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EXECUTIVE SUMMARY

BACKGROUND

ESTCP project WP-0614, completed the work associated with transitioning the Low
Temperature Cure Powder Coating (LTCPC) into use at DoD maintenance facilities. This
project targeted the following major milestones: (1) Conduct additional testing and evaluation of
the candidate material to more thoroughly characterize performance (beyond the testing and
substrates used in the related SERDP project) utilizing a Joint Test Protocol (JTP), (2)
Demonstrate the improvements in the coating process and the superior operational performance
of the powder coating on aircraft components and ground support equipment, (3) Validate the
environmental benefits associated with the LTCPC on aircraft components and ground support
equipment, (4) Quantify the cost, logistics, and performance parameters of baseline coating
methods for Air Force and Navy logistics centers and demonstrate the cost-savings potential for
transitioning to LTCPC, and (5) Coordinate and facilitate technology transition of the low
temperature process into governing documents (e.g., MIL-PRF-24712 and coatings related
Technical Orders) and actual depot operations.

OBJECTIVES OF THE DEMONSTRATION

The performance objectives for the LTCPC program were:

Table 1. Summary of LTCPC Performance Objectives

Performance Objective Demonstration Results

Quantitative Performance Objectives
Product Testing (JTP):
e Color e Not Reported (N/R)
e Gloss e N/R
e Neutral Salt Fog Corrosion Resistance
0 2024-T3 Aluminum ¢ Inconclusive
0 6061-T6 Aluminum e Passed criteria
o AZ31B Magnesium e Passed criteria
0 4130 Steel e Passed criteria
e SO, Corrosion Resistance
0 2024-T3 Aluminum e Failed criteria
0 6061-T6 Aluminum e Inconclusive
0 4130 Steel e Passed criteria
¢ Cyclic Corrosion Resistance e Passed criteria
e Filiform Corrosion Resistance e Passed criteria
e Cross-Cut Adhesion by Tape e Passed criteria
¢ Impact Flexibility e Passed criteria
¢ Fluids Resistance e Passed criteria
e Low Temperature Flexibility e Passed criteria
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Performance Objective Demonstration Results

Field Service Evaluation:

e Color ¢ Inconclusive

e Gloss e Inconclusive

e Film Thickness e Not Applicable (N/A)
e Corrosion o Passed criteria
Reduction of Hexavalent Chromium Use e Passed objective
Reduction of Hazardous Waste Generated e Passed objective
Reduction of Processing Time Requirements e Passed objective

Qualitative Performance Objectives
Product Testing (JTP):

e Coating Appearance o Passed criteria

e  Strippability e N/A

Field Service Evaluation:

e Coating Appearance e Passed criteria

e Adhesion e Passed criteria

e Fluids Resistance e Passed visual inspections
e Humidity Resistance e Passed visual inspections
e Abrasion Resistance e Passed visual inspections
o Low Temperature Flexibility e Passed criteria

Reduction of VOC/HAP Emissions e Passed objective
Reduction of Rework Activities ¢ Inconclusive

Reduction of Worker Exposures e Passed objective

DEMONSTRATION RESULTS

A combination of laboratory test results and actual field evaluations confirmed the suitability of
LTCPC as a direct replacement for several wet coating systems that are currently in use on
Department of Defense (DoD) aircraft and ground support equipment components. LTCPC
demonstration results support the current stakeholder efforts directed at implementing this
technology at DoD maintenance facilities.

PERFORMANCE ASSESSMENT

Several performance measurements were reported by field service evaluation (FSE) participants
over the course of each item’s 12-month FSE. The recorded changes in AE color values varied
for each FSE component but generally proved to be inconclusive in nature. Gloss measurements
were also taken for each FSE component over the course of each item’s service evaluation.
Recorded specular gloss values varied for each FSE component but generally proved to be
inconclusive in nature. Additionally, dry film thickness measurements were documented during
the course of each component’s FSE and proved acceptable as determined by project
stakeholders and field users. Lastly, stakeholders evaluated the surface appearance of the
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LTCPC with unaided eyes for visible coating or surface defects. There were no noteworthy
surface appearance deficiencies reported during the course of each component’s FSE period,
outside of the normal level of wear and tear. Overall, the performance parameters were found to
be acceptable to all LTCPC stakeholders and operational field personnel involved with the
demonstration of this technology.
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1.0 INTRODUCTION

1.1 BACKGROUND

The use of traditional coating systems formulated with Volatile Organic Compounds (VOC) and
Hazardous Air Pollutants (HAP) presents the Department of Defense (DoD) with a significant
burden for environmental compliance, permitting, tracking, storage, operations, disposal, and
reporting requirements. Handling and disposal of toxic hazardous waste associated with these
coatings is extremely costly, time consuming, and presents risk to human health and the
environment. Use of these materials poses risks in the form of fines for non-compliance to
federal, state, and local regulations from the EPA and OSHA; fines may be imposed for
violations to the Clean Air and Water Acts, National Emissions Standards for Hazardous Air
Pollutants (NESHAP), Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), and Resource Conservation and Recovery Act (RCRA). Senior officials have
recognized the increasing environmental demands placed on DoD facilities and have shown
continued interest and support of demonstration/validation efforts which reduce dependence on
traditional coating systems.

Powder coating is a technology that virtually eliminates the hazardous waste streams associated
with conventional painting techniques. These waste streams include air emissions, contaminated
booth filters, unused admixed paints and cleaning solvents. Powder coating also greatly reduces
employee exposure and liabilities associated with liquid coating (wet solvent) use. The powder
coating process distributes a small-particulate mixture of resin and pigment onto a substrate,
which is then hardened at high temperature inside a curing oven. Advantages over conventional
spray painting include greater durability; improved corrosion resistance; and elimination of drips,
runs, and bubbles.

Powder coatings currently in use have a range of applications within the automotive, aerospace,
construction, and consumer products industries; however, certain applications are limited due to
the process requirements of powder coating. Some components cannot withstand the high
temperatures required for curing of the powder coating without degradation. Within the DoD,
temperature-sensitive components made of aluminum and magnesium are used extensively on
weapons systems due to their durability and low weight. These substrates cannot withstand the
high temperature cure (up to 400°F) necessary for powder coatings.

A low temperature cure technology would offer the DoD a VOC and HAP-free material coating
system which does not compromise substrate material properties. A candidate material was
identified under SERDP project PP-1268 “120°C (250°F) Cure, Durable, Corrosion Protection
Powder Coatings for Temperature Sensitive Substrates.” This low temperature cure powder
coating (LTCPC) material was produced by Crosslink Powder Coatings, Inc. and designated
White 595B-17925, with product number 6191-61003. The LTCPC has the potential to
eliminate a significant amount of the toxic and hazardous materials currently being used on the
targeted components and equipment without compromising structural integrity.



1.2 OBJECTIVES OF THE DEMONSTRATION
The objectives of the LTCPC program were to:

1. Conduct additional testing and evaluation of the candidate material to more thoroughly
characterize performance (beyond the testing and substrates used in the related SERDP
project) utilizing a Joint Test Protocol (JTP).

2. Demonstrate the improvements in the coating process and the superior operational
performance of the powder coating on aircraft components and ground support
equipment.

3. Validate the environmental benefits associated with the use of LTCPC on aircraft
components and ground support equipment.

4. Quantify the cost, logistics, and performance parameters of baseline coating methods for
Air Force and Navy logistics centers and demonstrate the cost-savings potential for
transitioning to LTCPC.

5. Coordinate and facilitate technology transition of the low temperature process into
governing documents (e.g., MIL-PRF-24712 and coatings related Technical Orders) and
actual depot operations.

The technology was demonstrated on Air Force and Navy components that currently undergo
solvent based coating applications. For the Air Force, complex shape application of LTCPC was
demonstrated on the interior of C-130 wheel well doors. The remaining USAF components
originally identified as part of the project’s demonstration plan were removed by stakeholders
due to unforeseen process changes unrelated to LTCPC performance. These targeted aircraft
components currently use conventional solvent-based coating systems to combat exposure to a
wide assortment of aggressive service environments. For the Navy, the LTCPC was applied to
J52 aft engine yokes and NAN-4 nitrogen servicing carts. These components were subjected to
a minimum 12 month FSE to demonstrate the coatings ability withstand the demanding and
corrosive environment of US Navy aircraft carriers. The remaining USN components originally
identified as part of the project’s demonstration plan had the LTCPC stripped before 12 months
of exposure.

The locations for Air Force and Navy demonstration and initial implementation of this powder
coat technology are the service-level logistics centers such as the U.S. Air Force’s Ogden Air
Logistics Center (OO-ALC), Hill Air Force Base (AFB), UT; as well as the U.S. Navy’s Fleet
Readiness Center Northwest (FRCNW), Naval Air Station Whidbey Island (NASWI), WA, and
Fleet Readiness Center Southwest (FRCSW), Naval Air Station North Island (NASNI), CA.
Concurrent Technologies Corporation (CTC), Johnstown, PA; Naval Air Systems Command,
Patuxent River, MD; and the Coatings Technology Integration Office (CTIO), Wright-Patterson
AFB, OH, supplemented OO-ALC’s existing onsite testing capabilities for the JTP portion of
this effort.



Target

HazMat

Table 2. Target Hazardous Material (HazMat) Summary

Current
Process

Applications

Current
Specifications

Affected
Programs

Candidate
Parts and
Substrates

Chrome (VI) | Aerospace | Solvent-borne | USAF: Air Force USAF:
coatings primer e TO 1-1-8 Navy e F-15 AMAD
application | application « TO 35-1-3 e F-16 ADG

Isocyanates | Aerospace | Solvent-borne | jgn: Air Force o TF33 engine
coatings topcoat Navy
application | application * NAVAIR 17-1-125 g;c:osrtsage

Epoxides Aerospace | Solvent-borne Air Force e C-130 main
coatings primer Navy landing gear
application | application doors

Used booth | Aerospace | Solvent-borne Air Force USN:

filters coatings primer & Navy e Aero 12C
application | topcoat bomb cart

application e NAN-4 cart

Limited Aerospace | Solvent-borne Air Force ¢ Adjustable

Lifespan coatings primer & Navy length tow

PPE application | topcoat bar

application o J52 aft

Waste Aerospace | Solvent-borne Air Force engine yoke

service coatings primer & Navy e J52 forward

rags; single- | application | topcoat engine yoke
use cleaning application and Enai

items cleanup * =ngine

support

Waste & Aerospace | Solvent-borne Air Force adapter

expired coatings primer & Navy e HLU-288

organic application | topcoat bomb hoist
coatings storage and
cleanup

Waste Aerospace | Solvent-borne Air Force

solvent coatings primer & Navy
application | topcoat

cleanup

1.3 REGULATORY DRIVERS

The current use of solvent-based chromated primers and topcoat compounds poses risks in the
form of fines for non-compliance to federal, state, and local regulations. Fines may be imposed
for violations related to the Clean Air and Clean Water Acts, National Emissions Standards for
Hazardous Air Pollutants (NESHAP), Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA), and Resource Conservation and Recovery Act (RCRA). Senior
officials have recognized the increasing environmental demands placed on DoD facilities and
have shown continued interest and support of demonstration/validation efforts which reduce
dependence on traditional coating systems.



Volatile Organic Chemicals are defined by Title 40 of the Code of Federal Regulations (CFR)
[40 CFR 51.100(s)] as any carbon-containing compound that participates in photochemical
reactions, excluding those on the VOC-exempt compounds list. At room temperature these
compounds typically evaporate at substantial rates and contribute to ground-level ozone (smog)
formation. Documented short-term health effects of VOC exposure consist of headaches, loss of
coordination, nausea, fatigue, eye, nose, and throat irritation. Long-term health concerns include
kidney, liver, and central nervous system damage, and cancer formation.[1] Typically, state or
local agencies only regulate VOC emissions for sources residing within ozone non-attainment
areas, new facility construction, or major modifications to existing facilities.[2] Hazardous Air
Pollutants are defined by the 1990 Clean Air Act (CAA) Amendments [Section 112(a)] as any
air pollutant reasonably anticipated to adversely impact populations of species or degrade
environmental quality, thus resulting in a need to establish emission limits. The short-term
health effects of HAP exposure are similar to those experienced by exposure to VOCs. Long-
term effects include birth defects, developmental delays, reduced ability of the immune system to
fight diseases, and cancer formation.[3] Environmental Protection Agency (EPA)-regulated
major sources, as defined by the CAA Amendments, encompass stationary sources nationwide
that annually emit or have the potential to emit at least 10 tons of a single HAP or 25 tons of any
combination of HAPs. Department of Defense rework and repair facilities commonly fall within
this category.

Conventional paints include solvents, such as Methyl ethyl ketone (MEK) and Methyl isobutyl
ketone (MIBK), which help dissolve or disperse the various paint components and ensure the
desired consistency for application. The coatings release the majority of VOCs and HAPs during
application of primers, and topcoats. Residual VOC/HAP releases continue as the coating
system proceeds to full cure, and to a smaller extent throughout the coating’s lifespan.
Department of Defense coating applications are currently subject to NESHAP for Aerospace
Manufacturing and Rework Facilities [40 CFR Part 63 Subpart GG]. In respect to solvent-based
coatings, the NESHAP standards for primer and topcoat application operations [40 CFR 63.745]
define the maximum allowable HAP and VOC content for both uncontrolled and controlled
applications at aerospace rework facilities. These environmental constraints are of particular
concern to defense facilities residing within non-attainment regions subject to fines for non-
compliance with federal, state, and local environmental mandates.

The implementation of the OSHA Final Rule designating the permissible exposure limit (PEL)
for hexavalent chromium is a significant driver for the use of non-chromium containing coatings.
The employer must demonstrate that they have controls capable of keeping the OSHA eight-hour
time weighted average to below 5.0 pg/m’. The advantage of the LTCPC is that it replaces
chromium use by eliminating chromium containing primers such as MIL-PRF-23377.

The LTCPC material has the ability to significantly mitigate the contributions to VOCs and
HAPs for the solvent-based coating applications it replaces. It can also reduce the utilization of
hexavalent chromium, by elimination of the primer process. This can all be accomplished
without contributing to any new foreseen regulatory drivers.



2.0 DEMONSTRATION TECHNOLOGY

2.1 LTCPC DESCRIPTION

2.1.1 Basic Chemistry

Polymers can be placed into two main groups based on their behavior when heated:
thermoplastics and thermosets. Thermoplastics are mainly composed of covalently-bonded,
carbon-containing polymer chains that form weak Van der Waals bonds with adjacent chains to
create three-dimensional lattices. The nature of Van der Waals bonding allows thermoplastics to
be reshaped with the addition of heat to temporarily break these bonds. This ability contributes
to widespread use of thermoplastics for recyclable packaging material. Thermosets are similar in
composition to thermoplastics; however, thermosets exhibit covalent bonding that links the
individual polymer chains into a three-dimensional lattice structure. This cross-linking of
polymer chains prevents thermosets from being reshaped with the addition of heat. While
thermosets are not easily reshaped, they do exhibit several desirable material characteristics such
as:

e Increased material strength

e Increased thermal stability

e Insulating properties

e Lightweight composition

e Resistance to creep

e Reduced deformation under load

This program demonstrated an acid functional polyester resin combined with triglycidal
isocyanurate (multifunctional epoxy cross-linker) for the purpose of delivering low temperature
cure kinetics and exterior coating durability. This coating system utilized a thermosetting
polymer that cures through the addition of energy. These reactions have the desirable
characteristic of not producing any unwanted volatile byproducts. From a safety standpoint, the
individual components comprising the LTCPC do not react with themselves. However care
should be taken to avoid exposing the powder to any strong oxidizers, such as pure oxygen or
peroxides, as they will initiate powder combustion.

The term “polyester” is standard nomenclature for a group of long-chained polymers assembled
by the esterification condensation of multifunctional acids and alcohols. The family of
multifunctional alcohols commonly selected for the thermoset polyesters of interest are glycols.
Molecular compounds which are examples only but representatives of the individual components
are presented in Figures 1 and 2.
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Figure 1. Chemical Structure of a Dihydric Alcohol [1,4-Butanediol]
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Figure 2. Chemical Structure of a Multifunctional Acid [Terephthalic Acid]

The acid and alcohol constituents are blended in the presence of heat and a catalyst to create a
long-chained acid functional polyester resin. A representative example is found in Figure 3.

Figure 3. An Acid Functional Polyester Chain

The polyester resin is ground to a fine powder and then is blended with various additives
including the multifunctional cross-linker (Figure 4) and pigments. This mixture is then melted
at a low temperature together and extruded, then cooled and finally ground to a powder once
again. It is this final mixture that is subsequently applied to the substrate surface as a powder
coat. This powder coating is then subjected to heat during an oven curing stage. The associated
reaction chemistry involves the epoxy curing agent bonding with multiple carboxyl groups to
cross-link the various polyester chains, thus creating a three-dimensional lattice. Figure 5
illustrates the curing process resulting in a cross-linked polyester.

[4]

Figure 4. Chemical Structure of a Multifunctional Epoxy Cross-Linker [1,3,5-Triglycidyl
Isocyanurate]
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Figure 5. Cross-Linked Polyester Structure

2.1.2 Low Temperature Cure Mechanisms

Primarily, the temperature at which a thermosetting resin cures is a function of the cross-linker’s
chemical composition and cure rate is dependent upon the associated heat of reaction. To
achieve a desired low cure temperature of 120°C, resin systems are selected which have a
compatible curing point at or below this constraint while also fulfilling the desired material
characteristics. Required heats of reaction can be decreased through the addition of low-
concentration reaction catalysts (< 1.0 wt %) that greatly enhance the reaction rate at the desired
cure temperature, and to a lesser extent by compatible corrosion inhibitor compounds.

2.1.3 Material Properties

For LTCPCs there were several required physical properties defined within the JTP. These
requirements included a final coating thickness range, a minimum product shelf life, and finished
surface quality. In addition to required physical properties, there were several material
performance requirements a LTCPC candidate needed to meet. Performance with respect to the
mechanical properties of coating adhesion, flexibility, impact resistance, and hardness needed to
be satisfactory. The coating needed to display excellent corrosion resistance, to be evaluated by
salt fog exposure, SO, exposure, cyclic corrosion for scribed substrates, and filiform corrosion
testing. In addition, a LTCPC neeed to show a level of resistance to commonly used chemicals,
such as MEK. The ESTCP effort was designed to demonstrate a low temperature cure powder
that exhibited these properties.

2.1.4 Material Application

Ease of application is dramatically improved for powder coatings versus multistage
primer/topcoat systems. There are four basic powder coating application processes: electrostatic
spraying, fluidized bed, electrostatic fluidized bed, and flame spray. Electrostatic spraying was
used for the purposes of this demonstration.



Figure 6 is an illustration of the steps required for electrostatic spraying. In electrostatic
spraying, an electrical charge is applied to the dry powder particles while the component to be
painted is electrically grounded. The charged powder and grounded workpiece create an
electrostatic field that pulls the paint particles to the workpiece. The coating deposited on the
workpiece retains its charge, which holds the powder to the workpiece. The coated workpiece is
then placed in a curing oven, where the paint particles are melted onto the surface and the charge
is dissipated.

& component Sggg

Powder r R No drying
: w —_— — time
V' i K7 required

L Bake 30 minutes 250 F

Figure 6. Process Illustration of Coating Process

2.1.5 Disposal

Accumulation of powder coating waste is made possible through localized waste stream
collection and separation from any carrier material. Powder coating disposal is then
accomplished by means of bulk storage container removal by contracted waste management
carriers. Most powder coatings are not defined as hazardous waste, and as such do not require
the level of documentation, reporting, and disposal costs normally associated with more
conventional solvent-based coating systems. Avoidance of these disposal restrictions presents
the potential for significant cost savings over the life cycle of identified service components.
These savings were explored in greater detail later as part of the overall ESTCP program.

Recently the use of barium-containing compounds within coatings has raised concerns regarding
appropriate characterization of worker exposure and risk. Testing based on EPA standards has
proven that the level of barium metaborate present within the formulated LTCPC does not
constitute a hazardous waste characteristic. As such, both the uncured and cured powder can be
disposed of using methods for the disposal of non-hazardous waste.

2.2 LTCPC DEVELOPMENT

Beginning in Fiscal Year (FY) 2003, SERDP approved initial funding for an effort to identify
and develop powder coating resins for corrosion protection of temperature-sensitive weapon
system components. Initial design criteria for the low temperature cure powder coating
candidate included an optimum cure temperature of 120°C (250°F) and a maximum cure time of
30 minutes. The optimum cure temperature was related to the highest temperature a substrate
can withstand without modifying its material properties. It is detrimental to expose aluminum
alloys used in components to temperatures above 160°C for prolonged periods as structural
integrity of the metal may be compromised. Maximum cure time is largely driven by
operational, logistical, and economical considerations. Military equipment is commonly
measured in terms of its operational availability rate. In this regard, the more time a piece of
equipment is unavailable due to tasks such as the application of coatings the lower the item’s
operational availability is. Above all else, a high level of unavailability has a negative impact on



the military and its ability to accomplish a given mission. Of secondary concern is the fact that
as time spent servicing an item increases, the associated labor costs increase as well. Efforts are
continually made to identify processes or products that maximize the military’s Operations and
Maintenance (O&M) budget.

Under the leadership of Dr. Glen Merfeld, General Electric Global Research evaluated and
optimized the formulation, and cure and performance parameters of candidate LTCPC materials
under SERDP project PP-1268. Work began with the evaluation of several commercial powder
coatings to meet the requirements necessary for use on military aircraft, weapons systems, and
ground support equipment. The powder coating chemistries investigated included
polyester/Primid, polyester/triglycidyl isocyanurate (PE/TGIC), epoxy, urethane, and acrylic
resins. Various material tests were conducted through a government partnership of NAVAIR,
Patuxent River, MD, the Air Force Research Laboratory (AFRL), Wright-Patterson AFB
(WPAFB), OH, and the Department of Energy’s (DOE) National Nuclear Security
Administration (NNSA) Kansas City Plant, Kansas City, MO. The associated final report
documenting the results of this effort, “120°C Cure, Durable, Corrosion Protection Powder
Coatings for Temperature Sensitive Substrates” dated January 28, 2005, is available through the
SERDP’s publicly-accessible website (http://www.serdp.org).

2.3 ADVANTAGES AND LIMITATIONS OF LTCPC

The main advantages of low temperature cure powder coatings include the elimination of HAP
and VOC content, as well as improved durability and corrosion resistance. Powders offer
superior coating properties, so an inherent advantage is that primers are generally not required.
Additionally, powder coatings are easier to prepare and apply in an application environment as
there is no thinning, catalyst addition, mixing, or pot life issues to be concerned with.

A current limitation of powder coatings resides in the allowable humidity range for the
application of powders, as humid conditions commonly promote clumping and degrade powder
adherence to substrates. Also, complex shapes often create difficulties in achieving adequate
coverage over all part areas as a result of Faraday Cage effects. The inability to cover large
items effectively and size limitations imposed on qualified parts due to the curing oven’s
physical dimensions comprise two additional drawbacks of powder coating technology.
Technology innovations such as Ultraviolet (UV) curable powders, which are not constrained by
physical oven size due to their cure mechanism, may soon mature and compliment LTCPC by
accommodating larger parts.



3.0

PERFORMANCE OBJECTIVES

There were a number of performance objectives evaluated over the course of this project.
During the first phase of this demonstration/validation the LTCPC was subjected to both
qualitative and quantitative product testing which validated the results of earlier SERDP testing.
For the second phase of this project both services conducted field service evaluations after
reviewing the results of LTCPC laboratory-scale testing.

Performance

Data Requirements

Table 3. LTCPC Performance Objectives

Success Criteria

Results

Objective

Quantitative Performance Objectives

Product Testing (JTP):

Color

Gloss

Neutral Salt Fog
Corrosion Resistance

SO, Corrosion
Resistance

Cyclic Corrosion
Resistance

Filiform Corrosion
Resistance

Cross-Cut Adhesion
by Tape

MIL-PRF-85285D,
4.6
FED-STD-595B
ASTM D 2244

MIL-PRF-85285D,
4.6
FED-STD-595B
ASTM D 523 (60°
gloss)

MIL-PRF-23377J,
4.58.1

ASTM B 117
ASTM D 1654

ASTM G 85, Annex
A4

ASTM D 1654,
Procedure A,
Method 1

GM 9540P
GM 4465P
ASTM D 1654
ASTM D 714
ASTM D 610

MIL-PRF-23377J,
4.5.8.2

ASTM D 2803
ASTM D 1654

MIL-PRF-32239,
4.6.14
FED-STD-141D,
Method 6301.3
ASTM D 3359, Test
Method B

AE < 1 from
Federal Standard

= 90 gloss units
(gloss coatings)
15 <y <45 gloss
units (semi-gloss
coatings)

No blistering or
undercutting from
the scribe after
2,000 hours

No blistering or
lifting after 500
hours

No significant

blistering, lifting, or
softening of coating
after 80 test cycles

<0.25inch
filaments from the
scribe

4B or better rating

Not Reported
(N/R)

N/R

Inconclusive:
2024-T3 Al
Passed
criteria: 6061-
T6 Al; AZ31B
Mg; 4130 Steel

Failed criteria:
2024-T3 Al
Inconclusive:
6061-T6 Al
Passed
criteria: 4130
Steel

Passed criteria

Passed criteria

Passed criteria
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Performance

Data Requirements

Success Criteria

Results

Objective
¢ Impact Flexibility
e Fluids Resistance

e Low Temperature
Flexibility

MIL-PRF-85285D,
4.6.7.1
ASTM D 6905

MIL-PRF-85285D,
4.6.8

MIL-PRF-85285D,
4.6.7.2

ASTM D 522, Test
Method B

o 5% or better
elongation/area
increase (Type Il)

¢ No blistering or loss
of adhesion

e No cracking over 1
inch mandrel @ -
60°F

e Passed criteria

e Passed criteria

e Passed criteria

Field Service Evaluation:

e Color

e Gloss

e Film Thickness

e Corrosion

FED-STD-595B
ASTM D 2244

FED-STD-595B
ASTM D 523 (60°
gloss)

ASTM D 7091
Measurements
taken from at least
six different points
on the component

ASTM D 1654
Identify
undercutting,
pitting, or any
required repairs

e Utilization of initial
color swatches to
determine amount
of color change
versus time

e Determination of
initial gloss and any
change in gloss vs.
time, especially for
components
exposed to outdoor
conditions of
sunlight, wind, and
rain

e Not Applicable
(N/A\) - record and
report

¢ No significant
blistering,
undercutting, or
pitting of coating

e Inconclusive

e Inconclusive

e N/A

e Passed criteria

Reduction of Hexavalent
Chromium Use

Volume of:

Chromated primer
usage

Elimination of chromate
utilized by current
process wet primer

Passed objective

Reduction of Hazardous
Waste Generated

Volume of:

Raw materials
usage

Air emissions filter
usage

Disposable PPE
usage

Single-use cleaning
supply usage
Organic coatings

Elimination of
hazardous waste
generated by the
current wet process

Passed objective
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Performance

Data Requirements

Success Criteria

Results

Objective

waste

e Spent cleaning
solvent

e Removed coatings

Reduction of Processing
Time Requirements

Tracking of processing
time in demonstration

Reduction of
processing time
required for current wet
process

Passed objective

Qualitative Performanc

e Objectives

Product Testing (JTP):
o Coating Appearance

e  Strippability

e MIL-PRF-85285D,
4.6.3

e TO1-1-8
AF Engineering
Qualification Plan
CLG-LP-043
Revision 0

e No visible coating
or surface defects;
Absence of micro-
cracks at 10x
magnification

e N/A-record and
report

e Passed criteria

e N/A

Field Service Evaluation:

e Coating Appearance

e Adhesion

e Fluids Resistance

e Humidity Resistance

e Inspection of the
coating for
presence of visible
surface defects

e Determine coating
adhesion after
exposure to
operational
environments

e Document
occurrences of
operational fluid
exposures to
coating

e Document coating
performance after
long-term
operational

exposures to high

e Uniform smooth
surface free from
runs, sags,
bubbles, streaks,
hazing, seeding,
dusting, mottling or
other defects.
Minimal to no
orange peel shall
be evident.

¢ No visible lifting or
flaking of coating

e No visible
blistering,
softening, or other
coating defects
when and if
encountered in the
field

e No visible
blistering,
softening, or loss of
coating adhesion
when and if

e Passed criteria

e Passed criteria

e Passed visual
inspections

e Passed visual
inspections
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Performance

Data Requirements

Success Criteria

Results

Objective

e Abrasion Resistance

e Low Temperature
Flexibility

humidity

Document
occurrences of
coating abrasions
during operational
use

Inspection of the
coating for
presence of visible
coating failure

encountered in the
field

Resistance to
abrasion that
equals or exceeds
the baseline when
and if encountered
in the field

No visible cracking
of the coating after
exposure to low
temperatures

e Passed visual
inspections

e Passed criteria

Reduction of VOC/HAP Volume of: VOC/HAP reductions Passed objective
Emissions e Raw materials from current process
usage
¢ Cleaning solvent
usage

Feedback from field
technicians during
demonstration

Reduced number of “no | Inconclusive
pass” component
coating jobs currently
experienced at the
depot facilities from

current process

Reduction of Rework
Activities

Minimize worker
exposure to VOCs,
HAPs, and hexavalent
chrome

Reduction of Worker
Exposures

Tracking of usage
reductions in solvent-
containing and
chromated materials
related to coating
operations

Passed objective

3.1 QUANTITATIVE PERFORMANCE OBJECTIVES
3.1.1 Product Testing

3.1.1.1 Color and Gloss

The purpose of these performance objectives are to evaluate and compare the color and gloss of
the LTCPC and control coating systems. Coating systems for weapon systems and support
equipment must be able to meet specification requirements for color and gloss characteristics.
For all color measurements, cured coating samples must produce a CIELAB color difference
(AE) no greater than plus or minus one unit from the published federal color standard in FED-
STD-595. Depending on the manufactured finish, a cured coating sample must register a
minimum of 90 for “gloss” coatings or a reading between 15 and 45 for “semi-gloss” coatings
when measured from a 60° angle of incidence. These tests utilized calibrated laboratory
equipment to determine acceptable color and gloss characteristics.
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3.1.1.2 Neutral Salt Fog Corrosion Resistance

Corrosion protection is a critical performance requirement of coating systems, as substrates are
often corrosion sensitive and equipment often operates in extreme environments. This test
method evaluates a coating system’s ability to prevent substrate corrosion in a humid salt-spray
environment, and the effect that any corrosion has on the adhesion of the coating system. For all
substrates, coupons are scribed through the coating prior to exposure to the salt fog, and must
exhibit corrosion inhibition properties rather than just barrier coat properties. Adequate salt fog
corrosion inhibition exists if the cured coating demonstrates no blistering, lifting or substrate
pitting after environmental exposure. Current coating specifications require that materials used
on military equipment provide corrosion protection within a salt fog chamber for as much as
2,000 hours (MIL-PRF-23377], Paragraph 3.8.2.1).

3.1.1.3 SO, Corrosion Resistance

SO, corrosion resistance relates to the ability of a coating system to prevent corrosion when
exposed to corrosive conditions resulting from air pollutants. The test is similar to the neutral
salt fog corrosion resistance test described above, but the coupons are exposed to a more
aggressive environment. The test evaluates corrosion protection when a coated substrate is
exposed to an acidic, corrosive environment such as acid rain. This test is favored by the Navy,
as aircraft and equipment on naval vessels may be exposed to more aggressive atmospheres due
to the presence and proximity of diesel engine stack fumes. Acceptable SO, corrosion resistance
exists if the cured coating exhibits no blistering, pitting, or uplifting after exposure to sulfur
dioxide acidified salt spray for 500 hours. Acceptable coatings prevent extensive corrosion in
the area of the scribe and any corrosion extending from the scribe. Slight amounts of general
surface corrosion are permitted within the scribe.

3.1.1.4 Cyclic Corrosion Resistance

Cyclic corrosion resistance testing evaluates the ability of coating systems to prevent corrosion
when exposed to a simulated neutral pH corrosive environment. Scribed coated coupons are
placed in a cyclic corrosion chamber. The chamber cycles coupons through salt fog exposure,
dwell subsequent to the salt fog, high humidity and drying, to provide a varying and aggressive
environment. Cured coatings provide an acceptable level of cyclic corrosion resistance when
there is no significant blistering, lifting, or softening after exposure to 80 test cycles.

3.1.1.5 Filiform Corrosion Resistance

Filiform corrosion resistance is used to evaluate the ability of a coating system to resist filiform
corrosion. Scribed, coated coupons are exposed to an atmosphere of hydrochloric acid to initiate
filiform-type corrosion. Filiform corrosion will undercut the coating in fine filaments growing
somewhat normal to the scribe. The filiform test, which determines the resistance of coated
metals to filiform-type corrosion, is distinctly different from neutral salt fog resistance test and is
required to ensure the candidate coating(s) provide the appropriate corrosion protection. This
test is normally required for primers and not topcoats. However, as this project incorporated
single coating systems (primerless), stakeholders included this test to ensure that a full
comparison of the coating system properties occurred.
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3.1.1.6 Cross-Cut Adhesion by Tape

The cross-cut adhesion by tape test method establishes the adequacy of intercoat and surface
adhesion of an organic coating by the application and removal of pressure sensitive tape over a
scribed area of the coating. In some instances, to increase the severity of the test, the coated
panel is soaked in water for 24 hours, scribed in a lattice pattern, and then tape tested. Coatings
used in aircraft and support functions must remain adherent and provide reliable barrier
protection in intense operating environments. The tape adhesion test provides a suitable
evaluation of the coating system’s ability to provide this protection. All participants agreed that
adhesion testing was a performance requirement.

3.1.1.7 Impact Flexibility

The purpose of impact flexibility testing is to determine the ability of a coating film to resist
shattering, cracking or chipping when the film and substrate are distended beyond their original
form by impact. Areas of the coupon are subjected to impact by different diameter semispherical
indenters and the affected coating in the deformed areas of the coupon is evaluated. Coatings
attached to substrates are subjected to damaging impacts during the manufacture of articles and
their use in service. This impact resistance test method is useful in predicting the performance of
organic coatings for their ability to resist cracking caused by impacts and moderate deformation
of substrates.

3.1.1.8 Fluids Resistance

Fluids resistance relates to the ability of a coating system to withstand exposure to fluids
commonly encountered within an operational environment. It is a critical requirement that
coating systems applied to military assets do not blister, soften, or otherwise fail to fully protect
underlying substrates from sources of external damage. Laboratory fluids resistance testing was
run per procedures outlined within MIL-PRF-85285D; Coating: Polyurethane, Aircraft and
Support Equipment.

3.1.1.9 Low Temperature Flexibility

Low temperature flexibility testing relates to the ability of a coating system to maintain
functionality at the low temperatures commonly encountered within aeronautical environments.
Safety-of-flight concerns drive the requirement that coating systems applied to military assets
retain adequate coating flexibility at lowered temperatures. Coating embrittlement can lead to
failure propagation and potential coating adhesion failure. Laboratory low temperature
flexibility testing was run per procedures outlined within ASTM D 522; Standard Test Methods
for Mandrel Bend Test of Attached Organic Coatings.

3.1.2 Field Service Evaluation

3.1.2.1 Color and Gloss

For an explanation of these performance objectives and their relevance to the demonstration
please refer to Section 3.1.1.1.

3.1.2.2 Film Thickness

Measurement of the LTCPC dry film thickness is required to determine whether the coating
remains within specification, thereby providing adequate protection of the substrate. During the
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FSE dry film thickness measurements were taken from multiple locations along the component’s
surface and documented by either field technicians or project stakeholders.

3.1.2.3 Corrosion

For an explanation of this performance objective and its relevance to the demonstration please
refer to Sections 3.1.1.2 through 3.1.1.5, which outline the corrosion categories of interest to
LTCPC stakeholders during the FSE. Stakeholders assessed each component in the field for the
presence of corrosion by means of unassisted visual inspections.

3.1.3 Reduction of Hexavalent Chromium Use

Hexavalent chrome has proven very adept at protecting sensitive substrates from corrosion;
however it exposes the user to environmental, health, and safety risks. LTCPC’s ability to
provide adequate corrosion protection without the use of a chromated primer will be proven
through laboratory-scale corrosion testing. Using a MIL-PRF-23377 primer as an example, the
elimination of this primer at a nominal thickness of one mil results in the avoidance of
approximately 3.9 pounds of strontium chromate per 1,000 square feet of painted surface area.

3.1.4 Reduction of Hazardous Waste Generated

A significant amount of hazardous waste is generated during the wet paint process. Handling,
storage, and disposal of hazardous waste contributes to the overall labor and material costs
associated with component maintenance. LTCPC’s ability to reduce hazardous waste will be
confirmed during the coating of FSE components. Based upon the wet coating MSDS sheets,
use of LTCPC reduces as much as 30 pounds of solid waste as well as 6 pounds of volatile
solvents per 1,000 square feet of painted surface area.

3.1.5 Reduction of Processing Time Requirements

Component processing time requirements are largely driven by the relatively long cure time
requirements associated with wet coatings. LTCPC’s ability to reduce overall processing time
will be explored during the coating of FSE components. Transitioning to LTCPC saves an
estimated 435 minutes per component versus applying wet coatings, which is based upon
application and cure time data provided by facility stakeholders.

3.2 QUALITATIVE PERFORMANCE OBJECTIVES
3.2.1 Product Testing

3.2.1.1 Coating Appearance

The purpose of this performance objective is to evaluate and compare the surface appearance of
the LTCPC and control coating systems. Coating systems for weapon systems and support
equipment must have a consistently uniform and high quality appearance. This test utilized both
the unaided eye and minimal magnification to examine the coating for acceptable quality and
appearance. This test was conducted to provide critical detailed evaluation of coating
appearance and integrity. All participants agreed a surface appearance evaluation was necessary
for this phase of the powder coating study.

16



3.2.1.2 Strippability

The purpose of this evaluation was to determine the strippability of the LTCPC from the various
substrates using both chemical strippers not containing methylene chloride, and mechanical
strippers using Plastic Media Blasting (PMB). The ability to strip a coating off substrates is an
important evaluation. Aircraft and ground support equipment components are required to
occasionally remove their paint coatings for non destructive inspection and testing. During
previous SERDP testing, a methylene chloride based stripper was successfully used on the
LTCPC. This effort’s evaluation was not meant to be a part of the pass/fail acceptability criteria,
but rather an opportunity to evaluate other “environmentally friendly” paint and coatings
strippers.

3.2.2 Field Service Evaluation

3.2.2.1 Coating Appearance

For an explanation of this performance objective and its relevance to the demonstration please
refer to Section 3.2.1.1.

3.2.2.2 Adhesion

During the FSE any observed coating failures attributable to a deficiency in adhesion
performance were documented by either field technicians or project stakeholders.

3.2.2.3 Fluids Resistance

For an explanation of this performance objective and its relevance to the demonstration please
refer to Section 3.1.1.8. During the FSE any observed coating failures attributable to a
deficiency in fluids resistance were documented by either field technicians or project
stakeholders.

3.2.2.4 Humidity Resistance

Humidity resistance relates to the ability of a coating system to withstand exposure to the high
levels of humidity commonly encountered within an operational environment. During the FSE
any observed coating failures attributable to a deficiency in humidity resistance were
documented by either field technicians or project stakeholders.

3.2.2.5 Abrasion Resistance

Abrasion resistance relates to the ability of a coating system to resist surface abrasions, which
can compromise the integrity of coating and the substrate underneath. During the FSE any
observed coating failures attributable to a deficiency in abrasion resistance were documented by
either field technicians or project stakeholders.

3.2.2.6 Low Temperature Flexibility

For an explanation of this performance objective and its relevance to the demonstration please
refer to Section 3.1.1.9. During the FSE any observed coating failures attributable to a
deficiency in low temperature flexibility were documented by either field technicians or project
stakeholders.
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3.2.3 Reduction of VOC/HAP Emissions

Within the scope of this project, VOC and HAP emissions are largely tied to the application of
wet coatings and solvents used to clean the spray equipment afterwards. LTCPC produces only
trace levels of VOC or HAP emissions during application or curing. Additionally, only
compressed air is needed to clean the associated powder coating equipment since raw LTCPC
exists as an uncured, finely ground, non-adhesive solid. For an explanation of the reduction in
volatile solvents please refer to Section 3.1.4.

3.2.4 Reduction of Rework Activities

Stakeholders originally selected to explore reductions in rework activities due to LTCPC’s
anticipated increase in coating durability. Visual comparison of the coating’s durability against
the baseline process provides the data necessary to evaluate this performance objective.

3.2.5 Reduction of Worker Exposures

The use of wet coatings exposes workers to several potential health and safety risks, such as
hexavalent chrome and VOCs/HAPs. By its design, LTCPC eliminates the utilization of each of
these items during coating operations. The MSDSs associated with each wet coating and
LTCPC provides the information necessary to confirm the elimination of these health and safety
risks.
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4.0 SITES/PLATFORM DESCRIPTION

4.1 TEST PLATFORMS/FACILITIES

At the completion of qualification testing, full-scale field demonstration/field service evaluations
(FSE) were accomplished. Field demonstrations spanned a minimum twelve-month period,
starting with the application of the LTCPC onto candidate parts. Navy components were powder
coated at Fleet Readiness Center Northwest or Southwest; while Air Force components were
powder coated at the Ogden Air Logistics Center prior to installation on the associated weapons
systems. Each of these FSE facilities were selected based upon the level of stakeholder buy-in
related to LTCPC technology.

4.1.1 Fleet Readiness Center Northwest, NAS Whidbey Island, Washington

Before the US Navy’s (USN) recent reorganization, Fleet Readiness Center Northwest
(FRCNW) located at Naval Air Station (NAS) Whidbey Island was referred to as an Aircraft
Intermediate Maintenance Department, providing intermediate and depot level aviation
maintenance, component repair, and logistics support to the Fleet both locally and around the
world. FRCNW provides a full range of aircraft avionics, armament, and electrical systems
component repair that includes: J52 engine and component repair/build-up; T56-A-14 engine and
component repair/build-up; flight control surface structural repair; aircraft canopy repair; P-3,
EA-6B, and MH-60 aircraft tire/wheel repair; as well as aircraft Ground Support Equipment
(GSE) repair.[5]

FRCNW?’s existing powder coating capability, along with a strong willingness to evaluate the
LTCPC technology drove the decision to select this site as one of the demonstration’s application
facilities. In addition to their role as a LTCPC application facility, FRCNW also provided
components suitable for field service evaluation.

4.1.2 Fleet Readiness Center Southwest, NAS North Island, California

Located on North Island, NAVAIR’s Fleet Readiness Center Southwest (FRCSW), is the lead
facility nationwide performing overhaul, repair and modification of the F/A-18 Hornet, including
the E/F model Super Hornet. In addition to maintaining F/A-18 Hornets, FRCSW returns E-2
Hawkeyes, C-2 Greyhounds, multi-use S-3 Vikings, as well as H-60 Seahawk and AH-1/UH-1
helicopters to the fleet while providing over 60,000 aircraft component parts. The center is also
the sole service site of the LM2500 turbine engine used to power Spruance-, Aegis- and Perry-
class surface ships. FRCSW’s component program boasts repair capability for over 35,000
unique components used on Navy and Marine frontline tactical and support aircraft for use by
the depot’s own programs and as critical parts for the Navy-wide supply system. Common
avionics and support equipment are serviced by the depot as well. Additionally, Field Service
and Voyage Repair teams work offsite worldwide to maintain aircraft and ship aviation support
systems, bringing depot-level expertise and service to deployed units and to fleet units.[6]

FRCSW’s existing powder coating capability, along with the willingness to evaluate the LTCPC
technology drove the decision to select this site as one of the demonstration’s application
facilities. In addition to their role as a LTCPC application facility, FRCSW also provided
components suitable for field service evaluation.
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4.1.3 Ogden Air Logistics Center, Hill AFB, Utah

Ogden Air Logistics Center (OO-ALC) operates as one of AFMC’s three depot maintenance
facilities, with engineering, sustainment, and logistics management for USAF weapon systems
including all Minuteman intercontinental ballistic missiles, F-16 fighters, Air Force and Marine
Corps C-130 Hercules, as well as A-10 Thunderbolts. OO-ALC is the organization responsible
for the management, overhaul, and repair of all types of landing gear, wheels, brakes, and tires.
Ogden is also recognized as the Air Force Center of Industrial and Technical Excellence for low-
observable, ‘stealth’, and aircraft structural composite materials. Additionally, maintenance
activities associated with various USAF avionic, hydraulic, pneudraulic, and radar components,
as well as instruments, gas turbine engines, power equipment systems, and special purpose
vehicles occur at OO-ALC.[7]

OO-ALC’s existing powder coating capability, along with the willingness to evaluate the
LTCPC technology drove the decision to select this site as one of the demonstration’s application
facilities. In addition to their role as a LTCPC application facility, OO-ALC also provided
components suitable for field service evaluation.

4.2 PRESENT OPERATIONS

Coatings currently in use on various non-flight critical components and ground support
equipment are typically based upon a layered coatings approach. These coatings begin with
substrate pretreatment, usually including a conversion coating (either a phosphate-type treatment
for steel, or a chromated conversion coating for aluminum), to which a high-solids epoxy primer
coating is applied (based on MIL-PRF-23377, MIL-P-53022, or MIL-P-53030), followed by a
polyurethane topcoat (based on MIL-PRF-85285). Both the primer and topcoat are generally
spray-applied. The conversion coating contributes to adhesion of subsequent coatings and
provides limited corrosion resistance due to the hexavalent chromium content. The epoxy primer
improves adhesion of the topcoat and offers excellent corrosion and chemical resistance while
the topcoat typically provides the final finish color and appearance. The solvent-based coating
process flow is displayed in Figure 7 while the resultant coating system is illustrated in Figure 8.

_ Spray
Spray primer topcoat
Over O
S %7 <-\\:: —  Done
8-12 hr cure Upto12
between hours drying
applications time required

Primer Application Topcoat Application

Figure 7. Conventional Solvent-Based Coating Process
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& PRE-TREATMENT

Figure 8. Typical Coating Stack-Up

Wet paint operations require the user to measure a quantity of paint for the task, combine the
paint with appropriate components, mix to spray, and then apply. The user then must wait 8§ to
12 hours before the next coat can be applied. Thus, significant labor costs and total process
times can accumulate when multiple coating layers are required.

Material costs include the primer and topcoat kits, and solvents used for cleanup. For both the
primer and topcoat materials, an additional cost impact arises from the fact that once the coating
is mixed it begins to cure, whether or not it is applied to a part, and any material not applied
within the allowable pot life must be disposed of. Additionally, there are the costs associated
with paints exceeding their useful shelf life. Outdated and unused paint must be disposed of
adding to hazardous waste costs, while at the same time, there are costs related to acquiring
replacement inventory.

The environmental impacts of the solvent-based paint process result from the VOC and HAP
contents and from the hexavalent chromium used as a corrosion inhibitor in most primers
currently used.

4.2.1 USAF Coating Operations

4.2.1.1 Aircraft and Aircraft Components

Air Force maintenance actions related to aircraft and aircraft components are contained within
general Technical Order (TO) 1-1-8, entitled “Application and Removal of Organic Coatings,
Aerospace and Non-Aerospace Equipment”. Current industrial coating processes associated with
Air Force aircraft are documented within Chapters 4 through 6 and Appendix A of the TO.

The following coatings application topics comprising Chapters 4 through 6 and Appendix A of
TO 1-1-8 are expected to be impacted by a transition to LTCPC:

4.2 Spray Methods

4.3 Spray Painting Equipment, General

44  Spray Painting

4.5 Cleaning and Maintenance

5.5  Aircraft Painting Operations

5.6  The Aircraft Painting Process Sequence of Events
5.7  Interior Finishing Procedures and Operations
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5.8  Maintenance Painting

6.5 Preparation of Coating Materials for Use, General
6.6  Mixing and Thinning of Coating Materials, General
6.12  Coatings and Coating Systems

4.2.1.2 Support Equipment

Air Force maintenance actions related to support equipment are contained within general TO 35-
1-3, entitled “Corrosion Prevention and Control, Cleaning, Painting, and Marking of USAF
Support Equipment”. Current industrial coating processes associated with Air Force aircraft are
documented within Chapter 3 and Appendix A of the TO.

The following coatings application topics comprising Chapter 3 and Appendix A of TO 35-1-3
are expected to be impacted by a transition to LTCPC:

35 Authorized Colors, Sempens, and Materials
3.16 Coating Applications
A-1  Equipment and Consumable Materials

4.2.2 USN Coating Operations

4.2.2.1 Support Equipment

Naval maintenance actions related to support equipment are contained within NAVAIR TM 17-
1-125, entitled “Maintenance Instructions; Organizational and Intermediate Level; Support
Equipment Cleaning, Preservation, and Corrosion Control”. Current industrial coating processes
associated with support equipment are documented within Sections 7 and 8 of the TM.

The following coatings application topics comprising Sections 7 and 8 of NAVAIR 17-1-125 are
expected to be impacted by a transition to LTCPC:

7-2  Recommended Coatings

7-5  Description of Powder Coating Systems

8-3  Health and Safety Precautions

8-4  Application Methods, Procedures, and Paint Equipment

4.3 SITE-RELATED PERMITS AND REGULATIONS

Powder coatings release very little if any VOCs and HAPs during application and curing.
Additionally, the volume of solvent use associated with traditional wet coatings application and
clean-up will be avoided, thereby reducing the overall amount of hazardous waste generated.
Therefore the demonstration of LTCPC will not result in any additional permitting or regulation
beyond what is currently in place at each location.
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5.0 TEST DESIGN

5.1 JTP TESTING

5.1.1 Performance Testing Summary
Tables 4 and 5 summarize the common and extended performance testing that was conducted

under the JTP and the subsequent JTP addendum.

Table 4. Common Performance and Testing Requirements

Engineering JTP Acceptance
: . i References
Requirement Section Criteria
Critical detailed | Coating Appearance 4.1 Visible coating or MIL-PRF-85285D
evaluation of and Quality surface defects. 4.6 &4.6.3,
coating Presence of micro- FED-STD-595B,
appearance and cracks observable at ASTM D 2244,
integrity 10X mag. Gloss and ASTM D 523
color retention.

Acceptable Neutral Salt Fog 4.2 Degree of blistering, MIL-PRF-23377J
performance in | Corrosion Resistance lifting, and/or 4581,
aggressive salt substrate corrosion ASTM B 117,

water fog after 2000 hours ASTM D 1654
atmosphere

Acceptable Cyclic Corrosion 44 Degree of blistering, GM 9540P,

performance Resistance lifting, and/or GM 4465P,
after exposure substrate corrosion ASTM D 1654,

to varying/ after 80 cycles ASTM D 610,

cycling ASTM D 714
environments of
salt fog,
humidity and
heat
Performance of Filiform Corrosion 4.5 Measurement of MIL-PRF-23377J
coating system Resistance corrosion filaments 4.5.8.2,
inan from scribe lines ASTM D 1654,
environment ASTM D 2803
suitable for the
formation of
filiform
corrosion
Determine Cross-Cut Adhesion 4.6 Adhesion MIL-PRF-32239
adequacy of by Tape classification based 4.6.14,
intercoat and on ASTM scale FED-STD-141D
surface Method 6301.3,
adhesion of ASTM D 3359 Test
organic coating Method B
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Engineering JTP Acceptance
: . i References
Requirement Section Criteria
Performance of Impact Flexibility 4.7 Type Il — 5% MIL-PRF-85285D
coating when 46.7.1,
subjected to ASTM D 6905
impact, and
deformation of
substrate
Determine the Strippability 4.8 Determination of Air Force TO 1-1-8
ability to remove coating strip rate and Air Force
the LTCPC from removal damage Engineering
various appraisal (*) Qualification Plan
substrates (AF EQP),
CTIO Lab
Procedure CLG-LP-
043
Performance of Fluids Resistance JTR Visible coating or MIL-PRF-85285D
coating when Appendix A.4 surface defects or 46.8
subjected to failure modes after
commonly fluid immersion
encountered
service fluids
Performance of | Chipping Resistance JTR Chipping resistance ASTM D 3170
coating when Appendix A.5 classification based
subjected to on ASTM scale (*)
incidental
material impact
Performance of Low Temperature JTR Presence of surface MIL-PRF-85285D
coating when Flexibility Appendix A.6 cracking or failures 4.6.7.2,
subjected to low observable with ASTM D 522 Test
unaided eye Method B

temperatures

* Evaluation only, not considered part of the Pass/Fail criteria.

Table 5. Extended Performance and Testing Requirements

Participants

Engineering JTP Acceptance e
. ; o References Requiring
Requirement Section Criteria
Test
Acceptable SO, Corrosion 4.3 Degree of ASTM G 85 USN
performance in Resistance blistering, lifting, Annex A4,
acidic and/or substrate ASTM D 1654
corrosive corrosion after 500 Procedure A
environment hours. Method 1
Acceptable Neutral Salt JTR Degree of MIL-PRF-23377J NASA
performance in | Fog Corrosion Appendix blistering, lifting, 4.5.8.1,
aggressive salt | Resistance on A1 and/or substrate ASTM B 117,
water fog 7075 corrosion after ASTM D 1654
atmosphere Aluminum 2000 hours (*)
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Participants

Engineering JTP Acceptance e
: . o References Requiring
Requirement Section Criteria
Test
Performance | NASA Extreme JTR Presence of ASTM D 522 NASA
of coating Temperature Appendix surface cracking Test Method A
when Flexibility A2 or failures
subjected to observable with
space-based unaided eye (*)
temperature
extremes
Vacuum NASA JTR Measurement of ASTM E 595, NASA
stability of Outgassing Appendix percentage total NASA-STD-
coating for use A3 mass loss and 6001,
in spaceport collected volatile SP-R-0022A
applications condensable Addendum 1
material (*)

* Evaluation only, not considered part of the Pass/Fail criteria.

5.1.2 Test Preparation

This section contains information about materials and preparation common to most of the tests
contained in the approved JTP and Appendix A of the subsequent JTR, with exceptions indicated
where they occur. Test coupons are described in Table 6.

Table 6. Coupon Codes and Substrate Descriptions

Test Coupon

Code Substrate Description

2024 (0 Temper) Aluminum alloy (SAE AMS-QQ-A-250/4)
4in. x 6 in. x 0.020 in.

Prepared per Section 5.1.2.2.2

Controls prepared per Section 5.1.2.3.3

2024-T3 Aluminum alloy (SAE AMS-QQ-A-250/4)
4in.x6in.x0.032in.*

Prepared per Section 5.1.2.2.1

Controls prepared per Section 5.1.2.3.1

6061-T6 Aluminum alloy (SAE AMS-QQ-A-250/11)
4in.x6in.x0.032in.*

Prepared per Section 5.1.2.2.1

Controls prepared per Section 5.1.2.3.1

Alclad 2024-T3 Aluminum alloy (SAE AMS-QQ-A-250/5)
4in.x6in.x0.032in.*

Prepared per Section 5.1.2.2.1

Controls prepared per Section 5.1.2.3.1 & 5.1.2.3.2

7075-T6 Aluminum alloy (SAE AMS-QQ-A-250/12)
3in.x6in. x 0.032in.

No surface preparation conducted

No controls prepared

Al -1

Al-2

Al-3

Al-4

Al-5
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Test Coupon

Code Substrate Description

2024-T3 Aluminum alloy (SAE AMS-QQ-A-250/4)
4in.x6in. x 0.0625 in.

No surface preparation conducted

No controls prepared

Al-6

Pure Aluminum foil

2in.x2in.x 0.005 in.

No surface preparation conducted
No controls prepared

AZ31B Magnesium alloy (SAE AMS-4375)
4in.x6in.x0.063 in.*

Prepared per Section 5.1.2.2.3

Controls prepared per Section 5.1.2.3.4

4130 Steel alloy (SAE AMS-6350)
4in.x6in.x0.032in.*

Prepared per Section 5.1.2.2.4
Controls prepared per Section 5.1.2.3.5

Al-7

Mg

ST

*3in. x 6 in. x 0.032 in. acceptable, if test chamber size constraints dictate

5.1.2.1 Coupon Preparation (General Requirements/All Coupons)

All coupons, except Al-1 coupons for Impact Flexibility Testing, were 4 in. x 6 in. x 0.032 in.
Coupons for Impact Resistance Testing were 4 in. X 6 in. X 0.020 in. Refer to Appendix C for
coupon quantities.

All test coupons were permanently identified using an indelible marker with unique coupon
numbers traceable to control or test designation, alloy and heat treatment (e.g. using Test Coupon
Codes from Table 6).

Subsequent to coating, all coupons designated for corrosion resistance testing were covered with
tape on the back and edges to prevent corrosion products from contaminating the chamber.

5.1.2.2 Coupon Preparation (LTCPC Coupons)

For the Low Temperature Cure Powder Coat process, all aluminum coupons except the impact
test coupons were prepared following the same procedure. Magnesium and Steel coupons each
underwent a customized application processes.

5.1.2.2.1 Aluminum (For Appearance, Corrosion Resistance, Adhesion and Strippability
Tests)

Aluminum (Al-2, Al-3, Al-4) coupons were cleaned in accordance with SAE AMS-1640 to
provide a water break free surface.

Three coupons were coated with a chromate conversion coating conforming to MIL-C-5541
Class 1A; three coupons were not conversion coated for testing.

Coupons were cleaned using a lint free cloth dampened with MEK prior to application of powder
coating.
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The low temperature cure powder coating was applied via gun to the face of each coupon. Final
coating thickness, color and gloss were recorded.

5.1.2.2.2 Aluminum (For Impact Resistance Test)
Al 2024-0 Temper (Al-1) coupons were anodized in accordance with MIL-A-8625, Type 1.

Coupons were cleaned using a lint free cloth dampened with MEK prior to application of powder
coating.

The gloss white (color number 17925 per FED-STD-595B) low temperature cure powder coating
was applied via gun to the face of each coupon. Final coating thickness was recorded.

5.1.2.2.3 Magnesium

All magnesium (Mg) coupon surfaces were prepared using the “Dow 7” process (SAE AMS-M-
3171, Type III — Dichromate Treatment).

Coupons were cleaned using a lint free cloth dampened with PreKote (Pantheon Chemical)
solution prior to application of powder coating.

The gloss white (color number 17925 per FED-STD-595B) low temperature cure powder coating
was applied via gun to the face of each coupon. Final coating thickness was recorded.

5.1.2.2.4 Steel

Three steel (ST) coupons were pretreated with an iron phosphate pretreatment in accordance
with TT-C-490E Type II and three panels were not pretreated. The gloss white (color number
17925 per FED-STD-595B) low temperature cure powder coating was applied via gun to the
face of each coupon. Final coating thickness was recorded.

5.1.2.3 Coupon Preparation (Control Coupons)

Test procedures for epoxy coatings on aluminum are well established and coating configuration
for specific tests may vary. In this testing, the control coupons were prepared per the established
methods for the individual intended tests.

5.1.2.3.1 Aluminum (For Appearance, Corrosion Resistance, Adhesion, Strippability
Tests)

Aluminum coupons (Al-2, Al-3, Al-4) were cleaned in accordance with SAE AMS-1640 to
achieve a water break free surface.

Coupons were coated with chromate conversion coating conforming to MIL-C-5541 Class 1A.

Coupons were cleaned using a lint free cloth dampened with MEK prior to application of
coating.

One cross-coat of primer coating conforming to MIL-PRF-23377] was spray applied to a dry-
film thickness of 0.6 — 0.9 mil in accordance with ASTM D 823. Coating was allowed to air-dry
at 68 - 77°F (20 - 25°C) for no less than one hour.

MIL-PRF-85285D Topcoat (gloss white per FED-STD-595B, color number 17925) was spray
applied in accordance with ASTM D 823 to a dry-film thickness of 1.7 — 2.3 mil. Coating was
allowed to air-dry for no less than 14 days at 68 - 77°F (20 - 25°C) [or air-dry at 68 - 77°F (20 -
25°C) for one hour followed by 24 hours at 150 & 5°F], prior to testing.
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5.1.2.3.2 Aluminum (For Validation of Filiform Corrosion Resistance Test)

Clad aluminum panels (Al-4) were cleaned in accordance with SAE AMS-1640 to achieve a
water break free surface.

One coat of MIL-C-8514 wash primer was spray applied and allowed to dry for no less than 30
minutes.

MIL-PRF-85285D Topcoat (gloss white per FED-STD-595B, color number 17925) was spray
applied in accordance with ASTM D 823 to a dry-film thickness of 1.7 — 2.3 mil. Coating was
allowed to air-dry for no less than 14 days at 68 - 77°F (20 - 25°C) [or air-dry at 68 - 77°F (20 -
25°C) for one hour followed by 24 hours at 150 & 5°F], prior to testing.

5.1.2.3.3 Aluminum (For Impact Resistance Test)

Al 2024-0 Temper (Al-1) coupons were anodized in accordance with MIL-A-8625, Type I. No
primer was applied.

Coupons were cleaned using a lint free cloth dampened with MEK prior to application of
coating.

Topcoat was applied per MIL-PRF-85285D (gloss white per FED-STD-595B, color number
17925) in accordance with ASTM D 823 to a dry-film thickness of 1.7 — 2.3 mil. Coatings was
allowed to air dry at 68 - 77°F (20 - 25°C) for no less than 14 days prior to testing.

5.1.2.3.4 Magnesium

All magnesium (Mg) coupon surfaces were prepared using the “Dow 7” process (SAE AMS-M-
3171, Type III — Dichromate Treatment).

Coupons were cleaned using a lint free cloth dampened with PreKote solution prior to
application of coating.

One cross-coat of primer coating conforming to MIL-PRF-23377] was spray applied to a dry-
film thickness of 0.6 — 0.9 mil in accordance with ASTM D 823 and allowed to air-dry at 68 -
77°F (20 - 25°C) for no less than one hour.

MIL-PRF-85285D Topcoat was spray applied in accordance with ASTM D 823 to a dry-film
thickness of 1.7 — 2.3 mil. Coating was allowed to air-dry at 68 - 77°F (20 - 25°C) for no less
than 14 days at 68 - 77°F (20 - 25°C) [or air-dry at 68 - 77°F (20 - 25°C) for one hour followed
by 24 hours at 150 £ 5°F], prior to testing.

5.1.2.3.5 Steel

The steel (ST) coupons were pretreated with an iron phosphate pretreatment in accordance with
TT-C-490E, Type II.

One cross-coat of primer coating conforming to MIL-P-53022B Type II was spray applied, to a
dry-film thickness of 0.6 — 0.9 mil in accordance with ASTM D 823 and allowed to air-dry at 68
- 77°F (20 - 25°C) for no less than one hour.

MIL-PRF-85285D Topcoat was spray applied in accordance with ASTM D 823 to a dry-film
thickness of 1.7 — 2.3 mil. Coating was allowed to air-dry at 68 - 77°F (20 - 25°C) for no less
than 14 days at 68 - 77°F (20 - 25°C) [or air-dry at 68 - 77°F (20 - 25°C) for one hour followed
by 24 hours at 150 + 5°F], prior to testing.
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5.1.3 Initial JTP Test Procedures

The following sections describe tests included in the LTCPC project’s approved JTP, provide
rationale for inclusion, and specify procedures and parameters for individual tests.

5.1.3.1 Coating Appearance and Quality
Test Procedures

Prepare test coupons in accordance with Section 5.1.2.2.

Examine the surface of each test coupon coated with the primer/topcoat system for coating
defects with unaided eye and with 10x magnification. Micro-cracks extending no more than -
inch from the panel edge are acceptable. A slight orange peel appearance is acceptable.

Thickness measurements shall be taken at six different locations on each panel and recorded.

Color measurements shall be conducted on each coated coupon per ASTM D 2244; Standard
Test Method for Calculation of Color Differences from Instrumentally Measured Color
Coordinates. Using CIELAB color coordinates, the coating shall exhibit a color difference (AE)
of less than one when compared to the specified color in FED-STD-595B.

Gloss measurements shall be conducted on each coated coupon per ASTM D 523; Standard Test
Method for Specular Gloss. The specular gloss of the coating shall be as shown in the Test
Methodology below at a 60° angle of incidence.

Table 7. Coating Appearance and Quality Test Methodology

Unaided eye and 10x magnification for appearance
Parameters CIELAB color coordinates method for color measurement

60° angle of incidence for specular gloss determination

Coupons Per Coating 3 Each: Al-3, Mg and ST
System LTCPC

Trials Per Coupon ‘ One

Control Coupons Required ‘ None

Appearance: No streaks, blistering, voids, air bubbles, cratering,
lifting, blushing, or other surface defects/irregularities. No micro-
cracks observable at 10x magnification (Micro-cracks extending no
more that 1/4 inch from the panel edge are acceptable).

Acceptance Criteria Color: AE less than one when compared to color 17925 per FED-

STD-595B

Gloss: Minimum specular gloss measurement of 90 at 60° angle of
incidence per ASTM D 523

Major or Unique Equipment

e 10X optical magnifier
e Thickness gage
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e Hunter Lab "Miniscan" Spectrophotometer (using CIELAB Color Measurement
System) or equivalent

e Hunter Lab "Progloss" Meter or equivalent
Data Analysis and Reporting

e Measure and report observation on any coating defects, original color readings, and
gloss readings.

e Report average thickness readings taken at multiple locations across the panel’s
surface.

e Take digital photos of test coupons upon test completion.

Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT

5.1.3.2 Neutral Salt Fog Corrosion Resistance
Test Procedures

Operate the fog chamber for this test in accordance with ASTM B 117; Standard Practice for
Operating Salt Spray (Fog) Apparatus, approved 2003.

Using a Hermes engraver, or equivalent, scribe an “X” incision through the coating so that the
smaller angle of the “X” is 30 to 45 degrees, making sure that the coating has been scribed all the
way to the substrate. The scribe must have a 45 degree bevel, and each line of the “X” should be
approximately four-inches. Take digital photographs of all scribed panels before and after testing
to document the tests.

Ensure that steps taken to cover the back and sides of these coupons, as described in Section
5.1.2.1, provide optimum barrier protection.

Place the coupons into a fog chamber. The coupons may not contact other surfaces in the
chamber. Prepare a salt solution and the fog chamber as specified in Test Methodology. Adjust
the nozzles in the fog chamber so that sprayed salt solution does not directly impinge on the
coupon surfaces. Operate the fog chamber continuously for 2,000 hours.

Evaluate coupons for surface corrosion and creepage from the scribe (Al coupons) on a daily
basis. Observations shall be recorded. Remove test coupons from the salt fog chamber if
corrosion exceeds the acceptance criteria. Also document when coupons are removed (if they
are removed prior to the end of the test).

At the end of the test duration, carefully remove the coupons. Clean the coupons by gently
flushing them with running water (water temperature less than 100° F [38° C]), and dry them
with a stream of clean, compressed air.

Evaluate the adhesion of the coating system in accordance with ASTM D 1654, Procedure A,
Method 1 (Air Blow-Off). Visually examine the coupons and rate any corrosion undercut based
on the numerical ratings in ASTM D 1654. Provide ratings based on maximum undercut and the
average undercut length as measured perpendicular to the scribe. Corrosion oxides running down
the surface of the coupon are considered evidence of severe corrosion.

Evaluate and rate any corrosion on the panel field away from the scribe based on the following
ratings:
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0 — No corrosion

1 — Minor
2 — Minor to moderate
3 — Moderate

4 — Moderate to severe
5 — Severe corrosion

Blistering on the test panel will be rated on the density, size, and distribution of the blisters as
described in ASTM D 714.

Provide digital photographs of all coupons to document coupon condition upon removal from the
chamber or after 2,000 hours of exposure, as appropriate.

Table 8. Neutral Salt Fog Corrosion Resistance Test Methodology

Test coupons at a 15° degree angle in salt fog chamber

Temperature of exposed salt spray zone = 95 +2 —-3°F (35 +1.1 -
1.7°C)

PEIEIMETES Every 80 cm? horizontal area, two collectors gather 1.0-2.0 ml fog/hr
5% salt solution (5 1 parts by weight of NaCl in 95 parts of water)

pH = 6.5-7.2 when atomized at 95°F (35°C) 2,000 hours

Coupons Per Coating 6 each (3 pretreated, 3 not pretreated): Al-2, Al-3, Mg and ST
System LTCPC

Trials Per Coupon One

Control Coupons 3 coupons each alloy, coated with appropriate coating stack-up per
Required Section 5.1.2.3

No blistering or lifting after 2,000 hours. Slight substrate (0 to 1 rating)
corrosion only.

Acceptance Criteria

Coupons may be 3.0 in by 6.0 in if required by chamber size constraints.

Major or Unique Equipment

e Salt fog chamber

e Salt solution reservoir

e Compressed air supply

e Atomizing nozzles

e Hermes engraver, or equivalent
Data Analysis and Reporting

e Report the condition of the scribed area of the test coupon at 2,000 hours of testing or
at failure, if less then 2,000 hours (along with exposure duration at failure).

e Photograph test coupons at 2,000 hours of testing, or at failure if less than 2,000
hours.

Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT
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5.1.3.3 SO, Corrosion Resistance
Test Procedures

Using a Hermes engraver, or equivalent, scribe an “X” incision through the coating so that the
smaller angle of the “X” is 30 to 45 degrees, making sure that the coating has been scribed all the
way to the substrate. The scribe must have a 45 degree bevel, and each line of the “X” should be
approximately four-inches. Take digital photographs of all scribed panels both before and after
testing to document the tests.

Cover the back and edges of the coupon with wax, paint, tape, or any other material that will
prevent corrosion products from contaminating the chamber.

Place the scribed coupons into a fog chamber. The coupons may not contact other surfaces in the
chamber. Prepare a salt solution and the fog chamber as specified in ASTM G 85, Annex A4
(SO, salt spray test, cyclic). Adjust the nozzles in the fog chamber so that sprayed salt solution
does not directly impinge on the coupon surfaces. Operate the fog chamber continuously for 500
hours.

After 500 hours total exposure time, remove the test panels from the salt spray chamber. Gently
clean and dry each panel. Evaluate the adhesion of the coating system in accordance with
ASTM D 1654, Procedure A, Method 1 (Air Blow-Off). Visually examine the coupons and rate
any corrosion undercut based on the numerical ratings in ASTM D 1654. Provide ratings based
on maximum undercut and the average undercut length as measured perpendicular to the scribe.
Corrosion oxides running down the surface of the coupon are considered evidence of severe
corrosion.

Evaluate and rate any corrosion on the panel field away from the scribe based on the following
ratings:

0 — No corrosion

1 — Minor
2 — Minor to moderate
3 — Moderate

4 — Moderate to severe
5 — Severe corrosion

Table 9. SO, Corrosion Resistance Test Methodology

Test coupons placed at a 6° angle. Temperature of the exposed
Parameters salt spray zone = 95 +2-3°F or (35 +1.1 —-1.7°C)

Uniform SO, gas dispersion throughout salt fog chamber

Coupons Per Coating 6 each (3 pretreated, 3 not pretreated): Al-2, Al-3 and ST
System LTCPC

Trials Per Coupon One

3 coupons each alloy, coated with appropriate coating stack-up

Control Coupons Required per Section 5.1.2.3

No blistering or lifting after 500 hours. Slight substrate (0 to 1
rating) corrosion acceptable.

Acceptance Criteria
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Major or Unique Equipment

e Salt spray (fog) chamber
e Salt solution reservoir
e Cylinder of SO, gas
e Compressed air supply
e Atomizing nozzles Heater for salt spray fog chambers
e Hermes engraver or equivalent
Data Analysis and Reporting

e Report the extent of corrosion or loss of the coating extending from a scribe mark as
prescribed in ASTM D 1654, Procedure A.

e Record the representative mean, maximum, and minimum creepage from the scribe
and note whether or not the maximum is an isolated spot.

e Take digital photos of test coupons after 500 hours of testing, or at failure if less than
500 hours.

Testing Organization and Location

e NAVAIR Materials Engineering Laboratory, Patuxent River, MD

5.1.3.4 Cyclic Corrosion Resistance
Test Procedures

Tests shall be conducted on scribed coated coupons in accordance with GM 9540P, (Accelerated
Corrosion Test approved December 1997) with the exception of racking and evaluation
procedures. Coupons will be exposed to a number of 24 hour cycles, with each cycle described
in the tables below:

Table 10. Cyclic Corrosion Test Conditions

Cycle Step Name Conditions

Salt Solution: | 0.9% Sodium Chloride

0.1% Calcium Chloride

Salt Mist Application 0.25% NaHCOj; (Sodium bicarbonate)
pH 6-9

Exposure Time: | One minute

Temperature: | 25 +2°C
Humidity: | 40-50% H

Conditions: | per GM 4465P
Temperature: | 49 + 2°C

Ambient Dwell

Humidity Exposure

Temperature: | 60 + 2°C

Drying Environment Humidity: | <30% RH
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Table 11. Cyclic Corrosion - Test Cycle Steps

el Cycle Step Name Time Comments
Step
1 Salt Mist Application 1 minute
1.5 hours total time
2 Ambient Dwell 89 minutes
3 Salt Mist Application 1 minute
1.5 hours total time
4 Ambient Dwell 89 minutes
5 Salt Mist Application 1 minute
1.5 hours total time
6 Ambient Dwell 89 minutes
7 Salt Mist Application 1 minute
3.5 hours total time
8 Ambient Dwell 209 minutes
9 Humidity Exposure 8 hours Includes 1 hour ramp to wet conditions
10 Drying Environment 8 hours Includes 3 hour ramp to dry conditions

Perform inspections after 24, (1 cycle), 48 (2 cycles), 72 (3 cycles), 96 (4 cycles), and 192 hours
(8 cycles) of exposure. Perform subsequent inspections after every 192 hours (8 cycles) of
exposure. Evaluate the adhesion of the coating system in accordance with ASTM D 1654,
Procedure A, Method 1 (Air Blow-Off). Visually examine the coupons and rate any corrosion
undercut based on the numerical ratings in ASTM D 1654. Corrosion oxides running down the
surface of the coupon are considered evidence of severe corrosion.

Evaluate and rate any corrosion on the panel field away from the scribe based on the following
ratings:

0 — No corrosion

1 — Minor
2 — Minor to moderate
3 — Moderate

4 — Moderate to severe
5 — Severe corrosion

Blistering on the test panel will be rated based on the density, size, and distribution of the blisters
as described in ASTM D 714.

When removed for inspection, test coupons on which coating failure is detected shall be removed
from further testing.
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Table 12. Cyclic Corrosion Resistance Test Methodology

Test Duration: 80 test cycles
ST One test cycle is equal to 24 hours
Exposure conditions include salt fog, humidity, elevated
temperature per Tables 10 and 11.

3 coupons each: Al-4 and ST
LTCPC

Coupons Per Coating System

Trials Per Coupon One

3 coupons each, coated with appropriate coating stack-up per

Control Coupons Required Section 5.1.2.3

Acceptance Criteria No significant blistering, softening, or lifting of coating

Coupons may be 3 inches by 6 inches by 0.032 inches if required by chamber size constraints.

Major or Unique Equipment

e Programmable salt spray (fog) chamber
Data Analysis and Reporting

e (ollect coating condition and corrosion data for candidate coating system and the
control coating system(s).

e Report the density, size, and distribution of blisters based on the values from ASTM
D 714.

e Take digital photos of test coupons prior to test initiation, upon each removal for
inspection, upon coating failure, and upon test completion.

Testing Organization and Location

e CTC Environmental Technology Facility, Johnstown, PA

5.1.3.5 Filiform Corrosion Resistance

Test Procedures

Tests shall be conducted as specified in ASTM D 2803; Standard Guide for Testing Filiform
Corrosion Resistance of Organic Coatings on Metal, approved May 15, 1993, Procedure C,

except that potential filiform corrosion shall be initiated as described below, rather than by salt
spray exposure.

To ensure test conditions are appropriate for the occurrence of filiform corrosion, coupons
prepared per Section 5.1.2.3.2, with wash primer and topcoat will also be scribed and exposed to
test conditions.

Using a Hermes engraver, or equivalent, scribe an “X” incision through the coating so that the
smaller angle of the “X” is 30 to 45 degrees, making sure that the coating has been scribed all the
way to the substrate. The scribe must have a 45 degree bevel, and each line of the “X” should be
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approximately four-inches. Take digital photographs of all scribed panels before and after testing
to document the tests.

Place the scribed coupons vertically, but not immersed, in a desiccator containing 12 N
hydrochloric acid for one hour at 75 = 5°F (24 = 3°C). Within 5 minutes of removal from the
desiccator, place the coupon in a humidity cabinet maintained at 104 + 3°F (40 = 1.7°C) and
80% = 5% RH for 1,000 hours. At the end of the 1,000 hour test, measure the length of any
thread-like filaments. Verify that filiform corrosion greater than '4” has occurred on the
validation coupons.

Table 13. Filiform Corrosion Resistance Test Methodology

12N HCL for one hour
1,000 hours at 104° + 3°F (40° £ 1.7°C) and 80% * 5% RH

Parameters

3 coupons: Al-4

Coupons Per Coating System LTCPC

Trials Per Coupon One

3 coupons (Al-4), coated with coating stack-up per Section
5.1.2.3.1

3 coupons (Al-4), coated with wash primer and topcoat per
Section 5.1.2.3.2

Control Coupons Required

No filiform corrosion extending beyond “s-inch from the scribe
lines with the majority of filaments less than 1/8 —inch long.

Acceptance Criteria

Major or Unique Equipment

e Environmental (humidity) chamber
e Hermes engraver or equivalent
Data Analysis and Reporting

e Measure and report the presence, number, and length of corrosion filaments for the
candidate coating systems and for the alternative and control coating systems.

e Take digital photos of test coupons prior to test initiation and upon test completion.
Testing Organization and Location

e CTC Environmental Technology Facility, Johnstown, PA

5.1.3.6 Cross-Cut Adhesion by Tape
Test Procedures

This test shall be performed in accordance with Method 6301.3 of FED-STD-141D except that
the scribe pattern and evaluation shall be per ASTM D 3359, Test Method B — Cross-cut Tape
Test.

Al and ST:

Immerse each test panel in distilled water at 68 - 77°F (20 - 25°C) for 24 hours. Remove
each panel from the water and wipe dry with a soft cloth. Within one minute of removing
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the panel from the water, scribe six cuts 2mm apart and approximately 20mm (0.75 in)
long. Make six similar cuts at 90° to the original cuts and centered on those cuts.

Mg:

Scribe six cuts 2mm apart and approximately 20mm (0.75 in) long. Make six similar cuts
at 90° to the original cuts and centered on those cuts.

Apply tape over the scribed grid, smoothing it down by passing a 4.5 pound roller across
the tape eight times. Quickly and smoothly pull the tape off the panel at a 45° angle to
the surface. Visually examine the panel for blistering and loss of adhesion.

Evaluate the adhesion of each coating system to the substrate as specified in ASTM D
3359, Test Method B. Inspect the grid for removal of the coating from the substrate or
intermediate coatings (on control coupons) and rate the adhesion in accordance with the
scale outlined in ASTM D 3359, Paragraph 12.9, and Figure 1, with the 0B to 5B rating.
Provide digital photographs of each test coupon.

Table 14. Cross-Cut Adhesion by Tape Test Methodology

Parameters ASTM D 3359 rating related to amount of coating removal

6 each (3 pretreated, 3 non pretreated): Al-3 and ST
Coupons Per Coating System [EEE e
LTCPC

Trials Per Coupon One

3 coupons each alloy, coated with appropriate coating stack-up

Control Coupons Required per Section 5.1.2.3

Adhesion classification equal or greater than 4B as specified in
ASTM D 3359 Test Method B — Cross-cut Tape Test

Acceptance Criteria

Major or Unique Equipment

e One-inch (25mm) wide semitransparent pressure-sensitive tape 3M Code 250 or
equivalent

e 4.5 pound rubber-covered roller, approximately 3.5 inches diameter by one-inch
wide.

e Cutting tool
e Cutting guide
Data Analysis and Reporting

e Report the results of the test using the classification guide in ASTM D 3359, Test
Method B.

e Take digital photos of test coupons prior to test initiation and upon test completion.
Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT
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5.1.3.7 Impact Flexibility
Test Procedures

Prepare panels as directed in Sections 5.1.2.2.1 (test) and 5.1.2.3.3 (control). Control coupons
shall be allowed to air-dry for no less than 14 days before testing.

Prior to testing, all panels shall be conditioned for at least 24 hours at 23 + 2°C (73.5 £+ 3.5°F)
and 50 + 5% relative humidity. Conduct the test in the same conditions, or immediately on
removal from conditioning environment.

Three test panels shall be tested with a GE Impact-Flexibility Tester, or equivalent. Place the
coated panel, film downward, on the rubber pad at the bottom of the impacter guide. Drop the
impacter on the panel so that the impression of the entire rim of the impacter is made in the
panel. Reverse the impacter ends; drop the impacter on the panel adjacent to the first area of
impact.

After testing, examine the coating using ten-power magnification, to determine surface cracking.
Measure and record the percent elongation (percent area increase) corresponding to the largest
spherical impression at which no cracking occurs. Refer to ASTM D 6905, Table 1 for Percent
Area Increase determination.

Table 15. Impact Flexibility Test Methodology

Utilize GE Impact Tester or equivalent.
Parameters Indenter: 3.6 Ib.

3 coupons Al-1
LTCPC

Coupons Per Coating System

Trials Per Coupon One

: 3 Al-1 coupons, coated with appropriate coating stack-up per
Control Coupons Required Section 5.1.2.3 and aged 14 days

Acceptance Criteria 2 5% elongation / area increase with no cracking

Major or Unique Equipment

e G.E. Impact Flexibility Tester or equivalent with integral indenter, rubber pad and
aluminum base

e 10x magnifier for visual viewing
Data Analysis and Reporting

e Report elongation (percent area increase).
e Take digital photos of test coupons upon test completion.
Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT
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5.1.3.8 Strippability
Test Procedures

Prepare panels as directed in Sections 5.1.2.2.1 and 5.1.2.3.1 (control). Control coupons shall be
allowed to air-dry for no less than 14 days before testing.

For the chemical stripping evaluation, procedure CLG-LP-043 developed by the Air Force
Coatings Technology Integration Office for strippability of new coatings systems will be used. It
follows MIL-R-81294D for the application of the chemical stripper to the test specimens. For
this project, an exception will be made and only three coupons instead of the four mentioned in
MIL-R-81294D and CLG-LP-043 will be used. The chemical stripper that has been selected and
will be used for the evaluation will be B&B Tritech 5095. This stripper is USAF approved for
Aluminum and Steel but not Magnesium. Magnesium coated coupons will not be evaluated for
chemical stripping but will be evaluated for mechanical stripping.

Table 16. Chemical Strippability Test Methodology

Chemical stripper dwell time of 30 minutes
Parameters Stripping surface area (ft2)

Reapply up to 3 times until substrate is clean.

Three of each substrate: Al-2, Al-3, Al-4, ST, and aged 7 days
at 66°C+3°C.

Coupons Per Coating System

One (examine the entire surface of the coupon). The coupons
will be examined after each removal cycle.

Three of each substrate: Al-2, Al-3, Al-4, ST, coated with

Trials Per Coupon

Control Coupons Required appropriate coating stack-up per Section 5.1.2.3.2 and aged 7
days at 66°C+3°C.
Evaluation of Efficiency Percentage of coating removed after each dwell period.

The mechanical strippability of the LTCPC material be tested using PMB per the procedures
found in TO 1-1-8 Paragraph 2.11.1.5 for Type V media. The objective of this evaluation is to
determine the relative ease of removing the LTCPC by mechanical means.
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Table 17. Mechanical Strippability Test Methodology

Total stripping time (minutes)
Parameters o )
Stripping surface area (ft%)

Three of each substrate: Al-2, Al-3. Al-4, Mg, ST, and aged 7
days at 66°C+3°C.

Coupons Per Coating System

Trials Per Coupon One (examine the entire surface of the coupon).

Three of each substrate: Al-2, Al-3. Al-4, Mg, ST, coated with
Control Coupons Required appropriate coating stack-up per Section 5.1.2.3.2 and aged 7
days at 66°C+3°C.

Time required to remove 100% of the coating from coupon,
not to exceed 90 minutes.

Evaluation of Efficiency

Following the de-paint process for either chemical or mechanical stripping; the substrates should
be examined for potential damage related to the stripping method. Any warping, denting,
erosion, or pitting should be so noted along with the method used.

Major or Unique Equipment

e None
Data Analysis and Reporting

e Report the results of the testing.
e Take digital photos of test coupons upon test completion.

Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT

5.14 JTP Addendum Test Procedures

LTCPC stakeholders later identified several tests as special interest items, in addition to testing
called out in the JTP. NASA stakeholders desired some performance evaluations not critical to
other potential LTCPC users. NASA agreed to provide the substrate materials, perform most of
the testing and share the results. The specimens were powder coated at Hill AFB concurrently
with the JTP coupons.

In addition to the NASA tests, LTCPC team members determined that a few additional
performance areas should be quantified. These areas were low temperature flexibility, fluid
resistance, and impact/chipping resistance. Low temperature flexibility was performed by the
Coatings Technology Integration Office at Wright-Patterson AFB on coupons coated at Hill
AFB.

The LTCPC team became aware that fluid resistance and impact/chipping resistance evaluations
had been performed under a separate study by the Navy. Rather than duplicate testing, the
LTCPC team requested that data; their procedures and results are included in section Appendix
E.
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5.1.4.1 Neutral Salt Fog Corrosion Resistance on 7075 Aluminum
Description and Rationale

This test method evaluates a coating system’s ability to prevent substrate corrosion within a
humid salt-spray environment and the effect that any corrosion has on the adhesion of the
coating system. Corrosion protection is a critical performance requirement of coating systems,
as substrates are often corrosion sensitive and military equipment commonly operates in extreme
environments. Humidity resistance testing shall be run per procedures outlined within MIL-
PRF-23377J; Primer Coatings: Epoxy, High-Solids which references ASTM B 117; Standard
Practice for Operating Salt Spray (Fog) Apparatus.

Test Preparation

Coupons for NASA’s Salt Fog Corrosion testing shall ship directly to the powder coating facility
and receive no on-site surface preparation. LTCPC application shall follow the procedures
outlined in Section 5.1.2.2.1.

Test Procedures

Testing of NASA’s Al 7075-T6 specimens shall parallel the test procedures found in Section
5.1.3.2.

Table 18. Neutral Salt Fog Corrosion Resistance on 7075 Al Test Methodology

Test coupons at a 15° degree angle in salt fog chamber

Temperature of exposed salt spray zone = 95 +2 -3 °F (35
+1.1-1.7 °C)

Every 80 cm? horizontal area, two collectors gather 1.0-2.0 mL

Parameters fog/hr

5 % salt solution (5 £ 1 parts by weight of NaCl in 95 parts of
water)

pH = 6.5-7.2 when atomized at 95 °F (35 °C) 2,000 hours

Coupons Per Coating System Three coupons: Al-5

LTCPC
Trials Per Coupon One
Control Coupons Required None

No blistering or lifting after 2,000 hours. Slight substrate (0 to
1 rating) corrosion only.

Evaluation of Acceptability

Major or Unique Equipment

e Salt fog chamber

e Salt solution reservoir
e Compressed air supply
e Atomizing nozzles

e Hermes engraver or equivalent
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Data Analysis and Reporting

e Photograph and report the condition of the scribed area of the test coupons at 2,000
hours of testing or at failure, if less than 2,000 hours (along with exposure duration at
failure)

Testing Organization and Location

e OO-ALC Science and Engineering Laboratory, Hill AFB, UT

5.1.4.2 NASA Extreme Temperature Flexibility
Description and Rationale

This test relates to the ability of a coating system to maintain functionality at the elevated and
lowered temperatures commonly encountered within NASA’s flight and space environments.
Safety-of-flight concerns drive the requirement that coating systems applied to NASA assets
retain adequate coating flexibility at both elevated and lowered temperatures. Coating
embrittlement can lead to failure propagation and potential coating disbondment. The test shall
be run per Rockwell Specification MB0125-055; Primer, Epoxy Amine, Corrosion Room
Preventative Room Temperature Curing, dated January 6, 1997.

Test Preparation

Coupons for NASA’s Extreme Temperature Flexibility testing shall ship directly to the powder
coating facility and receive no on-site surface preparation. LTCPC application shall follow the
procedures outlined in Section 5.1.2.2.1. Each control specimen shall be a LTCPC coupon that
is not subjected to the temperature extreme being evaluated.

Test Procedures

Subject three coupons of Al 2024-T3 (3 x 6 x 1/16 inch) each to the bend test of ASTM D 522;
Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings at -250 & 10°F and
+350 + 10°F, except that a conical mandrel tapered from 1.3 to 0.9 inches in diameter shall be
used.

Attachment of the coupons to the test fixture shall follow the setup procedures provided for Test
Method A within ASTM D 522. Soak the bend test fixture and panels at temperature for 30
minutes prior to bending the specimen around the mandrel. Move the lever through 180° at
uniform velocity to bend the test specimen, using a bend time of about one second to determine
crack resistance. Examine the bent surface of the specimen immediately with the unaided eye
for the presence of any cracking.
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Table 19. NASA Extreme Temperature Flexibility Test Methodology

Low Temp: Specimen and mandrel at —250 + 10 °F for 30
minutes

High Temp: Specimen and mandrel at +350 + 10 °F for 50
hours. Panels cooled to room temp.

Parameters

Common: Bend panels around conical mandrel (1.3 to 0.9 in.
taper). Traverse 180° bend arc over approx. one second.

Eight coupons: Al-6 (3 tested at high temp; 3 tested at low
(O]l o[l FRECETROL s RSN temp; 2 to act as controls)

LTCPC
Trials Per Coupon One
 Control Coupons Required [
Evaluation of Acceptability LTCPC exhibits no cracking

Major or Unique Equipment

e Conical mandrel bend test stand
e NASA mandrel (tapers from 1.3 to 0.9 inches)
Data Analysis and Reporting

e Photograph and report on the coated coupons’ surface condition after being bent
across the mandrel, noting the appearance of any surface cracking (failures)

Testing Organization and Location

e NASA Technology Evaluation for Environmental Risk Mitigation Principal Center,
Kennedy Space Center, FL

5.1.4.3 NASA Outgassing
Description and Rationale

NASA'’s requirements for Outgassing are identified in NASA-STD-6001; Flammability, Odor,
Offgassing, and Compatibility Requirements and Test Procedures for Materials in Environments
that Support Combustion, dated February 9, 1998. The requirements for space use come from
Johnson Space Center document SP-R-0022A, Addendum 1; General Specification Vacuum
Stability Requirements of Polymeric Material for Spaceport Application, dated May 16, 1983.

The test shall be run per ASTM E 595; Standard Test Method for Total Mass Loss and Collected
Volatile Condensable Materials in a Vacuum Environment.

Test Preparation

Aluminum foil test specimens (roughly 2 in. x 2 in.) shall receive all required surface treatments
and be preweighed by NASA personnel before shipment to the LTCPC paint facility. Due to the
nature of this test it is absolutely essential that specimen materials not be contaminated at any
step in the specimen fabrication process. Test specimens shall not be handled with bare hands
as natural skin oils are volatile and condensable, and thus will cause false test results. Suitable
gloves or finger cots shall be used during all specimen preparation steps. The standard operating
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mode for this test dictates that all previously prepared materials are assumed to be contaminated
in the “as-received” state and must be cleaned using a residue-free, non-reactive solvent.

LTCPC shall be applied via gun to the aluminum foil face. Final coating thickness shall be
0.002 — 0.004 in. (2 — 4 mils). Coating color shall be gloss white per FED-STD-595B, color
number 17925.

Test Procedures

The test specimen is exposed to 23°C and 50% relative humidity for 24 hours in a preformed,
degreased container (boat) that has been weighed. After this exposure, the boat and specimen
are weighed and put in one of the specimen compartments in a copper heating bar that is part of
the test apparatus. The vacuum chamber in which the heating bar and other parts of the test
apparatus are placed is then sealed and evacuated to a vacuum of at least 7 X 107 Pa (5 X 107
torr). The heating bar is used to raise the specimen compartment temperature to 125°C. This
causes vapor from the heated specimen to stream from the hole in the specimen compartment. A
portion of the vapor passes into a collector chamber in which some vapor condenses on a
previously-weighed and independently temperature-controlled, chromium-plated collector plate
that is maintained at 25°C. After 24 hours, the test apparatus is cooled and the vacuum chamber
is repressurized with a dry, inert gas. The specimen and the collector plates are weighed. From
these results and the specimen mass determined before the vacuum exposure, the percentage
Total Mass Loss (TML) and percentage Collected Volatile Condensable Material (CVCM) are
obtained. Normally, the reported values are an average of the percentages obtained from three
samples of the same material.

After the specimen has been weighed to determine the TML, the Water Vapor Regained (WVR)
can be determined as follows: the specimen is stored for 24 hours at 23°C and 50% relative
humidity to permit sorption of water vapor. The specimen mass after this exposure is
determined. From these results and the specimen mass determined after vacuum exposure, the
percentage WVR is obtained.

Table 20. NASA Outgassing Test Methodology

Specimen at 23 °C & 50 % RH for 24 hours

Apply vacuum to specimen chamber (< 7x10° Pa) within one
hour

Parameters Raise temp within one hour to 125 °C for 24 hours
Collect vapor sample on plate maintained at 25 °C

Cool specimen & equalize chamber pressure w/inert gas

. Eight coupons: Al-7
Coupons Per Coating System LTCPC

Trials Per Coupon One

Control Coupons Required None

TML<1.0%
CVCM <01 %

Evaluation of Acceptability
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Major or Unique Equipment

e Vacuum bell
e Desiccators
e Heating bar
e Copper-based, multi-chambered outgassing apparatus with cover plates
e Chromium-plated collector plates
¢ Aluminum foil boats
Data Analysis and Reporting

e Report on the coated specimen’s percentage of total mass loss and collected volatile
condensable material

Testing Organization and Location

e Boeing Test Facility, Huntington Beach, CA

5.1.4.4 Low Temperature Flexibility
Test Preparation

Coupons for low temperature flexibility testing shall follow the preparation and application
procedures previously outlined in Section 5.1.2.2.1. The control specimen shall be a LTCPC
coupon that is not subjected to the low temperature exposure before testing.

Test Procedures

Attachment of the LTCPC panels to the test fixture shall follow the setup procedures provided
for Test Method B within ASTM D 522. Subject the bend test fixture and coupons to the
lowered temperature for four hours prior to bending the specimen around the mandrel.

Subject three coupons of Al 2024-T3 (3 x 6 x 1/16 inch) each to the cylindrical bend test of
ASTM D 522; Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings at —
60 + 5°F.

Table 21. Low Temperature Flexibility Test Methodology

Specimen and mandrel at —60 £ 5 °F for four hours
Parameters Bend coupons around cylindrical mandrel (1 in. cylinder)

Traverse 180° bend arc over approx. one second

Four coupons: Al-2 (3 for testing; 1 to act as a control)
LTCPC

Coupons Per Coating System

Trials Per Coupon One

Control Coupons Required None

Acceptance Criteria LTCPC exhibits no cracking

45



Major or Unique Equipment

e Cylindrical mandrel bend test stand
Data Analysis and Reporting

e Photograph and report on the coated surface’s condition after the flexibility testing,
noting the appearance of any surface cracking (failures).

Testing Organization and Location

e Coatings Technology Integration Office, Wright-Patterson AFB, OH

5.1.4.5 Low Temperature Flexibility
Test Preparation

Coupons for low temperature flexibility testing shall follow the preparation and application
procedures previously outlined in Section 5.1.2.2.1. The control specimen shall be a LTCPC
coupon that is not subjected to the low temperature exposure before testing.

Test Procedures

Attachment of the LTCPC panels to the test fixture shall follow the setup procedures provided
for Test Method B within ASTM D 522. Subject the bend test fixture and coupons to the
lowered temperature for four hours prior to bending the specimen around the mandrel.

Subject three coupons of Al 2024-T3 (3 x 6 x 1/16 inch) each to the cylindrical bend test of
ASTM D 522; Standard Test Methods for Mandrel Bend Test of Attached Organic Coatings at —
60 + 5°F.

Table 22. Low Temperature Flexibility Test Methodology

Specimen and mandrel at —60 £ 5 °F for four hours
Parameters Bend coupons around cylindrical mandrel (1 in. cylinder)

Traverse 180° bend arc over approx. one second

Coupons Per Coating System IIf_?érl:)ccc;upons: Al-2 (3 for testing; 1 to act as a control)

Trials Per Coupon One

Control Coupons Required None

Acceptance Criteria LTCPC exhibits no cracking

Major or Unique Equipment

e Cylindrical mandrel bend test stand
Data Analysis and Reporting

e Photograph and report on the coated surface’s condition after the flexibility testing,
noting the appearance of any surface cracking (failures).

Testing Organization and Location

e Coatings Technology Integration Office, Wright-Patterson AFB, OH
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5.2 FIELD AND REAL-WORLD TESTING

Field service testing was performed on components that currently undergo solvent based coating
applications. For the Air Force, complex shape application of LTCPC was demonstrated on the
interior of C-130 wheel well doors. For the Navy, the LTCPC was applied to J52 aft engine
yokes and NAN-4 nitrogen servicing carts. These components were subjected to a minimum 12
month FSE to demonstrate the coatings ability withstand the demanding and corrosive
environment of US Navy aircraft carriers.

5.2.1 FSE Measurement and Monitoring

Initial color, gloss, and film thickness measurements were documented for each component prior
to installation or return to inventory. LTCPC performance during the FSE was assessed via
periodic measurement of the color, gloss, and film thickness for each article. For most FSE
components evaluations were performed every six months. Where possible, a final measurement
of color, gloss and film thickness was recorded at the completion of the FSE period for each
component.

5.2.1.1 Color

Color measurements were taken from separate locations across each component’s coated surface.
During initial color readings the approximate locations of each measurement were documented
on drawings by the observer, with the intention of attempting to record all subsequent color
measurements from the same general areas. During the FSE, evaluators utilized a BYK-Gardner
color meter for all color measurements.

5.2.1.2 Gloss

Gloss readings were taken from the same color measurement locations across each component’s
coated surface. During field inspection observers attempted to record all subsequent gloss
measurements from the same general areas. During the FSE, evaluators used a BYK-Gardner
gloss meter for all gloss measurements.

5.2.1.3 Film Thickness

Film thickness measurements were also taken from the same color measurement locations across
each component’s coated surface. During field inspection observers attempted to record all
subsequent film thickness measurements from the same general areas. During the FSE,
evaluators utilized a film gauge which was capable of handling both ferrous and non-ferrous
metallic substrates for all film thickness measurements.

5.2.1.4 Surface Appearance

Over the course of the FSE, project stakeholders or field technicians completed qualitative
inspections of each LTCPC surface for the appearance of any visible (unassisted eye) coating
defects such as delamination, bubbling, or corrosion filaments.
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6.0 PERFORMANCE ASSESSMENT

6.1 JTP TESTING

6.1.1 Assumptions and Deviations

In planning the coating and JTP procedures, some assumptions were utilized. Unlike many
powder coating materials, the LTCPC contains a corrosion inhibitor, so it was determined that
the final LTCPC system should perform satisfactorily without a primer (e.g., MIL-PRF-23377]J,
Primer Coatings: Epoxy, High-Solids). Therefore, the powder coated coupons prepared for JTP
testing did not have a primer coating. Also, as coupons were not coated in a pristine laboratory
environment, but in conditions simulating production processing, it was assumed that the powder
coating performance would be weighed against the control coatings rather than strict
specification performance thresholds.

6.1.1.1 Substrate Pretreatment
Aluminum Coupons

Panel preparation began with removing the oxidation layer using a nylon scouring pad with
detergent and rinsing each one clean, so that a water break free surface was achieved. After
completion of surface cleaning, an Alodine 1200S solution was poured onto the panel and
worked into the surface using laboratory Kimwipes for approximately two minutes per side. The
panels were then submerged in an Alodine bath for 15 minutes, removed and rinsed with
deionized water, placed onto wire racks, and allowed to dry overnight.

Steel Coupons

Initially, steel test panels were prepared with an iron phosphate pretreatment. An iron phosphate
line was not available at Hill AFB, so the coupons were shipped to a local Ogden, Utah vendor
for pretreatment. During JTP testing, the steel coupons (both LTCPC and control coatings)
failed prematurely. The cause was determined to be related to improper cleaning of the coupons
prior to the iron phosphate treatment.

6.1.1.2 Coatings Application

Test coupons were powder coated at Hill AFB using the coating equipment and settings found in
Table 23, while control specimens, with a conventional wet coating stack-up, were painted with
a standard high volume, low pressure (HVLP) spray gun and allowed to cure for two weeks at
room temperature..

Table 23. LTCPC Equipment and Settings

Gun System Application Settings

Air Pressure: 70 psi

Powder Flow Rate: 3.0 Ib/min
Current: 15 pA

Voltage: 80 kV

ITW GEMA OptiFlex Electrostatic Powder
Coating System (with fluidized bed powder
hopper)
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Powder coated coupons were cured in production-scale ovens currently in use at Hill AFB Power
Systems Shop. Ovens were set to 250°F and allowed to reach equilibrium prior to coating and
curing, but an anomaly was observed during the cure cycle for the initial set of coupons.
Temperature measurements (using a Fluke 62 Mini IR Thermometer, which is a non-contact
infrared, hand-held temperature sensor) indicated that panels placed at the rear of the oven
showed an average surface temperature approaching 250°F while those panels near the front only
registered a surface temperature of 230°F. This was attributed to the oven’s inability to maintain
a uniform temperature distribution at temperatures lower than 300°F. The oven set-point
temperature was raised to 280°F to ensure that all LTCPC panels were fully cured after 30
minutes regardless of location within the oven (a cure temperature that isn’t significantly greater
than the target 250°F does not compromise the substrate or resultant coating). Following this
adjustment, readings taken during the cure cycle confirmed a minimum surface temperature of
265°F for each of the panels.

A second issue presented itself after the magnesium panels were cured. Two of the coupons
were found to have minor pinholes outside of the evaluation areas. It was later learned that the
magnesium coupons had to be preheated prior to application of the power coat to minimize
outgassing during the cure cycle.

6.1.2 Initial JTP

6.1.2.1 Coating Appearance and Quality

Coating appearance and quality were visually evaluated by coating personnel at Hill AFB.
Coating thickness measurements were taken at nine locations across the panel’s surface using a
PosiTector 6000 Series Coating Thickness Gage; an FN probe was used to determine the
average cured coating thickness of the steel panels and an N probe for the non-ferrous
(aluminum and magnesium) panels.

For the evaluation of coating appearance and quality of the following substrate/coating system
combinations were used. No major deviations from the expected appearance metrics were noted
for the LTCPC panels.

Table 24. Coating Appearance and Quality Results

g;gﬂ;ﬁ Substrate  Pretreatment | Coupon 1 Coupon 2 Coupon 3
6061-T6 cccer No defects No defects No defects

LTCPC AZ31B Dow 7 No defects No defects No defects
4130 Mn phosphate No defects No defects No defects

* Chromate Conversion Coating
[ = Unacceptable test result
[ = Marginal test result

1 = Acceptable test result
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Table 25. Coating Thickness Measurements

3 Coupon Average

Coating System Substrate Pretreatment Thickness

cccr 2.5 mils

2024-T3
none 3.1 mils
CcCC 1.7 mils

2024-T3 Alclad

none 2.1 mils
CCC 1.8 mils

6061-T6
PreKote 2.3 mils

LTCPC

CCC 1.8 mils

6060-T6
none 2.0 mils
Dow 7 2.0 mils
AZ31B Dow 7 / PreKote 1.9 mils
none 2.1 mils
4130 none 1.7 mils
2024-T3 CCC 3.0 mils
MIL-PRF-23377 / 6061-T6 CCC 2.2 mils
MIL-PRF-85285 6060-T6 ccc 2.5 mils
AZ31B Dow 7 2.3 mils
MIL-PRF-85285 2024-T3 Alclad none 3.1 mils

*  Chromate Conversion Coating

Coating appearance and quality for LTCPC coupons equaled those of the control coating stack-
ups. Each of the prepared aluminum, steel, and magnesium specimens met the acceptance
criteria for coating appearance and thickness as defined within the LTCPC JTP.

6.1.2.2 Neutral Salt Fog Corrosion Resistance

Neutral salt fog testing was performed on 2024 and 6061 aluminum, steel and magnesium
substrates. The 2,000 hour test was performed using an Auto Technology Model CCT-NC-30
Cyclic Corrosion Test Chamber operating within their laboratory facilities at Hill AFB.

For neutral salt fog corrosion resistance, results demonstrated that most coupons met the
program’s corrosion resistance requirement for exposure to salt spray environments.
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Table 26. Neutral Salt Fog Corrosion Resistance Results

Coating System  Substrate Pretreatment Coupon 1 Coupon 2 Coupon 3
2000+ hrs 2000+ hrs 2000+ hrs
ccer corrosion corrosion corrosion
2024-T3 oxides oxides oxides
none 2000 hrs 2000 hrs 2000 hrs
blistering blistering blistering
cce 3300+ hrs 3300+ hrs 3300+ hrs
no blistering no blistering no blistering
6061-T6
3300+ hrs 3300+ hrs 3300+ hrs
PreKote L L L
no blistering no blistering no blistering
LTCPC
2000+ hrs 2000+ hrs 2000+ hrs
CccC 2 discrete 1 discrete 2 discrete
6060-T6 blisters blister blisters
none 2000 hrs 2000 hrs 2000 hrs
no blistering blistering blistering
AZ31B Dow 7 2090 hr.s 2090 hrls 2090 hr§
no blistering no blistering no blistering
1600 h 1600 h 1600 h
4130 Mn phosphate S s s
red rust red rust red rust
2000+ hrs 2000+ hrs 2000+ hrs
2024-T3 CcCC corrosion corrosion corrosion
oxides oxides oxides
2000+ hrs 2000+ hrs 2000+ hrs
6061-T6 CCC
MIL-PRF-23377 / no blistering | no blistering | no blistering
MIL-PRF-85265 2000+ h 2000+ h 2000+ h
+ + +
6060-T6 CCC . .rs . .rs . rs
no blistering no blistering no blistering
2000 hrs 2000 hrs 2000 hrs
AZ31B Dow 7
ow blistering blistering Blistering
MIL-P-53022 / MIL- 1600 hrs 1600 hrs 1600 hrs
4130 Mn phosphat
PRF-85285 N phosphate red rust red rust red rust

*  Chromate Conversion Coating
[ = Unacceptable test result
1 = Marginal test result

1 = Acceptable test result

Figures 9 through 16 are of the test coupons following the neutral salt fog corrosion resistance

testing.
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Figure 9. LTCPC Neutral Salt Fog Test Outcome — 2024 Al

Figure 10. Control Coating Neutral Salt Fog Test Outcome — 2024 Al
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Figure 11. LTCPC Neutral Salt Fog Test Outcome — 6061 Al

Figure 12. Control Coating Neutral Salt Fog Test Outcome — 6061 Al
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Figure 13. LTCPC Neutral Salt Fog Test Outcome — AZ31B Mg

Figure 14. Control Coating Neutral Salt Fog Test Outcome — AZ31B Mg
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Figure 15. LTCPC Neutral Salt Fog Test Outcome — Steel

Figure 16. Control Coating Neutral Salt Fog Test Outcome — Steel

Neutral salt fog corrosion resistance test results confirmed that LTCPC performs in a similar
fashion as the baseline coating stack-ups when both are prepared and tested in a production-like
environment. All of the Alodined aluminum coupons (both LTCPC and conventional wet
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coating) passed inspection after 2,000 hours of exposure inside the salt fog corrosion chamber.
Non-pretreated aluminum coupons generally failed to meet the corrosion resistance criteria as
defined within the JTP, exhibiting unacceptable blistering of the coatings near the scribed areas
(however, on a relative basis the non-pretreated LTCPC coupons displayed less blistering than
the similar non-pretreated controls). These test results demonstrate the need for a chromate
conversion coating (CCC) or comparable pretreatment process to be in place for aluminum
substrates regardless of which coating stack-up is used.

Testing also demonstrated that LTCPC performance on Dow 7-treated, LTCPC coated
magnesium coupons paralleled the performance of controls covered with conventional coating
systems.

Both the LTCPC and control-coated steel specimens failed to meet ideal performance
requirements even with a manganese phosphate pretreatment, however LTCPC’s performance
was equivalent to the control stack-up. As with the other two substrates, steel LTCPC coupons
displayed a level of corrosion resistance similar to that shown by the conventional wet coating.

6.1.2.3 SO, Corrosion Resistance

The Navy’s Patuxent River facility completed SO, corrosion resistance testing using a modified
Auto Technology Model GS-SCH #23 Salt Fog Test Chamber. 2024 and 6061 aluminum and
4130 steel received 500 hours of exposure to an SO, atmosphere for this test.

Table 27 lists substrate/coating system combinations that underwent SO, corrosion resistance
testing. While both the steel and pretreated 2024-T3 aluminum coupons passed SO, corrosion
resistance testing, the remainder failed to meet the Navy’s requirement.
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Table 27. SO, Corrosion Resistance Results

Coating System @ Substrate Pretreatment Coupon 1 Coupon 2 Coupon 3
500 hrs 500 hrs 500 hrs
ccer Minor Minor Minor
2024-T3 blistering blistering blistering
500 hrs 500 hrs 500 hrs
none L C L
blistering blistering blistering
cee 5.00 hrs 5.00 h.rs 5.00 hrs
blistering blistering blistering
6061-T6
LTCPC 500 hrs 500 hrs 500 hrs
PreKote L C s
blistering blistering blistering
cCe 5.00 hrs 5.00 h_rs 5.00 hrs
blistering blistering blistering
6060-T6
none 500 hrs 500 hrs 500 hrs
blistering blistering blistering
500 hrs 500 hrs 500 hrs
4130 Mn phosphate no blistering no blistering no blistering
2024-T3 CCC 509 hrs_ 50.0 hrs. 509 hrs.
no blistering no blistering no blistering
MIL-PRF-23377 / 500 hrs 500 hrs 500 hrs
6061-T6 CccC
MIL-PRF-85285 blistering blistering blistering
6060-T6 cce 5.00 hrs 5.00 h.rs 5.00 hrs
blistering blistering blistering
MIL-P-53022 / MIL- 500 hrs 500 hrs 500 hrs
41 Mn phosphat
PRF-85285 30  priosphate no blistering no blistering no blistering

*  Chromate Conversion Coating
[ = Unacceptable test result
1 = Marginal test result

1 = Acceptable test result
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Figures 17 through 22 are of the test coupons following the SO, corrosion resistance testing.

‘ \

|
Figure 18. Control Coating SO, Corrosion Resistance Test Qutcome — 2024 Al

58



e AT N U |

— = \\
=
< ///
- S
\
\ T
e \\"‘-.

2B
Figure 19. LTCPC SO; Corrosion Resistance Test OQutcome — 6061 Al
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Figure 20. Control Coating SO; Corrosion Resistance Test Outcome — 6061 Al
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Figure 22. Control Coating SO, Corrosion Resistance Test Outcome — Steel
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SO; corrosion resistance test results confirmed that LTCPC performs in a similar fashion as the
baseline coating stack-ups when prepared and tested in a production-like environment.
Evaluation of the selected aluminum coupons resulted in acceptable SO, corrosion resistance (as
defined by the JTP) for only the Alodined 2024-T3 LTCPC and control-coated coupons. All
remaining aluminum specimens suffered major blistering near the scribed regions. Stakeholder
discussion produced a consensus that poor surface pretreatment was likely to blame for the test
failures of low copper content aluminum alloys while the 2024-T3 specimens passed. From a
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comparative standpoint the LTCPC-coated Al coupons for each group matched the performance
of the baseline coatings. For the 4130 steel substrate, all specimens passed 500 hours of SO,
exposure. Side-by-side comparison of the steel test coupons reveals that LTCPC’s resistance to
SO;-based corrosion equals that of the control stack-up.

6.1.2.4 Cyclic Corrosion Resistance

Coupons for cyclic corrosion resistance were shipped from Hill AFB to CTC in Johnstown, PA
for testing. CTC utilized a Q-Fog Model CCT 1100 Cyclic Corrosion Test Chamber that
conformed to General Motors specification GM 9540P; Accelerated Corrosion Test, dated June
1997 to evaluate both aluminum and steel panels. For each 24-hour cycle the test specimens
were subjected to four iterations of a salt mist application and ambient dwell (combined time
eight hours), followed by an eight hour exposure to high humidity and an eight hour drying
period. Eighty 24-hour test cycles were completed. Test specimens were inspected after
completion the first four and first eight test cycles, followed by every eighth cycle thereafter (16,
24, 32, etc.) through test completion. Performance was rated using the methods outlined within
Procedure B of ASTM D 1654; Standard Test Method for Evaluation of Painted or Coated
Specimens Subjected to Corrosive Environments.

Cyclic corrosion resistance testing was performed on the substrate/coating system combinations
listed in Table 28.
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Table 28. Cyclic Corrosion Resistance Results

Substrate

Pretreatment

Coating System

Scribed Area — Average Overall Creepage Rating

Coupon 1

Coupon 2

Coupon 3

2024-T3 ccer
LTCPC Alclad none 9
4130 Mn phosphate 6 7 6
MIL-PRF-23377 / 2024-T3
MIL-PRF-85285 Alclad none 9 8 8
M”"F',DFfF?jgggé\,)M”‘ 4130 Mn phosphate 7 7 8
Scribed Area — Overall Interval of Noticeable Adhesion Loss/Corrosion (hours)
2024-T3 ccc 1174 -1339 | 1339-1771 | 624-937
LTCPC Alclad none 383 — 624 624 — 937 0-196
4130 Mn phosphate 185 - 576 185 - 576 185 - 576
MILPRE-2337T) | 202413 none 0-196 196-383 | 9561174
M'L'Ff’éi?gé%\,)'\"”‘ 4130 Mn phosphate | 744 — 984 744-984 | 185-576
Unscribed Area — Average Overall Failure Percentage Rating
2024-T3 ccc 10 10 10
LTCPC Alclad none 10 10 10
4130 Mn phosphate 10 9 9
MIL-PRF-23377 / 2024-T3 none 10 9 10
MIL-PRF-85285 Alclad
M'L'Ff’é?:?gégéSM'L' 4130 Mn phosphate 10 9 10
Unscribed Area — Overall Interval of Noticeable Red Rust/Corrosion (hours)
2024-T3 CCC NC** NC NC
Alclad none NC NC NC
LTCPC 576 -744 | 744-984
4130 Mn phosphate NC blistering; red | blistering;
rust red rust
MIL-PRF-23377 / 2024-T3 none NG 954 — 1174 NG
MIL-PRF-85285 Alclad blistering
MIL]ESF?%S&MIL' 4130 Mn phosphate NC ?e; :f; NC

*  Chromate Conversion Coating

** No Corrosion

[ = Unacceptable test result
1 = Marginal test result
1 = Acceptable test result
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Tables 30 and 31 (from ASTM D 1654) outline both the scribed and un-scribed area failure
ratings for cyclic corrosion resistance testing.

Table 29. Scribed Failure Rating

Representative Mean Creepage From Scribe

- Inches Rating

Millimetres (Approximate) Mumber
Zero [} 10
Over 0to 0.5 0 to v a
Cwver 0.5 to 1.0 Taq t0 Vaz a
Qvyer1.0to 2.0 Yoz 10 e 7
Qver 2.0 to 3.0 Yie 1o Ve 3]
Qver 3.0 to 5.0 1a 10 2e &
Qver 5.0 to 7.0 e 10 14 4
Qver 7.0 to 10.0 14 10 26 3
CQver 10,0 1o 13.0 3 t0 1% 2
Qver 13.0 1o 16.0 15 10 56 1
Qver 16.0 10 more 5 0 maore 0

Table 30. Unscribed Area Failure Rating

Area Failed, % Rating Mumber

Mo failure 10
0t
2103
406
7o 10
11 to 20

21 1o 30

31 1o 40

41 o 55

56 o 75

Over 75

L TE N TR T S 5 I I s T s
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Figures 23 through 26 are of the test coupons following the cyclic corrosion resistance testing.

Figure 23. LTCPC Cyclic Corrosion Resistance Test Outcome — Aluminum

0F/eFVP

Figure 24. Control Coating Cyclic Corrosion Resistance Test Outcome — Aluminum
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Figure 26. Control Coating Cyclic Corrosion Resistance Test OQutcome — Steel

Overall cyclic corrosion resistance test results confirmed that LTCPC performs in a similar
fashion as the baseline coating stack-ups when prepared and tested in a production-like
environment. The Alodined 2024-T3 Alclad coupons outperformed the baseline MIL-PRF-
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85285 aluminum counterparts, while non-pretreated Alclad coupons exhibited equivalent
corrosion resistance with regards to the scribed and unscribed area creepage/failure ratings. On
average the LTCPC coupons survived exposure to cyclic corrosion for a longer period of time
before displaying the first signs of adhesion loss. Mean time to noticeable adhesion loss for the
three Alodined LTCPC specimens was 1,046 hours and 336 hours for the set of non-pretreated
LTCPC coupons. The trio of aluminum controls had a mean time to noticeable adhesion loss of
384 hours which is reasonably equivalent to the average of the non-pretreated LTCPC coupons.
Also LTCPC on manganese phosphate treated steel coupons responded to cyclic corrosion in a
manner similar to that of the comparable baseline primer and topcoat combination. Ratings and
post-test photographs revealed the levels of blistering and red rust for the steel controls were as
pronounced as the LTCPC coupons.

6.1.2.5 Filiform Corrosion Resistance

Filiform corrosion resistance testing was also performed by CTC. Per standard procedures,
scribed coupons were exposed to 12N hydrochloric acid for one hour inside an airtight
desiccator. The coupons were then immediately placed inside a Singleton Model CCT-10P
Cyclic Programmable Humidity Chamber capable of maintaining a relative humidity of 80% +
5% and an elevated temperature of 104 °F = 3 °F over a period of 1,000 hours. The coupons
were visually examined for filament growth at the scribe.

In the initial round of filiform testing, no conventional wet coating coupons were submitted as
controls. This was problematic as the LTCPC performance did not meet specification
requirements (had control coupons been available, performance comparable or better than
controls would have been considered acceptable). A second set of LTCPC coated clad
aluminum panels were prepared, in conjunction with conventional wet coating stack-up control
coupons. Filiform corrosion resistance test results generated from the second set of coupons are
reported below.

CTC was provided a second group of coupons, along with control coupons representing a
conventional coating system. Results of the retest revealed that both LTCPC and the control
stack-up provided acceptable resistance. From a comparative standpoint LTCPC performed as
well as the control coating stack-up with regards to filiform corrosion resistance. Individually,
two of the LTCPC coupons passed with acceptable test results while a third coupon was
marginal (maximum filament length exceeded by 1/32”) as defined within the JTP. The three
control coupons produced very similar test results, limiting maximum filament length to 1/16”
for each article. Results from the retest coupons are presented within the following table.
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Table 31. Subsequent Filiform Corrosion Resistance Results

Coating System Substrate Pretreatment Coupon 1 Coupon 2 | Coupon 3

Number of filaments
LTCPC 2024-T3 ccer TNTC* TNTC TNTC
Alclad
MIL-PRF-23377 / 2024-T3
MIL-PRF-85285 Alclad cce 118 114 97
Min/Max length of filaments from scribe (inches)
2024-T3 1/32 1/32 1/32
LTCPC CCC
Alclad 7132 9/32 1/8
MIL-PRF-23377 / 2024-T3 cce 1/32 1/32 1/32
MIL-PRF-85285 Alclad 1/16 1/16 1/16

*  Chromate Conversion Coating
** Too Numerous To Count
[ = Unacceptable test result
1 = Marginal test result

1 = Acceptable test result

Figures 27 and 28 are photos of the test coupons following the filiform corrosion resistance
retest.

Figure 27. LTCPC Filiform Corrosion Resistance Test Outcome — Retest

67



Figure 28. Control Coating Filiform Corrosion Resistance Test Outcome - Retest

6.1.2.6 Cross-Cut Adhesion by Tape

An eight-blade circular cutting tool with two millimeter offsets was used to scribe two sets of
lines, at 90° angles to one another and each approximately 3/4 inches in length, as required for
the cross-cut adhesion by tape test. Wet tape adhesion was performed on aluminum and steel
substrates and dry tape adhesion was performed on the magnesium coupons, with all tests being
run at Hill AFB.

Cross-cut adhesion by tape testing was performed on the following substrate/coating system
combinations. Each of the scribed coupons confirmed adequate coating adhesion to the
substrate.
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Table 32. Cross-Cut Adhesion by Tape Results

Coating System Substrate Pretreatment Adhesion

ccc* 5B

2024-T3
none 1B
CCC 5B

2024-T3 Alclad

none 4B
CCC 5B

6061-T6
PreKote 5B
CCC 5B

6060-T6
LTCPC none 5B
Fe phosphat %8

e phosphate**
5B
4130
5B
none
2B"
Dow 7 5B
AZ31B Dow 7 / PreKote 5B
none 3B
2024-T3 CCC 5B
MIL-PRF-23377 / 6061-T6 cce 58
MIL-PRF-85285 6060-T6 cee 5B
AZ31B Dow 7 5B
MIL-P-53022 / MIL- 4130 Fe phosphate** °8
PRF-85285 phosp 4B
MIL-PRF-85285 2024-T3 Alclad none 0B
* Chromate Conversion Coating

**  Tested prior to changeover to manganese phosphate pretreatment of steel

t Statistical outlier with failure attributable to surface preparation deficiencies
[ = Unacceptable test result

1 = Marginal test result

1 = Acceptable test result

Table 33 (derived from ASTM D 3359) outlines the relationship between adhesion ratings and
the percentage of coating area removed is provided for convenience.
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Table 33. Cross-Cut Adhesion Coating Removal Classifications

Classification Percent Area Removed
5B 0%
4B <5%
3B 5-15%
2B 15-35%
1B 35-65%
0B > 65 %

Figures 29 and 30 are of the test coupons following the cross-cut adhesion testing.

Figure 29. Acceptable Cross-Cut Adhesion Test Outcome
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Figure 30. Unacceptable Cross-Cut Adhesion Test Outcome

Cross-cut adhesion test results for LTCPC coupons equaled those of the control coating stack-
ups. All but three of the prepared aluminum, steel, and magnesium specimens met the
acceptance criteria for intercoat and surface adhesion as defined within the LTCPC JTP. Test
results revealed the following unacceptable adhesion ratings: 1B for the untreated, bare 2024-T3
coupon coated with LTCPC; OB for the untreated 2024-T3 Alclad coupon coated with only a
MIL-PRF-85285 topcoat; and 3B for the untreated AZ31B coupon coated with LTCPC. Each of
these coupons did not receive surface pretreatment prior to coating application, which likely
contributed to their failure as measured by cross-cut adhesion standards. Also, one statistical
outlier appears within the reported test results. That failure (2B rating), of an untreated 4130
coupon coated with LTCPC appears to be indicative of a poor surface pretreatment.

6.1.2.7 Impact Flexibility

Impact flexibility was evaluated at Hill AFB using a Gardner Model 172 Universal Impact
Tester with a GE impacter weighing 3.6 pounds and having semi-spherical indenters protruding
out 0.32 to 3.65 millimeters from the surface. The test was performed on 2024 0-Temper
aluminum coupons.

An evaluation of test results for impact flexibility indicates acceptable values, i.e., no cracking at
indentations generating > 5% elongation of the material.

Table 34. Impact Flexibility Results

‘ Coating System Substrate ‘ Pretreatment Coupon 1l Coupon?2 Coupon 3
LTCPC 2024-T0 anodize 5 4 4
MIL-PRF-85285 2024-T0 anodize 2 1 2
1 = Unacceptable test result Numbers represent indenter Spherical Segment (ref.
[ = Marginal test result Table 35) that did not result in cracking of the coating
[ = Acceptable test result over the deformed substrate
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Table 35 (from ASTM D 6905) outlines the relationship between spherical indenters and the
percentage of area increase is provided for convenience.

Table 35. Integral Indenter Percent Area Increase

Base Segment Segment

gpherlcal End Diameter, Radius, Elevation, oArea
egment - : - Increase
mm (in.) mm (in.) mm (in.)

1 A 9.5(0.375) 4.85(0.194) 3.65(0.146) 60

2 A 9.5(0.375) 5.20(0.208) 2.98 (0.119) 40

3 A 9.5(0.375) 6.30(0.252) 2.10 (0.084) 20

4 A 9.5(0.375) 8.15(0.326) 1.48 (0.059) 10

5 B 9.5(0.375) 11.0 (0.440)  1.05 (0.042) 5

6 B 9.5(0.375) 16.9 (0.676) 0.68 (0.027) 2

7 B 9.5(0.375) 23.7 (0.947) 0.48(0.019) 1

8 B 9.5(0.375) 33.3(1.332) 0.32 (0.013) 05

Figures 31 and 32 are from impact flexibility testing of the LTCPC and control coupons.

Figure 31. LTCPC Impact Flexibility Test Outcome
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Figure 32. Control Coating Impact Flexibility Test Outcome

Overall impact flexibility test results confirmed that both the LTCPC and control coating
coupons met the acceptability criteria of 5% elongation per area increase defined within the Joint
Test Protocol. From a comparative standpoint, the control stack-ups demonstrated greater
average impact flexibility (47%) as defined by this method than the LTCPC specimens (8%).

6.1.2.8 Strippability

Strippability was evaluated for informational purposes only, as previous research indicated that
the LTCPC could be removed with methylene chloride based strippers. The evaluation
performed at Hill AFB under the current project looked at a benign benzyl alcohol peroxide
stripper and a plastic media blast removal method.

Hill AFB conducted chemical and mechanical strippability studies of the following
substrate/coating system combinations.

Table 36. Strippability Study Results

Coating System Substrate Pretreatment Coupon 1
Chemical Stripper (Benzyl alcohol peroxide)
% 100% after
cce 2 — 4 hours
2024-T3 100% aft
o arter
LTCPC none 2 _ 4 hours
100% after
6061-T6 CCC 2 _ 4 hours
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Coating System Substrate Pretreatment Coupon 1
100% after
PreKote 2 _ 4 hours
100% after
cce 2 —4 hours
6060-T6
none 100% after
2 —4 hours
100% after
cce 2 —4 hours
2024-T3 Alclad
none 100% after
2 — 4 hours
100% after
Mn phosphate 2 _ 4 hours
4130
none 100% after
2 — 4 hours
100% after
Dow 7 2 _ 4 hours
AZ31B Dow 7 / PreKote 100% after
2 —4 hours
none 100% after
2 —4 hours
100% after
2024-T3 CCC 2 — 4 hours
0,
6061-T6 cce 7007 atter
MIL-PRF-23377 / MIL- — 4 hours
PRF-85285 0
6060-T6 cce A0 atter
— 4 hours
100% after
AZ31B Dow 7 2— 4 hours
[v)
MIL-PRF-85285 2024-T3 Alclad none 100% after
2 —4 hours
MIL-P-53022 / MIL- 100% after
PRF-85285 4130 Mn phosphate 2 _ 4 hours
Mechanical Stripper (Type V plastic media)
CcccC <3 min
2024-T3
none <3 min
CccCC <3 min
6061-T6
LTCPC PreKote <3 min
CcCC <3 min
6060-T6
none <3 min
2024-T3 Alclad CCC < 3 min
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Coating System Substrate Pretreatment Coupon 1
none <3 min
Mn phosphate < 3 min
4130 .
none <3 min
Dow 7 <3 min
AZ31B Dow 7 / PreKote <3 min
none <3 min
2024-T3 CCC <3 min
MIL-PRF-23377 / MIL- 6061-T6 ccc <3 min
PRF-85285 6060-T6 ccc <3 min
AZ31B Dow 7 < 3 min
MIL-PRF-85285 2024-T3 Alclad none <3 min
MIL-P-53022 / MIL- .
PRF-85285 4130 Mn phosphate <3 min
Mechanical Stripper (Type VIl eStrip GPX media
CCC <3 min
2024-T3
none <3 min
CCC <3 min
6061-T6
PreKote <3 min
CCC <3 min
6060-T6
none <3 min
LTCPC CcCC <3 min
2024-T3 Alclad
none <3 min
Mn phosphate <3 min
4130
none <3 min
Dow 7 <3 min
AZ31B Dow 7 / PreKote <3 min
none <3 min
2024-T3 CCC < 3 min
MIL-PRF-23377 / MIL- 6061-T6 cce < 3 min
PRF-85285 6060-T6 ccc <3 min
AZ31B Dow 7 <3 min
MIL-PRF-85285 2024-T3 Alclad none < 3 min
MIL-P-53022 / MIL- 4130 Mn phosphate <3 min

PRF-85285

*  Chromate Conversion Coating
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Figures 33 and 34 are of the test coupons following chemical and mechanical stripping. As can
be seen for the chemical stripper test, an amount of the liquid was placed on a coated 12 in. x 12
in. panel. For a successful test, the coating softened and lifted from the substrate (in some cases,
light fingertip abrasion could flake off the coating). For the mechanical stripping evaluation, a
single three inch strip was media blasted on each panel.

Figure 33. Chemical Strippability Study Outcome
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Figure 34. Mechanical Strippability Study Outcome

A comparative study of LTCPC and control coating removal using a non-methylene chloride
stripper (benzyl alcohol peroxide) confirmed the product’s acceptability. Reported efficiencies
for the chemical stripper used on each of the prepared aluminum and steel specimens followed
the guidelines provided within the JTP. The benyzl alcohol peroxide’s ability to remove 100%
of the LTCPC from each substrate met the defined efficiency measures for chemical
strippability. With regards to mechanical strippability, Type V plastic and GPX media blasting
adequately removed LTCPC from each substrate well within the study’s 90 minute time limit.

6.1.3 JTP Addendum

In addition to initial tests determined to be critical to the evaluation of the LTCPC, stakeholders
identified several tests as special interest items. NASA stakeholders desired some performance
evaluations not critical to other potential LTCPC users. NASA agreed to provide the substrate
materials, perform most of the testing and share the results. The specimens were powder coated
at Hill AFB concurrently with the JTP coupons.

In addition to the NASA tests, LTCPC team members determined that a few additional
performance areas should be quantified. These arecas were low temperature flexibility, fluid
resistance, and impact/chipping resistance. Low temperature flexibility was performed by the
Coatings Technology Integration Office at Wright-Patterson AFB on coupons coated at Hill
AFB.

The LTCPC team became aware that fluid resistance and impact/chipping resistance evaluations
had been performed under a separate study by the Navy. Rather than duplicate testing, the
LTCPC team requested that data; their procedures and results are included in section Appendix
E.
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6.1.3.1 Neutral Salt Fog Corrosion Resistance on 7075 Aluminum

Three coupons were submitted for salt fog corrosion resistance testing. Of the three, one showed
significant blistering of the coating after 1,104 hours of exposure. The other two showed
blistering at the completion of the 2,000 hour test. These failures indicate that the LTCPC, as
applied in this study, may not be ideal for use on 7075 aluminum components.

Table 37. Neutral Salt Fog Corrosion Resistance on 7075 Al Results

Coating
System

Substrate  Pretreatment Coupon 1 Coupon 2 Coupon 3

2000 hrs 2000 hrs 1104 hrs

7075-T6
blistering blistering blistering

[ = Unacceptable test result
1 = Marginal test result
1 = Acceptable test result

Figure 35 is the test coupon at the conclusion of the salt fog corrosion resistance testing.

Figure 35. Salt Fog Corrosion Resistance (7075 Al) Test Outcome

6.1.3.2 NASA Extreme Temperature Flexibility

NASA’s Kennedy Space Center conducted extreme temperature flexibility testing of the
following substrate/coating system combinations. Each coupon failed the extreme low
temperature flexibility portion of NASA’s testing. Conversely, all three coupons demonstrated
acceptable coating flexibility at extremely high temperature.
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Table 38. NASA Extreme Temperature Flexibility Results

Coating

Substrate Pretreatment Coupon 1l Coupon2 Coupon3 Control

System

Extreme Low Temperature (—250 °F)

Fail Fail Fail

LTCPC 2024-T3 none disbonded | disbonded | disbonded Pass

Extreme High Temperature (+350 °F)
LTCPC 2024-T3 none Pass Pass Pass Pass

1 = Unacceptable test result
1 = Marginal test result
1 = Acceptable test result

Figures 36 and 37 are of the test coupons following NASA’s extreme temperature flexibility
testing.

Figure 36. NASA Extreme (-250°F) Temperature Flexibility Test OQutcome

Figure 37. NASA Extreme (+350°F) Temperature Flexibility Test Qutcome

These tests confirmed stakeholder assumptions that LTCPC would fail to meet flexibility
requirements at extremely low temperature due to the coating’s overall chemistry. Powder
coatings such as LTCPC are comprised of polyester backbones which cure to form thermoset
plastics. By design thermoset plastics are more structurally rigid than thermoplastics and
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therefore suffer from brittleness at extremely low temperatures. NASA’s laboratory confirmed
this behavior by testing three coupons at minus 250°F, which resulted in disbondment of each
LTCPC layer from the 2024-T3 substrates. In contrast to the extreme low temperature results,
all three LTCPC coupons successfully passed NASA’s testing requirement for extreme high
temperature (+350°F) flexibility.

6.1.3.3 NASA Outgassing

NASA'’s foil specimens for the outgas test proved challenging to properly powder coat due to
their small size and weight. Due to the small dimensions and light weight of the foil specimens,
difficulties occurred in mounting the coated specimens onto curing racks and then keeping the
specimens attached once they were inside the ovens. To address the first issue a bent paper clip
was placed through each specimen prior to powder coating. After LTCPC application the paper
clips were securely fastened around curing hooks to prevent the specimens from blowing free
due to strong oven airflows. At the time of LTCPC application it was not common knowledge
that NASA’s outgas test required special cleaning and handling of the foil specimens.

The outgas tests were conducted by Boeing at their Huntington Beach, Ca facility, and failed to
provide stakeholders with any useful information regarding LTCPC performance. Each of the
eight foil samples exceeded the maximum allowable percentages for CVCM and TML as defined
within Section 5.1.4.3. The reported CVCM values of 0.30 — 0.76% were well outside the range
expected for powder coatings. Calculated values for TML were also unexpectedly high. These
test results led stakeholders to review the sample preparation procedures used and identified
improper handling as the contributing factor. Boeing’s interest in LTCPC (for potential space
applications) hinged on the coating’s ability to pass both the extreme temperature flexibility and
outgassing tests. Therefore Boeing engineers were not interested in preparing a second set of foil
specimens once LTCPC failed the extreme low temperature flexibility test.

6.1.3.4 Low Temperature Flexibility

The Air Force’s Coatings Technology Integration Office conducted low temperature flexibility
testing of the following substrate/coating system combinations. Overall both the LTCPC and
control coatings displayed adequate low temperature flexibility as defined within MIL-PRF-
85285. Only one coupon failed testing over a one-inch mandrel.
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Table 39. Low Temperature Flexibility Results

Coating Substrate Pretreatment Coupon Coupon Coupon Coupon Coupon
System 1 2 3 4 5
Fail
LTCPC 2024-T3 none cracking Pass Pass Pass Pass
MIL-PRF-
23.?(7“7 / 2024-T3 none Pass Pass Pass Pass Pass
Powder
MIL-PRF- Alodine Pass Pass - - -
23377 / 2024-T3
85285 PreKote Pass Pass - - -

[ = Unacceptable test result

1 = Marginal test result

1 = Acceptable test result
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Figure 39. Unacceptable LTCPC Low Temperature Flexibility Outcome

Figure 40. Control Coating Low Temperature Flexibility Outcome

Laboratory test results confirm that LTCPC exhibits acceptable low temperature flexibility as
measured by the requirements of MIL-PRF-85285. Each control coupon and all but one of the
LTCPC specimens passed low temperature flexibility at -60°F. Stakeholder analysis of the
failed test coupon identified adhesion failure due to inconsistent coverage of the chromate
pretreatment as the most likely source of cracking within the coating.
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6.2 FIELD AND REAL-WORLD TESTING

As discussed in Section 4.1, field service evaluations involved Navy ground support equipment
processed at Fleet Readiness Center Northwest and Southwest and Air Force components
powder coated at the Ogden Air Logistics Center. The components involved in field service
evaluations are listed below (Table 40). The equipment was periodically evaluated for color,
gloss, film thickness and general appearance of the coating by the LTCPC project team.

Table 40. FSE Components

Component Powder Coating Facility | Quantity Field Service
Nitrogen Servicing Cart Fleet Rsejlilr?vevsesstCenter 2 Aircraft Carrier Deployment
. Fleet Readiness Center Local (NAS Whidbey Island)
J52 Ait Engine Yoke Northwest 1 Airfield Support
C-130 Nose Landing . - Firefighting Support and
Gear Forward Door Ogden Air Logistics Center ! Overseas Deployment

6.2.1 Assumptions and Deviations

With regards to color, an assumption has been made to use the CIE 1976 Method for calculating
color differences, AE = ((Lo-L;)* + (az-a1)> + (by-by)H) "%

A second assumption involves the significance of the various evaluations. It is assumed that one
of the most critical factors in acceptance of this technology is end user acknowledgement of
superior performance of the coating in durability and protection of the substrate. It was
anticipated that conditions in the field might be less than optimum for precise measurement of
gloss and color but the LTCPC team considered some amount of unreliability in the
measurements to be acceptable if overall adhesive and protective performance of the coating was
demonstrated.

As for deviations, during the FSE none of the powder coating facilities prepared control panels
during the initial spray-ups to serve as the coating standards required by the project’s
Demonstration Plan. Therefore, the subsequent color measurements taken after environmental
exposure can only be compared against the component’s initial measurement.

6.2.2 FSE Measurement and Monitoring

6.2.2.1 Color

The following color measurements were reported by FSE evaluators over the course of each
item’s 12-month service evaluation. For reference purposes, the following color specification
numbers associated with each FSE color number have also been provided.

Table 41. FED-STD-595 Color Specifications

Color Name Color L a b Mum.
Number
Untinted White 17925 94.270 | -0.544 3.625 C
Ocean Gray,
NAVSEA 26173 42.895 | -0.496 -3.671 C
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Table 42. Color Results for Nitrogen Servicing Cart, SN: NRR073

Date L a b
06 Mean
March W) 94.21 -0.63 4.45
2008 Standard
Deviation 0.94 0.20 0.71
(o)
03 Mean
February W) 90.63 -0.31 6.85
2009 Standard
Deviation 1.55 0.22 0.95
(o)
04 Mean
November ) 87.94 0.16 9.77
2009 Standard
Deviation 4.28 0.22 1.99
(o)

FRCSW coated the first nitrogen servicing cart (SN: NRR073) with LTCPC in early March
2008. Initial color measurements taken across the GSE component’s surface revealed the
average instrument readings of L: 94.21, a: -0.63, and b: 4.45. A AE value of 0.83 is obtained
when these values are compared against the 17925 color specification located in Table 41. This
reveals that the LTCPC initial color is acceptable as defined within the project’s Demonstration
Plan (AE < 1). Subsequent color readings taken in February and November of 2009 resulted in
average values of L: 90.63, a: -0.31, b: 6.85 and L: 87.94, a: 0.16, b: 9.77, respectively. AE
values of 4.3 and 8.3 result from the comparison of these second and third values against the
initial component readings. While these AE values are large, it is difficult to determine the
significance of the changes in the absence of a control, which would eliminate the possibility of
changes due to instrument drift.

Table 43. Color Results for Nitrogen Servicing Cart, SN: NRR204

Date L a b
06 March Mean
2008 W) 94.19 -0.55 3.72
Standard
Deviation 0.97 0.31 0.51
(o)
03 Mean
February W) 90.24 -0.36 7.56
2009 Standard
Deviation 2.54 0.28 1.84
(o)
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FRCSW also coated the second nitrogen servicing cart (SN: NRR204) with LTCPC in early
March 2008. Initial color measurements taken across the GSE component’s surface revealed the
average instrument readings of L: 94.19, a: -0.55, and b: 3.72. A AE value of 0.12 is obtained
when these values are compared against the 17925 color specification. This reveals that the
LTCPC initial color is acceptable as defined within the project’s Demonstration Plan (AE < 1).
Subsequent color readings taken in February 2009 resulted in average values of L: 90.24, a: -
0.36, and b: 7.56. A AE value of 5.5 results from the comparison of these second values against
the initial component readings. As with the first nitrogen cart, while this AE value is large it is
difficult to determine the significance of the change in the absence of a control panel.

It should be noted that stakeholders attempted to take color readings for the second cart in
November 2009. However, an undetermined color instrument failure resulted in no reportable
measurements for that inspection.

Table 44. Color Results for J52 Aft Engine Yoke, SN: POH513

Date L a b
30 Mean 9214 | -1.06 | 4.02
January (M)
2008 Standard
Deviation 2.70 0.14 0.86
(o)
17 Mean 91.95 -0.65 2.72
July (M)
2008 Standard
Deviation 1.49 0.16 0.59
(o)
27 Mean 93.04 -0.62 2.83
January (M)
2009 Standard
Deviation 1.57 0.14 0.64
(o)

FRCNW coated the J52 aft engine yoke (SN: P9H513) with LTCPC in late January 2008. Initial
color measurements taken across the GSE component’s surface revealed the average instrument
readings of L: 92.14, a: -1.06, and b: 4.02. A AE value of 2.2 is obtained when these values are
compared against the 17925 color specification. This reveals that the LTCPC initial color for
this component is unacceptable as defined within the project’s Demonstration Plan (AE < 1).
The standard deviation associated with the reported L values is 2.70, suggesting that
measurements taken on the curved surfaces of the engine yoke (ref. illustration within Table 84,
Appendix F) were most likely affected by environmental light pollution. Subsequent color
readings taken in July 2008 and January 2009 resulted in average values of L: 91.95, a: -0.65, b:
2.72, and L: 93.04, a: -0.62, b: 2.83, respectively. AE values of 1.4 and 1.6 result from the
comparison of these second and third values against the initial component readings. While these
values are slightly larger than the maximum allowable AE shift, it is difficult to determine the
significance of the change in the absence of a control panel.
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Table 45. Color Results for C-130 Nose Landing Gear Forward Door, AC: 92-1534

Date L a b
May Mean
2008 ) 66.08 -4.84 1.43
Standard
Deviation* 0.11 0.07 0.05
(o)
July Mean
2009 W) 66.20 -4.96 1.11
Standard
Deviation* 0.13 0.02 0.06
(o)

* Calculations are questionable due to very small sample size

OO-ALC coated the C-130 Nose Landing Gear Forward Door (AC: 92-1534) with LTCPC in
May 2008. Initial color measurements taken across the aircraft component’s surface revealed the
average instrument readings of L: 66.08, a: -4.84, and b: 1.43. A AE value of 24.1 is obtained
when these values are compared against the 26173 color specification. This reveals that the
LTCPC initial color is unacceptable as defined within the project’s Demonstration Plan (AE < 1).
Subsequent color readings taken in July 2009 resulted in average values of L: 66.20, a: -4.96, and
b: 1.11. A AE value of 0.36 results from the comparison of these second values against the
initial component readings. While this AE value is less than one it is difficult to determine the
significance of the change in the absence of a control panel.

Table 46. Color Results for C-130 Nose Landing Gear Aft Door, AC: 92-1534

Date L a b
Z'\i'%é M(‘:l‘;‘” 66.12 -4.82 1.48
Standard
Deviation* 0.05 0.05 0.24
(o)
2"5‘(')35 M(Za)‘” 6614 | -4.74 1.06
Standard
Deviation* 0.16 0.06 0.06
(o)

* Calculations are questionable due to very small sample size

OO-ALC also coated the C-130 Nose Landing Gear Aft Door (AC: 92-1534) with LTCPC in
May 2008. Initial color measurements taken across the aircraft component’s surface revealed the
average instrument readings of L: 66.12, a: -4.82, and b: 1.48. A AE value of 24.2 is obtained
when these values are compared against the 26173 color specification. This reveals that the
LTCPC initial color is unacceptable as defined within the project’s Demonstration Plan (AE < 1).
Subsequent color readings taken in July 2009 resulted in average values of L: 66.14, a: -4.74, and
b: 1.06. A AE value of 0.43 results from the comparison of these second values against the
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initial component readings. While this AE value is less than one it is difficult to determine the
significance of the change in the absence of a control panel.

6.2.2.2 Gloss

Gloss measurements were taken for each FSE component over the course of the item’s 12-month
service evaluation.

Table 47. Gloss Results for Nitrogen Servicing Cart, SN: NRR073

Al 06 Mar | 03 Feb | 04 Nov
9 2008 | 2009 | 2009
Mean 60° 67.28 58.75 38.42
() 85° 7558 | 72.70 | 59.97
Standard 60° 9.73 12.10 14.88
Deviation
(0) 85° 11.88 13.60 18.64

The initial gloss measurements taken at FRCSW across the first nitrogen servicing cart’s surface
in early March 2008 revealed the average instrument reading of 67.28 gloss units at a 60° angle
of incidence. This value reveals that the LTCPC initial specular gloss is not as high as called out
in the project’s Demonstration Plan (> 90 for gloss finishes). Subsequent gloss readings taken in
February and November of 2009 resulted in average gloss values of 58.75 and 38.42,
respectively. The reduction in average gloss units documented from the initial through third
inspections suggests that LTCPC gloss has been partially diminished by 20 months of
environmental exposure. However, project stakeholders have confirmed that LTCPC gloss
retention is as good as or better than the baseline wet topcoat.

Table 48. Gloss Results for Nitrogen Servicing Cart, SN: NRR204

Anale 06 Mar | 03 Feb | 04 Nov
9 2008 | 2009 | 2009
Mean 60° 65.23 58.62 51.11
(M) 85° 77.29 73.38 79.48
Standard 60° 7.06 15.61 11.81
Deviation
() 85° 8.72 16.18 8.25

Similarly, initial gloss measurements taken at FRCSW across the second nitrogen servicing
cart’s surface in early March 2008 revealed an average instrument reading of 65.23 gloss units at
a 60° angle of incidence. This value reveals that the LTCPC initial specular gloss is not as high
as called out in the project’s Demonstration Plan (> 90 for gloss finishes). Subsequent gloss
readings taken in February and November of 2009 resulted in average gloss values of 58.62 and
51.11, respectively. This reduction in average gloss units documented from the initial through
third inspections suggests that LTCPC gloss has been partially diminished by 20 months of
environmental exposure. However, project stakeholders have confirmed that LTCPC gloss
retention is as good as or better than the baseline wet topcoat.
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Table 49. Gloss Results for J52 Aft Engine Yoke, SN: P9H513

Angle 30 Jan 17 Jul 27 Jan
9 2008 | 2008 | 2009
Mean 60° 33.60 22.30 38.71
(M) 85° 34.38 34.23 58.30
Standard 60° 8.37 4.10 13.14
Deviation
() 85° 9.93 5.33 13.63

The initial gloss measurements taken at FRCNW across the aft engine yoke’s surface in late
January 2008 revealed an average instrument reading of 33.60 gloss units at a 60° angle of
incidence. This value reveals that the LTCPC initial specular gloss is not as high as called out in
the project’s Demonstration Plan (> 90 for gloss finishes). The standard deviation associated
with the reported gloss readings is 8.37, suggesting that measurements taken on the curved
surfaces of the engine yoke (ref. illustration within Table 84, Appendix F) were most likely
affected by curvature effects. Subsequent gloss readings taken in July 2008 and January 2009
resulted in average gloss values of 22.30 and 38.71, respectively. The observed fluctuations
(both directions) in average gloss units documented from the initial through third inspections
suggest that a level of inaccuracy exists within some or all of the LTCPC gloss readings.
However, project stakeholders have received feedback from field users attesting to the
acceptability of the component’s surface appearance.

Table 50. Gloss Results for C-130 Nose Landing Gear Forward Door, AC: 92-1534

May July

Angle | 5008 | 2009

Mean 60° 35.18 36.29

(M) 85° 21.59 25.57

Standard 60° 8.21 3.50
Deviation

(0) 85° 5.70 3.87

The initial gloss measurements taken at OO-ALC across the interior of the C-130 nose landing
gear’s forward door surface in May 2008 revealed an average value of 35.18 gloss units at a 60°
angle of incidence. This average reveals that the LTCPC initial specular gloss is acceptable as
defined within the project’s Demonstration Plan (30 < x < 45 for semi-gloss finishes).
Subsequent LTCPC gloss readings taken in July 2009 resulted in an average gloss value of
36.29, which is also within the acceptable range.
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Table 51. Gloss Results for C-130 Nose Landing Gear Aft Door, AC: 92-1534

May July

Angle | 5008 | 2009

Mean 60° 42.68 43.50

(M) 85° 32.98 32.78

Standard 60° 6.59 7.85
Deviation*

() 85° 452 5.78

* Calculations are questionable due to small sample size

Likewise, initial gloss measurements taken at OO-ALC across the interior of the C-130 nose
landing gear’s aft door surface in May 2008 revealed an average value of 42.68 gloss units at a
60° angle of incidence. This average reveals that the LTCPC initial specular gloss is acceptable
as defined within the project’s Demonstration Plan (30 < x < 45 for semi-gloss finishes).
Subsequent LTCPC gloss readings taken in July 2009 resulted in an average gloss value of
43.50, which is also within the acceptable range.

6.2.2.3 Film Thickness

The dry film thickness measurements taken during the course of the component’s 12-month field
service evaluation are provided below.

Table 52. Dry Film Thickness Results for Nitrogen Servicing Cart, SN: NRR(073

06 Mar | 03 Feb | 04 Nov
2008 2009 2009

(mils) (mils) (mils)

Mean 7.76 7.45 8.70
(M)
Standard
Deviation 3.53 3.88 3.43
(o)

The initial dry film thickness measurements taken at FRCSW across the first nitrogen servicing
cart’s surface in early March 2008 revealed the average coating thickness to be 7.76 mils. This
relatively large value reveals the use of the project’s previously documented two-pass LTCPC
application method. Subsequent thickness readings taken in February and November of 2009
resulted in average film thicknesses of 7.45 and 8.70 mils, respectively. The reported decrease
then subsequent increase in average dry film thickness documented from the initial through third
inspections suggests that a level of difficulty exists with taking measurements from the same
component locations over time. However, project stakeholders have confirmed that LTCPC film
thickness over the cart’s FSE period remained within the range of acceptability.

89



Table 53. Dry Film Thickness Results for Nitrogen Servicing Cart, SN: NRR204

06 Mar | 03 Feb | 04 Nov
2008 2009 2009
(mils) (mils) (mils)
Mean 7.62 7.22 7.13
(M)
Standard
Deviation 1.92 1.51 1.82
(o)

Similarly, the initial dry film thickness measurements taken at FRCSW across the second
nitrogen servicing cart’s surface in early March 2008 revealed the average coating thickness to
be 7.62 mils. This relatively large value reveals the use of the project’s previously documented
two-pass LTCPC application method. Subsequent thickness readings taken in February and
November of 2009 resulted in average film thicknesses of 7.22 and 7.13 mils, respectively. The
high uncertainty (large standard deviation) in average dry film thickness documented in each of
the inspections suggests that a level of inaccuracy exists within some or all of the LTCPC
thickness readings. However, project stakeholders have confirmed that LTCPC film thickness
over the cart’s FSE period remained within the range of acceptability.

Table 54. Dry Film Thickness Results for J52 Aft Engine Yoke, SN: PO9H513

30 Jan 17 Jul 27 Jan
2008 2008 2009
(mils) (mils) (mils)
Mean 3.04 3.84 3.88
(M)
Standard
Deviation 0.78 1.22 1.53
(o)

Initial dry film thickness measurements taken at FRCNW across the J52 aft engine yoke’s
surface in late January 2008 revealed an average coating thickness of 3.04 mils. The wide range
of observed readings associated with this average thickness is indicative of the project’s
previously documented two-pass LTCPC application method. Subsequent thickness readings
taken in July 2008 and January 2009 produced average film thicknesses of 3.84 and 3.88 mils,
respectively. The fluctuations in average dry film thickness documented from the initial through
third inspections suggest that a level of inaccuracy exists within some or all of the LTCPC
thickness readings. However, project stakeholders have confirmed that LTCPC film thickness
over the yoke’s FSE period remained within the range of acceptability.
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Table 55. Dry Film Thickness Results for C-130 Nose Landing Gear Forward Door, AC:

92-1534
May July
2008 2009
(mils) (mils)
Mean 3.08 3.03
(M)
Standard
Deviation 0.43 0.40
(o)

The initial dry film thickness measurements taken at OO-ALC across the interior surface of the
C-130 nose landing gear’s forward door in May 2008 revealed an average coating thickness of
3.08 mils. This average thickness is indicative of the project’s previously documented single-
pass LTCPC application method. Subsequent thickness readings taken in July 2009 resulted in
an average film thickness of 3.03 mils. The slight reduction in average dry film thickness
documented from the initial to second inspections suggests that LTCPC has experienced partial
shrinkage over the 12 months of environmental exposure. However, project stakeholders have
confirmed that LTCPC film thickness over the forward door’s FSE period remained within the
range of acceptability.

Table 56. Dry Film Thickness Results for C-130 Nose Landing Gear Aft Door, AC: 92-

1534
May July
2008 2009
(mils) (mils)
Mean 2.07 238
(M)
Standard
Deviation 0.31 0.38
(o)

In comparison, initial dry film thickness measurements taken at OO-ALC across the interior
surface of the C-130 nose landing gear’s aft door in May 2008 revealed an average coating
thickness of 2.07 mils. This average thickness is indicative of the project’s previously
documented single-pass LTCPC application method. Subsequent thickness readings taken in
July 2009 resulted in an average film thickness of 2.38 mils. The fluctuation in average dry film
thickness documented between the initial and second inspections suggest that a level of
inaccuracy exists within some or all of the LTCPC thickness readings. However, project
stakeholders have confirmed that LTCPC film thickness over the aft door’s FSE period remained
within the range of acceptability.
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6.2.2.4 Surface Appearance

Stakeholders evaluated the surface appearance of the LTCPC with unaided eyes for visible
coating or surface defects. There were no noteworthy surface appearance deficiencies reported
during the course of each component’s FSE period, outside of the normal level of wear and tear.

6.2.3 Completed FSE Component Photographs

6.2.3.1 Nitrogen Servicing Cart (USN)

The following photographs were taken prior to deployment and over the course of the FSE
aboard USN aircraft carriers.

Figure 41. Nitrogen Servicing Cart (SN: NRR073) Prior to Carrier Exposure
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Figure 43. Nitrogen Servicing Cart (SN: NRR073) After 18 Months of Carrier Exposure
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Figure 45. Nitrogen Servicing Cart (SN: NRR204) After 6 Months of Carrier Exposure
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Figure 46. Nitrogen Servicing Cart (SN: NRR204) After 18 Months of Carrier Exposure

6.2.3.2 J52 Aft Engine Yoke (USN)
The following photographs were taken prior to use during the FSE deployment at FRCNW.

Figure 47. J52 Aft Engine Yoke (SN: P9HS513) Prior to Coastal Exposure
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Figure 48. J52 Aft Engine Yoke (SN: P9HS513) Prior to Coastal Exposure

Figure 49. J52 Aft Engine Yoke (SN: P9H513) Support Prior to Coastal Exposure
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6.2.3.3 C-130 Nose Landing Gear Forward and Aft Doors (USAF)

The following photographs were taken during the course of the FSE deployment to various
theaters of operation.

Figure 50. C-130 Nose Landing Gear Forward Door (AC: 92-1534) After 12 Months of
Exposure
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Figure 51. C-130 Nose Landing Gear Aft Door (AC: 92-1534) After 12 Months of
Exposure
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Figure 52. C-130 Nose Landing Gear Aft Door (AC: 92-1534) After 12 Months of
Exposure
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7.0 COST ASSESSMENT

7.1 COST MODEL

7.1.1 Description

LTCPC stakeholders consistently utilized the Environmental Cost Analysis Methodology
(ECAM)* approach to determine both the direct process costs as well as the costs associated
with indirect environmental activities for both the baseline and LTCPC processes. The National
Defense Center for Energy and the Environment (NDCEE) developed the ECAM methodology
at the request of the Office of the Deputy Under Secretary of Defense for Environmental
Security, to provide Department of Defense (DoD) project managers with a consistent approach
to quantifying and evaluating environmental costs and benefits. The ECAM Level I strives to
identify the direct costs (conventional and environmental) associated with both the baseline and
proposed technologies, while an ECAM Level II seeks to establish the costs of additional
environmental activities supporting the process under consideration, which are usually
performed for the entire facility.[8]

When utilizing a methodology such as ECAM, it is critical that key pieces of data be identified
and quantified with the greatest level of accuracy possible. This process encompasses
identifying the resources consumed by each environmental activity as well as the associated unit
costs.

Within the context of environmental activities, resources are the goods and services consumed
during the process of achieving the desired end state. These resources may include both in-house
and contract labor, contractor services, and process materials. Once the relevant resources are
determined, the drivers for each activity are then identified. These drivers, or distinct units of
measurement associated with the activity, reveal the relationship between a resource and the cost
of shared (i.e. facility-wide) environmental activities. This in turn allows investigators to
provide approximations for the driver’s “per unit” costs. Typically these drivers are dependant
upon a user community’s accepted unit of measurement such as the number of waste streams,

number of affected employees, item weight, or item volume.

7.1.2 Data Requirements

For the initial Level I analysis, facility personnel provided the NDCEE with estimates of the
direct costs during the development of the ESTCP project proposal. Where necessary, NDCEE
later verified the cost data through phone interviews with project stakeholders. The Level I
analysis focused on:

e Equipment Purchases

e Process Consumables

e Utilities

e Process Labor

e Personal Protection Equipment

e Waste Streams
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A copy of the Level I CBA report, entitled “Final Type A Cost Benefit Analysis of Low
Temperature Cure Powder Coating”, can be obtained from Mr. Andy Del Collo, Office of the
Chief of Naval Operations, Environmental Readiness Division, in Arlington, VA.

For the Level II analysis, project stakeholders accomplished data collection related to
environmental activities by means of a comprehensive questionnaire that took into consideration
the resources and drivers associated with each activity. This questionnaire was built from a list
of suggested questions provided within Appendix B-4 of the ECAM Handbook and expanded
upon, when necessary, in order to capture all potential environmental activities costs. The
primary areas of focus for the questionnaire included:

e Operating and Maintaining Equipment and Facilities
e Providing and Administering Training

¢ Obtaining and Maintaining Permits

e Supporting Facility Operations

e Developing and Maintaining Documentation

A copy of the baseline and LTCPC questionnaire resides within Appendix B of the LTCPC
ECAM Level II CBA report, entitled “Cost Benefit Analysis of Indirect Environmental
Activities for Validation of Low Temperature Cure Powder Coating, WP-0614".

7.1.3 Performing Organization

LTCPC stakeholders directed individuals from NDCEE to provide assistance in gathering
process data related to the ECAM Level I CBA, which estimated the start-up and direct process
costs associated with transitioning from a wet paint process to LTCPC.

ECAM methodology was also used when SAIC performed the subsequent Level II analysis to
examine LTCPC’s impact on indirect environmental activity costs.

7.1.4 Assumptions

For the Level I ECAM, the following list of assumptions was utilized in order to estimate the
direct process costs associated with both the baseline and LTCPC processes.

e Recurring equipment costs for baseline process were estimated
e Rework will remain constant

e The number of parts to be painted (surface area) for each facility will remain constant
for the time period of this analysis

e Based on data gathered at several of the facilities, a primer thickness of 1 mil and two
topcoats of 2 mil each are assumed to be the baseline at each facility

e For the low temperature cure powder coating, it is assumed no primer is needed

e A ratio of solvent (used for equipment cleaning, surface preparation, and viscosity
reduction) to total coating was estimated

e No major equipment will need to be replaced for any paint application method within
the time frame of this CBA
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All surveyed facilities are in compliance with all affected regulatory permits; so
transitioning to the alternatives will not eliminate fines

Purchase of an electric heat driven curing oven

Labor and material requirements are derived from a surface area estimate of 1,476
square feet per year with a component tempo of 308 parts per year (based upon the
original list of components identified by LTCPC stakeholders at the beginning of this
project)

Curing oven electricity use constitutes no less than 50% of the usage total calculated
for the LTCPC process

Likewise for the Level II ECAM, stakeholders utilized educated assumptions in defining the
processes, and when the necessary environmental activity metrics were unavailable or
undeterminable within the timeframe required by this CBA Report. These assumptions include:

Surface preparation of substrates is identical for both processes

Primer is only applied to the substrate when using wet paint (i.e., no primer is applied
under the LTCPC)

Five painters are required for the baseline wet paint or powder coating shop

The Personal Protection Equipment (PPE) item “Heavy duty blast suit” is replaced
twice per year

Two contractors are utilized for Operations and Maintenance (O&M) of
environmental equipment and facilities

60 man-hours are shared between the four military members assigned to O&M of
environmental equipment and facilities

30 man-hours are shared between the two contractors utilized for O&M of
environmental equipment and facilities

The current contractor charges a fully burdened rate of $100 per hour for O&M of
environmental equipment and facilities

One GS-11 level civilian is assigned wet paint school instructor duties
One contractor is responsible for one-day powder coating instructor duties

The current contractor charges a fully burdened rate of $100 per hour for powder
coating instructor duties

The average Navy painter possesses an enlisted rank of E-3
Five painters complete annual refresher training

The annual refresher training is an self-paced course that requires no instructor to
complete

One GS-9 level civilian is responsible for in-house training material (courseware)
development
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40 man-hours are allocated to the development of Standard Operating Procedures
(SOP) training materials

A team of three GS-9 level and 2 GS-11 level civilians comprise the internal audit
team

One GS-9 or GS-11 level civilian is required to generate internal audit checklists and
documentation

0 Pay bands for GS-9 and GS-11 level civilians will be averaged to utilize a
midrange value where only one civilian is assigned to a particular task

One GS-9 or GS-11 level civilian is accountable for completing internal audit reports

0 Pay bands for GS-9 and GS-11 level civilians will be averaged to utilize a
midrange value where only one civilian is assigned to a particular task

The overall time requirement to complete activities related to on-site hazardous
material handling, transportation, and storage of wet painting waste is divided equally
between each of the five individuals

A team of 10 civilians (five GS-9 level, three GS-11 level, and two GS-12 level) is
required to complete various activities comprising the development and maintenance
of facility documentation

The overall time requirement to complete activities comprising the development and
maintenance of facility documentation is divided equally between each of the 10
individuals

Overall time requirements for the following facility document development and
maintenance activities are:

0 Create and maintain MSDS forms - 8 hrs

Prepare spill/release emergency plans - 12 hrs

Prepare accident plans - 12 hrs

Perform internal industrial hygiene survey/report - 40 hrs
Oversee industrial hygiene audit by external agency - 24 hrs
Develop employee duties/responsibilities/procedures - 12 hrs
Prepare TRI reports - 40 hrs

Prepare EPCRA reports - 40 hrs

Prepare state reports - 40 hrs

Develop and maintain programs and procedures - 12 hrs
Develop and maintain strategic plans and budgets - 24 hrs
Prepare container labels - 8 hrs

Fill manifest forms - 8 hrs

O O O O OO OO O oo o o

Prepare supply orders - 12 hrs
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e The current contractor charges a fully burdened rate of $100 per hour for the
execution of annual physicals and PPE fit-testing

e The costs associated with annual physicals and fit-testing will be the same for
FRCNW and OO-ALC

e A composite locality payment rate, based upon the average of rates assigned to NAS
Whidbey Island, NAS North Island, Hill AFB, and Warner-Robins AFB, will be used
when estimating mean annual salaries for civilian employees

e The powder coating facility will operate 250 days per year

The following assumptions were used during the calculation of financial metrics associated with
the life cycle costs of LTCPC.

e LTCPC start-up activities are completed by the start of Q4, FY2011 (3 months to
obligate funds; 6 months to install)

e Three USAF Depots will implement LTCPC (Ogden, Oklahoma City, and Warner-
Robins ALCs)

e Four USN facilities will implement LTCPC (FRCNW Whidbey Island, FRCSW
North Island, FRCSE Jacksonville, and FRCE Cherry Point)

7.1.4.1 Transfer Efficiencies

For the purposes of calculating cost savings, LTCPC was assigned a projected transfer efficiency
of 95% (typical of powder coatings) compared to the 70% transfer efficiency associated with
traditional liquid spray painting.

7.1.4.2 Emissions Monitoring and Reporting

The burden of emissions monitoring and reporting will be expressed as a percentage of each
facility’s total compliance costs based upon the number of waste streams contributing to the
environmental burden.

7.1.4.3 Scale of Operations

The scale of operations for identified components exhibit a wide range of values. Estimates for
component depot throughputs are provided within Table 57. Overall, the components selected
for this effort demonstrated and validated LTCPC for a wide range of temperature sensitive
components.
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Table 57. Expected Scale of Operations for Targeted LTCPC Components

Component  Estimated  roqq L1cPG
LTCPC Component T - Tempo Surfacg Area
(in% (items/yr) (ft)
F-15 A/C Mounted Accessory Drive 1,321 476 4,367
F-16 Accessory Drive Gearbox 690 308 1,476
TF33 Engine 2nd Stage Stator 2,000 24 333
Aero 12C Bomb Cart 2,275 100 1,580
NAN-4 Cart 8,496 20 1,180
Adjustable Length Tow Bar 7,675 15 800
EA-6B Jammer Pod Rails 1,757 80 976
EA-6B Jammer Pod Cradle 2,232 80 1,240
C-130 Landing Gear Doors * * *
J52 Aft Engine Yoke 2,348 13 212
J52 Forward Engine Yoke 5,482 15 571
Engine Support Adapter 294 4 8
HLU-288 Bomb Hoist 2275 2 32

*information unavailable

7.1.4.4 Life Cycle Costs Time Frame

Unless otherwise noted, all Life Cycle Costs (LCC) calculations are based upon an assumed
operations and maintenance lifespan of 10 or 20 years. The appropriate reapplication period for
LTCPC consideration is defined by the time elapsing between scheduled depot maintenance
cycles for demonstration articles. For both the non-critical flight components and ground
support equipment involved in this project a typical depot cycle is approximately two years.

7.1.5 Cost Revisions

Changes made to the initial Level I cost estimates are documented below along with the
justification for each revision.

e Man-hour estimates for the application of wet primer and topcoat onto components

0 Reason: An extensive application time study was completed in order to more
precisely determine the man-hour requirement for a representative component
using the baseline process

e Man-hour estimates for the application of LTCPC onto components

0 Reason: An extensive application time study was completed in order to more
precisely determine the man-hour requirement for a representative component
using the LTCPC process
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e Man-hour estimates for the management and handling of hazardous waste generated
by the process

0 Reason: An extensive application time study was completed in order to more
precisely determine the man-hour requirement for a representative component

e Civilian labor rate associated with each process’ man-hour requirement

0 Reason: Facility stakeholders provided current estimates of their fully
burdened labor rates

¢ Quantity of masking required for the representative component

0 Reason: Facility stakeholders stated that the amount of masking required
would remain constant when transitioning from wet coatings to LTCPC

e Unit purchase cost of LTCPC material

0 Reason: Facility stakeholders provided current estimates for LTCPC cost
taking volume purchase discounts into consideration

7.2 COST ANALYSIS AND COMPARISON
7.2.1 LTCPC Primary Cost Element Categories

7.2.1.1 Facility Capital

Facility capital encompasses initial costs associated with the acquisition of land and equipment,
the construction or modification of buildings, as well as the support services associated with
these expenditures. LTCPC facility capital costs include the purchase of any Commercial-Off-
The-Shelf (COTS) powder coating equipment such as an electrostatic powder gun, powder
delivery and storage system, powder spray booth, or curing oven not currently in place at depot
facilities.

7.2.1.2 Start-up and Operations & Maintenance

Start-up costs are defined as the various expenses, excluding facility capital, that are necessary to
bring a new process into a production-ready state. Start-up costs related to LTCPC operations
will be negligible, consisting mainly of initial operator checkout and setup. As the name implies,
operations and maintenance costs include all of the expenses associated with ensuring the
availability and reliability of process equipment during its use.

Improved coating transfer efficiency lowers the volume of material required for coating a given
surface area. Transitioning to powder coating will result in lower direct material costs than
continuing to use solvent-based coatings. In addition, LTCPC labor hours are anticipated to
decrease with the elimination of labor-intensive procedures such as the mixing and application of
multi-component primers and topcoats. Ultilities consumption has the potential to either increase
or decrease based upon the coating process currently in use for each identified component.
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7.2.1.3 Equipment Replacement

Equipment replacement encompasses the replacement of any limited lifespan components
associated with the powder coating system. The magnitude of LTCPC equipment replacement is
expected to remain unchanged relative to the baseline process’ costs.

7.2.1.4 ESOH and Cost Avoidance

Changes made to a production line can positively or negatively impact the existing ESOH costs
associated with the process. The immediate and potential impacts of proposed modifications
must be considered across the expected lifespan of the process. Powder coatings such as LTCPC
are applied to components in solid form allowing for VOC and HAP-free application.
Elimination of VOC and HAP emissions will slightly decrease the costs related to permitting,
monitoring, and reporting requirements.

7.2.1.5 Reprocessing/Reapplication

There are no projected reprocessing costs since LTCPC will act as a direct replacement for the
baseline coatings during each facility’s typical material application schedule, which includes
scheduled maintenance cycles. DoD stakeholders also require that the durability of any
transitioned coating to be as good as the coating it is replacing, therefore periodic reapplication
costs are not expected to increase.

7.2.1.6 Hazardous Waste Storage and Disposal

Each facility monitors current rates for the storage and disposal of hazardous waste associated
with solvent based paints. As designed, LTCPC eliminates the production of hazardous waste
streams during painting operations.

7.2.2 Life Cycle Costs Comparison

For the purposes of cost comparison, the baseline process consists of multi-layer paint systems
utilizing wet primers and topcoats while the innovative replacement is the low temperature cure
powder coating with no primer.
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Table 58. LTCPC Life Cycle Costs by Category

A

Dire A 0
dire O e al A 0)
a P Operatio & a a e
Activity Cost Activity Cost Activity Cost
) . . Maintenance of
Equipment Purchase — $4,895 | Powder Coating Applied $281 | Environmental Equipment | $ 4,804
Powder Coating System to Substrate and Facilities
Equipment Purchase — Masking Required for Development of In-House
Powder Coating Booth $28,790 Substrates $ 204 Training Materials $1457
Equipment Purchase — Required Personal L .
Curing Oven (electric) $50,925 Protection Equipment $3.825 Fees to Maintain Permits $500
Equipment Purchase — -~ - .
Environmental Controls $20,995 Utl!ltn_as (Electrlc_lty for $328 Labor for Internal Audit $316
Painting Operations) Teams
System for PC Room
Initial Training of Operators Labor for Powder Completion of Audit
(Powder Coating) $2,002 Application $16.422 Reports $644
Development of Internal .
Audit Checklists and $ 80 Equipment Maintenance $ 1,000 Sr:gletiz V;/::Ite Treatment $ 185
Documents P
Periodic Training of Completion of
Operators (New Hires, $ 13,933 | Miscellaneous $ 10,581
Refresher Course) Documentation Activities
Anngal Physicals and Fit $ 751
Testing
Total $ 107,687 Total  $36,083 Total $ 19,238
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Table 59. Baseline Process Life Cycle Costs by Category

A A
Dire A 0
dire 0) e al A O
a o Operatio 8 a ena e
Activity Cost Activity Cost Activity Cost
. . Maintenance of Environmental
Wet Primer Applied to Substrate $1,188 Equipment and Facilities $ 4,804
. Development of In-House Training
Wet Topcoat Applied to Substrate $ 2,393 Materials $ 1,457
Paint Thinner Used for Primer and $ 630 Fees to Maintain Permits $ 500
Cleaning
Filters for Spray Booth Particulate $ 3,624 Labor for Internal Audit Teams $ 316
Matter
Masking Required for Substrates $ 294 Completion of Audit Reports $ 644
Req_uired Personal Protection $ 27,095 Off—Site Waste Treatment and $ 651
SUNK dOSTS Equipment Disposal

UND;; UER;I;ENT Utilities (Electricity for Painting $ 205 Labor to Handle, Transport, and $2.875
Operations) Store Hazardous Waste On-Site ’
Labor for Wet Primer Application $ 69,564 | Completion of Miscellaneous $ 12,260

’ Documentation Activities ’
Labor for Wet Topcoat Application $5,814 Annual Physicals and Fit Testing $ 751
Labor to Containerize the Process’
Hazardous Waste $19125
Equipment Maintenance $ 1,000
Periodic Training of Operators (New
Hires, Refresher Course) $12,652
Total $143,584 Total $ 24,258

Net Present Value (NPV) calculations used December 2008 Office of Management and Budget
(OMB) discount rates of 2.4% and 2.9% based upon ECAM study periods of 10 and 20 years,
respectively. These discount rates account for the time value of money and permit the estimation
of life-cycle cost savings for a DoD facility implementation of LTCPC. Expected Life-Cycle
Cost savings are presented by funding source and study timeframe within Tables 64 through 71.
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Table 60. LCC Savings for LTCPC Implementation — Overall, 20 Years

Fiscal Year 2006 2007 2008 2009 2010 2011 2012 | 2013 thru 2030 2031
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru 19 20
Benefits $197K | $788K $788K / year $788K
Costs $472K | $655K | $503K | $306K $- $754K
Present Benefits = $ 12,024,000
Present Costs = $ 2,904,000
LCC Savings = $ 9,120,000
Table 61. LCC Savings for LTCPC Implementation — USAF, 20 Years
Fiscal Year 2006 2007 2008 2009 2010 2011 2012 | 2013 thru 2030 2031
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru 19 20
Benefits $84K | $338K | $338K/year $338K
Costs $- $350K | $200K | $200K $- $323K
Present Benefits = $ 5,153,000
Present Costs = $ 1,145,000
LCC Savings = $ 4,008,000
Table 62. LCC Savings for LTCPC Implementation — USN, 20 Years
Fiscal Year 2006 2007 2008 2009 | 2010 2011 2012 | 2013 thru 2030 2031
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru 19 20
Benefits $113K | $450K | $450K/ year $450K
Costs $- $- $- $- $- | $431K
Present Benefits = $ 6,871,000
Present Costs = $ 431,000
LCC Savings = $ 6,440,000
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Table 63. LCC Savings for LTCPC Implementation — Overall, 10 Years

Fiscal Year 2006 2007 2008 2009 2010 2011 2012 | 2013 thru 2020 2021
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru9 10
Benefits $197K | $788K $788K / year $788K
Costs $472K | $655K | $503K | $306K $- $754K
Present Benefits = $ 7,126,000
Present Costs = $ 2,866,000
LCC Savings = $ 4,260,000

Table 64. LCC Savings for LTCPC Implementation — USAF, 10 Years

Fiscal Year 2006 2007 2008 2009 2010 2011 2012 | 2013 thru 2020 2021
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru 9 10
Benefits $84K | $338K | $338K/ year $338K
Costs $- $350K | $200K | $200K $- $323K
Present Benefits = $ 3,054,000
Present Costs = $ 1,132,000
LCC Savings = $ 1,922,000

Table 65. LCC Savings for LTCPC Implementation — USN, 10 Years

Fiscal Year 2006 2007 2008 2009 | 2010 2011 2012 | 2013 thru 2020 2021
Acct. Year -5 -4 -3 -2 -1 0 1 2 thru 9 10
Benefits $113K | $450K | $450K/ year $450K
Costs $- $- $- $- $- | $431K
Present Benefits = $ 4,072,000
Present Costs = $ 431,000
LCC Savings = $ 3,621,000

7.2.3 Life Cycle Costs Assessment

Evaluation of LTCPC’s LCC savings suggests that implementation will result in significant cost
savings for both the USAF and USN over each of the study timeframes. NPV calculations
suggest USAF savings of $1.9 million after utilizing LTCPC for 10 years and $4.0 million after
20 years. Likewise, NPV calculations identify approximately $3.6 million in savings for the
USN over 10 years and $6.4 million over 20 years. Additionally, the combined LCC savings
realized for ESTCP’s contributions are expected to be roughly $5.8 million in the first 10 years
and $10.7 million over 20 years. All project expenditures as well as the expected annual cost
savings for fiscal years 2011 through 2021 (or 2031) are identified in Tables 64 through 71.

A second commonly-used financial indicator is simple payback. By definition, simple payback
doesn’t take the time value of money into consideration but it provides decision makers with an
easily calculated financial metric. As such, this metric is not affected by changes in discount
rates associated with evaluating multiple time periods. An overall payback period of 3.4 years is
projected for the process savings associated with transitioning LTCPC to the various Air Force
and Navy primary maintenance facilities. There is also an expected payback period of 1.5 years
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for the portion of funding contributed by ESTCP. Individually, the USAF and USN can
anticipate payback periods of 3.2 and 1.0 years, respectively.

Another indicator utilized to evaluate the financial attractiveness of alternatives is the Internal
Rate of Return (IRR). The alternative under consideration is preferred in those instances where
the alternative’s IRR exceeds the accepted secondary investment strategy, which for the US
government is represented by the appropriate OMB discount rate. Overall IRRs for the LTCPC
project over 10 and 20 years are 15.5% and 18.8%, respectively, while IRR estimates for
ESTCP’s investment in LTCPC are 25.4% and 26.7%. USAF IRRs are projected to be 17.9%
over 10 years and 20.4% over 20 years. Lastly, it should be noted that the IRRs calculated for
the USN, 141.4% for both timeframes, are much larger than the previous values as a result of the
USN not contributing any LTCPC project funding.

Review of the CBA data reveals that the major cost drivers associated with traditional wet
coatings are: (1) the length of material cure times, (2) the magnitude of generated hazardous
waste, and (3) the magnitude of required PPE purchases. These cost drivers increase both labor
and material application costs while also raising the component’s overall process flow time. In
turn the increased process flow time negatively impacts repaired component delivery schedules
that can indirectly reduce overall mission readiness.
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8.0 IMPLEMENTATION ISSUES

8.1 IMPLEMENTATION STAKEHOLDERS

Within the Navy, the following individuals and organizations with expansive implementation
authority have been identified for the targeted components.

NAVAIR GSE — David Piatkowski

In contrast, the Air Force assigns implementation authority to the individual weapon system level
engineers at each program office.

8.2 LTCPC ACCEPTANCE PROCESS

Stakeholder acceptance of LTCPC as a viable replacement is based upon the results of laboratory
and real-world material performance testing outlined within this final report. In that respect,
during the FSE period LTCPC color and gloss were determined to be inconclusive based upon
the reported values. However, after careful consideration of earlier laboratory tests, project
stakeholders anticipate there will be no impact to LTCPC implementation based upon these
inconclusive results. Technology implementation at depot facilities will occur once engineering
approvals have been granted to change the technical orders/manuals associated with this process
and LTCPC has been added to an appropriate Qualified Product Database (QPD). In addition,
discussion of LTCPC will need to be added to appropriate specifications such as MIL-PRF-
24712 and SAE AMS 3143A. Technology implementation at field locations will not require
new equipment but will require assurance of compatibility with wet coating repair procedures.

8.3 IMPACT OF ESOH REGULATIONS

The LTCPC material contains a barium metaborate corrosion inhibitor package. The EPA has
indicated that standard PPE including a dust mask is all that is required. The MSDS for the
LTCPC lists the PEL for this material at 5mg/m’, and recommends long-sleeved shirt, full-length
trousers, impervious gloves, safety glasses with side shields, and a NIOSH approved dust
respirator. Bioenvironmental personnel at Hill AFB have reviewed barium metaborate and have
concurred with the assessment. Laboratory Toxicity Characteristic Leaching Procedure (TCLP)
testing confirmed the leachable barium concentration is below the level requiring classification
as a characteristic hazardous waste, so any unused and waste powder can be disposed of as
ordinary waste.

Powder coating of aircraft components is regulated under the Aerospace Manufacturing and
Rework NESHAP (40 CFR 63, Subpart GG); however compliance will not be an issue due to the
low VOC and HAP content of LTCPC. The EPA is currently developing proposed rules for a
Defense Land Systems and Miscellaneous Equipment NESHAP that would apply to defense
items not applicable under Aerospace and Shipbuilding NESHAPs. As with the Aerospace
NESHAP, future compliance is not expected to be a problem for the use of low temperature cure
powder.

In addition to the presence of trace amounts of leachable barium in the uncured powder, the
powder is ground to sufficiently fine particle size (average particle size is between 30 and 35
microns) that appropriate PPE will be required to avoid nuisance dust inhalation effects. This
fine particle size also requires that precautions be taken (in the form of adequate air handling) to
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avoid a buildup of potentially explosive dust. Additionally, the powder coating crosslinker,
TGIC, is a toxic chemical. Therefore, inhalation exposure to LTCPC dust should be minimized
to the largest extent possible for worker safety. However, these preventative measures are not
atypical of routine precautions taken with any other powder coating material. Other than the
current and potential NESHAPs mentioned the previous paragraph, there are no other known
regulations that apply to powder coatings.

8.4 LTCPC PROCUREMENT

8.4.1 Process Equipment

Depot facilities wanting to utilize LTCPC would be required to purchase any COTS powder
coating equipment such as an electrostatic powder gun, powder delivery and storage system,
powder spray booth, and curing oven that is not currently in place. The technology associated
with LTCPC has not been modified from its COTS state for the purposes of this demonstration.

8.4.2 Production and Scale-Up

Size-dependent costs associated with the construction and operation of convention curing ovens
generate the only significant constraint to production and scale-up of this technology. Based
upon localized inputs, each facility will need to determine the size (break-even point) at which
the costs associated with an increase in oven capacity would outweigh the added benefits.

With respect to product manufacturing, economies of scale will reduce the per-pound cost once
Air Force and Navy depot requirements for low temperature cure powder coatings are increased.

8.4.3 Proprietary and Intellectual Property Rights

As designed, there are no proprietary or intellectual property rights associated with the LTCPC
technology.

8.5 TECHNOLOGY TRANSFER EFFORTS

Although this coating material will not be used on a wide scale initially, Air Force and Navy
acceptance will increase LTCPC usage through the modification of specifications and technical
orders regarding approved coatings. This will facilitate adoption of the process by other services
and original equipment manufacturers.

Stakeholders originally considered revising the military performance specification, MIL-PRF-
24712A “Coatings, Powder (Metric)”, to more accurately reflect the current performance and
range of powder coating materials that are available today. However, after research and further
discussion it was decided that a revision of industry specification, SAE AMS 4134A “Powder
Coating Materials, Epoxy”, could be accomplished in a shorter timeframe. At the same time,
stakeholders advocated for the inclusion of language supporting the use of LTCPC within
applicable general series and weapon system level technical orders and manuals.

In addition to the previously identified military uses for low temperature cure powder coatings,
technology transition opportunities exist within general aviation and other industries looking to
reduce existing powder cure energy requirements or to apply uniform, high-performance
coatings to temperature-sensitive substrates. The technology associated with LTCPC has not
been modified for the purposes of this demonstration. Therefore barring designation as a
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proprietary defense technology, there is no reason to believe that this SERDP and ESTCP-
developed technology cannot be transitioned to the private sector.
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The following individuals contributed significant time and effort in support of the LTCPC

APPENDIX A: POINTS OF CONTACT

project, acting as primary stakeholders and technical resources.
Table 66. LTCPC POC List

POINT OF
CONTACT
NETE

ORGANIZATION
Name
Address

Role in Project

Warren Assink HQ AFMC/A4DM (937) 904-0151 ESTCP Project
WPAFB, OH warren.assink@wpafb | Manager
.af.mil
Steven Battle 402 MXW/QPE steven.battle@robins. | Dem/Val Site

Lakehurst, NJ

dana.kaminsky@navy
.mil

WR-ALC af.mil Coordinator — C-130
Robins AFB, GA
Stephen Castiglia CTC (937) 656-3688 Technical Project
WPAFB, OH stephen.castiglia@wp | Manager
afb.af.mil
James Davila SAIC (937) 431-2272 Project Manager
WPAFB, OH (937) 431-2288
james.a.davila@saic.c
om
Christopher Geib SAIC (937) 431-4332 Technical Support
WPAFB, OH (937) 431-2288
christopher.w.geib@s
aic.com
Dana Kaminsky NAVAIR Code 434 (732) 323- Dem/Val Site

Coordinator — GSE

Pattie Lewis

NASA
TEERM Principal Center
KSC, FL

pattie.lewis-
1@ksc.nasa.gov

NASA Requirements
Technical Lead

Chris Mahendra

NAVAIR Code 486J
Lakehurst, NJ

(732) 323-7131
christopher.mahendra
@navy.mil

Navy Technical
Manager

Wayne Patterson

809 MXSS/MXRL

(801) 775-2992

Air Force Principal

Lakehurst, NJ

(732) 323-5269
david.piatkowski@nav
y.mil

OO-ALC wayne.patterson@hill. | Investigator
Hill AFB, UT af.mil
David Piatkowski NAVAIR Code 434 (732) 323-2716 Navy Principal

Investigator / Ground
Support Coordinator
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APPENDIX B: REFERENCE DOCUMENTS

The following materials, processing, performance and testing documents and standards are
referenced within this Final Report.

Reference Document

Table 67. Reference Documents

Applicable

Sections

Final Report
Sections

Standard Practice for Operating 3.0, 5.1.1, 51.3.2,
ASTM B 117 Salt Spray (Fog) Apparatus Al 5.1.41
Standard Test Methods for Test Method A 511, 514.2
ASTM D 522 Mandrel Bend Test of Attached
Organic Coatings Test Method B 3.0, 3.1.1.9, 5.1.1,
5146
ASTM D 523 Standard Test Method for 60° Geometry 3.0, 5.1.1
Specular Gloss
Standard Test Method for
ASTM D 610 Evaluating Degree of Rusting on 3.0, 5.1.1
Painted Steel Surfaces
Standard Test Method for
ASTM D 714 Evaluating Degree of Blistering 3.0, 5.1.1,51.3.2,
) 5134
of Paints
Producing Films of Uniform
Thickness of Paint, Varnish, and 5.1.2.3.1 thru
ASTM D 823 Related Products on Test 5.1.2.3.5
Panels
Svaloation of Paintad or Coated | Procedure A, | 30, 511, 5.1.32
ASTM D 1654 . i Method 1 (Air 5.1.3.3, 5.1.3.4,
Specimens Subjected to
: ) Blow Off) 6.1.24
Corrosive Environments
Standard Practice for
Calculation of Color Tolerances
ASTM D 2244 and Color Differences from CIELAB Metric | 3.0, 5.1.1, 5.1.3.1
Instrumentally Measured Color
Coordinates
Standard Guide for Testing
ASTM D 2803 Filiform Corrosion Resistance of Procedure C 3.0, 51.1, 51.3.5
Organic Coatings on Metal
Standard Test Method for 51.1, 5.1.4.5,
ASTM D 3170 Chipping Resistance of Coatings 6.1.3.5
Standard Test Methods for 30 511 5136
ASTM D 3359 Measuring Adhesion by Tape Test Method B o 6 1 2 6. e
Test B
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Reference Document

Applicable

Final Report
Sections

ASTM D 6905

Standard Test Method for
Impact Flexibility of Organic
Coatings

Sections

All

3.0, 5.1.1, 5.1.3.7,
6.1.2.7

ASTM D 7091

Standard Practice for
Nondestructive Measurement of
Dry Film Thickness of
Nonmagnetic Coatings Applied
to Ferrous Metals and
Nonmagnetic, Nonconductive
Coatings Applied to Non-Ferrous
Metals

3.0

ASTM E 595

Standard Test Method for Total
Mass Loss and Collected
Volatile Condensable Materials
from Outgassing in a Vacuum
Environment

5.1.1, 5143

ASTM G 85

Standard Practice for Modified
Salt Spray (Fog) Testing

Annex 4

3.0, 5.1.1, 5.1.3.3

CLG-LP-043 Revision 0

Strippability (Chemical Strippers)

5.1.1, 5.1.3.8

FED-STD-141D

Paint, Varnish, Lacquer and
Related Materials: Methods of
Inspection, Sampling and
Testing

Method 6301.3

3.0, 5.1.1, 5.1.3.6

3.0, 5.1.1,
5.1.2.2.1 thru
Colors used in Government 17925, Gloss 5.1.2.24,
FED-STD-595B u ' 5.1.2.3.1,
Procurement White
5.1.2.3.2,
5.1.2.3.3, 5.1.3.1,
514.3
GM 4465P Water Fog Humidity Test 3.0, 5.1.1, 5134
GM 9540P Accelerated Corrosion Test All 3.0, 5'61 112 2'1 3.4,
MIL-A-8625 Anadic Coatings for Aluminum TypeloriC | 51222, 51233
and Aluminum Alloys
Chemical Conversion Coatings
MIL-C-5541 on Aluminum and Aluminum Class 1A 5.1.2.2.1, 51.2.31
Alloys
MIL-C-8514 Coating Compound, Metal Al 5.1.2.3.2

Pretreatment, Resin-Acid
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Applicable Final Report

Reference Document Sections Sections

Detail Specification, Turbine

MIL-DTL-5624 Fuel, Aviation, Grades JP-4 and 5144, 6.1.34
JP-5
Performance Specification,
MIL-L-23699 (currently Lubricating Oil, Aircraft Turbine 5144 6134
MIL-PRF-23699F) Engine, Synthetic Base, NATO T
Code Number O-156
4.2, 51.2.3.5,
Primer, Epoxy Coating, 6.1.2.2, 6.1.2.3,
MIL-P-53022B Corrosion Inhibiting, Lead and Type Il 6.1.2.4, 6.1.2.6,
Chromate Free 6.1.2.8, 6.1.3.4,
6.1.3.5
1.3, 3.0, 3.1.1.2,
4.2, 51.2.3.1,
) ) Primer Coatings: Epoxy, High- 51234, 5141,
MIL-PRF-23377 Solids Al 6.1.1, 6.1.2.1 thru
6.1.2.6, 6.1.2.8,
6.1.3.6
Performance Specification,
Hydraulic Fluid, Fire Resistant,
MIL-PRF-83282 Synthetic Hydrocarbon Base, 514.4, 61.34
Metric, NATO Code Number H-
537
3.0, 3.1.1.8, 4.2,
5.1.1, 5.1.2.3.1
. . thru 5.1.2.3.5,
MIL-PRF-85285D Coaring: Polyurethane, Aroratt Al 5.1.4.4, 61.2.1
upport £quip thru 6.1.2.8,
6.1.3.4, 6.1.3.5,
6.1.3.6
Remover, Paint, Epoxy,
MIL-R-81294D Polysulfide, and Polyurethane 5.1.3.8
Systems
Flammability, Odor, Offgassing,
and Compatibility Requirements
NASA-STD-6001 and Test Procedures for 51.1, 5.14.3
Materials in Environments that
Support Combustion

Primer, Epoxy Amine, Corrosion

Rockwell Spec MBO125- | ¢ 5m Preventative Room 5.1.4.2

055 Temperature Curing
Compound, Corrosion Removing 5.1.2.21,
SAE AMS-1640 for Aircraft Surfaces 5.1.2.3.1, 51.2.3.2
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Reference Document

Applicable

Final Report

Sheet and Plate, Magnesium
Alloy 3.0Al-1.0Zn-0.20Mn

Sections

Sections

(SAE 4130), Annealed

SAE AMS-4375 (AZ31B) Annealed and 5.1.2
Recrystallized
Steel Sheet, Strip, and Plate,

SAE AMS-6350 0.95Cr - 0.20Mo (0.28 - 0.33C) 5.1.2

SAE AMS-M-3171

Magnesium Alloy, Processes for
Pretreatment and Prevention of
Corrosion on

Type lll —
Dichromate
Treatment

51.223, 51.234

SAE AMS-QQ-A-250/4

Aluminum Alloy 2024, Plate and
Sheet

5.1.2

SAE AMS-QQ-A-250/5

Aluminum Alloy Alclad 2024,
Plate and Sheet

5.1.2

SAE AMS-QQ-A-250/11

Aluminum Alloy 6061, Plate and
Sheet

SAE AMS-QQ-A-250/12

Aluminum Alloy 7075, Plate and
Sheet

SP-R-0022A

General Specification Vacuum
Stability Requirements of
Polymeric Material for Spaceport
Application

Addendum 1

511, 5143

TO 1-1-8

Application and Removal of
Organic Coatings, Aerospace
and Non-Aerospace Equipment

1.2, 4211, 511,
5.1.3.8

TT-C-490E

Chemical Conversion Coatings
and Pretreatments for Ferrous
Surfaces (Base for Organic
Coatings)

Type

5.1.2.24, 51.23.5
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TEST COUPON QUANTITIES

APPENDIX C
Table 68. Coupon Quantities (LTCPC & Control)
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APPENDIX D: JTP RAW TEST DATASHEETS
Table 69. Thickness, Tape Adhesion, and Strippability Raw Data
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Table 70. Cyclic Corrosion Resistance Raw Data — Aluminum
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Table 71. Cyclic Corrosion Resistance Raw Data — Steel
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Table 72. Filiform Corrosion Resistance Raw Data
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Table 73. NASA Outgassing Raw Data
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Table 74. Fluids Resistance Raw Data
ISSC-JAX C/4.9.7.6
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ISSC-JAX C/4.9.7.6
LTPC Data Summary

Teic | T ]

Tesat Coatng System Alloy Result Baszeline Cntena
Fluid TGIC 2024-T3 Pass P
Resistance MIL-PRF-53262
Tesat Coatng System Alloy Result Baszeline Cntena
Fluid TGIC 2024-T3 Pass P
Resistance JP-5
Test Coating System All Result Baseline Critera
opcoat 35S
Compatability
Test Coati ng Sﬁem Alloy ﬁ_esult Baseline Critena
Stripability TGIC 2024-T3 Pass P
Test Coating Syatem Alloy Result Baszeline Cntena
Flexibility TGIC 2024-T3 10%
Test Coating Syatel g-.llm_.' B Result Baszeline Cntena
B117 TGlC ,I ] [ ,-_-,'\_['.}“ﬁ J
L oo -_"
_ Test Coaﬁwﬁllw . Result Baseline Critena
Filiform TGIC | [Fay(=th 2
I,'I_.'T'L' .I_n'_' ﬂ?:_)"q
Test Coating S m — Alloy N Result Baseline Critena
S02 | fayleh 4

|_,'_'-. T

Unofficial Results

Page 2

D-10

12652007



Resistance Raw Data

ipping

Table 75. Ch
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APPENDIX E: FLUID RESISTANCE AND IMPACT/CHIPPING RESISTANCE

1.0 LTCPC Supplemental Data

In addition to the initial JTP tests, LTCPC team members determined that a few additional
performance areas should be quantified. Among these areas were fluid resistance, and
impact/chipping resistance. The LTCPC team became aware that fluid resistance and
impact/chipping resistance evaluations had been performed under a separate study by the Navy.
Rather than duplicate testing, the LTCPC team requested that data; the data is also included in
the final report for that project [9].

2.0 Test Procedures
2.1 Fluids Resistance

Test Preparation

Coupons for fluids resistance testing shall follow the preparation and application procedures
previously outlined in Section 5.1.2.2.1. The only deviation from JTP methods is the omission
of preparing and testing three coupons without a chromate conversion coating for each fluid.

Test Procedures

Subject three coupons with a chromate conversion coating to each of the following three fluids
identified by MIL-PRF-85285D.

e MIL-L-23699 Lubricating Oil

e MIL-PRF-83282 Hydraulic Fluid

e JP-5 Fuel (conforming to MIL-DTL-5624)

The coating applied to test coupons shall be immersed in the fluids, at the temperatures and
minimum times specified in Section 4.6.8 of MIL-PRF-85285D. The coating film shall be
examined one hour after removal from the fluid for conformance. The coating shall not exhibit
any blistering, softening, or other coating defects after immersion. However slight staining of
the coating is acceptable.



Table 76. Fluids Resistance Test Methodology

Lubricating Oil: Soak specimen in fluid at 250 + 5 °F for > 24
hours

Hydraulic Fluid: Soak specimen in fluid at 150 + 5 °F for > 24
Parameters hours

JP-5 Fuel: Soak specimen in fluid at RT for > 7 days

- Examine coatings one hour after removal

. Nine coupons: Al-2 (3 per fluid)
Coupons Per Coating System LTCPC

Trials Per Coupon One

Control Coupons Required None

After immersion the coating shall exhibit no blistering,
Acceptance Criteria softening, or other coating defects. Slight staining of the
coating is acceptable.

Major or Unique Equipment

e None
Data Analysis and Reporting

e Photograph and report the condition of the coated surface after each fluid immersion,
noting the appearance of any failure modes

Testing Organization and Location

e CTC Environmental Technology Facility, Johnstown, PA

2.2 Chipping  Resistance

Description and Rationale

This test relates to the ability of a coating system to minimize or altogether avoid surface
chipping that results from small-diameter foreign object impacts. Impacts of this nature are
commonly encountered by aircraft with the capability to land on semi-improved and/or
unimproved aircraft runways. Chipping resistance testing shall be run per procedures outlined
within ASTM D 3170; Standard Test Method for Chipping Resistance of Coating.

Test Preparation

LTCPC coupons for chipping resistance testing shall follow the preparation and application
procedures previously outlined in Section 5.1.2.2.2 while control coupons shall follow those
procedures found in Section 5.1.2.3.3. Gravel used during the testing shall be water-eroded
alluvial road gravel that passes through a 5/8 inch space screen but is retained on a 3/8 inch space
screen.

E-2



Test Procedures

The LTCPC and control specimens shall be subjected to chipping resistance testing “as is” using
a modular-style gravelometer test apparatus.

Chipping resistance shall be determined using the standard number-letter rating approach, in
which numbers (ten through zero) indicate the number of chips and letters (A through D)
designate the size of corresponding chips. Both the number and letter chip rating scales are
located within the Visual Comparison Procedure section of ASTM D 3170.

Table 77. Chipping Resistance Test Methodology

Gravelometer: Air pressure = 70 + 3 psi with valve open
Gravel volume ~ one pint

B Full gravel expulsion within 7 — 10 seconds

All Specimens: Condition test panels at RT for one hour

Remove any loose/damaged paint with No. 898 filament
strapping tape

Coupons Per Coating System Three coupons: Al-2

LTCPC
Trials Per Coupon One
Control Coupons Required Three

LTCPC exhibits chipping resistance that equals or exceeds
the rating determined for the baseline coating system.

Acceptance Criteria

Major or Unique Equipment

e Cabinet style gravelometer
e Compressed air supply
e Water-eroded alluvial road gravel (3/8 — 5/8 inch diameter range)
e No. 898 filament strapping tape (four inch width)
Data Analysis and Reporting

e Photograph and report on the coated surface’s condition after completing gravel
exposure and rate the coating’s performance using the ASTM-derived number and
letter system

Testing Organization and Location

e CTC Environmental Technology Facility, Johnstown, PA
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3.0 Test Results
3.1 Fluids Resistance
CTC in Johnstown conducted fluids resistance testing of the following substrate/coating system

combinations. The LTCPC coupons displayed acceptable resistance to the three operational
fluid exposures called out within MIL-PRF-85285D.

Table 78. Fluids Resistance Results

Sl Substrate | Pretreatment Coupon 1 Coupon 2 Coupon 3
System
Lubricating Qil (conforming to MIL-L-23699)
LTCPC 2024-T3 Ccccr Pass Pass Pass
MIL-P-
53022/85285 2024-T3 CCC Pass Pass Pass
Hydraulic Fluid (conforming to MIL-PRF-83282)
LTCPC 2024-T3 CCC Pass Pass Pass
MIL-P-
53022/85285 2024-T3 CCC Pass Pass Pass
JP-5 Fuel (conforming to MIL-DTL-5624)
LTCPC 2024-T3 CCC Pass Pass Pass
MIL-P-
53022/85285 2024-T3 CCC Pass Pass Pass

*  Chromate Conversion Coating
1 = Unacceptable test result
[ = Marginal test result

1 = Acceptable test result

Overall fluids resistance test results for LTCPC coupons proved to be acceptable as defined
within Section 2.10of this appendix. Each of the prepared aluminum 2024-T3 specimens met the
acceptance criteria for resistance to immersion in common operational fluids by exhibiting no
signs of blistering, softening, or other coating defects.

Figures 53 through 55 are of the immersion tanks utilized for this evaluation.
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Figure 53. Lubricating Oil Immersion Tank

Figure 54. Hydraulic Fluid Immersion Tank
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Figure 55. JP-5 Fuel Immersion Tank

3.2 Chipping  Resistance

CTC employed a Q-Panel Model X-9408-X Multi-Test Gravelometer (modular-style) with water-
worn gravel media to determine the chipping resistance of both the baseline coating and LTCPC.
According to these procedures a four inch wide filament strapping tape should be used to remove
any loose or damaged paint. CTC personnel made a minor modification to this test method by
using a roll of filament tape which was only two inches wide. All of the remaining tape
characteristics were identical to those required for the referenced four inch wide roll.

Chipping resistance testing occurred for the following substrate/coating system combinations.
Based on test procedures all of the coupons provided acceptable resistance to chipping.
However, on average the LTCPC coupons received better ratings than the baseline panels.



Coating

System

Substrate

Pretreatment

1

Coupon

Table 79. Chipping Resistance Results

Coupon

2

Coupon

3

Coupon
4

Coupon Surface Area Damage (%)

LTCPC 2024-T3 cccr 0.61 0.56 0.74 0.71
sa09bRengs | 2024-T3 cce 115 1.04 142 128
Coating Chip Rating (ref. Tables 80 and 81)
LTCPC | 2024-T3 CCC | 406qaD | 106400 | 16G-10D | 106100
ss0s2/ms2es | 2024°T3 cee 106190 | 10690 | 106190 | 106100

*  Chromate Conversion Coating
1 = Unacceptable test result
1 = Marginal test result

[ = Acceptable test result

Chip rating letter represents size range and rating
number corresponds to quantity of chips within that
specific size range (ref. Tables 80 and 81)

Tables 42 and 43 (from ASTM D 3170) outline the number and letter designations of chip
ratings.

Table 80. Number (Quantity) Categories for Chip Rating

Fating Number Mumber of Chips
10 0
] 1
a 2—d4
7 59
g 10-24
5 2549
4 A0-74
3 75549
2 100149
1 150250
0 =260

Table 81. Letter (Size) Categories for Chip Rating

Rating Letter Size of Chips
A =1 mm {aporoximately 0.03 in.)
B 1-3 mm (approximately 0.03-0.12 in.)
C 36 mm (approximately 0.12-0.25 in.)
] =6 mm {aporoximately 0.25 in.)

The use of a gravelometer to determine chipping resistance produced specimen coating damage
comparable to the two coupons shown in Figures 56 and 57 under 10X magnification.
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4

Figure 56. LTCPC Chipping Resistance Test Qutcome

“ '

Figure 57. Control Coating Chipping Resistance Test Outcome

Chipping resistance tests confirm that LTCPC performance equals or exceeds the results
observed for the selected baseline stack-up. The 2024-T3 LTCPC specimens exhibited lower
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coating damage than the controls measured as a percentage of the coating’s surface. Surface
damage percentages measured for the coupons ranged from 0.56 — 0.74%. In comparison the
controls permitted between 1.04 — 1.42% of the surface to be damaged by chipping. In addition
the LTCPC chip ratings were better than or equal to those reported for the control coupons.



APPENDIX F: FIELD SERVICE EVALUATION RAW DATASHEETS
Table 82. Nitrogen Servicing Cart NRR073 Raw Data

Instructions for Use,

1. At first evaluation, fill out Field Service Fvaluation Checklist #1 to include the time in terms of
process time (how long was componant in the paint shop), actual labor hours while part was
being coated, and amount of powder used (estimated).

2. Before taking measurements for Field Service Evaluation Checklist #2, obtain a drawing, create a
hand drawing, or take measurements from a comman daturn point to the points on the '
romponent where the test measurements will/are made. This drawing or other documentation
should remain with both of these checklists so that it is available for foliow on sampling.
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Field ?wi(:e Evaluation Checklist #1
Component ID: s TEM " P/ IBLFASLES -2

Componeant Name: AN Car T

Serjal Mumber: N O 33

Date of Inspection: 3.4"' /O <3

Mame of Inspector:__ S*evec m{ﬁ_
Location of Inspection: USE gg% VN Fé

Time of Inspection: ST30 :

Part arrival in Paint Shop, Date, Time:

Earliest Date, Time when part could depart:

minutes

Preheat time [if any):
minutes

Time to apply powder on component:
Armount of powder applied {pounds):

Complete following if doing a two pass coating

1% Bake (if applicable):__ minutes

Second powder application (if applicable): minutes
Amount of powder in second coat (if applicable){pounds):

Complete the following for all applications

Full bake time: minLitas

~ Time from bake end to de-mask start (cool down time): minutes
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Field Sewioe Evaluation Checklist #2
{“-'.‘."FM By 131745 l00-2

Compoment [D:

Companent Mame:

MNAM CART -
MRROZX  *

Serial Number:

Date of Inspection:

Name of Inspector:

Location of Inspection:

Time of Inspection:

Instructions

= Results and Observations

Performance Criteria
Appearance Uniform smooth surface free of P"“ holes ewt dvz.-d‘
runs, sags, bubbles, or other - T
defects
Glass #1 &0 degree gloss meter readings. e3> 1.
Use attached drawing to -
detérmine location to take 8o ?.5 3 -
| measurement. ke (%, 2= wulc
Gloss #2 ﬁg;ieftreehilgszs n_ne_ter ;‘;&adings. L © 2.3
Use attac Fawing -
determine location to take &5 73,0 -
measurement. ~{-|,ch'_ AT P (&
Gloss #3 60 deéree gloss meter readings. = e ; '
Use attached drawing to C"_'b 7
.| determine location to take &y ° =38 o
measurement. il 255 ly
Gloss #4 60 degree gloss meter readings. oo '.;-.;_'3. q.
| Use attached drawing to - i
determine location to take 857 _‘l:'? 8 .
measurement. _f'[ ct . ? ? g L?
Gloss #5 60 degree gloss meter readings. Lo ey (3.3
Use attached drawing to T g
determine location to take 85°° Fl .
nt. . D
measureme e 369 v fs
Gloss #6 60 degree gloss meter readings. eo® La2.2
Use attached drawing to & -
determine location to take as S5&E ‘J R (=g
measurement. 'Tu,&, M. T (s vouri
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Eield Service Evaluation Checklist {Continued)

Component ID: f_f;-'.I F M PN |21 7A8 (60 —2
Component Name:__ AN C AR
Serial Number: NRR O 73

=

Performance
Criteria . Instructions Results and Observations

Color #1 Using attached drawing, (- q Y. &0
determine location to take A - . o &P
measurement. S Y. o8 '

Color #2 Using attached drawing, (g Y, =¥
determine location to take A - .50 = 33
measurement. B S.ok :

Color #3 Using attached drawing, Z L 95.39
determine location to take A Y v 65 = 3 @

_ measurement, a8 r._;‘ =0

Color #4 Using attached drawing, L & ;_f 8
determine location to take - ;-2 B
measurement. % 3.88

Color &5 | Using attached drawing, L ° 7
determine Iocation to take A —'?‘;E: 1 % 30
measurement. 8 GO

Color #6 Using attached drawing, -
determine location to take h“ :?Z l.;_?? #3F
measurement. B 3 "' F/

Corrosion Look for undercutting,

B pitting, bubbling. Determine

if any repairs have occurred.

Adhesion Visibly inspect component for
obvious indications of
adhesion loss.

Additional Notes:

{add additional pages asnecessary)
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Field Service Evaluation Checklist
Component ID; GIFM, PYN 131745100-2
Compoenent Name: Nitrogen Service Cart
Serial Mumber: NRR 073

Date of Inspection: 3 February 2000

feasan For Inspection: Second Field Evaluation
Name of Inspector:
Location of Inspection: USS Ronald Reagan CVN 76
Time of Inspection: P e
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Field Service Evaluation Checklist

Performance
Criteria - Instructions . Results and Observations

Appearance Unifgrmn smooth surface free of
runs, sags, bubbles, ar ather
defects

Corrosion Look for undercutting, pitting,
bubbling. Determing if any
repairs have occurred,

Adhesion Visibly inspect component for
obvigus indications of adhesion
loss.

Additional Notes:_.! '@2P <cfatchus, on el 5"?"+“'-': eh- Hﬁlr{b-:«_q

O I P e 7 0 i tf:.]di"’r_q_s.‘
e, botles Sudimn e ASLE LR .
Averss  Sdrap epriplogy dae te welduwin Slen b
O e L p e e B afee S g e
A oo ! el S g, tof . rfece bed-
A @i A a Law e ~ .._L o D fi | £
peou Ll epts coatiia,
™ _J
{Add additional pages as necessary) "
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Field Service Evaluation Checklist
Component ID: GIFM, /N 1317A5100-2
Component Name: Nitrogen Service Cart
Serial Number: NRER 073

Date of Inspection: 4 November 2009

Reason For nspection: Third Field Evalyation
Mame of Inspector: '5‘@:_\&'_. 'FLL-L[M
Location of Inspection: USS Ronald Reagan Ch'h 76
Time of Inspection___ |= .k &
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Réading Data | Comments
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Field Service Evaluation Checklist

Performance
Criteria Instructions Results and Observations

Appearance Uniform smooth surface free of
runs, sags, bubbles, or other
defects

Corrosion Look for undercutting, pitting,
bubbling. Determine if any
r-epai:'ﬁ have occurred.

Adhesion Visibly in'spect component for
obwvious indications of adhesion
loss.

Additional No:es:ﬂ_i%ﬁg@iiﬂ:ﬁmﬁ&m

(Add additional pages as necessary)
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MONTHLY EVALUATION OF COATED COMPONENT LOG

Component Serial No. NRRO073
Evaluating Activity _ USS RONALD REAGAN CVN-76

Date of Inspection _04 NOV 08

Yes No

Is the component completely coated?

Is the component free from corrosion?

Overall, is the coating system holding up well?

Is the component free from chipping?

Is the component free from flaking or peeling?

eltaltaltaltalls

Is the coating free from discoloration?

Comments and observations: UNIT HAS A LITTLE CORROSION ON THE BOXES,
AROUND THE HINGES MINOR CORROSION. PAINT IS HOLDING UP WELL .
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MONTHLY EVALUATION OF COATED COMPONENT LOG

Component Serial No. NRRO073
Evaluating Activity _ USS RONALD REAGAN CVN-76

Date of Inspection _06 JAN 09

Yes

Is the component completely coated?

Is the component free from corrosion?

Overall, is the coating system holding up well?

Is the component free from chipping?

Is the component free from flaking or peeling?

eltaltaltaltalls

Is the coating free from discoloration?

Comments and observations: UNIT HAS A LITTLE CORROSION ON THE BOXES,

AROUND THE HINGES MINOR CORROSION. PAINT IS HOLDING UP WELL .
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Table 83. Nitrogen Servicing Cart NRR204 Raw Data

Instructions for Use.

1. At first evaluation, fill out Field Service Fvaluation Checklist #1 to include the time in terms of
process time (how long was component in the paint shop), actual labor hours while part was
being coated, and amount of powder used (estimated).

2. Before taking measurements for Field Serviee Evaluation Checklist #2, obtain a drawing, create a
hand drawing, or take measurements from a common daturm point to the points on the .
component where the test measurements will/are made. This drawing or other documentation
should remain with both of these checklists so that it is available for foliow on sampling.
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Field Service Evaluation Checklist #1
Component ID;___ o <= J FM': PN I3IFASLO0 ~ 2,

Component Name:_ MAN Carts =
Serial Number: N REZ2eY .

Date of Inspection: -3/ - / S B -

Name of Inspector: ste=ve Furle “
Location of Inspection;___ L2 &S R-f-n.ﬂm' C VM +e
Time of Inspection: T

Part arrival in Paint Shop, Date, Time:
Earliest Date, Time when part could depart:

minutes

Preheat time (ifany):___
minutes

Time to apply powder on component:
Amount of powder applied (pounds);

Complete following if doing a two pass coating

1" Bake (If applicable); minutes
Second powder application (if applicable): ___minutes
Amount of powder in second coat (if applicable){pounds}:
Compilete the following for all applications
Full bake time: rménutes
minutes

Time fram bake end to de-mask start {cool down time):
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Field Service Evaluation Checklist #2

Eump-unentln PRS2 (L EFEM, £/N 131248 1062

Companent Name: A/ 41N G'/‘l-'[?-'i"

-

Serfal Mumber: NRER 204 -
- Date of Inspection: -
Name of Inspector: E &
Location of Inspection: owv i _"H-'u
Time of Inspection: oFHS
Performance Criteria Instructions Results and Observations
Appearance Unifarm smaoth surface free of
; runs, sags, bubbles, or other
defects )
Gloss #1 60 degree gloss meter readmgs. (e e o8 '23
Use attached drawing to " o - i,
determine location to take &S M
measurement. . . 5".;5 Pl b fi
Gloss #2 60 degree gloss meter readings. o e B0 .3
Use attached drawing to A =10
determine location to take a5 . 8.8 _
rmeasurement. +|'||\.- k— ‘3 N e '|'5
Gloss #3 60 degree gloss meter readings. P NS
Use attached drawing to ® 7
determine location to take 83 &6 .
measurement. + ke . 22 walg
Gloss #4 60 degree gloss meter readings. P i oG O
Use attached drawing to . @ . ,
determine location to take 5*5 a3
measurement. . ' 5. B0 v s
Gloss #5 &0 degree gloss meter readings. &0 ot
Use attached drawing to o
determine location to také 87" Be. a" *
measurement. ' "H'-‘k 518 e {5
Gloss #6 60 degree glasﬁ meter readings. &0 - =9%.2
Use attached drawing to o
determine location to take B G:_ o &F. Z.
measurement, M (O Y e LL
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Field Service Evaluation Checklist {Continued)

Component 1D:__ (=S A Pfﬁ [3/748 o -2

Component Name:_ Ay 45 QAR

Serfal Number: AN 204
Performance
Criteria . Instructions Results and Observations

Color #1 Using attached drawing, T 73.88 ' '
determine location to'take A~ by -
measurement. B <.l

Color #2 Using attached drawing, 1o ? Y. YL 4
determine locationtotake - | 4 —~ o JF | »[ 3

. measurement. B 3. 3¢ T

Color #3 Using attached drawing, sS4 .78 = ;
determine location to take ‘:f —-—o. 6F e 4.
measurement. 8 2.38 ’

Color #4 Using attached drawing, L 3. 9%
determine location to take A To.67 AN
measurement. 8 3 . By

Color #5 Using attached drawing, — 9JY¢.Z2&
determine location to take A~ oz #lb
measurement. B 3. 84

Color #6 Using attached drawing, (. g {f a6 -
determine location to take A —oSh [
‘measurement. [} W, S¢

Corrosion Look for undercutting,
pitting, bubbling. Determine
if any repairs have occurred.

Adhesion Visibly inspect component for
obvious indications of
adhesion loss. .

Additional Motes:

{Add additional pages as necessary}
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Field Service Evaluation Checklist
Component I0; GIFM, PSN 1317 45100-2
Component Name: Nitrogen Service Cart
Serial Number: NER 204

Drate of Inspection: 3 February 2009
Reason For Inspection: Second Field Evaluation

Mame of Inspector:
Location of Inspection: USS Ronald Reagan CVN 76
Time of Inspection; (D, L 5

F-25



All sterfocet 2 e 1igaon e ol

Lo d e after ¢
LtM—E'tﬁJLj !
Reading | Data tes
eading ét.‘ Comments
1 8 T 1 1T BB.8Y| g z|
gt S, S g @ gl | =0y 2R
oFf & B4y D7 9 .08
Trial 20 =
2 [ Fhoe U oee.lz 99,45
85 A5, 2 a* =0 F -0 YO
e B e 2T 52
Trial 2 '2-"-‘-
30 33,3 U g8 TYe 95,4
85 ag.n @ "008|-0,33
OET (.25 b D36 | &, 047
Trial L% 2—5"‘“
T T A N I
85 Loy At -DAw
OFF S M o8, e
Trial = [
580 533 U e9.28 N o
B He, 3 a* _ O LR
DFT 507 b 9,33
Trial L
6 60° 52, 3 L* B3.20 s
521 £3.2 =N =L P L Gt
B az.s ¥ Otk
DT 3 ol b 12 4k
Trial 2 &

F-26

-+ 3



7 60" gy 5 LY Gz is
85" e, ") &t =057
DFT §% 7 b 5.9c
Trial 29
2 0" s | V¥ ag. ek
8" Jr o Fon 9
DFT (0. Ok b* G0 FE
Trial 3J
5@ ez U 9524
8" 3.9 2t =04
OFT .08 0 5 Dk
Trial 2|
180" 5.3 9353
85 TF.S -5
oFT ", 41 b* 5 5Y)
Trial 52—
11 60" (fu, | Ly
s s7e ¢
DFT 1Ol b*
Trial /
12 60" 3.9 * g5 12
85 Zi- . 30 O]
DFT G ¢ b Fi2i
Trial 33
380 gy, ) 9003y
85 e 2 8" TD T3
oFT &, £ b* &, 77
Trial 24
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14 60" gty | * 92.2%
85 g, R At TOUE
DFT . 1O b .50
Trial 557
5z 2 U]
85 4 3.0 2 -oqy
OFT &, F5 b 4, @y
Tial 3 ©
16 60° 2L L L*
s 43 e [
OFT <7 02 b 7
Trial
17 LS N R = L N
85 @y F 2 -043
OFT &. ol b (.70
Trial 3 T
B8 7 U 90,50
5 870 -0
DFT 7 &% b 7Y
Trial 38
12 B (o, 2. LY B2
85 T, o et - 0,23
DFT F, 30 b F.ed
Trial 39
20 B g o Y Ge T8
8 @3, ¥ -0.26
DFf @ o8 b F o2s
Trial &
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Field Service Evaluation Checklist

| Performance |
Criteria Instructions Results and Observations

Appearance Uniform smooth surface free of
runs, sags, bubbles, or other
defects

Corroshon Loak for undercutting, pitting,
bubbling. Determing if any
repairs have ocourred.

Adhesion Visibly inspect companent for

L

obwious indications of adhesion

loss.

Additional Notes:

Jiclt b s comalof v avadall, oo | L"(]

shiaps. No wude e clinn. Feur ol Seradcies o

v Eomted e ofcr@Siim i, Albl@ii o

JaeAtlen LLﬁ‘-ﬁ et ol Buiw e

('Si:"-u

lﬂ'?:"-h [TEETI W |
W J

(Add additional pages as necessary)
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Field Service Evaluation Checklist
Component ID: GIFM, P/N 1317A5100-2
Component Name: Nitrogen Service Cart
Serlal Number: NRR 204

Date of Inspection: 4 November 2003

Reason For Inspection: Third Field Evaluation
Name of Inspeetar: 3 f=ue Tiecfe
Location of Inspection: LS5 Ronald Reagan i
Time of Inspection:__{ 1, 2§
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Reading Data Comments
1 60° e | L*
85" FI.4 @
DFT G-29 b*
Trial
2 L = A
85 F9.o  a*
DFT  5.59 b
Trial
3 [ L L
g Fe D at
DFT &.18&  b*
Trial
4 B 2=|F LK
gsr T2.F a*
oFrr 5.5%  b*
Trial
5 0" 3.9 L
85" T@-2  a*
ot 5.8 b
Trial
3 80" 34.o L SHace e
85 I3 a* Lz Sudmiend Gviea .
DFT G 43 b*
Trial
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li?" 80 55 F L
! i BB.2
DT G52 b
Trial
) r .o U
EL o T
DFT 5,5¢ b
Trial
E 60° e, Lt
B Be. 2
DFT F.2= bt
Trial
1w 60 (F-3 L*
85" ey, 3 a*
oFT F, YUY b
Trial
" E—F%*’* o Co® L ST L %"‘h
B Fe.l 8% a(.¢ ﬂmm,hﬂj
o e b7 BETL (1.
H_q Trial | ﬁ
12 80 9. L
8 9.3 2
OFT &.t| B*
Trial
| 85° g 85° S6.q
s A Der: w7 atg ﬂi&

Trial




14 680" 3.l L
85 B2 at
prr F-8h b
Trial
15 1600 &g.4 L
8 sty
DFT e, | b
Trial
16 60" L* Rmi‘mﬂ/@cﬂ-m crea
8s* a® dut to e ~desn
DFT b* clioi freteuds
| —h:.!,u..ﬂ teadliag.
Trial
17 0 yz.e W
5 3. @
DFT .85 b*
Trial
18 60° ¥ [ L
s @e.9 &t
DT F.55 b°
Trial
19 80 T.o LU -
85 =e.9 2
DFT F. 14 b
Trial
20 60" FA.e  L°
i &3 &
oFT 8.1 b
Trial
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Field Service Evaluation Checklist

Performance
Criteria Instructions ] Results and Observations
Appearance Uniform smooth surface free of
runs, sags, bubbles, or other
defects
Corrosion | Look for undercutting, pitting,
bubbling. Determineg if any
| ro pairs have occurred.
Adhesian 'ufis'ibl-,- inspect component for
abvious indications of adhesion
loss.,
Additional Notes: EELL lzas Sy &;’ ce s, = OF3 ; 54 Dusyey,
M Carocleal -

m
_pettirs e wof dedioated o Yl MH'['TMMMM

foe ﬁgﬁgﬂ out aull deflacedd .

{add additicnal pages as necessary)
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MONTHLY EVALUATION OF COATED COMPONENT LOG

Component Serial No. NRR204
Evaluating Activity _ USS RONALD REAGAN CVN-76

Date of Inspection _ 04 NOV 08

Yes No

Is the component completely coated?

Is the component free from corrosion?

Overall, is the coating system holding up well?

Is the component free from chipping?

Is the component free from flaking or peeling?

eltaltaltaltalls

Is the coating free from discoloration?

Comments and observations: CONDITION OF UNIT IS WITH STANDING FLIGHT DECK
USE ON A DAILY BASIS. MINOR SCRATCHES ON FENDERS AND MAIN FRAME BUT
OVER-ALL POWDER COATING IS STILL GOOD. NITROGEN BOTTLES HAVE BEEN
REPAINTED DUE TO SURFACE CORROSION.
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MONTHLY EVALUATION OF COATED COMPONENT LOG

Component Serial No. NRR204
Evaluating Activity _ USS RONALD REAGAN CVN-76

Date of Inspection _ 06 JAN 09

Yes No

Is the component completely coated?

Is the component free from corrosion?

Overall, is the coating system holding up well?

Is the component free from chipping?

Is the component free from flaking or peeling?

eltaltaltaltalls

Is the coating free from discoloration?

Comments and observations: CONDITION OF UNIT IS STILL THE SAME AS REPORTED
IN NOVEMBER 2008. MINOR SCRATCHES ON FENDERS AND MAIN FRAME BUT
OVER-ALL POWDER COATING IS STILL GOOD. NITROGEN BOTTLES HAVE BEEN
REPAINTED DUE TO SURFACE CORROSION.
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Table 84. J52 Aft Engine Yoke P9H513 Raw Data

Field Service Evaluation Check]ist #1

Component ID: PWA — (%Y og
Component Nama: { ’ afx_-ﬂ_

Serial Numbzr;, PR HS (&

Date of Inspection: /2o
Name of Inspector: SE
Location of Inspection: FRC NW Sec iV,
Time of Inspection: L2 L F)
Part arrival in Paint Shop, Date, Time: M /&
Earliest Date, Time when part could depart: M A
Preheat tim {f any): S Ty@ __minutes
Hime to apply pewder on component: . Y. minutes
Amount of powder applied (pounds); INPZN
Complete following if doing 2 two pass coating
1™ Bake {if applicable): 2= TYE minutes
second powder application (if applica ble}: _N/A minutes

Amount of pawder in second coat (if applicahfe}{pnundsi: M A

Complete the following for all applications
Full bake time: IS, TYP. ___minutes

Time from bzke end to de-mask start (cool down time): fLE::‘.. TYP., minutes
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Field Servier Evaluation Checklist #2

Componant i PuA — 1'-{-*-[-;::3_

. Companznt Mamse: IaT'F t Enmuu Yok e

Serizl Mumbas PIHET R T

Cate of inspection: |/3'¢'

Marnm of Irspecior:

r 1.
Locition of Inspection: T F=fem 3 23 5y,

Titse of Inspectlon__ W= 15

Puerformance Criterfa | " Instructions ) Results and Observatians
fopearance Uniform smocth surlace free of S ez alteche U ol
| runs, sags, bubbles, orother
defarrs da'{' C 4:'
Gloss kg | 50 degree gloss meter reacings. | £ | 22 L 3.9 1
Lge antached dravdng te B 2 Wer 28 B2
detzrmmina lacation o take @ 2.7
measUurgmeni.
| _ _ A
(€1 lnl 44 :g B0 degree gloss meter resgings. E{:a 2FE.= 5,5
| Use attached drawing to &
det=rmine lecation o take &g {“' 4 4 ‘.2 |
MERSHFEmEnT, e 0]
‘ Gloss #By &0 depres zloss meter readings, te® z23.m 2. [
Use atizched drawing to - )
‘ determine locztion to take es %f {.F5
J | me3sUrement. G, [ [ g ‘
| Gless #4es | €0 degree gloss meter Teddings.. | ge® Ml G z.8 |
Use =ttached drawing o & -a
determing lacetion to take | B 4.8 Z. T
moasuremeant. U.s }
Glass 85 I 60 degree gloss meser readings. |
Use attacherd drawing ta
| emerrine focation to take
m=Esurament.
| Glass &5 ' | 60 dagraz gloss meter readings,

Use attached drawing to
determine location to take
| mEasurertent.
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Fleld Service Evaluation Checklist (Continued)

Campanent ID: Puw A~ “‘-’%D'E‘

Component Name; ﬂ-& I-'l.ﬁi-wl.. '.Ffﬂ ke
Sarial Mumbes: M Hs >

| Performanes | :
Critarla instrusticns REgUlts and Dbsugﬂﬂ [ 4. £
Colar #1 Using artached crawing, L. =9, R
eletzrmine lacation 1o take —|_ - LitF Tlﬁ"‘[ =3 ; z
|— M asure ment. .E A g2 r 3‘ g
Color #2 Using attzched drawing, | ' 2 SR . . Y
[ determing location bo take A - (.29 'Tﬁ-n.,.l' 5 :l =5
M3 surement, | ] - ua I. i ci,"
F:Eh:.— CE! Using attached drawing, [ L b - e g ] -
| determing Intation to take A — | Ol _rm[: I 2.0
measurement, | B L.BZ ' =. e
Color #4 Using sttached drawing, | c - -
' detarming |scation fo take k ?3_;2 Tl 26 } % ‘;E
J— . MeE3RIreman, | E I'._+ i i:kt 3' &
Color 45 Using attached drowing, [ L S3 97 . :
| determine lotation 1o take | A i LE:_-, Tl UF || %l' 1
I | mensure ment. B Yo 3:2
[ Coler #5 Using atiached drawing, = N
detarming location to take | :j:‘ j L{{. 'g% T a_| 'E_a %'g
’ rMeasuramsni, | & Hq.o8 3, la
Corrosion Lock for undercutting, | f
pitting, bubbling, 0etermine |
| | it any repzirs have noeurred. I|

Adresien | Visihly inspect compenent for | 1
abuious indications af
| adhesian less, J

Additianal Motes;

{Add additians] pages o5 MECE55aAry]
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Field Service Evaluation Checklist
Component I1D: PWA-14408 '

Component Name: AFT Engine Yoke REE Y

—

Serial Number: P9H513 . P .

Date of Inspection: 17 July 2008
Reason For inspection: Second Field Evaluation
Name of Inspector: Steve Finley
Location of Inspection: FRC NW 900 Div
Time of Inspection:

NOTE: All Readings Taken From Side Showing P/N
Data is the result of the average of three readings per location
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Reading Data Comments
1 50" NT L* 93,06
85° NT * - 44
DFTNT G.(w b* -5
il > ©
2 60" NT L* [0.33
85° NT * -, BG
DFT NT 23 b* (. O
Trall S ¥
3 |60 wT " 90.c0
85° NT a* —o. 1
DFTNT 3. b T2
Trail S5
4 60" NT L* 90,9
85" NT @ ~0,.58
DFTNT 3.8 b 2. 3F7
Tail B9
5 60" NT L 2 .Y
85" NT * -0 Sk
DFTNT 2.7 b* 3.08
Trail (2 &
6 60° NT * g3.83
85° NT a* —o, 8
DFT NT i, b -G8
Trail @
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S .% LT

85° DF-G a*nrT
ot S,94  bew
Trail NT
60", 2 9 L* NT
85" a* NT
- f’f T e
Trail
600 oo, ¢ L*NT
85 =38.3 Nt
DFT Z .62~ b*NT
Trail NT
60° [|¢= @ L°NT
85" 2.8 a'NT
BET. e BPET
Trail NT
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Field Service Evaluation Checklist

Performance Criteria Instructions Results and Observations

Appearance Uniform smooth surface free of | Surface roughness of
! runs, sags, bubbles, or other either the substrate or
! defects coating,

Corrosion " Look for undercutting, pitting,
bubbling. Determine if any

) repairs have occurred.

Adhesion . Visibly inspect component for
obvious indications of adhesion
loss. [
Tl 0-1.1:1 T VAP 12 (ls (A‘_E)}?M
Additional Notes: Surface roughness affected readings . v, .
less cbﬁ-«.rﬂﬂl.«.ij sud _gblesion on Teef |

S

(Add additional pages as necessary)
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Field Service Evaluation Checklist
Component ID: PWA- 14408
Component Name: AFT Engine Yoke
Serial Number: PAH513

Date of Inspection: 27 lan 2009

Reason For Inspection: Third Field Evaluation
Narme of Inspector: Steve Finley

Location of Inspection: FRC NW 900 Div

Time of Inspecticn:

NOTE: All Readings Taken Fram Side Showing P/N
Data is the result of the average of three readings per location

12 reverse siele frena 1,8

[
12
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Reading

1

Data
60" NT |§- 3 L T949.98 o

85° NT fuf. | o — & .64

DFT Lo b 2.8
3

Trial ~—0

Comments

—

8 NT3G.9 Y 931

B NT 3.6 2 -0.8%

?FT | = b* | &=
R A e

.

60° NT 3.9 ' geo.38
B NTYC.g 2~ 0.6y
OFT g, 2. b 2590
Trial —_—
R Il
BN Llg V- 0.68
o 2.8 . b 2.y

Trial =—

N 37,0 U 9329
BN aCig ¥ -0.5F
DFT 3-3 b g .81

Trial

60° NT 39 ¢ I O3.26
g NT F2,.5 " o eR
DFT 2,5~ b 2% %

Trial —
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7 &0° L* NT
BE* a* NT

8 60° L* NT
85° a* NT
Z2-5

2.6  b*HNT

Trial NT

e 'FMJEF‘ M ('Mm/l!‘

Cor b e e,

h* NT

Trial NT

'k

L™ NT

a*NT

DFT S, 5 b* NT

Trial NT

I

// L* NT

2
3
g
.
%
=
_|

th

I ot g3 b 9537
85% eo3?d ~oyy
¢ 0 T Y4
e |
12 6o® sppl 92.9,
8s? Sy 2 ~oe
26 b , 2.98
T
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Field Service Evaluation Checklist

Performance Criteria Instructions Results and Observations
Appearance Uniform smooth surface free of
rums, sags, bubbles, ar other
defects
Corrosion Lock for undercutting, pitting,
bubbling. Determine if any
repairs have occurred.
Adhesion Wisibly inspect component for

obvious indications of adhesion
loss.

Additional Notes:

[ " = * )
= E

[Add additional pages as necessary)
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SPCFEST-TEH W SI00P DET ) UD synsa Bujead Japmog
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Table 86. 20 Ton Jack (SN: 088010) Raw Data

Field Service Evaluation Checklist #1

Component |1D:

Component Mame:, P oy JACE
Serial Number: Rl &

Date of Inspection; 8B/t /5T

Name of Inspector: . Ty
Lacation of Inspection: = = M s

Time of Inspection: (S S

Part arrival in Paint Shop, Date, Time:

Earliest Date, Time when part could depart;___ €2 ¢ A @ =

Preheat time (if any); - [— minuies
Time to apply powder on compoenent: |5 minutes
Arnount of powder applied (pounds);

Complete following if doing a two pass coating
1" Bake (if applicable); S minutes
Second powder application (if applicable): minutes
Amaunt of powder in second coat (if applicable){pounds):

Complets the following for all applications
Full bake time: o= minutes

Time from Bake end to de-mask start {coal down time): Bem minutes
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Field Service Evaluati

on Checklist #2

Component ID: 2= TSN Ao x
Component Name: : ;
Serial Number: SOBBS (o
Date of Inspection: E_}”H

Mame of Inspector:
Lecation of Inspection;

Time of Inspection: L= n B
e —
g5 a* —D-Y )
g DFT. pas A R
Tall L5~
J% 2 60° LY O Ay
= g5 a* — NN
Y DFT T TR
’? Tl L,
B e D
gl A el
Tl (FF
A Y Pett Clup (et due {0
& " —oxY | weckantedd alregion,
OFT o 3 A
Til (38
e T T Y T T T
g A T e e B e “al ~bmsio,
DEEANET LM R C R A
Tl (779
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i ° 54
#ersS g"‘:..a :F Eé_
DFT (9.¢
& a0” . 3 [* ‘T'?_'E'z
85 &e, 2 * TOo.5Y
DI s e e
Trail | &
7 607 L™ S
85 2 - .52
DET b B2
Trail lea)
B B
L * ~o-Fe
s i ool fa e can__"g b L (et S BT e B e B ST SN
mi 183 | (reehol rfeadg)
3 B0° L*
85° a*
MNe contect
DFT b=
Trail
10 B ey AP
85 I95.0 a*
DFT 252 b*
ERERS Trail
L] ToF
85" ﬁ!?—
hET |os
f 2y R
B8s® ‘o.8
BET . &.ige
i SRR R
=y 5.9
bhe F-0]
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Field Service Evaluation Checklist (Continued)

Component |D:
Component Name; R L e Y
serial Nomber; e =Nt L e i
Performance
Criteria Instructions Results and Observations
Appearance Uniform smooth surface frea
of runs, sags, bubbles, or
other defects
Corrosion Look for undercutting,
pitting, bubbling. Determine
if any repairs have oecurred.
Adheslon Wisibly inspect component for

obvious indications of
adhesion loss.

Additiomal Notes:

e

LS

(Add additicnal pages as necessary)

T
N
BED
s

s R
DFET

6. 2 | § me;.;-..l Wl gk ea

3 b
o, &

F
9C .|

=l
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Table 87. Air Breathing Pump Assembly (SN: P62008) Raw Data

Field Service Evaluation Checklist #1
Component ID: NELS — D

Component Name:. Alr Brreat S5t bl
Serial Number: Plooc 8 -

Date of Inspection: ‘-_f-/if //:} 9.

Mame of Inspector: C:_,';._.me FLH_..[M
Location of Inspection: Frec- Nw

Time of Inspection: &9y I

Part arrival in Paint Shop, Date, Time: g4 f 13 f_;: 7

Earliest Date, Time when part could depart: o/ f@?

Preneat time (if any): i minutes
Time to apply powder on component: Ly minutes

Amount of powder applied (pounds): Loyt fr st vt

Complete following if doing a two pass coating

1" Bake (if applicable): minutes
Second powder application (if applicable): minutes
Amount of powder in second coat (if applicable)(pounds);

Complete the following for all applications
Full bake time: minutes
Time from bake end to de-mask start (cool down time): minutes

Teyp VieEw
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Component ID:

Field Service Evaluation Checklist #2

Component Name:

Serial Number:

Date of Inspection:
MName of Inspector: —c:'f#':"’- y
Location of Inspection;_____ FE < = f\J

Time of Inspection: T AT
Reading i Data Comments
LR et Y 96y -
B5" - a* ~ o.SF
DFT S.B3 pe 544
20°% 4.3 Tai B3
Tl e T 9636
as® —_ a —O.59
DFT (.33 b* 5. 6N
l ? .
ey ﬁ. O Trail _?-{{ ]
|
] ] 807 32.2 U 94,92
gsr a* o~ [ 1=
oFT 2-32Z b+  B.SF
257 29,8 Tl AL
a |60 859 LU Su.b | )
8t — a* -—oFo
orr Y93 b 5,19
20° 48.6  Trail S
3 60" LSl U TGLy42
l' 85" NT _ a*t - r_*:r,gt}
OFT NT. .22 p* L
2:;_".1“:| Iy Trail ?-‘?_
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6 |00 89.8 ' F9w.29
85 a* —o F2
DT G(F b Sile
2% GS7.0 Tl 8
7 60° EF.2 " .o
85° = ¥ 0. 873
oFr 49 b 4.88
20° 45,7 Tl 39
8 [60° 5.1 L (
85° - a*
| DT S F9 b —
‘ 20 SB8 14
5 W Fo.3 L
B
| DFT S .¥o b
| [20° 23.8 T 5
r s ‘?a-c,zrl
B T T oy
DFT S.8583 b* LA
| 2% 23.6 Tni &0
Le Go® Ty L .13
DFT T9¢ 3 -—o.
26°  Ge.o b S.UL
2 co® 9L (Nl &l
DET sq & Tetd
dme LTy & 7633
lo S5.8Y4
Tl B2
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Component 10:

Field Service Evaluation Checklist (Continued)

Component Nama:

Serial Number:

JI Performance
Criteria Instructions Results and Observations
Appearance Uniform smooth surface free
of runs, sags, bubbles, or
ather defects |
| Corrosion Look for undercutting,
pitting, bubbling. Determine
| if any repairs have occurred.
| Adhesion Visibly inspect component for

obvious indications of | |
| adhesion loss.

I

Additional Notes:

(Add additional pages as necessary)

13 (Yol
DFETS

&

il

(4

Jo .y
d4.0F

ol Y
Sl.o

Y. 9
o. G
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Field Service Evaluation Checklist
Compenentip:_ MEI S =5

Component Mame; ég'f— {fu:tgﬂ-ihcl_wl ﬁ“—"“iﬂ f-LSE‘_j 2

Serial Number:  VPre 2eocos  ~

Date of Inspection: 'E{"{ ,/_':_’2 A

Reason For Inspection:

Name of Inspector: S.FWNLE Y
Location of Inspection: e - W W
Time of Inspection; S, Ay
NOTE:

.@-——H‘ﬁ '@?i O i

. i; o

_F-E)P VirEw '




Reading Data Comments
I e o B
5 S * o9
OFT 51 bt -89
el [ LF
2 0 cgg U Fe.S
£ Say . 3 0l
o T R T
Trial | Y48
v et L ibime
B B s S0 ER)
s TS T
Tial |49
o i - ) S
LR S ssa
o 4. gp b0 5-24%
mal |s©O
5 0 &G99 U 9694
B FF T e, o
DT EB.0OBU S .58
ToM - VS ]
el oa s SR RRE B
85 92.5 v —p.F¢
T 5.21 b 5 19
Tl - {52
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7 Rl t T T
BBt et

DT gy S e A By

Tial IS =
2 i1 ?3‘3 [ 134{‘-;_9
TR R R = R

BT JSepgE A

Trial | S

9 " 2.8 L 94,4
Bt SRS e g

[P T LA S

Tral 1SS

10 0 gy.g - 9o
- A

o i s TR

el 1Nk
11 60" gq_ﬂ L* 97.08
LSt Mo e e < T T

DFT g bf 580

Trial i g
12 0 839 * 96,58
s - e =8 TR

pFT I A3 b s.1o

el |58
13 T T T 5<,53
& 8F.F *  ~|.of
Lt L e B

Trial | h‘{]
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BOTE e T Gaem

R e = o Eg
DFT 5. 29 v+ S.eg
Trial | &

Field Service Evaluation Checklist 42

obvious indications of adhesion
loss,

l_FerI‘nnnam-e Criteria | Instructions Results and Observations
Appearance Uniform smooth surface free of
runs, sags, bubbles, or other
defects
Corrasion Lock for undereutting, pitting,
bubbling. Determine if any
repairs have occurred,
Adhesion Visibly inspect component for

Additional Notes:

[Add additional pages as necessary)
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Table 88. Air Breathing Pump Assembly (SN: RDX435) Raw Data

Field Service Evaluation Checklist #1
Component1D; M E (N -3 .

Component Name:. ATd"_Brreth

Serial Number: 2 g 3

Date of Inspection:___ 4/ ZI_/C’?

Name of inspector: Sreye Frudey
Location of Inspection; ¥F=C — AW

Time of Inspection: S B i N

Part arrival in Paint Shop, Date, Time: "—f—,/ 7 1/ oF

Earliest Date, Time when part could depart: J /?f{)?

Preheat time (if any): :3‘*:: minutes
Time to apply powder on component: [ & minutes
amount of powder applied (pounds): Lo o v B et

Complete following if doing a two pass coating
1* Bake {if applicable]: minutes
Second powder application (if applicable): o minutes
Amount of powder in second coat (if applicable){pounds):

Complete the following for all applications
Full bake time; minutes

Time fram bake end to de-mask start (cool down time): minutes
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Field Service Evaluation Checklist #2
Component ID: MELYS —

Component Name:_ ._&wa—ﬁﬁﬁm‘dﬁi
Serial Number: DX 43¢

Date of Inspaction: Lf"/ 24 ;’é? .

Name of Insuectur:_____g{“m_% .
Location of Inspection: FRc — ANw

Time of Inspection: AT=lhw

i' Reading | Data | Comments

|
e TR A e
| 85 T a* — 43
|
| per 2.9Y e 4 9g -
|

20° 32.4 1a1 BI | |

— —— —

gﬁ“f‘} 00" S Y F4.9; | Neo 4‘tn=lt~uéj.5 ._..:Jff'm; ]
8~ * 7 | T filkern g::m oy
2.6 [pFT IFHE b g .5F :95' ""l“‘ﬁ”;j fled Mcfn.-uat
o2

| S26 20° |@=t Ta 84 .'

1 3 B B0k [ e C',}E:..EE
85" - b
DFT 2.88 b 3,56
z2e® 473 i 4.

4 60° 37.9 L* 9c.3
8s* — a* — [\ OF
DFT 8"{+I b* L{IIL
20 3. Tl 26

|

5 60° FIE U 903
B NT T at — [, oF
DFT NT 2 T p ‘-{-L{g,
20° 38Y Tl 7
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=31

EE TR B T
ag° - a* '-[.lE

DFT 207 v 3
257 (5.7 Tmil 7

60° SST.F L T F§
8T — a* ~|.o3

o ©0.Fe 4.9

&

227 2T Thi 858

60" e Lt | Dewt clore 4o ‘Ffﬂ-ﬁ(.

g5° — a*

DFT 2.69  pe —

Za® 3.3 Trail
0 43.¢ U
85 — a*

oFr 326 p»

'.?,E-‘lb 3F.1 Trail

10

[0 863 U 959
85" - ' ~o.g
ot 382 by &g

2 Y2 T Trail 9

|2

eo® P25 L* 953¢

DFT 2358 2F ';i,ll

2=® 26.0 b* 3.82
Tl 9¢

GO0 61S |\ ¥ Sc.qg,

DEF Y0 a* -o.se

20° 224 | ¥ Y.e8
Thal D1
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Field Service Evaluation Checklist (Continued)

Component ID:;
Component Name:
Serial Number:

| Performance —l_ T o
| Criteria Instructions Results and Observations
Il Appearance Uniform smooth surface free |
| of runs, sags, bubbles, or
other defects
| Corrosion Look for undercuﬁng,__ S
| pitting, bubbling. Determine !
if any repairs have occurred. |
' Adhesion a Uiﬁm pect component for T a
obvious indications of
adhesion loss. '
—]

Additional Motes:

(Add additional pages as necessary)

'3 (o © C7. 2L
DE T . Jy
"'Lﬂa' 21. 3

| < = 29. 8
=N d.o|
Ve 23-7 i
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Field Service Evaluation Checklist
ComponentiD: _ NELS5 -2

Component Name: At Bf"t'ﬁ:{’hu«ﬂ Ft-nem.la 14'5-5':] ‘
Serial Number: _ I:'\_')P‘:‘-I 2

Date of Inspection: __g2,/11 /ex™

Reason For Inspection:

Mame of Inspector: S . F'NLEY
Location of Inspection:

Time of Inspection: \=. &8

—
O :I;E.M
@ <y

MOTE:

éé

_l_-EB}j View




Reading

Data

Comments

1

60"

85°

DFT

2.9
“e-2
d.o5”

L* S, 2%
a* — | ob
b NS
Trial | & |

85"

DFT

=2
c3-7
3.7

L Sy4.2¢

a* ~0-F9
bt S04

Trial |2

m'
85"

DFT

Eg.c
4.5
F.o)

L* 9¢ om
M Y|
il ke
Tral (@3

60"

85*

DFT

B =
€y.9
2.77

L* g

AR T
b .28

Trial I e ‘f

60"

85"

DFT

7o 3
2I1-8
3.5%

L'

Te.o|
* g [bcﬂ
W el
el - T %

a

60"

85"

DFT

TY.6
Ty 3
ol

LS oSy
a" F-{-Ib_'

b J.eY

Trial L=

F-67




7 60° Fo.F ' Fe.27
B o ey
BET: SEA2E W s
Tial (G
8 0 eF¢ ' gy 3o
el e R
DFL 2.3 b g o2
Trial | &S
9 |6 Frg * 95 24
g5 Tl e =
DFT F.Y%% b &-92
Trial 1 &T
10 6 F=2.g L -jéf_"—;;'"“
B P9 ¢ o
DFT Q.8 ' 4P
Tial | Fo
11 iy ot L b G 8
8" 8.6 @ ~ g
DFT 3.8 P 3. .:e
Trial | 7FF
12" s L e ey Noe veml veason ot tluese
85" Mg e i R [ow ’f“'iﬂ-':{'-‘*fjﬂ".f
oFf 3.68 b+ Y.38
T R
g g e
8 64.% ¥ -~ |.oe
[l SR e
ma [ 7#3
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1 |6 L3 U G5 .34
85" G684 o _[‘GE
i o) e e

Trial l"_'?"'f

Field Service Evaluation Checklist #2

I Performance Criteria Instructions Results and Observations
| Appearance Uniform smooth surface free of

| runs, sags, bubbles, or other

: defects

| Corrosion Look for undercutting, pitting,

bubbling. Determine if amy
repairs have occurred.

Adhesion Visibly inspect component for
| obvious indications of adhesion
| loss.

(Add additionzl pages as necessary)
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Table 89. J52 Aft Engine Yoke (SN: 00635A) Raw Data

Field Service Evaluation Checklist #1

Companent 1D
Component Name: Ev‘i] pu-uﬂ_ Ve lee

Serial Mumber: r_“j M 5._5;_1 c::r.:.ugﬂbﬁw

Date of Inspection: 23 / :,1,[ / .-v_"-.a'?

Name of Inspector: &fggg k:h: [ et

Location of Inspection: T2 = M) J

Time of Inspection: [ ] -
Part arrival in Paint Shop, Date, Time: qv/! Y S0P
Earliest Date, Time when part could depart: '-l'-.:"r: o _/ = '9
Preheat time (if any): < minutes
Time to apply powder on component: 1@"_ minutes
Amount of powder applied (pounds); A e

Complete following if doing a two pass coating
1™ Bake [if applicable): minutes
Second powder application (if applicable): minutes
Amount of powder in second coat (if applicable)({pounds):

Complete the following for all applications
Full bake time: minutes

Tirne from bake end to de-mask start (cool down time): minutes

TR DawlN NDERSIDE VIEW
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Compaonent |1D:
Component Name:
Serial Number:

Field Service Evalu

ation Checklist #2

- Euvgeae ':/E:k-ﬂ

e RS A

Date of Inspection: o /’?..L/ﬂl

MName of mspector:—__giMu;Jﬁ.j________,_______
iee - A

Location of Inspection:

Time of Inspection: [ =] .
i Readﬁg ; Data | Comments
T J('m- RS 3] E—
| 85° ~ a* "okl
lm—r S-39 g C ooy —
.lzc:ﬂ" 21.2 Tal <)z
W A U Swes
. 8s°  — at  — '
| .98
prr 3-FYer  g.z29
2% |Foe Tl 92 |
— w0 F37 T 9C.5g B
. 85° = * ~ 0,3 |
lnr."r o, 2. pe .87
' 20° BB 1y DG
f SBTF U 9682 Ragl by sk shat
8s5° - a* =P Lo ':‘"'j
prr 3:eY b Y el
205° 1 F.6 Tl 95
5 60" 4. ¥ " 95 .9 Resuci Ledrata
85" NT — " —0.63 lj
prr Nt 6-36 b $.39
20°% 230 i 96
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6 60° SO.| 1 Fsig| E?G'-*ﬁf"- cu bgtvals
as" - * -, 87
DFT H.02 pe N Fo
2o (4. | Trail 9GF
7 60" L*
8s* a*
DFT b*
Trail
2 0" 0
85° a*
-OFT b*
Trail
9 60" L*
a5 at
DFT b*
Trail
10 [ L
85" a*
DFT b*
Trail
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Field Service Evaluation Checklist [Continued)

Component 1D:
Component Name:

Serial Number;
Performance -
Criteria Instructions Results and Observations

of runs, sags, bubbles, or

other defects
| Corrosion Look for undercutting, T o T
pitting, bubbling. Determine

if any repairs have occurred. |

f Appearance | Uniform smooth surface free

| Adhesion [ Visibly inspect component for
obvious indications of
| adhesion loss.
| )

Additional Notes:

(Add additional pages as necessary)
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Table 90. J52 Aft Engine Yoke (SN: 800-242) Raw Data

Field Service Evaluation Checklist #1
Component 15 Cwia hH"f B

Component Name: A f+ Ewﬂw ?’e:- e

serizl Numbes Ereaes — 2 M=
Date of Insgection: ; Pl I'=]
=F

Name of Inepectar:

Location of Inspection; ERC NW Foo Dv L
Timz ¢f [nspection: z3)

Partarrivalin Paint Shop, Date, Time: &) /A

Earliest Date, Tirme whan part could tinparT:__M.-"A o
Preheat time (if amy): ==, TP mintes
Time ta aoply powder on component; o, TTYA. minutes

Amount of pawder soplied [pounds); WA

Complet= Fallowing if doing a two pass coating
1" B3ka (i applicakle): 2o Ty, minutes
second powder application (if applicahle): bt minutes
Amount of powder in second coal {if applicablejpeunds): M /A

Complete the follewing for all applizations
Full bake time: 2= Tr A ] minutes

Time frem bake end to de-mask start {cocl down tma)_ A5 TYE. e

l:f( L& YCVerse ciede —Fl"ﬂu—x -, &
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v
Field Service Evaluation Checklist #7

Component D B Pwid - 44 oe

Compenent Nama: E’"ﬂm’l xr"bf-ﬂe,l, ér-F‘f"
serfal Number, e 3 3

Date of insparction: | /3=
Mamz of Inspactar: S~
Location of nspection;_ Eie Yoo .b_r [
Tirne of Inspection: 12255
| Performance Critera | Instructions Results and Observations
Lppearance | Uniform smoeth surfaca free of
[ runs, saps, bubbles, or other
| defacts
Glnss =z 60 degree zloss meter o acings. -
Use atiached drawing to e . E
determine locetion to take EF  Geo.8
measurement
Gloss i B degrea gloss meter readings, ™ Fe. N

Use attached drawing to
determing location tg taks
measuramant,

857 F3.l

Glozs r';} ' &0 degree ploss metar readin 5.
[ Use attached diswing to
determine location to take
( mezsuremnant,

&Ho® Fe.e
B&® GO

Gloss 54 & B0 degrae gloss meter readings.
Use attached drawing to
detzrmine focation to take
medsurement.

A
&E:.lﬂ a(:” <+

}E.:I'JE'S £5 G0 degres gloss meter resdings.
Usz attached drawing o
determing loaton (o taks

| measuremant.

Shoss 45 B0 degres gloss meter readings,
Jsge atteched drawirg o
detarmine lpcation to take
measurement.
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Fleld Service Evaluation Checkiist {Continued)

PuAs—lElDE

Component I0;

Comparent Marpe: _,;AJ_‘"I- 'E"—MLHLA&_ p ll:.'?_
=

Serfal Numbar: C:-V.ﬁ = 2L

Parformance B
Criteria ) Instructions Results and Observations _l
Colors1 Using zttachad drawing, - =y T e
determine lncatlontotake, | A - o, 59 Tl 1| |
| I‘.‘.v::nsurvm-:n‘-.t:r B oL = |
Colar 42 Using attached drawing, ~
determine locaten 1o taks _;Ld: ?,5,:; ?&-.L'ﬁ el [
messurement, 3 ‘I'": (2.
Color #2 Using altached drawing, - U ;"r.? g
r determing location to take A —o. 5L Tl 13
meEasursment. pel (i, T J
Color w4 Using attached drawing, - Q4.5 - '
| | datermine location to 1ske A - .?% ,',f_m_I [4
rﬁE.ﬂiure'—|E"|t JE LI.-_):_'F
Colar &5 Using ettzched drawing, (o . 3¢ & _
determire location to take A j,._., B [ ?LI'.L-{ (S
MEssuiemant, a2 2 G
Color #6 Using atzached drawing, N Fota. 73 . ]
determine location o take Y ~ 4§ Tl (&
measurement, B S5.2F

| Carrosion Lock for undercuiting,
pitting, bubbling, Detenmine
Ifamy repairs have ocourred,

| Adhesion Visihly ingpect component Far

obvious indications of
adhesion bas.

|

Additinnal Motes:

Add additional pages ax necesszry)
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Field Service Evaluation Checklist
Component |D: PWA-14408 A
Component Name: AFT Engine Yoke
Serial Number: B00-242

Date of Inspection: 17 July 2008

Reason For Inspection: Second Field Evaluation
Name of Inspector: Steve Finley

Location of Inspection: ERC NW 900 Div

Time of Inspection:

NOTE: All Readings Taken From Side Showing P/N
Data is the result of the average of three readings per location

qtlﬂ’ e verse seie ‘Pﬁ:s-..-x F,
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Reading Data Comments

1 60° NT v R
85" NT ¥ —O9Y
DFTNT 3.6 b <50

Trail SO

2 60° NT L .07

85° NT * —o.86

DFT NT 3.+ b 3B. 45

Trail |
3 60" NT L* L 25
85" NT L R e

prrNT .8 b T oy

Trail =
4 60° NT s ?{-i-ﬁ i
85° NT e e
prrnT G-l b U2y

Treil 5

5 60° NT L Td.
85" NT ¥ - e =its
prr NT L6 b WL g

Trail & L{

6 60° NT L* 93 . ¥
85" NT a* —H. 20
DFT NT .| Y. #9

Trail 5 5
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7 60° (9. L°NT
85 32.4 a°NT
oFt | -2 7% bt

Trail NT

8 60° % I L*NT
gs* YF. | aewr
DFT @ b* NT

2.8

9 B0 9 2. ( L°NT
8 |B.8 a'NT
DFT <], B8 b*NT

Trail NT

10 600 Y“2,0 L*NT

85" 02.C a*nT
per Y. OF pewt

Trail NT
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Field Service Evaluation Checklist #2

Performance Criteria Instructions _ Results and Observations -

| Appearance Uniform smooth surface free of
runs, sags, bubbles, or other |
| defects ?

Corrosion ' Look for undercﬁtting, E:l'ttin.g, -
bubbling. Determine if any

| | repairs have occurred.

"r"—\d-l}go_n _ | Visibly inspectfompdnen‘r for . )

obvious indications of adhesion

(Add additional pages as necessary)
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Table 91. J52 Aft Engine Yoke (SN: POH516) Raw Data

Field Service Evaluation Checklist #1

Component I0; PwWA — G ag

Compenent Name:__ At Tua t..:ua Yﬂ t‘i-l?__

Serial Number: e Hsles

Date of Inspection: (/ze
Nzme of Tnspactor: ==
Location of Inspection: FRe ANW Foc DLV
Time of Inspection;__ 12 . ‘L?
Part zrrival in Paint Shop, Date, Time: N N
Ezrliest Date, Time when nart could depart: N /A
Preheat fime (if any):_ oo, TYE, minules
fime to apply powdzr on component: =, Tl minutas
Amount of powder applisd (pounds): oA
Complete following if doing a two pass coating
1" Bake (if applicable): B= T¥P, minutes
second powder application (if 2pplicable): NAA minutes

Amount of powder in second coat (if applicable)(peunds): k7

Complete the falicwing for all applications
Full haka tims: = 17, minutes

Time from bake end to d=-mask start (cool down time);__ L= T ¥ | _minutes
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Comporent 1D

. Component Name:___ AP '.'

Field Service Evaluation Checklist 52
PA ~ 1eda &

E”-f—?mq Ve e

Seriz| Number: f:‘q HE

Date of Inspection:

l/sa L

Mame of Inspecior;

Location of mspeurc-r" Fi2c., NwW Foo ':)H"

Time of Inspestion:

'sE

(2443

Ferfermance Criteria -

instructions

Results and Ohseruations

ApDpearance

Uniform smoath surface free of
runs, sags, bubbles, or other
defects

A Can e
Swrface %3

Gloss lr:?

ol degree gloss meler readings.
lUse attached drawinz to
cetermine tocation to take
Mmeasuremani.

ec” YY. 2
gae® .3

Gloss 5B

80 degres gloss metsr readings.
Use attached drawing to
determine lacation to take
mazsurament.

eo®  4E5.7
85° Sy

_E.I-:r-s-; 1‘-11'[ 5

Gloss lt?-

&0 degree glass meter radings,
Use eltached drawing to
det=rmine lpcation to take
measurement,

| 60 degree gloss meter resdings..

Use attached drawing to
determine location to take
Imeasurement,

B85 ° Sv.2.

Gloss H5

B0 degree gloss meter readings,

2 attacned drawing to
determine [ocation to take
meaasuremant.

Gless #6

60 degree gloss m-:-'*.ter rrges_d]r:g:..
Use attached drawing to
determine focation To take
Msasurament.
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Component [0;

Compenent Manis:

Fleld Service Evaluation Checklist {Continued)

Puwid~ 44D B

Attt Tuc uw Ve lce,

Serial Numbers PT Hyi & 1-1
| Performance | -
Criteria Instructions Results and Observaticns
Color 81 Using atzached drawing, L. T:.}.{Il i
determing location to taks F -—o.85 { ;h..q_,l; 2_‘2
megsuremeril, B {_{'I?.é_
Colar #2 Usirng attached :Jra:-.rir'g, £ q Y =R o
| getermine [ocation to take A —_—, ?l‘.‘ Tﬁ;-f 30
MEZsUre ment. 6 S A
Color #3 Using attached drawing, ) Sa.2y
determine location to take A, -, 92 T‘li"ld [ 21
measurement, = it
Color#4 L'sing attached drawing, L r:,l_t_ 73 )
determing location to take ™ — (.07 Taaf 32
measurems=nt. = ~
- | S.8( _
Color 25 Using attached srawing, . S4.77 i T
detarmine locatlon toiake | A - & 50 Tateal 413
BlBASUrRIrEn L, [ o |
Color 5 Lising attached ri-r:-a'u;-iltg. . CJL?.'- =Ny ) .
datermines lncation to take A - ':F,? _"i""i:,‘ p
measurement, & i;'-" | & 1 3 LE.
Carrosicn ! Look tor undzroutting, .
pitting, bubbling. Delarmine
it amy rapairs have ocourred,
Adhaslon Vicibly inspact component for ) |
obvious Indications of

zdheslon loss.

Additional Notes:

(&dd zdcitionz! pages as necasszary)
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Field Service Evaluation Checklist
Component ID: PWA-14408
Component Name: AFT Engine Yoke
Serial Number: POH516

e

Date of Inspection: 17 July 2008

Reason For Inspection: Second Field Evaluation

Name of Inspector: Steve Finley ¥ :
Location of Inspection: FRC NW 900 Div A
Time of Inspection:

NOTE: All Readings Taken From Side Showing P/N
Data is the result of the average of three readings per location

1P teverse sole frond I, &

F-85



Headlng-

Comments

| 60° NT

85" NT

DFT NT

.“ . Eb T
4.

Trail

G

Is

60" NT
85" NT

DFT NT

L‘

h-

Trail

95.69 |
* =066

4. 40
37

60" NT
85* NT

DFT NT

LI‘

a* "G.‘if

b*

Trail

45

PZ.6%

Aatafoits moas il
.:::-'Hhaf EUILL‘, vaur—b
ufSicle L e
LAVl -

60" NT
B5* NT

DFT NT

Ll
'-i
h!

Trail

8BY .08
- o.64

=-94
d 1

60* NT
85" NT

DFT NT

.-L-

I. — DJ&Z

Trail

T2 - 48

Y. 20|
- S

60" NT
85° NT

DFT NT

L‘
a*
b*

Trail

?z‘ns_'
“©.83
3. 4%

b2 ;i e
e o o] R
o A | s
bt e

r %
TR =
B

F-86




7 60 : L* NT Concave surface
AR
85" = a* NT
g5
prr <18 b* NT
L a9
Trall MT
8 60" S==g LONT
a5
- ey BN
OIT 2.3  b*NT
Trail
g 80 25,5 L*NT
85 239 a*NT
DT Y,4B  beAT
Traill NT
10 60° L* NT
EE..- Q
85" *gl!l-ﬁ a* NT
a2 F.
DFT == b*NT
B
i Trall NT
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Field Service Evaluation Checklist

Performance Criteria

_Instructions

- Results and Dhser\;-atinns

Appearance

Uniform smooth surface free of
runs, sags, bubbles, or other
defects

Carrosion

Look for undercutting, pitting,
bubbling. Determine if any
repairs have occurred,

|
:

" Adhesion

| Wisibly inspect'mmpnnent for
| obvious indications of adhesion

loss.
|

Additional Notes:

;\,{ﬁ-.';* L v z?{ ¢ nﬂ‘irt(—ja -t i-f.':z i1 -’F':"I“ t [ -f é'{'fﬂ L

(Add additional pages as necessary)
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Table 92. J52 Forward Engine Yoke (SN: PO9HA(08) Raw Data

Field Service Ewvaluation Checkiist #1 .
Component 1D, CHVA - GIeTA | TEC SMED i
Companent Namz:_Tarumy of Encfe Yolio _

Serizl Number: :
At READINGS TAEN Teokl (bE sHawwg Py

Zale of Inspaction: '_ e
Name of |Rspactor S

= LY
Location of Inspection: Fec. Nw Saos Ty

Time of Inapection: =&
Part zrrival in Paint Shap, Date, Tine: H,/ﬁ..
Carliest Date, Time when part coukd depart____ K
Preheat thoe [ any]: &=, Tre. minutes
Time (o 2pply powder an cemponens: 5, TYPr- minutes
Amount of pandar a polied {pounde): N,-’:ﬁ

_ Complete follpwing it doing 2 two pass costing
1% Zeke (f applicablel,__ 32, T¥Ff, . minuies
Szcond powder applice lion (if 2pplicable): Nk Mminutes
Ameount of powder in second coat (I applicahle)ipownds):

Complets the following for all applicatians

Full bzle time: R T minutas
Time:from bake ¢nd to de-mask start [cool down time); 2<%, TP, minutes
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Field Servies Fvaluation Checklist #2
Component i, Puwld - 92 F A
Component Nama:_ Teobudmrel 'E,,tﬁ.,;.n. o
Serlal Mumbers PR HASE

Date of Inspectan: L f{":‘l =
Mame of Inspactar: e T2 S =il TF
Location of lnspection__ Bl Ww Gee

Time of Inspection: i =
Perfarmance Crireria | ) Instructions Fesults and Cbservatinns
Appearance Lriform smocth surface free of
runs, 5225, bubbles, ar ether
defacts
Eluxsrﬁl - il degree gloss meber readings.
e £, 2 sz attached drawing ta
g g9 determing location o take
mgasuramernl.
Gloss #2 | 60 dgre= pinss mater readings.
&% ez Use attached drawing ta

determine location to take
B5® gz | casurement,

Gloss A3 D depree gloss meter rezdinas,
- U=e attached drawing to
il determine location 1o taks 2
Q= measurement.
Gloss W &0 depree giass meter readings. | )
Uze attached drawing o .

determing location to rake
measuramenl.

Glogs £5 50 degr=z gloss meler readings.
Lz altachked deawing to
determine location to take
feasuremant.

| Gloss #5 6l degree gloss meter readings.
Use aitached drawing to
letermine location to take
MezEdrement,
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Field Service Evaluation Checklist (Continued)

AN e gL W gy,

b

Compenent I0: PwA -9 &3
- *
Companert Mame:; Tt By Yelke
e
Zarvial Mumber- PrHAnE I = _
" Performance | | avey - 20 E
Criterla Insiructions Resuits and Obseryations
I Colar #1 Using attached drawirg, ls T35 i |
determine lscation to take A —o.o8e Tﬂﬂ..[ :;_
MeAsLramEnt, = 0.5
| Color#2 Using sttached drawing, |_ S iy |
determine lacation 8o take A ~e2,.9 il G
MEeasurement, E i
[ Colar#3 ' Using atiached dawing, s SL R _
determine location to fake A _ :‘_;E ] el ?—
measuremanl. i3 [l | 4
Color 44 Lising attarhed drawing, ' I Iy, "
det=rmine lacation to take A __: %3_ T q.,.! ]
measurement. _ = G.G¢
Color i85 Wsing atizched drawing, L
| delennine location to take ra ji%g "]'ﬁq_j ('T
mEasurament. E S
Cobor 116 Using attachad drewing, [ T3 * |
detzrming locatian to take i X -, B9 T q_[ Lad [
measurement. B '5: 2 I |
Crrension Look far umier:ut[jng,
pitting, bubhling, Determine
if amy repzirs fave occurred.,

| Adhesion WTsibly Inspect eampanant for
obvizus indications of
| adhesion loss.

Additicnal Neotss:

{4dd addiional pages as necessaryh
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Tar 852857, 4 lesy shewls e e
24F 2, Toaler . also!
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Field Service Evaluation Checklist
Component 1D: PWA-8963A TEC GMEU
Component Name: Forward Engine Yoke
Serial Mumber: PAIHADS

Nate of Inspection: 17 July 2008
Reason For Inspection: Second Feld Evaluation
Wame of Inspector: Sleve Finley

Location of Inspection: FRC NW 9S00 Dy

Time ol Inspection:

NOTE: All Readings Taken From Side Showing P/N
Dota is the result of the average of three readings per location
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Rea&ing Data Comments
1 B0 . Sy
85° a* O g
DFT ¢ 2 b B.52
Trail S
B
aR" R ? e
PFT 2.4 B D2
Trail L 57
3 [Nt Qo Ay - -
85" NT at = (O Rl
DFT NT 3.¢ b* = G2
Trail L F
4 | 80° N L s
85" NT a" ,.L:— ; 1:
DITNT N be - = ?
il T
5 60" NT * . o
et d
85° NT a* -y G -
DFT NT 3.2 b* 2 T
Trail l_lt:;
5 60" NT L: Gl o
85° NT #* =il
DFT NT 2.9 b* 2 FF
Trail 7
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7 80° o L*NT
85~ O { a*nT
DFI D=5 hENT
Trail NT
R a0 s . & LAnT
85" - 5 a*wT
DFT = 5= Db*NT
Trail
9 60° o L* NT
85" S L atnT
prr & 58 bent
Trail M1
10 (v 5@ L™ NT
85" & [k f  atnT
DIT s, o pENT
Irail BT
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Field Service Evaluation Checklist #2

Results and Observations

Performance Criteria I - Instructions ]
Appearance Uniferm smooth surface free of |
runs, sags, bubbles, or other
defects
Carrosion Leok for undercutting, pitting.

bubibling. Determine it any
repairs have occurred.

Adhesion Visibly inspect component for
obwvipus indications of adhesion

[rass

Additional Notes: = Ve v =g w4 B ol o~ o af — Ve |';Jl

= .
A beig [ a Segre ©

{Add additional pages #s necessary)
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Table 93. Engine Support Adapter (SN: 41A364) Raw Data
Instructions for Use.

1. Atfirst evaluation, fill out Fizld Service Evaluation Checklist #1 to include the time in terms of
process time (how long was component in the paint skop), actual labor hours while part was
being coalsd, and amount of powder used (estimated).

2. Before taking measurements for Fiald Service Evaluation Checklist #2, obtain a drawing, create a
hand drawing, or take measurements from a common datum paint to the points on the
companent where the test measurements willfare made. This drawing or other documentation
should remain with both of these checlklists so that it is available for follow on sampling.

P/N PWALG 00 3 SAl
euﬂwafupﬁ/! GlAZt , owunad by W/e. 350
OBNWT hwn A [ .

weeol Scafe 10 wasure TV achol/ Coatagy
Liew- LSy 1o prehet
O100 - »fegey bepag
54 M!ﬁwgmf—tﬂfu{
03 e dd, o
W Tuge bﬁ?f‘bmt

c?i?"t—— Yeus ve

Cos| te tPuck Wil (Ovm-l«.‘
st et to temove stegfer mtbnd partc . Mede | 1 PevOuy |
Ltz o

e e

—_—

5[#\(&}3# ._,u;_,_,f; wat ‘up&'bb{.[,eo{, ,.l:ja.i'
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2 ‘-“'52-.&_,&} Fﬁ?r;(}f“

#
PW A 1063 Field Service Evaluation Checklist #1
Coemponent iD: S WpFe AT e
Component Name: &' LA nﬂ. APTHER. 2 PenrS 1
Serial Number:_# (A 3¢ 4 Work CENER 4675

Date of Inspection: 20 I AN 6§ -
Name of Inspector:_ S oz EXiNeEY _
Location of Inspection:_(i) przee @2 v Lo thn sz
Time of Inspection:_/sp< 79

Part arrival in Paint Shop, Dzte, Time:;_ =3
Earliest Date, Time whan part could depart:
Preheat time (if any):_2. { j#772 __minutes
Time to apply powder en com ponent: Zees Poir X 25 257 7% o Pt minutes
Amount of powder applied (peunds);

Complete following if doing a two pass coating
1" Bake (if applicable]:_z({’ﬁ? _ ____ minutes
Second powder application (if applicable): A/ f4- minutes
Amount of povedar in second coat (if applicable)( pounds):_

Cemplete the following for all applications

Full beke time; 280/ 2931 : 30 Ty minutes
Time from bake end to de-mask start (cool down time): 0431 _minutes

Purgo Plucs Pogss
R bodn TAP B

Yerat TE4e 1S hrs.

ghfé'f F B veverve ¢ teda
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Lompansnt 10

Fiald Service Evaluation Checklist (Continued)

PwiA |Yea S

Compenent Mame:

Serfal Mumbam-

E%ﬁ,ﬂ’ Segpovt Ade fter B
(ABGY P :

[ parformance
. Criteria Instructions = Fesults and Chservations
Colar #1 Using attached drewing, s 55.3%7 _
determine location to taks A -y "I.-l"t.a:l!r L=
rieasure memnt, |3 2 42
Colars2 I sing attached drawing, - St Y . —[
determine locztion 1o take A - e L.La‘f’.
| measurement, & __!'__lrﬂ._.;Lt. I
Celor §3 | Using artachec drawing, L Sy -
determine [ocation te taks A = I" E‘% Tt o
| IMEASUrEmET. [t | -rﬁ.L
(Color i Using attachad drawing, L 52,77 T
dete rnine Bacation bo tako o = .o Toted l{,{_,-,
meaiurement. B Lo
Color #5 Using attached drawin_g: _ i 1Y - -
determine location to ke FS _:FO 56 I 'i"'q'.y::a-,.fI q:-?" |
MaEsuramet, B = a2
Color & | Using attached drawing, L T4 ) ~|
detsrming pcation bo take g, -_‘?' ‘:“D? | "‘i"Tq.J! LE"E
| MEAEre Meng, E .?_', 28
Corrosian Lok far srdercutting, L .83 .
* 7 pitting, bubbling. Determine ™ ? [ .,'28_.,__': ] 'In"'ﬁa.{’ {f:f—?
iFany repsirs have oczurred. B C}" =
[ Adhesion ¥ | wisibly inspect campanznt Tor | | ey .
8 abvicus indisaticns of A __?1 c \;t Tavald S5O
[ acheslon loss. & | . Pes

Addrtional Notes:

(Add additional pages =5 necessary|
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Companzpt [0x

Field Service Euvaluation Checklist 22

P 4o s

. Companent Name:
Seérizl WNumbar

—_E*"rﬂj,_f-ﬂ-‘- Swpgdort Aclaifer
XAZ et Wl Coutrr gL

Date of Inspection:

[

Mamz of Ingparior

' EF

Lication of Inspection:

Time of Inspection:

Fag . Nuw Geas o

T ST

| Perfarmance Critera

| Instructions
T

1

Resulis and Observations

Appearancs

Liniformm smoath surface free of
runs, s2gs, bubhles, ar gther
| dufects

/

Glosz#7

l' 80 depres gloss meter readings.

s attached drawing to
determing location to roke
mieasiremgnt,

L™
( Su

Lﬁluss B2

Lbse attached crawing 1
ceterming location to take
measurement,

&0 degres gioss metsr readings.

fcs-::'“
Bs*®

’T{Emﬁs #3

| &0 degree gloss meter rezdings,

Use attachod drawing to
determing lucation e take
FiEdsurarsnt.

GO
as

r Gloss 32

| B0 degree glows metar readings,

Usge attecheg drawing o
determine iccation to take
MEasurEment.

Ghass #5

Us= attached drawing to
determine lacation to take
measirament.

G0 degree pless meter madings,

Gloss &8

Use attached draveng to
determing [ocatian 1o tzke
rmeasunEment,

G0 degree gloss meter raadings,
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Field Service Evaluation Checklist
Component 1D: PWA-14403
Component Name: Engine Su r
Serial Number: 41A364 WC 450

Date of Inspection: 17 July 2008

Reason For Inspection: Second Field Evaluation

Name of Inspector: Steve Finley :
Location of Inspection: FRC NW 900 Div :
Time of Inspection:

o DEMO beanae q;ﬂﬂ%;pm p gt

: e M““ it faf

516, + B Yeverse cioda
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Table 94. J52 Aft Engine Yoke (SN: P9H218) Raw Data

Field Service Evalustion Chacklist #1

Componert | Fwik = [%4om

Component Mame:__gALE @.; ?&& » YelcR
Serizl Humbar Peetz |

Dte of Inspectian: |_z‘" 3

Mame of Mspector 5=

Location of nspectisn: I W Zo o v,

Time of [rspection: 2y

Part arnival in Paint Shop, Dats, Time: M o i

Barliest Date, Time when part could depart: A&

Preheat time [if 2oyl e, T¥E N ke

Time te &oply pewder on companent, s & _ rinutes

Amaunt of powder applisd {pagnds); M_,-"A o
Camplete following if doing a two pass foating

1" Bake (if #pplicakle): B - minuiss

Second pewder zpplicaticn (if applicakie): M2 minutes

Amaunt of powderin second coat {if applicable)|pounds): it A

Cenmplete the following for all applications
Full bake time:_ Fo TrF _ minutes

Tirne from bake end ta de-mask start (cool down tmz);_ e ¥R, minutes
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Component [ -
- Componant Mame:
Serial Mumber;

Date of lnspection;

Hzme of Inspector

Field Service Evalustion Checklist 22

1A ~ t*-Hﬂa

Afs u@_hy.ﬂ- Yolkg |

\/7Fa
55

Location of Inspection;_ 7Re_ Mw Yoo hav,

Tims of Inspection:_

| Appesrance

Glogs 5

|

Performance Criteriz l

e

Instructions

Results and Obszervations

Urifarm smoath surface free af |
niis, sazs, bubbles, or orer r

defects

| B0 cegres gloss meter readings,

Use attazhed drawing 1o
delarmine location ta take
mezsurement.

L |

Gloss g

| 50 degree sloss meter readings,
Use atiaghed drawing &

determine location to tzke
MEaslrament, (

|

| &5

=L Y=
-%m-.“]c:,_"c Y s

ez &
=y

29,2
B¢ .8 f%

rﬁm #9
|

| &0 degrer gloss metar readings.

Use #tbached drawing ta
determing location ta take
IMERSLFC syt (

| co=
as%.

Be.g lyz
2. 3. |'LI'-.Q

Gloss 54 o

|
|

60 degres gloss meter reg dinzz.

J Use attached drawing to
detzrmine location 1o take
Measurement.

| Gloss #5

|

T
' Sy

(e 7}

| Bl degrae g[f:uss meter readings, |
Uze atrached drawing ta
datemmine location to take
measurament,

| Gloss #5

|
]

| 60 degree gioss meter readings. |
Use attzched drawing Lo

determing leeation o tako ’

Measurament.

| PO T

F-104




Fleld Service Evaluation Chacklist (Continued)

Compansn] |10; Fwd—(4qom L
Componant Mare - .-‘dhf-b . = Ll :‘:;;!g 2]
Serial Nymbar;, o i % it )
i Ferfarmance ]
|__ Criterlz Instructions ’ Results and Obseruations =E‘F &
Color gl Lising altarked drawing, | o2 T3 i ’ o
determing locatian ta take e T e FYE TTihal (7 o S
J M&asUrEmant. B d .08 _l #- 2.
Color &2 Using attached drawing, E. = '_-,',r.-:.? . I 3.9
determine Incatlon to 1ake A = G TSl LH Y.
I | Ineasuremsnt. g 2.0 Y.z
[atar #3 Usirg 2ttachad drawing, [ _ = 8 S —
r detanmine location 1o take A j ; ?; Tl LT ( L ;”_
r_ | Mmeasurement, B o S
. L . C = ] ) e _ v
Color &4 Uging attached drawing, [ i &, 59 . —J fa B
| determing tootion to take ey . to Tl 20 .2
[ Measyurament I’ E, 3 .55 B in
|E":'Ior "5 U=ing attached dra wing, I e ? TS f F.=
| daterming location 1o take e - T | 21 A
| Mgasurams nt. 2 2 .87 B
}‘Culnrﬂﬁ Using attached drawing, L gaT s - g
GETErMInG locAloR 1o teke r A - 5 T Tral - r & =
measursment, I & Bl ek
Corrosion ool for indercutting, || |
piking, bubbling. Getermine [
i any ropafrs have oiourfed, (
‘ Adhesion Wigibhy Imspect comparent for |
obviaus indicztions nf
|_ I adhasion loss, J |

Adgitional Matas:

{Add addrinnal PREES &85 necessary}
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Table 95. Pod Cradle Assembly (SN: PC5043) Raw Data

Field Service Evaluation Checklist #1 .
Component1D: 4920 =~ — e B 7 Sl 5 R

Component Name: FL;,]}_, o EaMLE | PﬂJ ([\2asMEJdoB oo — 'f_
serial Number:_ P&So4 3

Date of Inspaction: 1 ."/Erj

Name of 1fspector: ' Se =y

Lecation af Inspection: o 'L_-?’C: < .1.:31-'!!"

Tirne af Inspection: 1= =0

Part arrival in Paint Shep, Date, Tima:__ U,-f'ﬂ;

Earliest Date, Time when part could depart: M/f’:

Preheat time (if any): Fe, T i, minutes
Time to apply powder on component: b E i minutas
Amaunt o powder applied (pounds): N /s

Cornplete fellowing if deing & twe pass coating
1" Bake (if applicakble): Fo, TYP. minutas
second powder aoplication (ifapplicabie)__ &AA  minutes

Arount of powder in secend coat (if applicable){pounds):___ A ZA

Complets the following for all applications
Full bake time: o -0 & o minutes

Time from bake end to de-mask start (cocl down time): :1;5 5 T‘ﬂa i minules
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Field Service Evalustion Checklist 42

Componant [D: e S s oS
Componant Name: h!bi:?'t Cacile . _
Sarial Mumber: Poyoi® i
Date of Inspection; \ ,-'/5":3 .
Neme of Inspector: &= SF "
Location of Inspection:_ FRe —Fob 'wa’_' I e
Tirme of Inspection: A
|_P:r;'+:nr_t-n:ne. Criteria Instructions - Results and Obssryvations =, 'FI
| Appesrance Unifarm smoath surface fres of
runs, sags, bubbles, or cther
defects
Gloss #1 [ EI.'] degrr:zel i_;ldusds mr.'_tq:rtrend'rngs. e i o, l...i - Y=
za attached drawing 1o e
determine ocation to tske = - =2
meacurement. &
Gioss H2 Z':' CEEFEEhilg E; MEITEF readings. Gﬂ.-_*: & 1 L"- 5- ‘ E-
c= atfac rawing to i &N 8
detarmine location o take ﬁ{:& = E
mazsuramarnt. ' T
Gloss %3 | €0 dezrees gloss metzr readings. c o o N 3 (.{_
Use attached drawing to "?_ ook L{
detanmineg lecation to take B85 @2 & A
measurement. 3-7
Closs #4 60 degres gloss mater readings S oy, i
Usa attached drawing to (a0 - b ??‘g
delermine location 1o take 25 o -3 .3.1 el
me=asurement. v |
Gloss 5 Eﬂ degree glozss rnE-_:er readings. Foa & 72 - o 2
ca sttschad drawing ko o o
detemmings location to take s E: 5- "t' -3
meAsurement, Lf' ".I"'
|
Gloss 6 &0 dagree gloss meter readings. 2= = .
Ure attached drawing o 3’5’ £ ) C. m
dstarmins location ts taka FL.G k
MeRSUFEMENT. G.&
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Componant I

Field Service Evaluation Checklist {Continued)

(T 2o —co—4YBE -~ IR

Companent Name: ‘P=2=='|- Cfﬂ-'ﬁ“& ‘
Serlal Number: Fes o3
Performance = o
Criteria Instructicns Results and Observations

Color#1 Using attached drawing, i S5 .

determing location o faks A — |+ 0% T‘?‘t&{ 2L
| measurement. 5] =, q,&,

Color #2 Using attached drawing, L ‘Cz-g_,? { g
detzrmine lgcation to taks A ~l.aa i ‘l“‘m.,f L)
measurement. B 2B c;|

| Colorps Using atrached drawing, . i, f-” il I
determing location o take A — (el 37
MeasUrament. S- = e

Color &4 Lsing #ttachad drawing, L B
determing location to taks A _

— .5 [rladl 3 8
measurament. &
| : o = . 2.8

Colar#5 Using attached drawing, — ?{G.?H ;
delermine localion to take 7 —=.B8 _i‘_‘ir"-f‘ | = ?
measuremant. & = 4 =

Colar k2 _ Lj;;}hg attached drawing, s ]

{ determine location 1o take _i? ?é:_.} .?3_ T r | 4
Mazsurament. E i | A
Carrasion Look for undarcutting, L. =
#-F pitling, bubbling, Determine .. A ) [ L
; 5 LB T aea (
if any repairs have occurred. B 2 F

Adhesion 3 & | Visibly inspect componant for | qé"({"l
obvious indicatiors of A — =
adhesion lnss. E = -;fl e {{-1

Additional Notes:

{Add additional pages as necessary)
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Table 96. PON-6 Engine Pre-Oiler (SN: POHV20) Raw Data

Component ID:

Field Service Evaluation Checklist #1

Poi- &

. Companent Name:.

Eralls Fre-~o, EE‘.J’"

Serial Number:

PIHV2 4

Date of Inspection:

= WARVL Y-

Name of Inspector;

S TN LBy /. MAHENNCA

Location of Inspaction:

e~ Ny

Time of Inspection:

(. 3=

Partarrival in Paint Shop,
Earliest Date, Time when
Preheat time (if any);

Date, Time:

part could depart;

Time to apply powder on

Amount of powder applied (pounds):

component:

minutes
minutes

Complete following if doing a two pass coating

1" Bake (if applicable): b

Second powder application (if applicable):
Amount of powder in second coat (if applicable}{pounds);

Full bake time:

minutes
minutes

Complete the following for all applications

minutes

Time from bake end to de-mask start (cool down time):

minutes
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Field Service Evaluation Checklist (Continued)

Component ID:
Component Name:
Serial Number:
Performance
Criteria Instructions Results and Observations
Appearance Uniform smooth surface free
of runs, sags, bubbles, ar
other defects
Corrosion Look for undercutting,
pitting, bubbling. Determine
if any repairs have occurred.
Adhesion Visibly inspect component for
obvious indications of

s

adhesion loss,

Additional Notes:

{Add additional pages as necessary)
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Field Service Evaluation Checklist #1
Component ID;___ Fe= - o
Component Name:, FPolM- o E ety ioce tjfc - e,
Serial Number: _PeHd V28

Date of Inspection:___ &/ 'E,L/F_‘:?

Name of Inspector:__ =ty ml;j
Location of Inspection; =120 — N/
Time of Inspection: (.20 -

Part arrival in Paint Shop, Date, ﬂme:_____d__t_u‘_, i/t‘_'}‘?

Earliest Date, Time when part could depart: f-.f-/*-? ',‘/ o7

Preheat time (if any): = minutes
Time to apply powder on cormponent: [ = minutes
Amount of powder applied [pounds): LA [y iy g

Complete following if doing a two pass coating
1" Bake {if applicable);_ . minutes
Second powder application [if applicable): minutes

Amount of powder in second coat (if applicable){ pounds):

Complete the following for all applications

Full bake time: minutes

Time from bake end to de-mask start {cool down time): minutes

Visua ( u-:u.sfk&m;» only | Canuat o —thre actual MALaray
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Field Service Evaluation Checklist (Continued)

Component 10y
Component Name:
Serial Number:

Performance | |
Criteria Instructions Results and Observations

Appearance ‘ Uniform smooth surface free | Mo Toaraday C v
of runs, sags, bubbles, or * 'F_""F'r— {
| IS ME Pee

| other defects

—

Corrosion ' Lock for undercutting,
| pitting, bubbling. Determine
if any repairs have occurred.

Adhesion | Visibly inspect component for
obvious indications of |
! adhesion loss.

Additional Notes:

{Add additional pages as'necessarﬂ
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Table 97. Full FSE Color Results by FSE Component

Nitrogen Servicing Cart, SN: NRR073

Date Location L a b Trial

06 1 94.60 | -0.60 4.68 32
“ggggh 2 94.81 | -0.50 5.06 33
3 9539 | -0.65 4.00 34

4 94.48 | -0.75 3.88 35

5 92.94 | -0.83 4.10 36

6 9449 | -0.79 3.71 37

7 92.95 | -0.95 3.25 31

8 92.76 | -0.78 3.86 30

9 93.81 | -0.77 4.53 21

10 9245 | -0.97 3.29 22
11 NT NT NT NT

12 93.83 | -0.50 5.34 27

13 94.28 | -0.33 5.52 26

14 94.97 | -0.30 5.53 25

15 9566 | -0.33 4.86 24
16 NT NT NT NT

17 95.02 | -0.59 4.73 20

18 95.00 | -0.60 4.39 23

19 93.74 | -0.46 5.06 28

20 94.68 | -0.64 4.37 29

M(‘:f)‘” 9421 | -063 | 445
Standard
Deviation 0.94 0.20 0.71
(o)

03 1 9240 | -0.16 8.21 2
Fezbgggry 2 91.18 | -0.26 8.18 3
3 89.54 | -0.35 7.76 4

4 87.82 | -0.25 7.99 5

5 88.34 | -0.44 7.57 6

6 89.87 | -0.43 7.22 7

7 91.12 | -0.59 5.25 8

8 89.99 | -0.72 4.86 9

9 92.60 | -0.73 5.90 10
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Date Location L a b Trial
10 91.24 | -053 5.95 11
11 NT NT NT NT
12 90.01 -0.09 6.66 12
13 92.70 | -0.28 7.01 13
14 92.92 | -0.16 7.24 14
15 92.66 | -0.13 6.34 15
16 NT NT NT NT
17 90.20 | -0.04 6.68 16
18 89.37 | -0.08 7.12 17
19 90.09 | -0.15 6.35 18
20 89.36 | -0.25 6.97 19
M(‘:f)‘” 90.63 | -0.31 6.85
Standard
Deviation | 1.55 0.22 0.95
(o)
04 1 92.21 -0.22 9.14 3
N°‘2’§B”9be" 2 88.29 0.3 11.13 4
3 86.81 0.5 13.85 5
4 87.42 0.15 11.77 6
5 NT NT NT NT
6 NT NT NT NT
7 87.82 0.06 114
8 74.33 0.21 9.54
9 88.7 0 10.27
10 87.62 0.16 10.98 10
11 NT NT NT NT
12 85.87 0.47 9.06 11
13 88.16 0.23 9.73 12
14 87.62 0.49 10.59 13
15 91.51 0.05 6.72 14
16 NT NT NT NT
17 9242 | -0.09 7.16 15
18 91.39 | -0.07 6.83 16
19 88.95 0.12 8.36 17
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Date Location L a b Trial
20 NT NT NT NT
M(‘:f)‘” 87.94 0.16 9.77
Standard
Deviation 4.28 0.22 1.99
(0)
NT = Not Taken
Nitrogen Servicing Cart, SN: NRR204
Date Location L a b Trial
06 1 93.88 -0.64 4.11 12
'\ggg‘g‘ 2 94.48 | -0.71 3.35 13
3 94.78 -0.67 3.38 14
4 93.99 -0.69 3.74 15
5 94.28 -0.75 3.84 16
6 94.16 -0.56 4.55 17
7 94.55 -0.59 3.47 18
8 94.74 -0.59 3.43 19
9 95.00 -0.58 3.84 5
10 95.35 0.65 3.01 6
1 NT NT NT NT
12 92.56 -0.55 3.83 9
13 92.01 -0.61 4.72 8
14 93.66 -0.67 4.20 7
15 93.54 -0.50 3.86 4
16 NT NT NT NT
17 96.02 -0.69 2.86 2
18 94.38 -0.61 3.79 3
19 94.81 -0.72 2.98 10
20 93.15 -0.42 4.01 11
M(‘;‘;‘” 9419 | -055 | 372
Standard
Deviation 0.97 0.31 0.51
(0)
03 1 90.31 -0.28 9.08 23
February 2 90.49 | -0.40 9.12 24
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Date Location L a b Trial
2009 3 90.45 -0.33 8.95 25
4 88.74 -0.28 8.84 26
5 89.28 -0.28 9.73 27
6 83.20 0.46 12.46 28
7 92.18 -0.59 5.90 29
8 88.28 -0.19 6.77 30
9 93.24 -0.46 5.96 31
10 93.53 -0.59 5.59 32
1M NT NT NT NT
12 87.73 -0.11 7.21 33
13 90.34 -0.73 6.73 34
14 92.25 -0.70 6.50 35
15 94 .41 -0.75 4.84 36
16 NT NT NT NT
17 89.45 -0.43 6.70 37
18 90.50 -0.41 6.74 38
19 89.25 -0.23 7.60 39
20 90.75 -0.26 7.28 40
M(‘:f)‘” 90.24 | -0.36 7.56
Standard
Deviation 2.54 0.28 1.84
(0)
NT = Not Taken
J52 Aft Engine Yoke, SN: POHS513
Date Location L a b Trial
30 1 89.37 -1.13 3.52 23
J‘;%%asry 2 88.08 | -129 | 253 24
3 93.12 -1.06 4.82 25
4 93.96 -0.96 4.64 26
5 93.97 -0.89 4.51 27
6 94.33 -1.03 4.08 28
7 NT NT NT NT
8 NT NT NT NT
9 NT NT NT NT
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Date Location L a b Trial
10 NT NT NT NT
11 NT NT NT NT
12 NT NT NT NT
M(‘:f)‘” 92.14 | -1.06 4.02
Standard
Deviation | 2.70 0.14 0.86
(o)
17 1 93.06 | -0.44 3.55 56
2"3(')3; 2 90.33 | -0.86 1.80 57
3 90.60 | -0.79 2.42 58
4 90.96 | -0.58 2.77 59
5 92.94 | -0.56 3.08 60
6 93.83 | -0.68 2.68 61
7 NT NT NT NT
8 NT NT NT NT
9 NT NT NT NT
10 NT NT NT NT
11 NT NT NT NT
12 NT NT NT NT
M(il"’)‘” 91.95 | -065 | 272
Standard
Deviation 1.49 0.16 0.59
(o)
27 1 94.48 | -0.69 2.58 NT
Jz%%%ry 2 93.12 | -0.85 1.88 NT
3 90.38 | -0.64 2.9 NT
4 9147 | -0.68 2.48 NT
5 93.29 | -0.57 2.87 NT
6 93.26 | -0.68 2.52 NT
7 NT NT NT NT
8 NT NT NT NT
9 NT NT NT NT
10 NT NT NT NT
11 9537 | -0.45 3.42 NT
12 92.96 -0.4 3.98 NT
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Date Location L a b Trial
Mean 93.04 -0.62 2.83
(M)
Standard
Deviation 1.57 0.14 0.64
(o)
NT = Not Taken
C-130 Nose Landing Gear Forward Door, AC: 92-1534
Date Location L a b E
May 1 66.23 -4.92 1.48 66.4
2008 2 66.10 -4.86 1.41 66.3
3 66.00 -4.78 1.38 66.2
4 66.00 -4.79 1.46 66.2
Mean 66.08 | -4.84 1.43
(M)
Standard
Deviation* 0.11 0.07 0.05
(o)
July 1 66.25 -4.95 1.08 66.4
2009 2 66.32 -4.95 1.06 66.5
3 66.02 -4.99 1.09 66.2
4 66.20 -4.94 1.19 66.4
Mean 6620 | -4.96 1.11
(M)
Standard
Deviation* 0.13 0.02 0.06
(o)

* Calculations are questionable due to very small sample size

C-130 Nose Landing Gear Aft Door, AC: 92-1534

Date Location L a b E
May 1 66.06 -4.87 1.35 66.3
2008 2 66.16 -4.79 1.34 66.3
3 66.13 -4.79 1.76 66.3
Mean 66.12 -4.82 1.48
(M)
Standard
Deviation* 0.05 0.05 0.24
(o)
July 1 66.02 -4.78 1.02 66.2
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()

Date Location L a b E
2009 2 ANA ANA ANA ANA
3 66.25 -4.70 1.10 66.4
Mean 66.14 -4.74 1.06
(M)
Standard
Deviation* | 0.16 0.06 0.06

ANA = Area Not Accessible
* Calculations are questionable due to very small sample size
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Table 98. Full FSE Gloss Results by FSE Component
Nitrogen Servicing Cart, SN: NRR073

Location | Angle Og Mar | 03 Feb | 04 Nov
008 2009 2009
60° 71.60 72.20 62.80
1 85° 93.30 77.50 78.80
60° 75.30 74.20 63.20
2 85° 93.00 84.00 81.90
60° 71.90 53.90 32.10
’ 85° 83.50 57.30 70.20
60° 70.40 53.90 24.80
4 85° 79.80 73.30 45.70
60° 63.30 23.90 NT
° 85° 71.60 39.00 NT
60° 52.20 55.90 NT
° 85° 58.10 60.90 NT
60° 51.50 56.90 43.40
! 85° 61.20 67.10 51.70
60° 60.30 53.50 14.20
8 85° 66.30 63.40 38.40
60° 79.50 69.20 51.90
° 85° 83.90 85.20 74.90
60° 54.50 70.80 26.70
10 85° 67.70 83.90 48.00
60° 56.10 68.30 17.20
" 85° 57.00 80.00 29.00
60° 74.30 63.10 26.20
12 85° 76.50 82.60 37.40
60° 61.50 52.00 33.10
13 85° 63.10 62.80 39.40
60° 78.00 66.60 36.40
1 85° 85.80 81.90 58.00
60° 74.30 63.80 38.80
1 85° 74.90 67.50 55.90
60° 59.20 39.50 33.30
10 85° 61.20 56.70 51.40
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Location | Angle 0;3 Mar | 03 Feb | 04 Nov
008 2009 2009
60° 7880 | 67.80 | 52.30
" 85° 8820 | 9470 | 87.60
60° 7860 | 59.30 | 50.20
18 85° 8260 | 8250 | 87.20
60° 59.00 | 61.50 | 56.20
19 85° 7370 | 87.30 | 78.60
60° 7520 | 4860 | 28.70
20 85° 90.10 | 66.40 | 65.30
Mean 60° 67.28 | 5875 | 38.42
(M) 85° 7558 | 7270 | 59.97
Standard 60° 9.73 12.10 | 14.88

Deviation

85° 11.88 | 1360 | 18.64

()

NT = Not Taken

Nitrogen Servicing Cart, SN: NRR204

Location | Angle 06 Mar | 03 Feb | 04 Nov

2008 2009 2009

60° 68.60 52.10 46.10

1 85° 75.40 51.50 79.40
60° 80.30 74.80 52.50

2 85° 88.80 88.30 79.00
60° 75.90 73.30 46.40

] 85° 86.40 84.00 78.30
60° 65.00 42.70 28.70

4 85° 81.30 60.80 72.70
60° 71.60 58.30 38.90

> 85° 86.10 76.30 70.20
60° 69.20 52.90 34.00

° 85° 87.20 82.50 71.30
60° 64.40 84.50 59.70

! 85° 76.10 90.90 88.20
60° 69.40 65.10 55.00

8 85° 80.70 79.00 74.30
9 60° 66.50 78.30 44.10
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Location | Angle Og Mar | 03 Feb | 04 Nov
008 2009 2009
85° 8160 | 9190 | 86.20
60° 6320 | 81.30 | 69.30
10 85° 8400 | 9750 | 89.30
60° 63.30 | 44.10 | 57.60
" 85° 6540 | 57.60 | 81.50
60° 59.20 | 53.90 | 49.00
12 85° 7650 | 75.00 | 79.30
60° 5450 | 54.10 | 50.90
'3 85° 6440 | 6620 | 56.90
60° 5220 | 61.10 | 63.60
1 85° 6150 | 68.70 | 82.40
60° 62.00 | 2820 | 69.40
1o 85° 7640 | 4310 | 87.80
60° 5570 | 35.60 NT
10 85° 79.10 | 41.70 NT
60° 6520 | 40.50 | 42.00
" 85° 69.00 | 6570 | 75.10
60° 7170 | 7140 | 67.60
18 85° 89.70 | 89.00 | 89.90
60° 5890 | 60.20 | 56.50
19 85° 69.30 | 7460 | 86.98
60° 67.70 | 60.00 | 39.80
20 85° 66.80 | 8320 | 81.30
Mean 60° 6523 | 5862 | 51.11
(M) 85° 7729 | 7338 | 79.48
Standard 60° 7.06 15.61 | 11.81
Deviation
85° 8.72 16.18 8.25

()

NT = Not Taken

J52 Aft Engine Yoke, SN: P9H513

Location | Angle | 39Jan | 17Jul | 27 Jan
9 2008 | 2008 | 2009

1 60° NT NT 15.30

85° NT NT 61.10
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Location | Angle 3;) Jan | 17 Jul | 27 Jan
008 2008 2009
60° NT NT 39.00
2 85° NT NT 43.60
60° NT NT 31.90
’ 85° NT NT 55.90
60° NT NT 41.00
‘ 85° NT NT 55.80
60° NT NT 32.00
° 85° NT NT 35.80
60° NT NT 39.50
° 85° NT NT 72.50
60° 2200 | 26.50 NT
! 85° 2020 | 37.90 NT
60° 37.00 | 23.90 NT
® 85° 4140 | 33.90 NT
60° 33.80 | 22.00 NT
? 85° 4110 | 38.30 NT
60° 41.60 16.80 NT
10 85° 3480 | 26.80 NT
60° NT NT 55.30
" 85° NT NT 66.30
60° NT NT 55.70
12 85° NT NT 75.40
Mean 60° 3360 | 2230 | 3871
(M) 85° 3438 | 3423 | 5830
Standard 60° 8.37 4.10 13.14
Deviation
(@) 85° 9.93 5.33 13.63

NT = Not Taken

C-130 Nose Landing Gear Forward Door, AC: 92-1534

Location | Angle %%% ‘zlg(l))é
60° 43.5 42.0

1 85° 27.2 28.0

2 60° 34.4 34.0
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Location | Angle %%3{3 ‘2]&%
85° 20.4 20.0
60° 35.3 NT

’ 85° 253 NT
60° 48.3 40.0
4 85° 29.8 32.0
60° 30.9 35.0
° 85° 20.0 24.0
60° 22.7 NT
° 85° 14.7 NT
60° 37.8 35.0
! 85° 251 27.0
60° 38.7 36.0
8 85° 19.0 25.0
60° 25.0 32.0
° 85° 12.8 23.0
Mean 60° 35.18 | 36.29
(M) 85° 2159 | 2557
Standard 60° 8.21 3.50
Deviation
(0) 85° 5.70 3.87

NT = Not Taken

C-130 Nose Landing Gear Aft Door, AC: 92-1534

Location | Angle %%% ‘2]&%
60° 53.0 53.0

1 85° 40.2 40.2
60° 45.6 45.6

2 85° 33.5 33.5
60° 37.6 ANA

3 85° 32.6 ANA
60° 445 ANA

4 85° 34.2 ANA
60° 34.3 34.3

> 85° 26.3 26.3
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. May July
Location | Angle 2008 2009
6 60° 411 411
85° 31.1 311
Mean 60° 42.68 | 43.50
(M) 85° 32.98 32.78
Standard 60° 6.59 7.85
Deviation*
(0) 85° 4.52 5.78

ANA = Area Not Accessible
* Calculations are questionable due to small sample size
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Table 99. Full FSE Dry Film Thickness Results by FSE Component
Nitrogen Servicing Cart, SN: NRR073

06 Mar | 03 Feb | 04 Nov
Location 2008 2009 2009
(mils) | (mils) | (mils)
1 14.20 9.53 12.30
2 9.66 8.32 7.76
3 7.56 5.55 7.76
4 4.99 4.11 5.24
5 3.99 4.07 NT
6 4.96 4.66 NT
7 3.17 3.35 5.33
8 4.1 2.85 4.46
9 5.14 5.22 5.60
10 2.48 3.70 5.49
11 7.93 7.26 6.89
12 10.40 7.91 8.73
13 10.50 11.00 9.72
14 14.20 18.20 16.90
15 13.60 13.00 14.80
16 8.29 9.84 9.13
17 8.27 11.10 11.40
18 6.94 8.50 10.20
19 7.95 6.46 8.40
20 6.82 4.34 6.42
M(‘:l‘”;‘” 7.76 7.45 8.70

Standard

Deviation 3.53 3.88 3.43
(0)

NT = Not Taken

Nitrogen Servicing Cart, SN: NRR204

06 Mar | 03 Feb | 04 Nov
Location 2008 2009 2009

(mils) (mils) (mils)
1 6.56 6.84 6.39
2 5.47 5.81 5.59
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06 Mar | 03 Feb | 04 Nov
Location 2008 2009 2009
(mils) | (mils) | (mils)
3 6.22 6.25 6.18
4 5.88 5.66 5.54
5 5.18 5.09 5.81
6 10.40 7.61 6.40
7 7.02 5.70 5.52
8 5.56 6.06 5.56
9 9.88 9.03 9.20
10 7.57 7.41 7.45
11 11.40 10.60 11.90
12 9.15 9.17 8.61
13 6.94 6.01 4.97
14 6.01 6.10 7.56
15 10.10 8.75 10.10
16 9.09 9.02 NT
17 7.72 6.01 5.85
18 9.59 7.85 7.55
19 5.64 7.30 714
20 6.96 8.08 8.19
M(‘:l‘”;‘” 7.62 7.22 7.13

Standard

Deviation 1.92 1.51 1.82
(0)

NT = Not Taken

J52 Aft Engine Yoke, SN: P9H513

30Jan | 17 Jul | 27 Jan

Location 2008 2008 2009
(mils) (mils) (mils)

1 2.77 5.60 3.90

2 1.67 2.30 5.70

3 2.77 3.60 3.20

4 3.10 3.50 2.80

5 3.83 3.90 3.30

6 3.70 4.00 2.50
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30 Jan 17 Jul 27 Jan
Location 2008 2008 2009
(mils) (mils) (mils)
7 3.93 5.94 2.50
8 3.60 4.32 2.50
9 1.92 2.62 5.50
10 3.10 2.60 2.50
11 NT NT 6.60
12 NT NT 5.60
Mean 3.04 3.84 3.88
(M)
Standard
Deviation 0.78 1.22 1.53
(o)

NT = Not Taken

C-130 Nose Landing Gear Forward Door, AC: 92-1534

May July
Location | 2008 2009
(mils) | (mils)
1 3.8 3.2
2 3.1 2.9
3 3.5 2.8
4 3.5 3.5
5 2.8 3.0
6 3.0 3.4
7 3.2 2.7
8 2.7 2.8
9 2.4 2.1
10 2.5 3.1
11 3.1 3.4
12 3.4 3.4
M&?n 3.08 3.03
Standard
Deviation 0.43 0.40
(0)
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C-130 Nose Landing Gear Aft Door, AC: 92-1534

May July
Location 2008 2009
(mils) (mils)
1 2.8 3.0
2 2.1 2.5
3 2.0 2.2
4 2.1 ANA
5 1.9 ANA
6 1.8 ANA
7 2.2 2.5
8 1.9 2.2
9 1.8 1.9
M&‘;‘” 2.07 2.38
Standard
Deviation 0.31 0.38
(0)

ANA = Area Not Accessible
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Operate/Maintain Equipment and Facilities:

APPENDIX G: COST ASSESSMENT DATASHEETS
Table 100. Fleet Readiness Center — Northwest ECAM Data

1. Cost of PPE Notes
Employees
Powder Coat Shop 5 painters Assumption: 5 painters work in PC shop
Wet Paint Shop o) painters Assumption: 5 painters work in wet paint shop
PPE ltems For blasting operations to prepare components
Heavy Duty Blast Suit $179.21 | per unit Assumption: suit replaced twice a year
PPE Items For current powder coating operations
Kleengard coveralls $4.28 | per unit 25 coveralls to a box, 4 boxes per year (P/N 44334)
Each box contains one pair. Used 3 times (i.e. 3 days max with SOP of 8 hr max
Particle filters $4.82 | per box usage)
Kleengard gloves $3.00 | per box 100 gloves (50 pairs) per box. Usage time equals particulate filter limit
Full Face Respirator $213.69 | per unit Replace once every 6 months (Ogden's example: 3M 7800 series)
Respirator cartridges $18.17 | per pair Use one pair per day with Full face respirator (Odgen's example 3M 60926)
Annual man-days per painter 250 | days
Annual man-hours per painter 2,000 | hours
Wet process requires full tyvek suit, full face respirator, and cartridges. The switch
to PC requires only the use of particulate filters and gloves. Both processes
Estimated Annual Cost of PPE require the blast suit.
Per Employee (wet paint) $5,418.90
Per Employee (LTCPC) $765.09
For All Paint Shop Operators (wet) $27,094.50
For All Paint Shop Operators (LTCPC) $3,825.43

2. Cost of Faciliti Safeti Eiuiiment Notes
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3. O&M of Environmental Equipment & Facilities Notes

Personnel required
military
Enlisted (E-3) 4 members
Assumption: 2 Base Operating Support Contractors (BOSC) from Chugach
Cll (BOSC Contractor) 2 contractors Industries, Inc (Cll) are utilized for this activity
Total man-hours required for these actions
Enlisted (E-3) 60 hrs Assumption: 60 man-hours are required between the 4 military members
Cll (BOSC Contractor) 30 hrs Assumption: 30 man-hours are required between the 2 BOSC contractors
Based on information gathered from Office of the USD (Comptroller) website
Composite Rate (FY10) http://www.defenselink.mil/comptroller/rates/ and current as of September 2009.
Annual Rate, Navy, E3 $54,661.00 | per year
Average Hourly Rate
Estimate includes basic pay, retirement accruals, BAH, BAS, incentive and special
Enlisted (E-3) $30.06 | per hour pay, PCS expenses, and misc pay
These hourly rates estimate the average fully burdened cost (to include LMS and
fringe benefits) to the government Assumption: The BOSC contractor's fully
Cll (BOSC Contractor) $100.00 | per hour burdened rate equals $100 per hour
Estimated O&M Labor Costs
Enlisted (E-3) $1,803.81
CIl (BOSC Contractor) $3,000.00

4. Cost of Haz Mat Storaie Drums and Materials
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Provide and Administer Training:

1. Thru 4. Training Course Requirements

Notes

Contractor Provided Training Type 12 students (max) One-day PC training fixed for a maximum of 12 students
Employee Resources Required for Training
In-House Instructor 1 civilian Assumption: One civilian at GS-11 pay grade to wet painting school course
Assumption: One contractor required to conduct conduct in-house PC
Contractor Instructor 1 contractor training
Training Course Length
Wet painting school 15 days Wet painting school is Navy-run
Powder coating training 1 day In-house training is contractor provided
Number of Painters attending courses
Wet Painting school 1 painter (min) 3 students attended in FY09; has been 1 or 2 in previous years
3 painters (max)
Powder coating training 1 painter (min)
3 painters (max)
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-11 Annual Base Salary $49,544.00 | min September 2009
$64,403.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality
suppliment rate will be used based upon the average of Whidbey Island,
Average Local Market Supplement (LMS) 18.06% North Island, Hill, and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19,
OMB total fringe benefits rate factor 36.25% 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-11 $67,260.07
Avg Hourly Rate
These hourly rates estimate the average fully burdened cost (to include fringe
GS-11 $44.06 benefits) to the government
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1. Thru 4. Training Course Requirements

Composite Rate (FY10)

Notes

Based on information gathered from Office of the USD (Comptroller) website
http://www.defenselink.mil/comptroller/rates/ and current as of September 2009.

Annual Rate, Navy, E3 $54,661.00 | per year
Average Hourly Rate
Estimate includes basic pay, retirement accruals, BAH, BAS, incentive and special
pay, PCS expenses, and misc pay Assumption: Average enlisted rank of Navy
Painter (E-3) $30.06 | per hour painters is E-3.
These hourly rates estimate the average fully burdened cost (to include fringe
In-House Instructor $44.06 | per hour benefits) to the government
Assumption: The contract instructor's fully burdened rate equals $100 per
Contractor Instructor $100.00 | per hour hour
Estimated Annual Training Labor Costs
Loss of productive labor for these workers with LTCPC; one day less of training for
Paint Shop Operators $7,696.27 wet paint
In-House Instructors $5,287.03
Contractor Instructor $800.00 Only required for LTCPC process
Estimated Initial Training Labor Costs For all 5 painters to initially receive training at switch over to LTCPC
Paint Shop Operators $1,202.54
Contractor Instructor $800.00
5. Annual Training Hours for Employees Notes
Employees
Powder Coat Shop 5 painters Assumption: 5 painters work in PC shop
Wet Paint Shop ) painters Assumption: 5 painters work in wet paint shop
Required training hours for painters 1 hr/year 1 hour refresher training annually after initial training
No change for switch from wet to PC processes
Based on information gathered from Office of the USD (Comptroller) website
Composite Rate (FY10) http://www.defenselink.mil/comptroller/rates/ and current as of September 2009.
Annual Rate, Navy, E3 $54,661.00 | per year
Average Hourly Rate
Estimate includes basic pay, retirement accruals, BAH, BAS, incentive and special
pay, PCS expenses, and misc pay Assumption: Average enlisted rank of Navy
Painter (E-3) $30.06 | per hour painters is E-3. The refresher course is self-paced and requires no instructor.
Estimated Annual Training Labor Costs
Paint Shop Operators $150.32 loss of productive labor for these workers
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6. Cost of Purchased Training Materials

$0.00

| No significant costs to report for the wet process or LTCPC

7. Cost of Developing In-House Training Materials

Notes

Personnel required

Training materials for SOP training

Course Developer 1 civilian Assumption: One civilian at GS-9 pay grade to develop courseware
Total man-hours required for these actions
Assumption: Approximately 40 hours to develop the SOP training
Course developer 40 hrs courseware
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-9 Annual Base Salary $40,949.00 | min September 2009
$53,234.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality
suppliment rate will be used based upon the average of Whidbey Island,
Average Local Market Supplement (LMS) 18.06% North Island, Hill, and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19,
OMB total fringe benefits rate factor 36.25% 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-9 $55,593.87
These hourly rates estimate the average fully burdened cost (to include fringe
Avg Hourly Rate benefits) to the government
GS-9 $36.42
Estimated Internal Audit Labor Costs
New LTCPC Checklist $1,456.67 No change for switch from wet to PC processes
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Obtain and Maintain Permits:

1. Permits for Process

Notes

Permits Required

Only an initial fee was paid; there are no renewal fees. Wet paint booth permits

Blast booth permit $1,100.00 will not be required with switch to LTCPC
Wet Paint booth permit $1,100.00
Estimated Annual Permitting Costs
There is an estimated annual cost to 900 Division for Title V permitting that will exist
Annual Cost of Title V Permit $500.00 regardless of the paint process being wet or powder coat.
Support Facility Operations:
2. Internal Audit Teams Notes
Personnel required
From the N44 department; typical paygrade is GS-9 or GS-11 No change for
Civilian 5 civilians switch from wet to PC process
Total man-hours required for these 2 man-hours total per quarter; 4 audits per year; same 2 waste streams (blasting for
actions heavy metals and paint gun washer solvent) audited each time
Civilian 8 hrs 2 man-hours per quarter
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-9 Annual Base Salary $40,949.00 | min September 2009
$53,234.00 | max
GS-11 Annual Base Salary $49,544.00 | min
$64,403.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality suppliment
rate will be used based upon the average of Whidbey Island, North Island, Hill,
Average Local Market Supplement (LMS) 18.06% and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
OMB total fringe benefits rate factor 36.25% http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19, 2008
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2. Internal Audit Teams

Notes

Avg Annual Salary + LMS (BioEnv)

Assume straight average of full pay band plus LMS added on top. Assume a work
period of 2080 hours per year (52 wk/yr * 40 hr/wk)

GS-9 $55,593.87
GS-11 $67,260.07
These hourly rates estimate the average fully burdened cost (to include fringe

Avg Hourly Rate benefits) to the government

GS-9 $36.42

GS-11 $44.06
Estimated Internal Audit Labor Costs

GS-9 $174.80 Assumption: 2 GS-11 employees and 3 GS-9 employees

GS-11 $140.99

3. Internal Audit Checklists and Documentation

Notes

Personnel required

From the N44 department; typical paygrade is GS-9 or GS-11 Assumption: One
civilian at GS-9 or GS-11 pay grade to develop audit checklists and

Civilian 1 civilian documentation
Total man-hours required for these actions
Civilian 2 hrs 2 man-hours for the single new anticipated LTCPC checklist
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-9 Annual Base Salary $40,949.00 | min September 2009
$53,234.00 | max
GS-11 Annual Base Salary $49,544.00 | min
$64,403.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality
suppliment rate will be used based upon the average of Whidbey Island,
Average Local Market Supplement (LMS) 18.06% North Island, Hill, and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19,
OMB total fringe benefits rate factor 36.25% 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-9 $55,593.87
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3. Internal Audit Checklists and Documentation Notes
GS-11 $67,260.07
These hourly rates estimate the average fully burdened cost (to include fringe
Avg Hourly Rate benefits) to the government
GS-9 $36.42
GS-11 $44.06
Estimated Internal Audit Labor Costs One initial cost of development in support of LTCPC conversion
Assumption: Having a single civilian requirement, the rates for GS-9 and GS-
New LTCPC Checklist $80.48 11 will be averaged to utilize a midrange value.
4. Internal Audit Reports Notes
Personnel required
From the N44 department; typical paygrade is GS-9 or GS-11 Assumption: One
civilian at GS-9 or GS-11 pay grade to develop audit checklists and
Civilian 1 civilian documentation
Total man-hours required for these
actions
Civilian 16 hrs 4 man-hours per quarterly inspection; 4 inspections per year
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-9 Annual Base Salary $40,949.00 | min September 2009
$53,234.00 | max
GS-11 Annual Base Salary $49,544.00 | min
$64,403.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality suppliment
rate will be used based upon the average of Whidbey Island, North Island, Hill,
Average Local Market Supplement (LMS) 18.06% and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
OMB total fringe benefits rate factor 36.25% http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19, 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-9 $55,593.87
GS-11 $67,260.07

Avg Hourly Rate

These hourly rates estimate the average fully burdened cost (to include fringe
benefits) to the government
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4. Internal Audit Reports Notes
GS-9 $36.42
GS-11 $44.06
Estimated Internal Audit Labor Costs
Assumption: Having a single civilian requirement, the rates for GS-9 and GS-
New LTCPC Checklist $643.80 11 will be averaged to utilize a midrange value.
5. Component Waste Production
6. On-Site Waste Treatment
On-site treatment doesn't occur at FRC-
NW $0.00
7. On-Site Waste Disposal
On-site disposal doesn't occur at FRC-
NW $0.00
8. & 9. Off-Site Waste Treatment and Disposal Notes
Contractors are utilized for off-site treatment (Phillips Environmental Services)
Utilizes BOSC contractors managed by DRMO; Cost of transportation included in
Contract Type the cost of the DRMO contract.
Contracted Waste Rate
Annual waste amount (Wet paint) 1,760 Ibs per year
Annual waste amount (LTCPC) 500 Ibs per year
Contractor Rates $ 0.37 | perlb
Estimated Offsite Treatment Cost
Waste T&D (Wet paint) $ 651.20 Contractor labor plus materials
Waste T&D (LTCPC) $ 185.00

G-9




10. Unused Hazardous Material Disposal

Notes

Wet Process unused materials
Flammable waste
Toxic waste

PC unused materials
None

minimal
minimal

$0.00

Volume varies but is typically minimum; recycled on base whenever possible

11. On-site HazMat Handling, Transporation

, and Storage

Notes

Personnel required

Civilian 2 civilians From the N44 department; typical paygrade is GS-7
military
Enlisted (E-3) 3 members This labor only applies to the wet painting operation
Total man-hours required for these actions
Civilian + Military 96 hrs 8 hours per month amongst the 5 workers
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3
GS-7 Annual Base Salary $33,477.00 | min September 2009
$43,521.00 | max
Based on information gathered from Office of the USD (Comptroller) website
Composite Rate (FY10) http://www.defenselink.mil/comptroller/rates/ and current as of September 2009.
Annual Rate, Navy, E3 $54,661.00 | per year
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality
suppliment rate will be used based upon the average of Whidbey Island,
Average Local Market Supplement (LMS) 18.06% North Island, Hill, and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
OMB total fringe benefits rate factor 36.25% http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19, 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-7 $45,449.99
These hourly rates estimate the average fully burdened cost (to include fringe
Avg Hourly Rate benefits) to the government
GS-7 $29.77 | per hour
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11. On-site HazMat Handling, Transporation, and Storage Notes

Estimate includes basic pay, retirement accruals, BAH, BAS, incentive and special
Enlisted (E-3) $30.06 | per hour pay, PCS expenses, and misc pay

Estimated HazMat Handling, Transport, and
Storage Labor Costs

Assumption: Each of the 5 individuals will share the hours equally amongst
Civilian + Military $2,874.90 themselves

12. Off-site Waste Treatment and Disposal

$0.00 | | BOSC contractor manages this. Look to questions 9 & 10 above
Develop and Maintain Documentation:
1. Following Activities Notes
Personnel required Typical paygrade is GS-9, GS-11, and GS-12

Assumptions: Team of 10 consists of: 5 GS-9 civilians; 3 GS-11 civilians; and
2 GS-12 civilians

Time is shared equally between all employees; i.e. GS-9s = 50%, GS-11s =
Civilian 10 civilians 30%, and GS-12s = 20%

Total man-hours required for these
actions

Assumption: Time required for each task

* Create and maintain MSDS forms - 8 hrs

* Prepare spill/release emergency plans - 12 hrs

* Prepare accident plans - 12 hrs

* Perform internal industrial hygiene survey/report - 40 hrs

« Oversee industrial hygiene audit by external agency - 24 hrs
* Develop employee duties/responsibilities/procedures - 12 hrs
* Prepare TRI reports - 40 hrs

* Prepare EPCRA reports - 40 hrs

* Prepare state reports - 40 hrs

* Develop and maintain programs and procedures - 12 hrs

« Develop and maintain strategic plans and budgets - 24 hrs

* Prepare container labels - 8 hrs

« Fill manifest forms - 8 hrs

Civilian (Wet Paint) 292 hrs e Prepare supply orders - 12 hrs

Civilian (LTCPC) 252 hrs
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1. Following Activities

Notes

Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx and current as of 3

GS-9 Annual Base Salary $40,949.00 | min September 2009
$53,234.00 | max
GS-11 Annual Base Salary $49,544.00 | min
$64,403.00 | max
GS-12 Annual Base Salary $59,383.00 | min
$77,194.00 | max
Added on top of base salary Locality Pay Area Definitions can be found at
http://www.opm.gov/oca/09tables/locdef.asp
Based upon feedback provided by Warrren, a "composite" locality suppliment
rate will be used based upon the average of Whidbey Island, North Island,
Average Local Market Supplement (LMS) 18.06% Hill, and Warner-Robin's rates
Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
OMB total fringe benefits rate factor 36.25% http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19, 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
GS-9 $55,593.87
GS-11 $67,260.07
GS-12 $80,617.99
These hourly rates estimate the average fully burdened cost (to include fringe
Avg Hourly Rate benefits) to the government
GS-9 $36.42
GS-11 $44.06
GS-12 $52.81
The only change for switch from wet to PC process would be the exclusion of
Estimated Various Activities Labor Costs TRI reporting for LTCPC
Develop & Maintain Documents (Wet) $12,260.39
Develop & Maintain Documents
(LTCPC) $10,580.88

Legend
Collected Data
Assumption-Based Values

Calculated ECAM Costs
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Bioenvironmental Actions:

1. Bioenvironmental Engineering Surveys

Table 101. Ogden Air Logistics Center ECAM Data

Notes

Personnel required for survey 1 person YH-02 grade person to complete survey; limited supervisory role for YJ-02 person
Time for YH-02 executor depends on shop issues and the review process, time
Man-hours required for survey would include RPP training
NSPS YH-02 4 hr (min)
10 hr (max)
NSPS YJ-02 2 hr Time for YJ-02 review of shop information
Only if air sampling is accomplished as part of survey. Media costs and lab
Consumables analysis costs are not tracked to specific shops
NIOSH 7300 Analysis
SKC catalog 225-5
NIOSH 7604/7600 Analysis
225-803
Total/Respirable Dust Analysis
225-532
Solvent Analysis
226-01 tubes
The elimination of liquid primer would not significantly impact man-hours
connected with shop assessments. The workers would still use respirators for
training and therefore still need RP training and occupational physicals. Only cost
Other elimination would be for the liquid primer sampling that is conducted by BioEnv
Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_sched_suppl.aspx and current as of
NSPS YH-02 Annual Base Salary $40,093.00 | min 4 January 2009
$108,483.00 | max
NSPS YJ-02 Annual Base Salary $58,141.00 | min
$113,908.00 | max
Added on top of base salary (value averaged for Hill, Warner-Robins, North Island,
Average Local Market Supplement (LMS) 18.06% and Whidbey Island)
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1. Bioenvironmental Engineering Surveys

Notes

Based on information gathered from the Office of Management and Budget (OMB)
Circular No. A-76 "Performance of Commercial Activities" text document
http://edocket.access.gpo.gov/2008/E8-5549.htm and current as of March 19,

OMB total fringe benefits rate factor 36.25% 2008
Assume straight average of full pay band plus LMS added on top. Assume a work
Avg Annual Salary + LMS (BioEnv) period of 2080 hours per year (52 wk/yr * 40 hr/wk)
NSPS YH-02 $87,700.70
NSPS YJ-02 $101,556.22
These hourly rates estimate the average fully burdened cost (to include fringe
Avg Hourly Rate benefits) to the government
NSPS YH-02 $57.45
NSPS YJ-02 $66.52
Estimated Survey Labor Costs
NSPS YH-02 $402.14
NSPS YJ-02 $133.05
2. Annual Physicals and Fit-Testing Notes
At Hill AFB, Occupational Medicine performs the physicals and respirator fit-testing.
Personnel required for physicalffit testing 4 people (min) Occupational Medicine at Hill is provided by contractor service.
5 people (max)

Total man-hours required for these

actions 2 hr (min) Time is for all Occ Med workers combined
4 hr (max)

Specific cost of consumables for this process is not known by Bioenvironmental
Consumables Engineering

Due to HIPAA laws each worker is subjected to physicals and respirator fit-tests

separately. Time required of individual equals the total for Occ Med personnel listed

above. (Means the Occ Med people time will have to be multipled by the number of
Workers in Powder Paint Shop 5 people employees)

Other

Total cost has not been previously estimated for this shop since it is unknown to
BioEnv if the contract (Occ Med) was bid on a cost-per-person basis or on a total
number of annual occupational physicals basis.

The elimination of liquid primer would not significantly change these costs
since these workers would still wear respirators (No Change)

WG-09 Hourly Rates

Based on information gathered from DoD Civilian Personnel Management Service
website http://www.cpms.osd.mil/wage/wage_schedules.aspx for the Utah area
(139) and current as of September 2008.
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2. Annual Physicals and Fit-Testing Notes
Step 1 $20.52
Step 2 $21.37
Step 3 $22.23
Step 4 $23.07
Step 5 $23.92
Average Hourly Rate
Occ Med Personnel $100.00 Assumption: Occupational Medicine fully burdened rate of $100 per hour.
These hourly rates estimate the average fully burdened cost (to include LMS and
Paint Shop Operators $35.74 fringe benefits) to the government
Estimated Physical/Fit-test Labor Costs
Assumption: Annual physicals and fit-testing will be the same for Hill AFB
Occ Med Personnel $300.00 and FRC-NW
Paint Shop Operators $536.16 loss of productive labor for these workers
3. Annual Respirator Training Notes
YH-02 grade person to complete training; no consumables used for training and no
Personnel required for training 1 other costs involved.
Man-hours required for training (range) 0.5 hr (min)
0.67 hr (max)
Workers in Powder Paint Shop 5 people The powder paint shop personnel are trained as a group and not individually
The elimination of liquid primer would not significantly change these costs since
Other these workers would still wear respirators (No Change)
Estimated Respirator Training Labor
Costs
NSPS YH-02 $33.51
Paint Shop Operators $104.25 loss of productive labor for these workers
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4. Cost of PPE

Notes

PPE items

Tyvek coveralls 1 pr/day

The Bioenvironmental Engineering Shop does not have access to information
regarding the cost of PPE for the Powder Paint Shop. The respirators, cartridges,
gloves, eye protection, aprons, coveralls, etc are ordered by Air Force supply
personnel in bulk and provided as needed to workers. Costs would be dependent
on the source of supply. It is unknown who would have these specific costs.

Based on representative product costs gathered from GSA Advantage website
https://www.gsaadvantage.gov/advgsa/advantage/catalog/product_detail.do?contr
actNumber=GS-06F-0006T&BV_UseBVCookie=Yes&temNumber=TY120S+M on

example DuPont TY120S $3.95 | /pair August 24, 2009
https://www.gsaadvantage.gov/advgsa/advantage/catalog/product_detail.do?contr
Or Lab Coat 1/wk actNumber=GS-06F-
example DuPont TY212S $2.77 | Junit 0013N&BV_UseBVCookie=Yes&itemNumber=TY212SWH2X00+%28161371%29
Nitrile gloves 1-2 pr/day or more
example Best 8005 disposable nitrile /box (25 https://www.gsaadvantage.gov/advgsa/advantage/catalog/product_detail.do?contr
gloves $13.91 | pairs/box) actNumber=GS-06F-0074R&BV_UseBVCookie=Yes&itemNumber=8005L
Safety Glasses 1 pr/mo https://www.gsaadvantage.gov/advgsa/advantage/catalog/product_detail.do?contr
example NORTH SAFETY T56555B $5.41 | /pair actNumber=GS-06F-0032K&BV_UseBVCookie=Yes&itemNumber=H09775
Supplied Air Hood 1/day https://www.gsaadvantage.gov/advgsa/advantage/catalog/product_detail.do?contr
example 3M Hood System BE series $25.36 | /unit actNumber=GS-21F-0029V&BV_UseBVCookie=Yes&itemNumber=051138-72088
(Note: the worker can choose either the supplied air hood or the full-face cartridge
respirator. If the full-face cartridge one is used, the cartridges must be replaced
daily. When a supplied air hood is purchased, the breathing tube, hose and hood
Full Face Respirator 1/6 mo are separate items. The breathing tube would be reusable, the hood part
example 3M 7800 series $213.69 | /unit disposable and the air lines supplying the hood reusable.)
Respirator cartridges 1 pr/day believe these supply people are DLA employees. You could try their customer
example 3M 60926 $18.17 | /pair support office, DLA/CS 801-777-0336
Estimated Annual Cost of PPE
Per Employee $6,312.09
For All Paint Shop Operators $31,560.46

Legend
Collected Data
Assumption-Based Values

Calculated ECAM Costs
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