapon
systems evaluation process. The evaluation process is, however, a
long one since the program is designed to evaluate for long-term
fleet exposure related degradation. Accordingly, while there are
several SPARROW system evaluation reports available, there are nc
unique AIM-7M guidance and control section reports available at
this time. The GAO draft report also did not recognize that there
is also an ongoing Air Force program, with significant data, that
addresses the issue of evaluating the quality of stockpile
missiles. The Air Force data indicate that SPARROW missiles
significantly exceed their storage requirements.

The HARM and HARPOON missile systems are currently being and
have been evaluated by this program. These missiles are
constantly undergoing evaluation (depending on their specific
evaluation cycle). The evaluation process is not unduly
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restricted by the inventory status of the individual weapon
system. As necessary, the missiles or missile sections are
removed from the inventory for evaluation. If the evaluation is
nondestructive, sections are returned to the inventory.

PINDING C: Assessing the Quality of Navy Missiles: Fleet

Firings. The GAO reported that a third means to assess missile
quality is the missile firing program conducted by the Fleet
Analysis Center. The GAO reported that, between January 1986 and
July 1987, 49 fleet telemetry firings were made of the SPARROW and
22 of the HARPOON. According to the GAO, the High-Speed Anti-
Radiation Missile (HARM) was fired 27 times by the fleet during
this periocd, but the only telemetry firings were nine performed by
the China Lake Naval Weapons Center. With regard to the PHOENIX,
the GAO found that the only firing data available were those
obtained during earlier testing. The GAO noted that the PHOENIX
is currently undergoing additional testing, with the first firing
taking place in September 1987. The GAO reported that it could
find no criteria to evaluate the overall results of the fleet
firings. The GAO further reported that users it contacted were
satisfied with the performance and capabilities of the missiles.
(p. 24, pp. 30-34/GAO Draft Report)

DoD Response: Partially concur. The purpose of the fleet firings
of a missile is two fold -- (1) to provide an opportunity for the
evaluation of the actual performance of the missile and (2) to
provide an opportunity for pilot training. The Navy attempts to
provide telemetry packages for all of its fleet firings. Of the
four missile systems under discussion, over 95 percent of the
PHOENIX and SPARROW fleet firings are conducted with a telemetry
package and over 70 percent of the HARPOON firings are configured
with telemetry packages installed.

The HARM missile has not utilized telemetry packages for its
fleet firings since the basic firing 1s destructive to both the
missile and its intended target; whereas, the targets for the
other missiles are intended to be recoverable. A large number of
these HARM firings were conducted at the Navy Weapons Center,
China Lake, which utilizes an instrumented range to track and
analyze the firings.

The Navy tests each missile before its planned fleet firing,
whether or not the missile contains a telemetry recording device.
A planned fleet firing is a very expensive undertaking, in that
ranges, aircraft, targets, weapons, support personnel, and
telemetry recording devices (both in the missile and on the
ground) are employed. This also ensures range safety. Each
missile is tested using an intermediate maintenance level test set
before it is provided to the fleet unit that will conduct the live
firing. As with any intermediate level test, the data from this
test is provided to the Navy Maintenance Data Collection System
(MDCS) and is analyzed as part of all maintenance data. Also,
each missile is tested on the individual aircraft just as it would

4
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be in the actual fleet environment. The data from this test 1is
reported in the same manner as the testing of all fleet missiles.
These test results are reported through the standard Navy
maintenance data reporting systems. The telemetry test data
contains only the actual missile flight and firing telemetry data
and is not intended to contain preflight data. Both the telemetry
data and the missile maintenance data is readily available, and :is
analyzed for trends and failures.

With regard to the GAO statement that it could find no
criteria to evaluate the overall results of the fleet firings,
the Test and Evaluation Master Plan (TEMP) provides baseline
criteria for fleet evaluation. The missile capability is
evaluated through a fleet conducted follow-on test and evaluation
program. Additionally, the Navy uses missile specific criteria to
evaluate each fleet firing. These are used in individual/unique
component engineering performance criteria -- i. e., the same
criteria used to evaluate performance during test or production of
the missile. These individual parameters are recorded by
telemetry and are analyzed to determine whether or not the missile
would have been successful if it had contained a live warhead.
This evaluation takes into account the speed of the missile, the
kill radius of the warhead, the timing seqguence of the target
detecting device and the fuze train, the size and speed of the
target, and various other factors that effect kill performance.

FINDING D: Quality of Subcontractor Material. The GAO found

that subcontractors play a major role in the production of each of
the four missiles it reviewed. The GAO reported that regulations
place responsibility on the prime contractor for assuring that the
quality of the material and parts provided by its subcontractors
conform to contract requirements, while the Government plant
representative office verifies the adequacy of subcontractors
controls. The GAO found that subcontracted parts were involved 1n
every instance where a quality problem was not discovered until
after defective or potentially defective missiles had been
accepted by the Government. The GAO also pointed out that both
Air Force and Defense Logistics Agency (DLA) reviews, from 1984 to
1986, indicated that prime contractor control of vendor material
has been a widespread problem in the DoD. In addition, the GAO
reported that a Navy official acknowledged that subcontractor
control is a problem, and stated that many contractors are not
aware they have vendor control problems. The GAO also cited both
DoD and Navy manuals as recognizing that more attention is needed
to address subcontractor control problems. {pp. 34-37/GAO Draft
Report)

DoD Response: Concur. Subcontractor controls need to be
continually stressed. The Naval Air System Command has, and wil:
continue, to place emphasis in this area and totally supports the
efforts of other involved DoD activities.

Creation of a system to provide absolute control of every

5
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subcontractor manufacturing operation 1s not affordable, nor is 1t
cost effective. It is noted that Government surveillance relies
largely on the integrity of individuals and contractors. Quality
problems that emanate from fraudulent activities, such as the HARM
transducer problem (see finding L), are extremely difficult to
detect and would involve an enormous expense to provide absolute
assurance of product quality.

FINDING E: The Impact of Soldering on Missile Quality. The

GAO reported that much controversy has surrounded the issue of
soldering requirements. According to the GAO, there has been
general agreement that adherence to soldering standards is
important to producing a reliable missile, but there has been much
debate about the appropriateness of requirements contained in the
Navy specification WS-6536. The GAO reported that the conflicts
have arisen because most contractor soldering processes do not
meet the requirements and there is a feeling the specification is
overly restrictive. According to the GAO, a 1987 Navy project
team report attributed problems being experienced in the fleet to
poor workmanship, rather than the soldering specifications, thus
leaving the question unanswered. The GAO also reported, however,
that both DoD and Navy quality assurance officials believe
compliance with the soldering specification is important to ensure
that the missiles are of high quality. The GAO noted that the
Navy is presently doing research and tests to determine how !
certain soldering nonconformances may effect performance and

reliability. In addition, the GAO reported that the Navy is
currently evaluating the WS-6536 requirements and has begun to
phase out its use in favor of a new DoD soldering specification
DoD-STD-2000. The GAO concluded that the Navy should continue
these efforts, which should help resolve some of the controversy
surrounding missile quality. (pp. 6-8, pp. 38-40/GAO Draft
Report)

DoD Response: Concur. The DoD acknowledges that some soldering
defects could lead to missile failures. It should also be
recognized, however, that many soldering non-conformances will not
lead to missile failures. Their presence in large numbers is an

indicator of a process that may need adjustment. Such an

observation by the Navy leads to required corrective action by the

contractor (if not already underway due to the contractor's own

quality system). There is no known fleet problem on these

programs as a result of a failed solder joint. This is supported

by the absence of fleet failures as a result of the type of

soldering nonconformances that are typically identified and

evaluated as being nonintrusive into missile performance or

reliability.

As some specifications have been applied more broadly in
recent years, DoD experience has shown a need to tailor some of
the requirements to accommodate specific hardware design
characteristics or contractor equipment and facilities. For each !
program, the DoD intent is to retain essential product

6
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characteristics and process discipline, consistent with
requirements for performance, reliability and economic production.
In fact, the DoD is continually working with industry to clarify
or redefine specification provisions that commonly require
interpretation or tailoring and make other sensible adjustments,
rather than continue peculiar modifications on a case-by-case
basis. The application of the DoD-STD-2000 should ease this
process.

o FINDING F: Results of Teardown Inspections on Assessing Missile
Quality. The GAO found that much controversy has surrounded the
teardown inspections the Navy has performed on the guidance and
control sections, centering on the methodology and criteria used
and the reporting of the results. In this regard, the GAO
reported that there have been inconsistencies in how the teardown
inspection criteria have been applied, and the results reported.
The GAO found that to address this problem, in March 1987, the
Navy issued a quide to provide consistent evaluation criteria and
a uniform reporting format. The GAO pointed out that the new
guide allows not only for an assessment of compliance with
contractual requirements, but also for evaluating the missiles for
"best design and workmanship practices." According to the GAO,
this will permit the identification and reporting of
nonconformances resulting from contract waivers, deviation or
modifications. The GAO concluded that such reporting will provide
data to assess overall missile quality and provide an indication
of the effects of waivers, deviations and modifications on

Now on pp. 29-31 quality. (pp. 41-43/GAO Draft Report)

DoD Regponse: Concur.

o PINDING G: PHOENIX Waivers and Deviations. The GAO found
that the Navy granted the contractor three major and 13 minor
waivers on the PHOENIX missiles it reviewed. The GAO reported
that three major waivers related to an industry-wide alert
regarding supplies, which was later determined to be
inconsequential. The GAO found that most of the 13 minor waiver
related to nonconformances in testing and non-certified markings.
With regard to deviations, the GAO found that one major and 92
minor deviations were granted. The GAO noted that the major
deviation concerned delivery of the missiles without the Safety
and Arming Device (also see Finding I). The GAO reported that, ot
the 27 minor deviations it reviewed, about half were for the use
of alternative components and materials and ten related to the WS-
6536 soldering specification. The GAO further reported that,
according to the Navy contracting official, all waivers and
deviations have been reviewed for possible monetary adjustment,
but none have been identified. The GAO noted that non-monetary
benefits have been identified, however, including improved missiie

Now on pp. 33-34 warranties and additional assembly work. [pp. 45-46/GAO Draft

Report)
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DoD Response: Partially concur. Contrary to the GAO finding,
monetary adjustments have been achieved, documented, and
identified for Government acceptance of the PHOENIX
wajivers/deviations. Although no specific contract modifications
have exclusively been issued for such actions, the definitive
prices established under both the FY-1984 and FY-1985/1986
production contracts were explicitly acknowledged by the parties
to include consideration for approval of deviations and waivers.
The fact that these consideration amounts have been blended
together with other matters does not alter the fact that monetary
consideration has flowed to the Government in the form of
establishing definitive prices that were lower than would have
otherwise been achieved.

FINDING B: PHOENIX Teardown Results and Plans. The GAO

reported that the Navy performed the first teardown of the PHOENIX
in June 1984, and that many defects were found. According to the
GAO, the defects involved various types of problems, including
poor workmanship, and prompted the Navy, on June 22, 1984, to stop
accepting PHOENIX missiles. Subsequently, the GAO found that the
contractor has taken a number of steps to upgrade its facilities
and procedures, and the Navy has modified the contracts to require
additional efforts to rework, reinspect and redeliver 84
previously delivered PHOENIX missiles. The GAO reported that a
second teardown was performed in June 1986, and although 38
apparently major defects were identified, subsequent analysis
determined they would not effect missile reliability. Following
this teardown, the GAO reported that the DoD representatives
increased oversight of the production program and the contractor
strengthened its guality assurance program. The GAO reported that
a third teardown was planned for late October 1987. The GAO noted
that the planned reporting will be different from that done in
1986, inasmuch as the Navy stated it will conform with the Navy
teardown guide issued in March 1987. (pp. 47-51/GA0O Draft Report)

DoD Response: Partially concur. The PHOENIX teardown that
was scheguled for late October 1987 has been rescheduled for

January 1988. Neither the teardown team nor the teardown report
identified 38 "major defects." There were 38 "significant
findings." The choice of terms tends to imply much more serious
problems than actually existed. Improvements in the areas of
process control and workmanship were evident compared to the 1984
teardown, but there were specific corrective actions required to
further improve solder process control and to resolve inspection
oversights.

PINDING I: PHOENIX Safety and Arming Device. The GAO

reported that the PHOENIX Safety and Arming Device (FSU-10A) is a
Government-furnished item jointly developed by the Navy and the
manufacturer. The GAO found, however, that reliability problems
have effected the availability of the FSU-10A and, in turn, the

8
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Now on pp. 41-42

ability of the PHOENIX contractor to provide an operable PHOENIX
missile. As a result, the GAO reported that the Navy has been
accepting delivery, paying for the missiles without the Government
furnished FSU-10A, and storing them pending resolution of the
problems. The GAO reported that since the FSU-10A problems were
first identified, work has continued to rework the units and
complete testing. According to the GAO, the latest estimates are
that the FSU-10A devices should be available beginning in January
or February 1988. The GAO reported that, according to the Navy,
the FSU-10A problems are attributable to inadequate quality
assurance by the manufacturer and insufficient oversight by the
Navy. The GAO reported that both the manufacturer and the Navy
have taken actions to address these problems, which the Navy
estimates may increase the FSU-10A unit costs by about $2,000.
(pp. 51-57/GAO Draft Report}

DoD Response: Concur.

PINDING J: PHOENIX Target Detecting Device., The GAO

reported the PHOENIX Target Detecting Device {(TDD) is another
Government-furnished item that has experienced problems.
According to the GAO, TDD failures were first observed in March
1985, while the cause of the failures was identified in November
1985. The GAO reported that, in December 1985, a solution to the
problem was proposed and accepted, and 526 TDDs are being
reworked. The GAO reported that the Navy determined the problem
to be a latent defect and the manufacturer is taking corrective
action. The GAO noted, however, that the manufacturer is
reviewing its legal position before accepting financial
responsibility. Thus far, the GAO reported that the Navy and the
manufacturer are negotiating the $2.6 million to rework the FY
1982 to FY 1984 units, the Navy has already modified the contract
to rework the earlier units, and the Navy has negotiated a
contract of $1.3 million with the PHOENIX manufacturer to remove
and exchange the TDDs already installed. (pp. 57-59/GA0 Draft
Report)

DoD Response: Partially Concur. No negotiations are underway.
The Navy February 21, 1986, determination of a latent defect
remains as the current determination that financial responsibility
rests with Motorola. The $2.6 million figure is the Motorola pre-
rework estimate. Motorola has absorbed all the cost of rework.

FPINDING K: Modification of Defect Criteria Por the HARM.

The GAO reported that, In early 1986, the Navy performed teardown
of a HARM and, using the W5-6536 soldering specification as the
criterion, identified 936 defects, including 28 described as
major. The GAO found, however, that Texas Instruments (the HARM
manufacturer) objected, since the contractual soldering
requirements differed from the WS-6536 specification. The GAO
reported that subsequently, in July 1986, a contract modification
was negotiated, significantly reducing the number of soldering
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defects requiring contractor action (Group I defects). According
to the GAO, prior to this modification, several hardware
inspections substantiated the existence of Group I defects,
resulting in the Defense Contract Administration Services (DCAS)
action to stop accepting HARM deliveries for 10 days in February
1986. The GAO found that, to address the DCAS concerns, the Navy
and the HARM manufacturer agreed to an extended warranty on the
effected items and to perform tests on sample groups of the
effected missiles. The GAO noted that the missiles subsequently
passed most of the tests and the tests showed the effected
components could withstand the environmental stress and remain
functional. According to the GAO, the contract modification
subsequently agreed to, in effect, authorized the acceptance of
certain Group I defects and changed the soldering criteria, which
caused controversy within both the Navy and the DCAS. The GAO
also reported that, while the Government did not receive any
monetary consideration for the modification, Navy officials cited
other benefits in the form of an extended 3-year warranty and a
possible future reduction in rework and scrap and increased
production yields. [pp. 62-68/GAO Draft Report)

DoD Response: Nonconcur. The Texas Instruments (TI) concern was
valid. The WS-6536D specification had been tailored for the HARM
program by mutual agreement of the Government and TI. Inspection
to the untailored version by the team did not reflect the actual
contractual requirements to which TI was obligated to manufacture
the HARM. Contrary to the implication that the extended warranty
and the special tests were initiated to address the DCAS concerns,
they were actually instituted to address the findings of the
February 1986 teardown. As is the case with all teardowns, a
focused evaluation, including the special tests, was performed on
each of the findings and it was determined that there would not be
any effect on missile performance or reliability. The imposition
of the extended warranty recognized the existence of certain non-
conformance even though the existence of these non-conformances
would not effect missile performance or reliability. The further
tailoring of the soldering specification actually was initiated
prior to the teardown. The contract modification altered the
defect criteria, production measurements and inspections in order
to enhance the overall production process controls. Under this
modification, in no case are defects potentially detrimental to
service performance or acceptable reliability. The contract
modification was generated by the Naval Air Systems Command
quality personnel and was approved by the Commander, Naval Air
Systems Command totally independent of HARM program personnel.
The comments and recommendations of the two Government
organizations, which expressed reservations about the changes --
the Naval Weapons Center, China Lake, and the Defense Contract
Administration Services Plant Representative Office, TI -- were
considered in the review process. The internal Navy decision
process, categorized as debate, ensured that all points of view
were considered before a final decision was made. Basically,
senior Navy quality personnel have considered all the positions,
but disagree with some elements of these positions. It is noted
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Now on p. 50

that the missiles produced under these new controls have shown
significant improvements of quality measures, as well as
production efficiency.

Pinding L: HARM Transducer Problems. The GAO reported that

one of the two suppliers for the pressure transducer used in the
HARM is presently under 1investigation for falsifying test data on
its transducers. According to the GAO, neither the HARM
manufacturer nor the Navy has determined the extent to which the
problem may impact HARM reliability or performance, but up to
1,300 transducers may be effected. The GAO reported that, 1n July
1987, the HARM manufacturer indicated that HARM performance would
not be appreciably degraded based on preliminary tests. The GAO
further found, however, that according to a Navy official in
August 1987, more recent tests indicated that 20 percent from the
FY 1985 production did not meet requirements. As a result, the
GAQO reported that the HARM manufacturer plans to test transducers
from FY 1983 and FY 1984 and plans to recover costs from the
transducer supplier. The GAO further reported that the second
transducer supplier is presently meeting production needs and an
additional source is being developed. (pp. 69-71/GAO Draft
Report)

DoD Response: Concur. Testing of missiles with suspect
transducers is still underway so no conclusive statements
regarding the impact of the problem can be made at this time.
Under the terms of the contract, however, TI will be obligated to
repair, at no cost, any or all of the missiles that the Government
determines are in need of such repair due to faulty transducers.

FINDING M: Defective HARM Launch Lugs. The GAO reported that,
in November 1986, the HARM rocket motor manufacturer discovered a
problem with the fit of the launch lugs on the rocket motor case.
According to the GAO, the problem was traced to one of three
suppliers of the motor case, who was using a new cutting tool.
The GAO reported that the motor manufacturer found that 30 of 111
effected cases had undersized lugs, which were subsequently
repaired by the manufacturer. The GAO pointed out that the motor
case suppliers are now required to perform new inspection
procedures on the lugs. In addition, the GAO reported that the
HARM manufacturer plans to recover costs incurred by it and the
Navy to resolve the problem. (pp. 71-72/GAO Draft Report)

DoD Response: Concur. The discussion is evidence of how well
the HARM overall quality control system is working.

PINDING N: Altimeter Deviation in the HARPOON Missile.

The GAO reported that, in October 1985, after months of problems
involving measled assemblies from the altimeter supplier, the
HARPOON manufacturer submitted a deviation request to the Navy.
The GAO found that Navy test offices recommended disapproval of
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the deviation and expressed concern over the possibility of
workmanship problems. The GAC further found that, notwithstanding
this concern, a temporary deviation was approved 1in April 1986,
and later revised, in August 1986, to include the latest critericn
included in soldering specification WS-6536B. The GAO noted that
the revised deviation applied to the altimeters in the existing
purchase order, but not to other altimeters already delivered or
in the inventory. According to the GAO, the altimeter supplier
experienced few rejections through October 1986, but after that
rejection rates rose. As a result, the GAO found that the HARPOON
manufacturer submitted a change to the deviation to allow less
stringent requirements, and the plant representative approved the
change. The GAO pcinted out that it could find no documentation
authorizing acceptance of the missiles with the effected
altimeters, nor any documentation covering a verbal agreement with
the HARPOON manufacturer that it would pay for any repairs
involving the measled altimeters. The GAO concluded that the
altimeter problem could effect the reliability or performance of
some effected missiles. (pp. 75-79/GRO Draft Report)

DoD Response: Nonconcur. The "measling" blemish is caused

when faults in the "wave scldering" process are corrected by hand
soldering, and the circuit board preparation and hand soldering
techniques are flawed. In extreme cases these blemishes can be
potential sources of future reliability problems. None of the
units accepted under waiver from Kollsman, however, were
sufficiently flawed to be of concern relative to long-term
reliability. The blemish is indicative of poor production process
control. The scrutiny provided by the sequential waivers has
resulted in improved processes.

It is noted that the Naval Plant Representation Office
(NAVPRO) has authority to exercise deviation or waiver approval;
however in this case, at the request of the NAVAIR HARPOON
Assistant Program Manager for Systems and Engineering (APM/S&E),
approval was withheld pending an in-depth review by the NWC, the
cognizant testing activity. The NWC conducted a sectioning/
electron microscope analysis of worse case measled boards and
concluded that the risk was minimal and indicated that Kollsman
was not up to the industry standards and should institute
procedures to correct their process problems. At the completion
of the NWC review, the HARPOON APM/S&E concurred with the NWC
position and recommended that the NAVPRO process the deviation.
The NAVPRO documented this acceptance through their normal
process.

This action resulted in the acceptance of the existing Kollsman
parts, while imposing increasingly stringent process controls.
Through this process, the interests of the Government were
protected, while the quality of the Kollsman product was improved.
At the current time (1) there is no indication that any of the
waivers have resulted in failures of Kollsman products in US Foreign
Military sales (FMS) services, and (2) the Kollsman Corporation has
reduced the blemish rate/severity to an acceptable level,
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Based on the technical review and fleet performance to date,
there is no basis to conclude that missile reliability or
performance will be effected. Surveillance of fleet missiles that
are routinely returned to the Weapons Station will uncover any
problem if one were to exist. In that event, contractor liability
will be established through the current in-place latent defects
clause.

FINDING O: HARPOON Teardown Ingspections. The GAO reported

that there were no teardowns of the HARPOON during the period of
its review, nor are any currently scheduled. The GAO found that
two teardown inspections were performed in early 1985, and
although some problems classified as minor were found, the overall
workmanship was described as very good. The GAO further found,
however, that a number of the defects identified involved solder
specification problems, which called for the parts to be reworked
as required. According to the GAO, the results of the teardowns
were not widely disseminated and, in fact, neither the HARPOON
manufacturer nor Navy inspection officials had previously seen the
report. The GAO concluded that full distribution was important,
since the report contained information on defect trends that could
have been used by the HARPOON manufacturer and its suppliers to
identify and eliminate such trends. (pp. 80-81/GAD Draft Report)

DoD Response: Concur. As part of the Navy's quality program,
the HARPOON APM (Ss&E) directed a missile teardown of a new
production missile and a fleet return missile., These teardowns
were accomplished in January and February of 1985. In both
teardowns the team findings were all classified as minor defects
or cosmetic in nature; no critical or major defects were found.
The teardown was done as part of a HARPOON program initiative. In
view of this fact and considering that no recommendations were
made, the report was not generally released. All team members,
including both contractor and Naval Plant Representative Office
(NAVPRO) personnel, were given exit debriefs on the minor defects
found.

FPINDING P: HARPOON Subcontractor Control. The GAO reported
that, since about 72 percent of the HARPOON cost is for
subcontracts and materials, the missile quality is heavily ‘
dependent on contractor and subcontractor quality control !
procedures. The GAO reported that it reviewed various quality
assurance reports and found various problems that could effect
quality. The GAO also found, however, that the HARPOON
manufacturer apparently was not always able to get corrective
actions taken and that quality assurance requirements were not
always implemented as intended. The GAO noted that the HARPOON
manufacturer was hesitant to force subcontractor compliance in
some cases, due to the nature of some of the subcontractors.
(pp. 82-83/GAO Draft Report)
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DoD Response: Concur. The GAO report properly noted that the
contractor -- McDonnell Douglas Aircraft Corp. (MDAC) -- has a
responsibility to "flow down" the quality assurance provisions of
their contract with the Navy to subcontractors and suppliers. The
GAQ also reported, however, that the MDAC shows "reluctance" in
applying the required quality control standards to "many of it's
subcontractors (which are also) major prime contractors.”™ The
examples suggested are Texas Instruments and International
Business Machines.

The MDAC executives have reported that they do view major
corporations, which have prime contracts with the Navy, as a peers
in the industry. In this regard, they recognize that the
subcontractor's corporate standards have been judged adequate in
other Navy programs. The MDAC officials report that they value
the judgment of these subcontractors.

The officials also report, however, that where the
requirements of the HARPOON program are more stringent that the
subcontractor's other Navy contracts, the requirements of the
program are applied. They report that this has led (in some
instances) to "bitter disputes" in which MDAC has always
prevailed.

Although the control of a large number of suppliers
comprising the industrial base for a missile system is a difficult
job, the Navy holds prime contractors responsible for the quality
of their supplier's products.

o FINDING Q: Teardown Inspections of The SPARROW. The GAO
reported that contractual requirements require that two teardowns
of the guidance and control sections of the SPARROW be performed
annually for each of the two manufacturers. The GAO reported
that, an April 1986, teardown identified ten major defects,
resulting in the contractor strengthening its production and
process controls and setting up special plant inspection points.
The GAO reported that another teardown, performed in the September
to October 1986 time-frame, identified nine high risk defects;
while a third teardown in June 1987, resulted in 12 high risk
defects being reported. According to the GAO, the 1987 teardown
team noted some improvement in quality, but also expressed concern
about the number and types of defects found. The GAO reported
that the SPARROW manufacturer considered the problems more
cosmetic than substantive. The GAO also reported that a follow-up
teardown was performed in early August 1987, which found

Now on pp. 60-62 essentially the same conditions. (pp. 86-88/GAO Draft Report)

DoD Response: Concur. It should be noted that each of the major
and high risk defects have been carefully reviewed and determined
to be nonintrusive on missile performance and reliability.
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o FINDING R: Controversy Over the SPARROW Warranty. The GAC
reported that the Navy took two actions cn some of the sections
delivered by one of the manufacturers in 1986 and 1987 that effect
warranties and responsibility for repair costs. The GAO reported
that the Navy negotiated a special agreement with the manufacturer
for a conditional acceptance of the missiles, with the contractcr
to repair the involved failures during the next 3 years. The GAO
noted that, as of September 17, 1987, 26 missiles had been
returned to the manufacturer under the agreement. The GAO found
that controversy has arisen between the Navy and the manufacturer,
however, because the manufacturer does not believe it is liable
for the repair costs since the quality level is still within the
contractual amount. According to the GAO, the Navy and the
manufacturer are currently attempting to reach agreement on this

Now on pp. 62-63 point. (pp. 89-90/GAO Draft Report)

DoD_ Response: Nonconcur. There is no controversy over the
SPARROW warranty provision. By contract, the procurement
contracting officer will make the determination as to who is
liable to repair missiles under special warranty.

o FINDING S: Defective SPARROW Detonators. The GAO reported
that, in late 1986 and early 1987, Navy testing revealed that some
of the MK 71 detonators used in the SPARROW safety and arming
devices were defective. The GAO found that, as of July 1987,
3,611 Sparrow safety and arming devices, containing 7,222
detonators, had been screened and 225 of the devices were found to
contain at least one bad detonator. The GAO noted that, by
September 1987, the Navy had decided to screen additional safety
and arming devices. The GAO further found that some cf the same
detonators were also received for the safety and arming devices
used for the Navy SIDEWINDER and STANDARD missiles, and the Army
CHAPARRAL, which the GAO estimated will require up to 10,000
devices to be tested. The GAO noted that as of July 1987, 7,127
devices had been screened, with 297 found to contain at least one
bad detonator. The GAO reported that, according to Navy and
company officials, the detonator problem occurred because the
manufacturer did not follow prescribed production procedures, but
that the procedures have now been revised. The GAO also found
that the Navy and the Air Force are paying for the screening
program, while the manufacturers are paying for the repair and
replacement work. The GAO noted that, according to Navy
officials, the Navy may seek some reimbursement of screening costs

Now on pp 63-67 from the manufacturers. [pp. 91-96/GAO Draft Report)

DoD Response: Concur. In August 1986, there was a safe and arm
(S/R} lot failure at the Naval Weapons Support Center, Crane,
Indiana, where the S/As are routinely tested. The ensuing
investigation revealed that one detonator subcontractor had not
placed an explosive compound in a group of detonators. Records at
the sub-vendor were exceptionally poor. An X-ray screen was
immediately established at the Naval Weapons Support Center,
Crane, in order to (1) purge the inventory of any bad detonators
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and (2) bound the problems in the absence of clear records at the
contractor. All but 402 SPARROW S/A devices have been screened,
and these are being recalled. Statistically, there are only four
potentially defective missiles in the fleet.

PINDING T: Problems with the SPARROW Wings. The GAO reported
that the SPARROW RIM-7M folding wings were not properly cut during
production, causing some not to fold sufficiently to allow correct
placement in launching tubes. According to the GAO, the problem
was first reported to the Navy in September 1986, and in January
1987, an urgent Airborne Weapons Bulletin was issued identifying
as many as 5,721 defective wings. The GAO found that, as of
September 1987, the manufacturer stated 4,841 wings had been
repaired, representing all the defective wings. The GAO noted
that, although the Navy has no system to track the wings, the Navy
estimated that in January 1987, as many as 936 may have already
been aboard ships. The GAO reported that there 1is a possibility
that some deployed SPARROW missiles cannot be used. According to
the GAO, in December 1986, a Navy/contractor review team, found
the wing problem started in June 1985, when the supplier changed
its manufacturing method without notifying the prime contractors.
The GAQ also found that none of the Government or contractor
quality control inspections detected the problem. Since then,

the GAO noted that several actions have been taken to clarify
requirements and improve inspection procedures. The GAO further
reported that the wing manufacturer is repairing the problem at no
cost to the Government, and the Navy is negotiating to recover its
costs to uncrate and recrate the suspect wings. (pp. 396-103/GAO
Draft Report)

DoD Response: Partially concur. Contrary to GAO finding, the
Navy has a system for tracking and identifying the location of
All-Up-Round missiles and major components or sections. This
system is the Conventional Ammunition Inventory Management System.
The Navy also utilizes two interrelated systems to track and
control suspect or defective minor components of missiles and
weapons. These systems are the Notice of Ammunition
Reclassification (NAR) systems and the Technical Directive
(bulletin) system. The NARS and bulletins are used to identify
and remove from either the inventory or the fleet suspect or
defective items. The defective SPARROW wings were located and
reworked through the use of these two systems.

Additionally, it should be recognized that there is no
disagreement within the Navy over the effect of the wing problem
on SPARROW readiness and performance. This problem has absolutely
no effect on performance and the effect on readiness is considered
very small, since only 20 wings could not be folded and were
easily replaced in the fleet.
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o FPINDING U: Problem with the SPARROW Antenna Bracket Springs.
The GAO reported that, in March 1986, it was found that a large number
of SPARROW antenna bracket springs were cracking and/or breaking.
According to the GAO, the problem would not effect missile
performance, but could result in other problems on board ship.
The GAO found that the problem resulted from the supplier
heat-treating the springs at a higher than specified temperature.
According to the GAO, the Navy has now changed the specification
to specify a maximum temperature. The GAO found that the
manufacturer has paid for, and replaced, 2,728 springs, with the
Navy performing the labor at an estimated cost of $85,000. The
GAO noted that the Navy does not plan to seek reimbursement for
this expense, since its technical data package was deficient.

Now on pp. 71-72 (pp. 103-104/GRO Draft Report)

DoD Response: Concur. While the facts are basically
correct, 1t should be recognized that the potential for shipboard
foreign object damage is highly remote.

] PINDING V: Overall Observations on Prime Contractor Oversight of
Subcontractors. The GAO reported that every instance, where
quality defects were not detected until large numbers of the
missiles were accepted by the Government, involved subcontracted
parts. The GAO pointed out that the prime contractor is
responsible for the guality of its subcontractor materials and
parts, while the Government plant representatives are responsible
for verifying that contractors are exercising adequate control
over their vendors. The GAO also noted that most of the
subcontractor level problems involved insufficient production
process controls, the type of problem previously found by the DLA
in 1985 and 1986. According to the GAO, some Navy officials
believe it may be impossible to adequately police this problem.
The GAO also pointed out, however, that recent DoD and Navy
manuals have included guidance to avoid or minimize the risk of
subcontractor quality assurance problems, and emphasize the
importance of good communications. The GAO concluded that
contractor oversight of subcontractors is a quality area that
needs to be continually stressed, and that closer inspection and
testing of subcontractor items needs be done by the prime
contractor. The GAO also concluded that the recently issued DoD
and Navy guidance on subcontractor control should, when
implemented, foster such improved controls and minimize the

Now on pp. 3-5 and 26-27 likelihood of the problems, if found. (pp. 4-6, pp. 8-9/GAO Dratt

Report)

DoD Response: Concur. See the DoD response to Finding D.
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MISSILE SYSTEMS GROUP

WILLIAM J. POLON vice Presigent Proguct Operations

In reply refer to
87-WIP-265

November 23, 1987

Mr. Frank C. Conahan

Assistant Controller Ceneral

United States General Accounting Office

National Security and International Affairs Division
Washington, DC 20548

Dear Mr. Conahan-

I have reviewed your draft report on quality concerns
on four Navy missile systems which includes concerns
on the Phoenix missile manufactured by the Missile
Systems Group of Hughes Aircraft Company (GAO Code
394186) .

The draft as related to our hardware is factual when

taken as a whole using references, parenthetical expressions,
and recognizing contractual agreements. My suggestions

for accuracy and clarity follow.

1. Page 38, 4th line - Change "35,000" to "70,000"

Rationale. There are approximately 30,000 solder

holes on the Phoenix missile printed wiring assemblies.
Each of these holes has two opportunities for solder
non-conformances: one on the top side, the second

on the bottom side of the assembly board. This ad-
dition identifies 60,000 solder non-conformance
opportunities. There are approximately 10,000 additional
point-to-point solder connections that are individually
hand soldered.

PO Box 11337
Tucson. AZ 85734
(602) 295-77a4
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Now on p. 31

Now on p. 33

Page 2

P

Page 43, last paragraph

This paragraph describes missile evaluation with

the recently established ""Best Practices.'" It provides
for reporting quality and quality trends against

these ""Best Practices" to indicate the effects of
waivers, deviations, and contract modifications.

The paragraph does not give any insight into the

design condition of the circuitry nor the producibility
of hardware designed many years ago. The specifications
and practices that create the "Best Practices" criteria
are not described as being inconsistent with the
currently approved and contracted for design.

3. Page 46, parts of line 3 and 4 - Add . . . (FSU-10/4)
provided by the government as CFE,

I recognize that the parenthetical expression, '"(this
is discussed below)'" is truly an operative statement,
however, it seems to me that the lack of a Safety

and Arming Device (FSU-10/4) is a well-known reason
for Phoenix missiles to be in storage rather than

in the fleet. The slight change in wording clarifies
the situation immediately without requiring the reader
to proceed to page 51 for the clarification that
Hughes does not produce the FSU-10/A.

Thank you for the opportunity to review this draft report.

I hope our general concurrence and the specific observations
provided are helpful to your efforts. Should you need

any additional information, please allow me to be of
assistance.

HUGHES ATIRCRAFT COMPANY

4¢0Q94a1~ ///&/2{;*"

William J. Polon

jmr
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Appendix IX

Comments From Texas
Instruments Incorporated

Texas
INSTRUMENTS

’J
24 November 1987

United States General Accounting Office
National Security and International Affairs Division
Washington, D C 20548

Attn Frank C Conahan
Assistant Comptroiler General

Dear Mr Conahan

The attached response to the GAQ report number B-225066 reflects the Texas
Instruments incorporated (GAQO Code 394186) analysis of the facts, ssues ind
concerns contamed in the subject draft GAO report received in my office or 5
November 1987

Texas Instruments considers this response, shown in the “side-by-side” format ‘or
ease of reading, to be a true and accurate reflection of the facts andior of the
crcumstances that existed in the time period that the report addresses The originai
text of the draft report 's shown on the left side and the Texas Instruments
interpretation, clanfication and.or appropriate additional comments are shown
immediately to the right of the underlined report text.

|
In general, Texas Instruments considers the draft GAO report to accurately reflect 3
the facts discussed with the GAO Field Team during the on-site review at the Texas 1
Instruments, Lewisville, Texas facility from 5 January 1987 to 21 August 1987 As

pointed outin the report, there were same intragovernment discussions to which Tl

has only indirect knowledge However, in those cases, comments have been added

when Tl had information not directly reflected by the report

Texas Instruments believes that these comments, clarifications and/or inter
pretations relative to the HARM mussile will be useful to the GAO in formulating
and properly interpretating the final report for the Subcommittee on Qversight and
Investigations, House Cbmmittee on Energy and Commerce

If you have questions regarding the Texas Instruments comments/analysis, please

feel free to contact me at (214)462-4068
hmW. Coffer

Quahty and Rehability Assurance Manager
Missile Systems Business Entity

| Texas Instruments incorporated

Defense Systems & Electronics Group

Sincerely,

Attachment
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Appendix X

Comments From McDonnell Douglas
Astronautics Company

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY -
ST. LOUIS DIVISION

Bldg 598
Box 516, Sant Louwrs Missour 63166

N. J. GOLDING. JR.
VICE PRESIDENT PROGRAM MANAGER
HARPOON

(314) 925-5753

EXM-EO07-NJG-6065
24 November 1987

United States General Accounting Office

National Security and International Affairs Division
Attn: Mr. Frank C. Conahan

Washington, DC 20548

Dear Mr. Conahan:

Thank you for the opportunity to review and comment on the draft GAO Quality
Assurance Report (GAO Code 394186) as it relates to Harpoon. We have shared
the appropriate sections of the draft report with Kollsman and this letter
reflects their inputs as well as those of McDonnell Douglas Astronautics
Company - St. Louis (MDAC-STL).

We at MDAC-STL and our supplier teammates are very proud of the Harpoon
missile system and the performance record it has exhibited over the years in
service. It is the most widely deployed missile in the U.S. Navy inventory
and the documented track record of fieet deployment is outstanding. Our
customers, which include 19 countries as well as the U.S. Navy and the U.S.
Air Force, have expressed satisfaction which your report cites as an indicator
of quality. MWe feel we are doing a good job in delivering a quality product
and thus disagree with allegations or statements in the report which imply
conditions to the contrary. The following comments are offered to establish
our position regarding these points.

Our comments are submitted as follows concerning six points contained in the
report; cost, “potential defective crystals", "measling”", solder
specifications, teardowns, and control of suppliers.

Now on p. 52 Cost: The cost cited on Page 74 of Appendix V is incorrect for Air Launched

’ Harpoon. As given to the local GAO auditors, the average cost of an Air
Launched Harpoon, for comparison with the other air launched missiles included
in the report, is 3§500,000. Surface and Sub-Surface Launched Harpoons,
without their launching systems, are somewhat more expensive because of the
required booster and folding aerodynamic surfaces. Possibly, the cost guoted
in the draft includes attendant logistics costs and U.S. Navy field activity
support.

MCDONNELL DOUGLAS Wl

N

comromarion
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Appendix X
Comments From McDonnell Douglas
Astronautics Company

Now on p. 52

Now on pp. 2, 56, and 52-57

Now on pp. 28-29

EXM-E007-NJG-6065
Page 2

"Potential Defective Crystals": On Page 35 of Appendix II and again on page
74 of Appendix V, statements are made about "defective" and "potentially
defective" crystals. The crystals in question were not defective or
potentially defective. They met all Harpoon requirements. As a result of
evaluation by a companion hardware program, the gqualification of the brand of
crystal was being questioned by the U.S. Navy. It was decided that to avoid
any concerns that particular brand of crystal would not be used. However, in
the "sweep-up" activity several units which were in transit escaped. Rather
than cause any questions, MDAC-STL and the hardware supplier volunteered to
replace them and did so. There was never any guestion of a defective
component.

"Measling": This subject is alluded to on Page 2 of the report cover letter
as well as at considerable length in Appendix V. The subject of measling
unfortunately became a very emotional issue. One fact is very clear, there is
absolutely no evidence of a hardware failure, field or otherwise, that was
caused by the phenomenon known as measling. It is also a fact that the
printed wire board industry considers it to be a cosmetic defect. For
example, The Institute of Printed Circuits, in its publications IPC-A-600C,
revised 1978, and IPC-R-700A, September 1971, state: "It is the position of
the special committee on measles following their comprehensive review of
available literature and available research and test data, that while measles
may be objectionable cosmetically, their effect on functional characteristics
of finished products are at worst minimal and in most cases insignificant."
Further, despite all the commentary, it was determined by the U.S. Navy that
the particular occurrences on the printed wiring boards of the Kollsman
altimeter were not detrimental to the operational use of the altimeter and
would not cause any degradation in future use. The statement in the third
paragraph on Page 77 of Appendix V concerns a hypothetical condition wherein
measling bridged conductive paths; a condition not allowed in the waivers
approved by the U.S. Navy.

"Solder Specifications”: This subject was covered at great length in the
report but it 15 felt a comment is necessary. As provided to the local GAO
auditors, the U.S. Navy WS-6536 Solder Specifications are a purposeful
overkill. Certainly soldering is an important aspect of production, however,
implementation of WS-6536 criteria as absolute requirements with no tailoring
or modification can cause excessive costs. Some specification tailoring is
usually desirable in most applications.
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Appendix X
Comments From McDonnell Douglas
Astronautics Company

EXM-EQ07-NJG-6065
Page 3

Teardown: The two teardowns of Harpoon missile cited on Pages 80 and 81 of
Appendix V were a voluntary action by the U.S. Navy. Since MDAC-STL was a
participating member of the teardown team, we were very aware of what was
found. It was determined that the hardware was satisfactory with
possibilities for minor improvements. A re-evaluation of the written word, as
Now on p. 57 indicated in the report, without hardware or photograph observation seems to
be open to question and thus inappropriate. There were no recommendations
made at completion of teardown and therefore, no corrective action was
considered necessary.

Subcontractor Control: Based on a survey of MDAC-STL audit reports, the

Now on p. 58 report on Page B2 of Appendix V criticizes MDAC-STL control of its suppliers.
Although it is true that there was some laxness in follow-up of audits, the
problems cited by the report represented non-critical matters. The follow-up
system at MDAC-STL has been improved. There was, and always has been, a
direct monitoring by MDAC-STL of supplier quality. This system has proven
jtself valid through the quality of the end product. Ffurther, although
MDAC-STL does recognize and utilize the expertise of major suppliers, such as
Texas Instruments and IBM, all Harpoon requirements are rigidly enforced. We
never abdicate our responsibility in enforcing requirements.

1 hope the above comments are received in the constructive vein that they are
given. We on the Harpoon Program feel that we are providing a quality product
to a satisfied U.S. Navy customer. Thank you for your consideration,

Yours truly,

y&ycﬂf,—

N. J. Golding, Jr.
Vice President Program Manager
Harpoon

EC: Naval Air Systems Command
Attn: CAPT D. finch, PMA-258
Washington, DC 20361

Naval Plant Representative Office
Attn: CDR D. Smith
St. Louis, MO 63166
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Appendix XI

Comments From Raytheon Company

Now on pp. 61-62

Now on p. 71

Now on pp. 62-63

Charles | Mullaney
vice Pregigent
Manager Lowe Plart

November 23, 1987

United States
General Accounting Office
Washington, D. C. 20548

Attention: Mr. Frank C. Conahan, Assistant Comptroller General

Subject: Draft Government Accounting Office Report, dated

October 29, 1987

Enclosure: (1) Sparrow 7M Fact Paper on Reliability

(Z) Suggested Revisions to the “Wing” comments
on Page 102 of the GAQ Report

Dear Mr. Conahan:

Raytheon Company has reviewed the subject Government Accounting Office Report
and as requested we would like to provide our comments in the areas of Reli-
ability, RIM-7M Folding Wings and the special warranty.

1.

3.

Reliability versus Teardown Issue

We are attaching as Enclosure (1) a fact paper on Reliability which
presents Raytheon's position that there 1s no correlation between the
types of faults found 1n the missile teardown and relrability as verified
through contractor and Government testing.

RIM-7M Folding Wings

t is suggested that Page 102 of the General Accounting 0ffice Report be
revised to incorporaie the changes set forth 1n Enclosure (2) attached
regarding the need for an interface gauge specified on the drawings.

Spectial Warranty
The report on Page 90 addresses an open issue concerning the responsibility

for repair of missiles which have failed during the Government Incoming
Electrical Tests at the Weapon Stations (95% AQL Versus Special Warranty).
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Appendix XI
Comments From Raytheon Company

United States

General Accounting Office
Page 2

November 23, 1987

Notwithstanding our firm belief that we have no contractual obligation to do so,
Raytheon, without prejudice on a nonprecedent basis, will bear the costs of re-
pairing the nineteen GCS's in question which have failed the first electrical test,
to the extent repairs are required. Raytheon is submitting a letter to the Sparrow
Contracting Officer affirming this decision.

I wish to thank you for the opportunity to submit these comments for your review
and incorporation into the final report.

Yery truly yours,

RAYTHEON COMPANY

Charles I. Mulldney

Vice President
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Appendix XII

Comments From Motorola, Inc.

Now on pp. 41-42

MOTOROLA INC. 17 November 1987

In Reply Refer To:
JHC87-527/GA0

Mr. Frank (. Conahan
Assistant Comptroller General
General Accounting Office
Washington, 0.(. 20548

Dear Mr. Conahan:

By letter dated 29 October 1987, you forwarded to Motorola, Inc., Government
Flectronics Group (GEG), two copies of an edited version of a draft report on
quality concerns on four Navy missile systems. You requested GEG submit comments
about the draft within twenty (20) working days. GEG appreciates the opportunity
to comment and will do so in this letter.

GEG's comments are directed to Pages 57 thru 59, 1nclusive, of Appendix III, which
deal with certain aspects of the Target Detecting Device (TDD) of the Phoenix
missile. In general, GEG found the information concerning the potential for "tin
whiskers" growth 1n the TDD Radio Frequency Assembly (RFA) to be a fair presentation
of the events surrounding the development of the TDD, identification of a potential
problem with the plating of the chassis of the RFA and the implementation of efforts
by GEG to repair or rework TDDs. There are, however, two points which GEG wishes

to clarmfy.

First, GEG does not consider the description in the draft report on Page 58, con-
cerning design responsibility for the plating of the RFA, to be complete. The Navy
exercised close scrutiny over the development and initial production contracts for
the 7DD 1ncluding the RFA. The Navy was at all times aware of the method of plating
of the RFA and in January, 1985, the Navy formalized its concurrence of its use via
drawing approvatl.

Second, GEG believes the description on Page 58 concerning the manner in which the
parylene conformal coating corrective action was adopted also should be clarified.
The possibility of using parylene coating to prevent tin whiskers-caused problems
emerged from technical discussions between GEG and the Navy. The Navy requested GEG
nvestigate the effectiveness of the process, and, after evaluating GEG's data,
directed 1ts use.

In conclusion, GEG is proud of its work for the Navy on the Phoenix program. Te the
extent that any engineering judgments GEG and the Navy made in the development or
production of TDDs for the Phoenix program may have proved to have been less than
nominal, we have endeavored to remedy such situations as expeditiously as possible.
[n 5o doing we believe GEG has lived up to our corporate goal of "Total Customer
Satisfaction".

Please contact me if you have any questions about this letter.

QL’ ruly y urs,
&gn H. Cole

gram Manager
Missile Fuzing Office

/slb Tactical Electronics Division

Motorola inc @ Government Electronics Group
8220 East Rooseveit St @ P O Box 9040 Scotiscake AZ 85252 e Phone (602} 949.3033

A11218
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Appendix XIII

Comments From Morton Thiokol, Inc.

MorToN THIOKOL, INC.

Tactical Operations
Utah Tactical Division

Jewas W Whie
Vice Presdent ang uererdr Managr

[‘ s

24 November 1987
A600-FY88-024

GAO
United States General Accounting Office
Washington, D. C. 20548

National Security and International Affairs Division

Attention Frank C. Conahan
Assistant Comptroller General

Subject: GAO Code 394186, HARM Defective
Launch Lugs

Morton Thiokol has reviewed the draft report on quality
concerns on the HARM program and has provided coples to cur
subcontractor, Lucas Aerospace, for their comment. Having
received Lucas' response, attached, our comments are as
follows:

Now on p. 50 o A more accurate description of the situation would te "r. .
cutting methods incorporated to increase production rat.
had a "push-off" effect over the center section of the
lugs."

o Corrective actions as incorporated are more encompass.n:
than those stated in the draft report, and include:

a) 100% gauge inspection of the aft ring assembly ana :°
subassembly.
b) 100% gauge inspection of the final assembly after

phosphate coating.

c) Several dimensional checks following heat treat.

1080 North Man, Brignam City UT 84302 0524 80" %63 5adl
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Appendix XITI
Comments From Morton Thiokol, Inc.

Mr. Frank C. Conahan -2- 24 November 1987

d) Upon receipt at MTI, case/lug dimensions are inspected
(100%) to MTI gauges acquired upon identification of
this issue.

No discrepancies have been identified since incorporation of
the above corrective actions.

As stated in the draft, all discrepant parts were repaired by
Morton Thiokol/Lucas. The issue is warranty related and the
contract Warranty provision requires the contractor to
repair/replace discrepant parts. This has been fully
accomplished by Morton Thiokol without cost to Texas
Instruments or the Navy. As such, the statement "Texas
Instruments plans to recover from Morton Thiokol all costs
incurred by it and the Navy in resolving the lug problem" is
considered inappropriate and should be deleted in it's
entirety.

I trust the foregoing information is of assistance. Should you

have further questions or require further data, please so
advise.

V;fy truly yours,

Wt

. W, White
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Appendix XIV

Comments From Piqua
Engineering Incorporated

Now on pp. 63-67

Piqus Eng(neering Incorporated
Armament Sysitems Duwision
234 Furst Street

Prqua. OMo 45356
PEI FAX NO (5131773 1525
(5131772 2464

November 17, 1987

United States

General Accounting Office

National Securitv and International
Affairs Division

Washington, D.C. 20548

Attention: Mr. Frank C. Conaham
Assistant Comptrolier General

Subject: Draft Report on Navy Missile Systems
Gentlemen:

This letter ts 1n answer to vour letter of October 29, 1987 which was
recelved bv us on November 2, 1987 in regard to the above subject.

Our comments on the draft report refer to pages 91 through 96 of
Appendix VI entitled Defective Detonators.

We come under the junisdiction of DCAS and have two full-time DUCAS
inspectors stationed At our plant who make sure that we follow all
specified procedures and maintatn a high quality level.

Caelus made preproduction samples and was approved as a qualitied
source for the Mk 71 Detonator by the Naval Weapons Center, China
Lake, California. Subsequently, the Navv purchased Mk 71 Detonators
directly from Caelus on prime contracts. We made a survey of Caelus.,
as required bv regulations, and assured ourselves that Caelus had
the proper facilities and procedures to make a quality product. The
Navy also did the same thing and arrived at the same conclusions
before they 1ssued contracts to Caelus.

Everv order placed with Caelus called for Government source inspection
by DCAS. All shipments received bv us were properly stamped ov
the DCAS inspector at Caelus. Our procedures are the same as use !
by Micronics.
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Appendix XTIV
Comments From Piqua
Engineering Incorporated

Piqus Engineering incorporated
Armament Systems Division

234 First Street

Piqua Oho 45356

FAX No (513) 773 1525

(513) 773-2464

Page Two

General Accounting Office
Washington, D.C.

November |7, 1987

We acknowledge that we are responsible for the qualitv of the material
suprlied v our subcontractors and that 1s the reason that we have
visited Caelus's plant. We feel that the Government must bear parr
of the responsibility for the defective detonators. All shipments
were source nspected at Caelus bv DCAS which indicates that all
specified tests were run and procedures were followed as determined
by a Government inspector. There were no problems with Caelus's
written procedures. The problem 1s they deviated from the procedures,
The omission of the lead azide occurred during the transition from
the first shift to the second shift. There 1s no wav that this would
have been caught without having an inspector 1n the plant at a change
of shifr.

We followed all specified reguirements and procedures in regard to
inspection and sampling of the Mk 7l. There 1s no way to detect
a missing part in the Mk 71 with 100% certainty by sampling and
destructive tests which 1s the wav the specifications are written.
The onlv way to do this 1s bv x-raving each item. The Government
should have recognized this fact and made 100% x-rav as a specification
requirement for an i1tem this critical. If that had been done, this
problem would not have occurred. In fact this has now been done
by the Government as a corrective action.

We will appreciate you incorporating our comments 1n the final draft
of vour report. We will also appreciate receiving the final copy.

Yours very truly,

PIQUA ENGINEERING, INC.
Armament Systems Division /

./ ,
o R ey

, John D. Scarbrough, Sr.
President

JDS:jlm
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Appendix XV

Comments From Caelus Devices, Inc.

CA€ELus Devices, INC.

PO Box 1097 » Holister CA 95024-1097 ® (408) 637-7488 & TLX 172031

November 16, 1987

United States veneral Accounting Office
Washington, D.C. 20548

Attention: National Security and International Affairs Division
John D'Esopo
Reference: Draft Report, "Quality Assurance Concerns about Four

Navy Missile Systems," GAO Code 394186.
Dear Mr. D'Esopo:

We have reviewed the reference report and offer the following proposed
changes:

1. Page 91, line 12: Change "by the subcontractor"” to "by the contr.ctirs

Now on p.63 Reason: A review of Caelus Devices records bv GAO and Micronics pers. -
nel showed that although one manufacturing lot of 10,000
detonators had more than one shipment lot number, lots were

not intermingled at Caelus Devices and were traceable to the
original manufacturing lot number. Intermingling of lots o .d
have occurred at the contractor facilities because the let -
nators are too small to be individually marked with lot numhers,
as are many other explosive components.

65 2. Page 94, line 4: Change '"certain workers" to "certain second sni
Now on p. workers"

Reason: Caelus Devices Quality Assurance records show that the or n e~
occurred when evening shift workers were discovered to .«
taken partially loaded detonator cups and assembled them -
ignition elements without first loading loose lead azide. ¢
portion of the lot believed to be affected was X-raved and
discrepant units discard, however, it appears that other
were also faulty.

3. Page 94, line 8: Change "cumbersome and unwieldly and lent themsci.e-
to inefficient quality control" to "applied 1~
discrete steps to components in various stages
completion rather than in a continuous process. = .-
lent itself to inefficient quality control in t~.t
important step could be omitted without being » .
When this problem was discovered several correc:.
steps were taken, to include termination of we.

Now on p. 65

Page 104 GAO/NSIAD-88-104 Navy Missile Quality Issue:



Appendix XV
Comments From Caelus Devices, Inc.

CAELUS DEVICES, INC. 3

PO Box 1097 » Hollister CA 95024-1097 @ (408) 637 7488 » TLX 172031

shitt production and radicwraphic screening ot sus-
secteg detonaters. The corrective actions taken at the
time were insutfficient to detect all ot the defective
units alreadv processed.'

Reason: The manutdcturing process included measuring and pressing twoe
small amounts of explosive powder intc i tinv metal cup, then
measuring 4 small amount of loose powder and adding it before

final assembliy. These operations were done one at a time on
sfOups ot compenents in 4 lot ot 1U,JuJ units. Partirally
completed units were stored 1n a dry room :in various stages of !
completion before the next step. See also the reason for .
above.
Now on pp,65>66 4. Page 94, line 10: Delete "As part of --- inspection processes”. Add

"In subsequent production, Caelus installed a contin-
aous production line to preclude omitting process
steps. It also instituted a 1007 radiographic in-
spection of completed detonators to screen out
defective units hefore shipment to its customers.”

y 5. Page 94, paragraph 2, line 3: Delete "told us he --- shipping documents.”
Now on pp'65 66 Add "told us he probablv did not inspect for the
presence of the loose load because 1t was not required
bv the letter of delegation issued by the prime
contractor's DCAS representative. He said the DCAS
stamp on shipping documents indicates compliance

with the letter of delegation which required inspection
of finished dimensions and test requirements.”

Reason: Clarity.

65-66 6. Page 94, paragraph ., last sentence: Delete "contracts, not small
Now on pp. : subontracts.' Add "contracts and mandatorv inspecticn
requirements at the subcontract level."
Reason: Misquote.
Other than the above, we have no other comments on the draft report.
Sincerely,

el

John B. Fitch
Manager of Contract Administration

JBF:jg
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Appendix XVI

Comments From Marvin Engineering Co., Inc.

—f r- s “"‘. MARVIN ENGINKERING CO., INC.
— s B -~ 26D WEST BEACH AVE + INGLEWOCD CALIFODRNA S03CZ *+ €73 N

< okt

November 18, 1987

GENERAL ACCOUNTING OFFICE
441 "G" Street, N.W.
Wwashington, DC 20548
Attention: Marvin Casterline
National Security
and International Affair Division
In reply refer to: WP-FIB-11117.ak
Reference: GAO Letter dated October 29, 1987
Dear Mr. Casterlin:
Thank you for your letter of 10/29/87. Submitted herewith are our
comments on the draft report regarding Navy Missile Systems

forwarded to us by your office.

PAGE 96: RIM-7M WINGS

7
Nowonp 6 It has been stated that wings "were not properly cut during

production.” The area in question was properly machined to the
blueprint as it existed. This area is a termination of a chamfer
at a shoulder and cannot be considered a true radius. There is no
dimensional callout; only a pictorial depiction. Our cutter run-
out formed the radius. Note 4 of B/P 5020381 does not apply as
witnessed by proposed change MM5019.2 Page 1 where the radius
called out on Note 4 was deleted and added to the casting portion
of the drawing where it belonged. (Copy attached).

Due to the above, some wing assemblies may not fold sufficiently
to be placed correctly in launching tubes. Marvin Engineering had
no way of knowing how far the wing should fold. There was no
specific requirement for a fold angle. (See Pages 2 and 3 of
MM5019.1A copy attached). Rather than saying MEC repaired
defective wings, a more accurate statement would be MEC altered
wings to allow them to focld to an acceptable angle by reducing the
cutter run-out radius to match the pictorial depiction.

Rework cost was absorbed by Marvin Engineering Co., Inc. because
we value the Folding Wing Program in which we have participated
over the last 11 or 12 years with two (2) major customers.
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Appendix XVI
Comments From Marvin Engineering Co., Inc.

Now on p 67

Now on pp 70-71

PAGE 96: PROBLEM IDENTIFIED

China Lake Naval Weapons Center in conjunction with the design
activity at General Dynamics started drawing clean-up to clarify
many ambiguous and unclear or conflicting dimensions on the
various drawings. Several changes are now being considered which
will clarify all drawings affected. Excerpts from these changes
that affect the folding of the RIM-7M Wing are attached to this
correspondence.

Q1l: UA Y CONTROL BREAKDOWN

The contention that the defects were not detected by anyone
assumes there were defects. We do not agree. The area in
contention is the termination of a chamfer and is not dimensioned.
(See Page 4 of MMS019.2A copy attached).

Wings currently being manufactured are being folded to the
proposed change (See Page 3 of MM50191.1A copy attached). The
radius in contention is being cut to conform to the proposed
change MM5019.2A Page 4 (copy attached).

CONCLUSION

Marvin Engineering does not feel any errors were made in machining
wings to the prints as they existed at that time. Note 17, Pages
1 and 4 "need for change" of ECP MM5019 (copy attached) addresses
ambiguities and omissions which contribute to the difficulty in
installing clips to fold wings in place.

Enclosed are highlighted copies of ECP 5019 and applicable sheets
of proposed changes.

Information about the investigation was released to the L.A. Times
before the parties involved were notified. As a result Marvin
Engineering Co., Inc. received adverse publicity.

Thank you for allowing us to explain our position. If you have
any questions or comments, please do not hesitate to call. We
would appreciate it if you could incorporate our comments into the

draft or have the draft changed to read like our explanation.
Please send us a copy of the revised draft.

Very truly yours,

NI WO

Marvin Gussman
President

MARVIN ENGINEERING CO., INC.

MG:ak
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Appendix XVII

‘Comments From Hercules Incorporated

Now on pp. 71-72

Hercules incorporatec
Aerospace Products Group
Allegany Ballistics Labaora‘ory
P O Box 210
Rocket Center WV 2
(304) 726-5000

HERCULES

o

726

December ., L4%7

Cnited States
General Accounting Office
Washington, D.C. 20548

Dear Mr. Conahan:

I have received the sections from your draft report on gqual::iy
on four Navy missile systems and offer the following re-write ot
graphs coucerning Antenna Bracket Springs on pages 103 and 104.
this re-write more closely incorporates facts that were transmit-ed
discussed with Mr. Marvin Casterline this past summer.

Although not specifically mentioned in the report it is noteworthy tna:
Hercules took immediate action when made aware of the problem. ‘Wwitn :tre
cooperation of the manufacturer of the Spring the cause was quickly icent:-
fied and corrective action taken. A Purchase Order for replacement sor.-us
was placed and that purchase order contained special quality assurance provi-
sions to establish a maximum tensile strength requirement. Concurrent.y, ar
Engineering Change Proposal was prepared and submitted to the Navy :» ...4 -
that same requirement on the drawing for the part. Although 2728 regla =ren-
springs were furnished to the Navy, fewer than 70 springs were 1 @ .. v
reported to have broken.

Sincerely yours,

James P. Niland
Quality Assurance Engineer

JPNiland:1ls
(4665V)

Ly
I
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