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USAF drawings available from Hill AFB, Landing Gear Engineering Office.

20157831 Restoration of Dimensional Surfaces of ID Aluminum Cylinders Using Magnetron Sputtering Deposition
200310641 High Velocity Oxygen Fuel (HVOF) Coating Application
201027456 Low Hydrogen Embrittlement Plating Process Specification Zinc-Nickel

2.2 Definitions
ACCEPTABLE AS IS: An engineering disposition given to a part with a departure from its drawing requirements when it is

judged that such deviation will have no effect on its functional and structural integrity, as well as on its reliability,
interchangeability, and maintainability.

DEPOT REPAIR: Materatmainteranceorrepairrequiring-theoverhauhupgradingorrebuitdingof parts, assemblies, or

subassemblies, and thg testing and reclamation of equipment as necessary. Typically performgd in a dedicated repair
facility.

IN-SERVICE REPAIR: A repair performed on a component that can be accomplished by-the aircraft operator, or authorized
source, without full disagsembly or removal of all coatings.

ORIGINAL EQUIPMENT MANUFACTURER (OEM): Company that designed the‘component or supsystem.

OVERHAUL MANUAL {OHM)/COMPONENT MAINTENANCE MANUALNCMM): Repair instructipns for a component or
subsystem.

REPAIR: An engineering disposition to restore a component to within acceptable limits of its design requirements without
adversely affecting its [interchangeability, reliability, and maintainability while maintaining its flinctional and structural
integrity.
REWORK: An engineering disposition to restore a component to within its drawing requirements.
3. CLASSIFICATION
Type I Depot repair|with functional plating;-coating, surface modification
Type ll:  Repair with Qushing

Type lll:  Repair of damage marks

Type IV:  Repair of locplizedheat damaged surface

Type V: Localized repaitrof-damagedptating
Type VI:  Repair of damaged threads

Type VII: Repair of lubrication hole

Type VIII: Repair of lugs with spherical bearing
Type IX: Repair of plastically deformed surface
Type X:  Repair of mis-located features

Class 1:  Ferrous alloys

Class 2:  Aluminum alloys

Class 3: Titanium alloys
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4. REPAIRS
4.1  Type | (Depot Repair with Functional Plating, Coating, Surface Modification)

411 Plating

The cognizant engineering authority should evaluate each application to determine the appropriate repair. There are
different types and classes of surface coatings which can affect the reliability and maintainibility of the components being
repaired. Reference to reliable data on the fatigue impact due to the application of the coating is recommended for any
plating repair.

Shot peening (or other residual compressive surface stress process) of reworked areas prior to plating is required. Stripping
and re-plating is recommended rather than attempting to plate over breakthroughs or damaged areas. Caution should be

given to minimize amount of repeated eIectro plated operatlons for high- strength Class 1 materials to mitigate risk for

hydrogen embrittlement
on shot peen intensity.
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and nickel.
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masking allowance and plating/coating runout (plating/coating taper fro
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en when.applying on stainless steel components due to adhesion difficultie
rgical.surface characteristics, multiple undercoatings are normally require

e considered, depending

proper adhesion, but it

m full thickness to zero
ting/coating runout may

against them should be

ch a way that they meet the original requireménts for surface finish chrome plating.

since a heavier plating
uced at the base metal
essive mud cracking for

strain/reverse-high-loading conditions. In general, increased-thickness chjome plate repair should

omponent Maintenance

bver other softer plating,

en a hard wear surface is required. Thick chrome repairs, requiring post-plating grinding operations,

o 300 ksi (2068 MPa).
s. For Class 2 materials,
d, such as zinc, copper,

Components using the chrome plate process on Class 1 materials are hydrogen embrittlement relief baked per the
applicable specification.

4.1.1.2 Sulfamate Nickel Plating

The allowable thickness for sulfamate nickel plating is limited by the amount a particular plating shop can apply.
Achievement of thick coating will normally require multiple plate-machine-plate operations. Machining rather than grinding

is advised because the relatively soft coating can smear. Shot peening (or other residual compressive surface stress
process) prior to plating is required.

Plating thickness should be evaluated for strength impacts and potential hydrogen embattlement effects for thicker plating
applications greater than 0.012 inch thick. Typically, the strength of the plating becomes less as thickness increases.
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This repair can be used to restore large out-of-tolerance dimensions. Bearing/shear loads on the buildup coating should be
evaluated, especially if the area is not a fully captured “fill” area. It can be used under hard plating, such as chrome or
HVOF, when the limits in 4.1.1 are exceeded and it is essential to obtain the chrome plating surface hardness. If used under
chrome, the sulfamate nickel should be glass bead peened or grit blasted, and processed with withess specimens to validate
proper adhesion prior to chrome or HVOF application. Machining of sulfamate nickel is also a good way to verify proper
adhesion to the base metal.

Nickel plating is widely used on all Class 1 materials, including high strength up to 300 ksi (2068 MPa). Precautions should
be taken when applying on stainless steel components due adhesion difficulties. For Class 2 materials, because of its
metallurgical surface characteristics, multiple undercoatings are sometimes required, such as zinc, tin, and copper.

Components using the sulfamate nickel plate process on Class 1 materials are hydrogen embrittlement relief baked per the
applicable specification. Plating area may be limited, or an extended hydrogen relief bake may be a required, due to the

difficulty for hydrogen to

escape through the dense and crack-free nature of the coating.
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lowed due to temperature limitations.

ely used on all Class 1 materials, including high strength up to 300 ksi (2

pplying on stainless steel components due to adhesion difficulties. For Clg
face characteristics, multiple undercoatings are sometimes required, such

e) Spray

hen sélecting the thickness, type of process, and alloy used. Plasma spray
aterials that it can deposit. Particular attention should be made for conta

discrepancies. Although
524 mm) are possible.
n when applying heavier
stresses induced at the
plating is completed per

on. Post-plate thermal treatment to increase hardness may require a high-temperature bake, which

the engineering drawing

hickel plating, it is essential to specify the hardness required, since different solutions and different

surface is required, and
be in contact because of
e used in axle locations

068 MPa). Precautions
ss 2 materials, because
as zinc, copper, and tin.

is very flexible because
Ct stresses, since under

ohesive strength thermal sprayed alloy, serious damage can result (p

point loading, on low

eling). Plasma-sprayed

coatings tend to be fairly porous, therefore unsuitable for many sealing surfaces. Plasma spray is applied per approved
specifications noted on the engineering drawing or OHM/CMM.

Plasma spray process is widely used on most Class 1 and Class 2 materials, but is normally limited to secondary structural
member with lower ultimate tensile strength. Meanwhile, some precautions should be taken when applying on stainless
steel components, because adhesion can be more difficult. In all cases, an undercoated alloy (bond coat, 95Ni/5Al) is
required on those materials to ensure minimum bond strength. Thermal spray coating is rarely used on Class 3 material
because of its poor adhesion. Care must be exercised to ensure that the item being coated is not overheated during
application. Plasma spray is typically not used in areas required to seal hydraulic fluid or dry nitrogen.
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4122 HVOF

High velocity oxygen fuel (HVOF), a thermal spray process, is being widely used to replace hard chrome plating with
tungsten carbide (WC) based materials. Preliminary qualification results show an equal or better performance to chrome
plating. HVOF is applied per approved specifications noted on the engineering drawing or OHM/CMM. Study needs to be
completed for the impact of thicker HVOF coating to resist spalling in high stress/high load reversal fatigue applications
when coated on substrates operating in flexural bending of piston rods near the yield strength of the material. Different
powder alloy combinations can be used depending on the application.

HVOF can be applied over all Class 1, 2, and 3 materials with very good cohesive strength. In addition, it can be applied
over sulfamate nickel repairs as referenced in 4.1.1.2. Refer to ARP5935 for considerations when switching from chrome
to HVOF applications.

Because of the process variables involved, HVOF is applied by a qualified applicator, particularly for fatigue-sensitive

components. HVOF is a
should normally be limi
should be limited to 0.0(
systems using duplex o
applications requiring a
criteria.

CAUTION: Due to spal
aircraft, not
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(0.0508 mm) due to out-growth and in-growth during plating (see Figure 1). Shot peening (or other residual compressive

surface stress process)

is required before plating.
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This repair can be used
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Figure 1

S 2 materials only.

version Coating and Brush Anodizing
areas on base metal from which the anodize surface has been removed n
ild not exceed 5 to 10% of the total anodized area of the component. Cher

plied per approved specifications noted on the engineering drawing or OH

bn Class 2 materials. Chemical conversion ¢oating can be used to repair ch
nard anodized surfaces, chemical conversion touch up can be used in
uttering of Aluminum Bores

areas on base metal requiring a thicker coating than the hard anodizg
d using a magnetron sputtering process. This process has been utilized to &

thickness.

th Bushing)

that ‘bushings can be installed up to an oversized diameter of 0.060 inc

to restore out-of-tolerance dimension of anodized surfaces when fit and furLction are affected. Hard

ay be touched up using
br immersion). Normally,
nical conversion coating
M/CMM.

used to restore corrosion resistance of damaged surfaces where fit and flinction are not affected.

romic, sulfuric, and hard
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h (1.5240 mm), since a

ally\included in the original design. This should be confirmed by OHM/C
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allows full functionality,

strength, and life after being opened up further than 0.060 inch (1.5240 mm). Care is often taken to not reduce the flange
support area. Also, potential “punch through” of the mating nut or bolt head under axial thrust loads is evaluated.

4.2.2 Flanges

It is generally accepted that bushings could be installed with an oversized flange thickness up to 0.010 inch (0.2540 mm),
since a rework allowance is usually included in the original design (see Figure 2). This is typically confirmed by OHM/CMM
or suitable strength analysis. This limit can be exceeded if structurally acceptable. Features dimensionally related to the
flange thickness or outside flange face are adjusted to account for the increased thickness.
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Oversized Flonge Thickness

PR

2

4.2.3 Repair Bushing
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Figure 2
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Figure 3

4.3 Type lll (Repair of Damage Marks)

4.3.1 This type of damage such as tool marks, scratches, nicks, and excessive surface roughness can occur during
machining or during service. Blending of the affected area is required. A commonly accepted ratio is 20:1 or larger;
if not possible, this ratio can be reduced only after careful consideration is given to the increase in the stress
concentration factor (see Figure 4).

To minimize the risk of heat damage, blending should be accomplished using soft-backed abrasives on a rotary handheld
tool. For Class 1 materials, nital/temper etch inspection per the engineering drawing or OHM/CMM to confirm no heat
damage was incurred during the course of the repair is typically required on steel above 180 ksi (1241 MPa); this depends

on the amount of materi

al removed and the process used.
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Cognizant engineer’s approval is often required due the difficulty of performing adequate inspection to ensure the blend
ratio. Also, if it is suspected that the damage being blended might be a service induced fatigue crack, the suggested repair
above does not apply. The cognizant engineer should be contacted for detailed instructions prior to proceeding. Following
the repair, a surface integrity validation is typically performed using either magnetic particle inspection or liquid penetrant
inspection per the engineering drawing or OHM/CMM, depending on the material.

20

TOOL MARK
BLEND

Figure 4

4.3.2

For shot peene
re-apply other r
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positiomrof tanding gear componentsmvotvedmabrormat-heat:

4.5 Type V (Repair of Damaged Plating)

These repairs are for localized areas without need for full coating stripping and re-plating operations. They are also
commonly utilized as in-service repairs.

451 Chrome and Nickel Plating

Pitting in chrome and nickel is not acceptable on all dynamic bearing surfaces, nor on gas sealing areas. Although not
generally desirable, some areas (such as non-functional areas) can be left as is, if adequate corrosion protection is provided.

To ensure proper corrosion protection, it is essential to determine if the pitting is through to the base metal. Two methods
to verify this aspect are commonly used:
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