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EXECUTIVE SUMHARY

During the period of 15 April 1989 to 18 May 1990, McDonnell Aircraft
Company (MCAIR) completed Phase Il of the three-phase program to demonstrate
ihat Ion Yapor Deposited (IVD) aluminum coating can replace toxic cadmium
processing at the Air Logistics Centers (ALCs). A demonstration of the IVD
aluminum process will be conducted at the Warner Robins (WR) ALC during Phase
I11. This phase will demonstrate the applicability of IVD &luminum as a
replacement for cadmium for detail parts that are now processed with cadmium
at WR.

Phase I of the prugram compiled data comparing the 1VD aluminum process
to the various cadmium processes into a data base handbook. It included &
review of aircraft parts now 'processed with cadmium at the five ALCsS to
identify parts for which IVD aluminum can immediately replace cadmium without
concern. Parts which exhibii "areas of concern" were also identified. Phase
11 focused on addressing "areas of concern". These are ALC appiications where
either IVD aluminum by itself is not an adequate replacement for cadmium or
insufficient data exists. They dincluded coverage of internal surfaces,
lubricity, and to a lesser extent, erosion resistance.

During Phase II, MCAIR demonstrated the effectiveness of both
sacraficial-type and barrier-type supplemental protection systems for internal
surfaces. Torque-tension data was generated for ALC applications involving
threaded ngine hardware and wheel tie-bolts that demonstrates the
acceptability of the use of IVD aluminum with proper lubrication. MCAIR
suggests that a thicker 1VD aluminum coating be used where feasible for
erosive applications. Where thickness tolerance is critical, MCAIR
demonstrated improved erosion resistance with the use of an aluminum-ailoy
evaporant containing 12 percent silicon.

MCAIR also’supported the procurement and acceptance of a state-of-the-art
IVD aluminum coater for the WR-ALC during Phase II!. MCAIR prepared the
procurement specification, conducted preliminary acceptance testing of the
coater at a subcontractor site and final acceptance testing at WR, and trained
WR personneil. MCAIR also designed and procured a fixture to hold and mask a

i




[0S SR MU,

I .

i nam

PREFACE

This report was prepared by McDonnell Douglas Aircraft Company, P.O. Box 516,
St. Louis, MO 63166-0516, EPA Contract C87-101602, '"The Substitation of Ion Vapor
Deposited (IVD) Aluminum for Cadmium.'" The work was done for the Air Force
Engineering and Services Laboratory, Tyndall Air Force Base, Florida 32403-5319,

This final report describes the methods used, and the results of the analysis of the
Ion Vapor Deposition (IVD) metal plating technique. This technelogy can save the Air
Force millions of dollars in the cost of hazardous waste disposal due to the reduction in the
usage of cadmium.

This technical report has been reviewed by the Public Affairs Office (PA) and is
releasable to the National Technical Information Service, where it will be available to the
general public, including foreign nationals.

The work was performed between 15 April 1989 to 19 May 1990. The project officer
was Lt Phil Brown.
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SECTION I
INTRODUCTICN

A.  OBJECTIVE

The objective of this program s to wverify the applicabiiity of
Jon-vapor-Deposited (1vD) aluminum as a replacement for cadmium processing at
the Air Force Air Logistics Centers (ALCs). Whereas cadmium has been widely
used as & corrosion-resistant finish on steel, the substitution with IVD
aluminum provides acceptable or improved performance in wvirtually all
applications. More importantly, the substitution will make & major
contribution to reducing hazardous waste production and its associated adverse
effect on the environment.

B. BACKGROUND

Both the aluminum coating and the IVD process are environmentally clean.
Cadmium, on the dther hand, is a heavy metal and is toxic to humans. Once it
escapes into the environment, it can find its way into the water suppiy or
food chain. Also, with electroplated cadmium processing, there are additional
hazards associated with cyanide products in the plating bath. On the economic
side, a suitable replacement can both reduce life-cycle costs and provide an
immediate return on investment by eliminating costs associated with control
technology required to meet ratcheting environmentai regulations and with
hazardous waste collection, storage, and disposal.

There are inherent advantages to the substitution of IVD aluminum for
cadmium, in addition to hazardous waste reduction. IVD aluminum outperforms
cadmium in preventing corrosion {in acidic environments and actual service
tests. Also, aluminum coatings can be used at temperatures up to 950°F,
whereas cadmium is limited to 450°F. 1IVD aluminum coatings can be applied to
high-strength steel without fear of hydrogen embrittlement. "Aluminum coatings
can be wused 1in contact with titanium without causing solid metal
embrittlement, and they can also be used in contact with fuels; cadmium is
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prohibited for these applications. Additionally, IVD aluminum c&n be used in
space applications, whereas cadmium is limited because of sublimation.

The coating requirements for IVD aluminum are specified in MIL-C-83488,
the tri-service specification for pure aiuminum coatings. After coating, the
parts are generally chromate-treated in accordance with MIL-C-5541. This
provides additional protection against corrosion, forms a good base for paint
adhesion, and is a common treatment for aluminum alloy surfaces. In virtuailly
a1l applications, 1VYD &luminum can replace cadmium of equal thicknesses. It
can also be applied thicker than cadmium where part tolerance permits; this
results in additional corrosion resistance.

The Air Force Environmental Services Center (AFESC) has contracted
the McDonnell Aircraft Company (MCAIR) through EG&G, Idaho to demonstrate that
IVD aluminum can replace cadmium across-the-board at the ALCs. The thrust of
the program is to reduce hazardous waste production. This report addresses
phase II of a three-phase program. The phases are:

Phase I - Data Compilation and Process Evaluation
Phase II - Procurement and Research & Development
Phase 111 - Demonstration

In Phase 1, the technica) information providing a comprehensive
comparison of the performance of IVD aluminum and the performance of the
cadmium processes was compiled. This provided the designer with & readily
accessible technical database {(Reference 1) to justify the substitution of 1VD
aluminum for cadmium for about eéigiity percent of the current ALC applications.
This report addresses the other 20 percent of the applications which have been
identified as "areas of concern" for eliminating cadmium by the ALCs. These
included coverage of internal surfaces, improved lubricity, and to a lesser
extent, improved erosion resistance.

N
.
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C. SCOPE/RPPROACH

Phase 11 activities a1so inciuded procurement support of an 1VD aluminum
coater to assure that the Phase Iil demonstration will be conducted 1in a
state-of-the-art system. The related MCAIR activity is discussed in Section
11.

In some cases, the “areas of conce-n" resulted from a lack of sufficient
gata. Other areas required the development of supplemental processing to be
used in conjuction with the IVD aluminum coating. The approaches used to
gddress the three individual "areas of concern" are presented in Sections III,
iv, and V.

The performance of barrier-type and sacraficial-type suppiemental
protection systems applied to internal surfaces was tested. Data comparing
the effect of various bolt finish - nut finish - Jubricant combinations on
torque-tension was also generated. The erosion resistance of IVD aluminum to
diffused nickel-cadmium was compared, and the effect of supplemental topcoats
and different IVD aluminum-aiioy eveporants were evaluated.

Finally, & "hands-on" approach that MCAIR has proposed for the Phase III
demonstration is presented in Section VII.

oo o




SECTION II
IVD ALUMINUM COATER PROCUREMENT SUPPORT

A. PROCUREMENT SPECIFICATION

The IVD aluminum coating is applied in production coating equipment
called Ivadizers®. The basic equipment consists of a steel vacuum chamber, a
pumping system, fixturirg tv hold the parts, an evaporator power supply, and a
high-voitage power supply (Figure 1).

The IVD processing sequence consists Of pumping the vacuum chamber dowh
te about 10~ Torr. The chamber is then backfilled with argon gas to about 10
microns, and a high negatigg potential is applied betwecen the parts being
coated and the evaporation source. The argon gas becomes ionized and creates
a glow discharge around the parts. The positively charged gas ifons bombard
the negatively charged surface of the parts and performs a final cleaning,
which contributes to good coating adhesion.

High Voltage

Substrate Holder Cathode e ~Sw . Powcr Supply
Negative Glow Evaporator
Power Supply
Vacuum Chamber L\

v

Movable Boat Rack

4
Wire Feedars - Aluminum Evaporators

,a

Figure 1. Schematic of an lon Vapor Deposition System
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Following glow discharge cleaning, aluminum wire is evaporated by being
continuously fed into resistance-heated crucibles. As the aluminum vapor
passes through the glow discharge, a portion of it becomes ionized. This, in
addition to collision with the ionized argon gas, accelerates the aluminum
vapor toward the part surface, resulting in excellent coating adhesion and
uniformity.

Coater productivity and reliability have been continuously improved since
the first unit was installed at the Navy Overhaul Facility at North Island in
1574, There are now approximately 70 Ivadizers® in service around the world
which primarily serve the aerospace market.

Phase III of the program requires substituting IVD aluminum for cadmium
processing for those detail parts that are now protected with cadmium at the
WR-ALC. Accordingly, MCAIR ‘prepared a procurement specification (Reference
2) for the coating system to be used for the Phase III demonstration. This
document was used as the basis for the procurement of a state-of-the-art
coater from Abar-Ipsen Industries.

The WR coating system includes several items that are designed to improve
productivity. They include:

0 Parts-holding fixtures designed for: larger parts that are hung
stationary while being coated; larger parts that are rotated while being
coated; and small parts that are rotated in barrels while being coated.

0 A fixture designed (Reference 3) and fabricated by MCAIR for the
C-130 Barrel Hub. It will be used in conjunction with the votary parts
holding rack to both hold the barrel hub and mask areas of the hub which are
not to be coated. The fixture will be used to demonstrate improved
productivity levels. MCAIR projects that eight barrel hubs can be processed
in a 90-minute-coating cycle with additional fixtures of this nature.
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0 Additional pumping capability that basically reduces the pumpdown
portion of the IVD aluminum coating cycle by 50 percent or more. A <cyropump
system will be used in conjunction with the conventional mechanical and
diffusion pumping systems.  MCAIR has demonstrated that Cyropumping
efficiently removes water vapor during pumpdown. This benafit is particularly
effective when the combination of aluminum buildup in the coating chamber and
humid weather conditions often result in pumpdown times of over one hour. The
cyropump system will not only reduce pumpdown time to 30 minutes or less under
these conditions but will also enable less frequent “cleaning" of the coater
to remove aluminum buildup.

MCAIR also included a comprehensive 1ist of spare parts to be procured
along with the coater (Reference 2). These spare parts are considered to be
adequate to prevent any coater inactivity due to replacement part procurement
delays. "

Copies of the Reference 2 Procurement Specification and the Reference 3
Fixture Desigh are available from either WR-ALC/MANEE, W. &£. Elmore or
MCAIR-Dept. 357, Y. L. Holmes.

B. ACCEPTANCE TESTING

MCAIR performed the final acceptance test of the IVD aluminum coater and
its associated systems after their installation at the WR-ALC. The tests were
designed to demonsirate compliance with the requirements stipuldted 1in
Reference 2 and in MIL-C-83488. Final acceptance was based on the following
testing:

0 Satfety - MCAIR simulated failure to demonstrate the proper
operation of all safety devices and controls.

0 Coating Appearance - The IVD aluminum coating was verified to De
smooth, fine grained, adherent, wuniform 1in appearance, free from pits,
burning, porosity, and other defects. The coating showed no indication of
contamination or improper operation of equipment, such as excessively powdered
or darkened coatings. Slight discoloration of the coating on test coupons was
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removable by glass bDead peening. Parts chromated per MIL-C-5541 had a
continuous, distinctly colored protective film rang1ng in color from yellow to
iridescent bronze.

0 Adhesion - The adhesion of the coating to one-inch by four-inca by
0.040-1inch alioy steel test strips was verified by the following tests:

- Scraping Test - The surface of the coated article was scraped
to expose the basic metal. An examination of the surface at four diameters
magnification showe¢ no evidence of nonadhesion.

- Bend-to-Break Test - Test strips were clamped in a vise and
bent back and forth until strip rupture occurred. An examination of the
coating along the break-line at four diameters magnifiycation showed no
evidence of non-adhesion. -

- Glass Bead P2ening Test - The coating test showed no sign of
separation from the base metal when gliass bead peened with size 10 glass beads
at an operating pressure of 40 psig. This test was performed by slowly
fanning the peener nozzle over the test strips at a distance of 6 to 8 1inches.

0 Corrosion Resistance Testing - MCAIR tested the corrosion
resistance of alloy steel panels coated with the various thickness classes
defined in MIL-C-83488C in a five-percent neutral salt fog environment per
ASTM Method B-117. Type 11 (chromated) parts coated with Class 1, 2, and 3
coatings showed no evidence of corrosion of the basis metal when exposed for
672, 504, and 336 hours, respectively.

° Reliability Test - The relfability of the IVD &luminum coater was
demonstrated by performing ten continuous coating cycles without failure of
the system. Coating adhesion as described above was veritied after each

coating cycie.

0 Vacuum Level Test - The coater's pumping system was verified to
evacuate a clean, dry chamber to 9 x 10'5 torr within 1 hour without crycpump
engagement and within 30 minutes with cryopump engagement.




] Pressure Levels - Base pressure and time 1in minutes {0 veach
operating pressures for a clean, dry chamber with and without the cryopump
engaged were established for the following system components: the roughing
pump/blower; the diffusion pump; and the holding pump.

4 C.  PERSONNEL TRAINING

MCAIR provided training &t WR for electronic engineers, electrical
maintenance technicians, and electronic maintenance technicians which included
the following:

0 Review of electrical and electronic systems, including wiring
diagrams and drawings

0 Troubleshooting procedures for the current sources and control
. systems
4 ] Electrical and electronic equipment servicing and care

0 Adjustment procedures (locating components, &djustments to be made,

values to be measured, equipment required for making adjustments)
0 Applicable circuit board repair procedures

0 Recommended motor, switch, relay, solenoid, etc., maintenance
servicing and repair

\4 MCAIR also provided training at WR for operators, mechanical maintenance
’ technicians, and mechanical engineering technicians which included the follow:

% 0 A review of mechanical diagrams and drawings II
o 0 Component locatior and function I
g
i




'v] Troub1eshooting procedures and techniques

Repair procedures

[=]

0 Assembly/disassembly procedures

o Adjustments - (how, when and where)
! J 0 Preventive maintenance procedures

’ 0 Yalve locaticen and functiens

: 0 Yalve adjustment and maintenance procedures
0 System operation -

B 0 Potential operation probiems

N
0 Potential maintenance probiems

Personnel from the Ogden (00) ALC also attended the WR training sessions.
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SECTION 111
COVERAGE OF INTERMAL SURFACES

A. PROBLEM

Although the IVD aluminum process is not confined to line-of-sight appli-
cation, it does have limitationt regarding the ability to coat into deep
recesses. Generally speaking, the process can be used effectively to coat
into 2 bore or recess for a distance equal to approximateiy one times the
diameter of the opening. Therefore, for parts with a length-to-diameter
ratio greater tham 1:1 (or 2:1 if open at both ends), the IVD &luminum coatir-
coverage on portions of the internal surface may be inadequate. For examp!
the internal surface of the Figure 2 cylinder which is 4-inches in diameter
18-inches long and open &t both ends woulc be - ited effectively F‘ar
approximately 4-inches from both ends. The remaining 10-inches of internal
surface in the middle of the cylinder would have a thin coating to no coating
at an.

Even though techniques may be developed to evaporate aluminum within deep
recesses using &n internal anode, this procedure could be prohibitively
expensive for most applications. Therefore, IVD aluminum by itself cannot be
a direct cadmium substitute for some ALC parts, such as landing gear details
and turbine shafts, because of internal surface nrotection requirements.
However, there are protection systems that are compatible with IVD ailuminum
and may qualify as alternatives to cadmium for internal surfaces. Supporting
data for such qualification, however, needs to be developed.

B. SOLUTION/APPROACH
Combine IVD aluminum with supplemental protection systems to provide

complete coverage of internal surfaces. Candidate protection systems are
shown in Table 1 -and include:

10
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Acceptable IVD A!uminu Coating 3
on internal Surface a
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Thin to No IVD Alurninum
¥ Coating on Intemal Surfaces

Figure 2. IVD Aluminum Coated 4-Inch Dlameter by
18-Inch Long Cylinder

o Aluminun-filled MIL-C-81751 baseccats - These are aluminum-filled
paint-type materials currently in use by the ALCs. The coatings can be brush-
or spray-applied to internal curfaces. The coating becomes electrically
conductive when either cured at high temperature or burnished with glass
beads. The electrically conductive coating provides  sacrificial
corrosion-resistance protection to alloy steel substrates. A1sea‘|®,
Sermete1®. and Xy1aro are tradenames of available aluminum-filled coatings
suitable for this application. )
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0 Primer, topcoats, and sealants - Combinations of various primers,
| topcoats, and sealants have shown promise in preliminary testing and may
l afford acceptable barrier-type corrosion resistance protection to internal
g surfaces. Standard materials in use by the ALCs 1like epoxy primers,
polyurethane toproats, and sprayable sealants are candidates.

TABLE 1. CANDIDATE INTERNAL SURFACE PROTECTION
SYSTEMS APPLIED TO PANELS.

|
o Supplsmantal Protection System |  Applicable Protection o
. ! Materiz! Identitication® Mil-Specs® Type Proceasor
;:% Coaiings for Industry: Alseal 518 MIL-C-81751 Sacrificial MCAIR
! Whitiord: Xylar | o MIL-C-81751 Sacrificial MCAIR
| Sermatech: Sermate! CR984-LT | MIL-C-81751 Sacrificlal Sermatech
.. ;
‘ Epoxy Primer MIL-P-23377 Barrier € MCAIR
" Polysullide Sealant MIL-S-83430 Barrier
| Polyurethane Topcoat MiL-C-83266 Barrier
R
l MCAIR: Epoxy Primer None Barrier MCAIR
o Polysultide Sealan MIL-S-83430 Barrier
o (Fill ang Drain)
i
I Whitford: P-92 Primer None Barrier MCAIR
i Whitford: Xylan 1014 Topcoat None Barrier
| Whuiord: P-92 Primer None Barrier MCAIR
! Whitford: Xylan 1010 Topcoat None Barrier
Y
{ Watarbome Epoxy Primar MIL-P-85582 Barrier MCAIR
4 Polysulfide Sealant MIL-5-83430 Barrier
| Zinc Phosphate MIL-P-16232 Barrier Embes Plating
§ MCAIR: Epoxy Primer None Barrier©
) Polyurethane Topcoat MiL-C-83286 Barrier
| MCAIR: Epoxy Primar Nono Barier® DeSoto i
§ DeSolo: Epoxy Powder Coating None Barrier
|
; Waterbome Epoxy Primer MiL-P-85582 Barrier® DeSoto
i DaSoto: Epoxy Powdar Coaling None Barrier
NADC Unicoat None Barrier DeSoto
DeSoto: Epoxy Powder Coating Nons Barrier I
DeSoto: Epoxy Powder Coating None Barrier DeSoto
12
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TABLE 1. CANDIDATE INTERNAL SURFACE PROTECTION
SYSTEMS APPLIED TO PANELS (CONCLUDED).

Supplemaental Protection System Applicsble Protection Pro or®
Materlal ldentification?® MikSpecs® Type coas

Zinc Phosphate MIL-P-16232 Barrier Sunbaelt Coating
Whitford: P-92 Primer Nore Barrier

Whitford: Xyian 1014 Topcoat None Barrier

Zinc Phosphate MIL-P-16232 Barriar Sunbelt Coating
Whitford: Xylan 5641 Primed? None Barrier ©

Whitlord: Xylan 5251 Topcoat None Barrier

Manganese Phosphate MiL.-P-16232 Bm'borc Embes Plating
Waterbome Epoxy Primer MIL-C-B5582 Barrier MCAIR
High-Solids Polyurathane Topcoat |  MIL-P-85285 Barrier Embee Plating

& Suppliers:

~ Coatings for Industry, Inc.; 319 Township Line Road, Souderton, PA 18964, (215) 723-0019

-~ Whitford Corporation; Box 307, West Chester, PA 19381, (215) 296-3200

- Sermatech internatonal, inc.; 155 Swuth Uimerick Road, Limgrick, PA 10468, (215) 048-5100

~ Naval Air Devsiopment Ceniar, Warminster, PA 18974

b Milltary Spedifications:

= MIL-P-16232 Phosphate Coating. Heavy, Mang * ese or Zinc Bass (for Fe:rous Metalz)
~ MIL-P-23377 Primer Coating, Epoxy Polyamide, Chemical and Solven: Resistant

= MIL-C-81751 Coating, Metallic Caramic

- MIL-C-83286 Coating, Urethane, Aliphatic isocyanate, for Aerospace Applications
~ MIL-C-83430 Saaling Compound, Intagral Fual Tank and Fusi Call Cavities, intermittant Use ©

360°F (182°C)

~ MIL-C-85285 Coating: Polyurethane, High-Solids

-~ MIL-P-85582 Primer Caatings: Epoxy, VOC Complias:t, Chemical Solvent Resistan

¢ Although these matwrialc &re designatad barrier, thoy do contain leachable compounds which provide

sacrificlal protection.

d 2inc Rich, May Provida Some Sacraficlal Protection.

o Procassors:

- McDonnell Aircraft Company (MCAIR); P.O. Box 516, St Louis, MO 63166 (314) 233-8663
- Sermatech International, Inc.; 155 South Limerick Road, PA 19468, (215) 948-5100

- Embes Plating; 2136 South Hathaway, Santa Ana, CA 82705 (714) 546-0842

~ DeSolo, Inc.; Box 5030, Des Plaines, IL 60017, (112) 391-9365%
- Sunbselt Coaling Company, Inc.; 1805 Wast Detroit Street, Broken Arrow, OK 74012, (818) 258-8007




Screen candidate proteciion systems applied to alloy steel test panels by
testing for adhesion, coverage and uniformity, and corrosion resistance.
Apply selective protection systems which pass- the screening tests to the
internal surface of cylindrical details representing actual ALC parts.
Process the cylinders in the follewing sequence:

a. Coat the cylinders with JIYD aluminum for external coverage and
transitional coverage into the bore of the cylinder.

b. Brush, spray, or “fill & drain" apply protection systems onto the
internal surface of the cyliinders covering both bare areas and a =2as ccated
with IVD aluminum.

€. Section the cylinders lengthwise to expose internal surfaces.

d. Test the adhesion, coverage and uniformity, and corrosion resistance
of the protection systems on the exposed internal surfaces.

C. YEST DATA
1. Toast Panels

Eighty 4~inch by 6-inch 4130 alloy steel panels were processed with
candidate internal surface protection systems. Forty percent of the test
panels were left bare. The other sixty percent were first coated with a thin
coating (less than 0.0003 inch) of IVD aluminum per MIL-C-83488. These panels
simulate internal surface areas coated with less than the minimum acceptable
amount of 1IVD aluminum where the coating transitions from an acceptable
thickness to no coating at all. Three different conditions of thin IVD
aluminum coatings were evaluated after being overcoated. They are:

0 hs coated (not peened) and not chromated (Type I)

14




0 Peenéd. but not chromated (Type I)
0 Peened and chromated (Type 11I)

The peened and chromated condition 15 the normal processing mode for
IVD aluminum coating. The other two conditions were evaiuated for possible
benefits in relation to the standard mode when overcoated with the candidate
protection systems. One panel of each of the IVD aluminum coating conditions
was overcoated with each candidate protection system. 1In addition, two bare
stee) panels were processed with each candidate protection system to simulate
internal surfaces coated with a trace to no IVD aluminum. A typical test
panel set processed with Table I candidate protection systems is shown in
Figure 3.

2. Processing Parameters - A1l of the steel test panels were
cleaned using the normal procedures for precleaning alloy steel substrates for
IVD 2luminum processing. This entails solvent vapor degreasing followed by
mechanical grit blasting with #220 eluminum oxide grit at €0 psi. The Ssub-
sequent processing parameters for each candidate protection system such as
application method, number of coats, thickness, and cure time/temperature are
given in Table 2.

b. Thickness/Uniformity - Thicknesses were measured with a
Magne-Gage at three points across the six-inch length of the panel. The
approximate thickness of each protection system component material 1s shown in
Table 2. The total protection system thickness and uniformity is shown in
Tabie 3.

¢. Coating System Adhesion - The adhesion of the candidate coating
systems was tested as follows:

[+] The test panel was cleaned with solvent and wiped dry with
clean cheesecloth before solvent evaporation. :

15
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TABLE 2. PROCESSING PROCEDURES FOR CANDIDATE PROTECTION
SYSTEMS APPLIED TO PANELS.

Approximate
Pretection System Appiication Number | Component Cure
Components Method of Coats | Thickness (In.)] TimeTemperature
Per Coat

Coatings for Industry: Alseal 518 Spray 2 0.0015 60 min @ 500
Whittord: Xylar 1 Spray 2 0.0015 200 min @ 500°F
Sermatech: Sermetel CRO84-LT Spray 2 0.0008 60 min @ 375°F
Epory Primer Spray 2 0.0070 80 min @ Room Temp
Polysullide Sealant Brush 1 0.0015 45 min @ 160°F
Polyurethane Topcoat Spray 2 0.0015 80 min g 170°F
Epoxy Primer Fill and Drain 1 0.0010 30 min @ 180°F
Polysullide Sealant Fill and Drain 1 0.0160 180 min @ 160°F
Whitford: P-92 Primer Spray 2 0.0003 10 min @ 350°F
Whitford: Xylan 1014 Tepcoat * Spray 2 0.0003 10 min @ 450°F
Whiford: P-92 Primer Spray 2 0.0004 10 min @ 350°F
Whitlord: Xylan 1010 Tepcoat Spray 2 0.0004 10 min @ 450°F
Waterbcme Epoxy Primer Spray 1 0.0010 30 min @ 160°F
Polysullide Sealant Spray 2 0.0015 180 min @ 160°F
Zinc Phosphate Tank Immersion 1 0.0005 Not Required
Epoxy Primer Spray 1 0.0010 60 min @ Room Temp
Polyurethane Topcoat Spray 2 0.0015 30 min @ 200°F
Epoxy Primer Spray ) 0.0010 60 min @ Room Temp
Epoxy Powder Coating Spray 1 0.0030 15 min @ 250°F
Waterbome Epoxy Primer Spray 1 0.0010 60 min @ Room Temp
Epoxy Powder Ceating Spray 1 0.0030 15 min @ 250°F
NADC Unlcoat Spray 1 0.0050 €0 min @ Room Temp
Epoxy Powdar Coating Spray 1 0.0030 15 min @ 250°F
Epoxy Powder Coating Spray | 0.0030 15 min @ 250°F
Zinc Phosphate Tank Immersion 1 0.0002 WNot Requires
Whitford; P-92 t .imer Spray 1 0.0002 16 min @ 350°F
Whiford: Xylan 1014 Topcoat Spray 2 0.0002 10 min @ 450°F
Zinc Phosphate Tank Imimersion t 0.0001 Not Required
Whitford: Xylan 5614 Primer Spray 1 0.001¢ 10 min @ 400°F
Whitford: Xylan 5251 Spray 1 0.0010 10 min @ 400°F
Manganess Phosphate Tank lmmaersion 1 0.0005 Not Required
Waterbome Epoxy Primer Spray 1 0.0010 30 min @ 160°F
High-Solids Polyurethane Topcoat Spray 2 0.0010

30 rnin (@ 160°F




TABLE 3. UNIFORMITY AND AVERAGE THICKNESS OF
CANDIDATE PROTECTION SYSTEMS.

Protsetion Thickness
Processor: - (miis) T:‘,':;:E:‘
Protaction System (mils)
A ] €
MCAIR: Alseal 518 3.0 3.0 29 3.0
MCAIR: Xylar | a3 34 36 3.4
Sermatech: Sermetal CR984-LT 15 1.6 16 16
MCAIR: Epoxy Primer, Polysulfide Sealant, 55 56 59 5.7
Polyurethans Topcoat
MCAIR: Epoxy Primer, Polysulfide Seaiant 118 10.8 135 11.8
(Fill and Draln)
MCAIR: P-82 Primer, Xylan 1014 Topcoat 13 13 13 13
MCAIR: P-92 Primer, Xylan 1010 Topcoat 1.7 1.7 1.7 1.7
MCAIR: Waterhorne Epoxy Primer, 4.6 49 48 4.8
Polysulfide Sealant -
Embee Plating: Zinc Phosphate, Epoxy Primer, 43 4.3 43 43
Polyurethane Topcoat
DeSoto: Epoxy Primer, Epoxy Powder Coating 48 4.7 42 46
DeSoto: Waterbarne Epoxy Primer, Epoxy 44 42 40 42
Powder Coaling
DeSoto: NADC Unicoat, Epoxy Powder Coating 7.5 7.8 8.1 1.8
DeSoto: Epoxy Powder Coating 9 3 28 33
Sunbett Coating: Zinc Phosphate, P-GZ Primer, 08 07 08 08
Xytan 1014 Topcoat
Sunbeit Coating: Zinc Phosphate, Xylan 5611 13 1.3 14 1.3
Primer, Xylan 5251 Topcoat
MCAIR. Manganese Phosphate, Waterborne 3.2 2.8 27 29
Epoxy Primer, High-Solids
Polyuretharie Topcoat
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0 A dry tape adhesion test using 3M Company #250 tape was
conducted by placing a one-inch wide strip of the tape across the panel
pressing the tape down with firm hand pressure against the panel, 1ifting the
loose end of the tape to an angle of 45 degrees to the panel, and removing the
tape from the panel with one, abrupt motion.

(o] R 4- by 4- by 1/8-inch pad of cheesecioth saturated with
tap water was covered with polyethyiene film and taped against the panel for
24 hours,

0 After 24 hours, the pad was removed and the panel was
wiped dry with clean cheesecloth.

0 The tape test was repeated within 2 minutes after removal
of the water-spaked pad. '

A11 of the candidate protection systems passed the dry tape and
wet tape adhesion tests.

d. Corrosion Resistance - The corrosion resistance requirement for
the candidate internal surface protection systems was established as 672 hours
in a five-percent neutral salt fog environment per ASTM B-117. This is the
same requirement that MIL-C-B83488 invokes on a Class 1, Type 1I IVD aluminum
coating. There are three classes and two types of coatings. Class 1 coatings
are the thickest and are generally used because they provide the best co-ro-
sion resistance. Class 2 and 3 coatings are thinner and are generally used
for parts with tolerance limitations such as fastener threads. Type 1 does
not receive supplementary chemical processing. Type I has & supplementary
chromate treatment 1in accordance with MIL-C-SSGI. Type 11 coatings are
usually recommended because the chromate conversion coating provides addition-
al corrosion protection and promotes better adhesion of most paint-type

topcoats.
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The majority of the 16 candidate protection systems appiied
over bare steel panels not only met but far surpassed the minimum 672 hour
corrosion resistance requirement. A1l of the protection systems apjlied over
a thin IVD aluminum coating (less than 0.0003 inch) met the minimum 672 hour
requirement. Minimum corrosion resistance acceptance as well a&s corrosion
resistance duration of the candidate protection systems are shown in Table 4.

Figures 4 through 17 show the protection systems applied to
bare (no IVD aluminum) 4-inch by 6-inch alloy steel test panels that met the
minimum requirement. Exposure times of 672 hours, 1344 hours, and longer are
shown for most of the panels. The panels were put into test at different
times and therefore have various periods of exposure. Table 4 Tists hours of
exposure to the corrosive environment through April 1890. Many of the panels
remained in test after this d te. Final salt fog duration results will be
included in the proceedirgs for Phase IIl of the program.

A1l of the panels processed with candidate protection systems
applied over thin IVD aluminum (less than 0.0003 inch) exhibited outstanding
corrosion resistance protection. Figures 18 and 19 are examples of protection
systems applied over thin IVD aluminum that are still in test for 2500 hours
beyond failure of the same protection system applied to bare (no IVD aluminum)
panels. Whereas the supplemental protection system offers significant
protection by itself on bare areas, the presence of some IVD aluminum coating
which does occur on portions of the internal surface further enhances
corrosion resistance.

e. Environmental Impact - The functional merits of IVD aluminum
versus cadmium proccssing have been thoroughly discussed in the Phase | Data
Bage Handbook (Reference 1). However, the most important reason for veplacing
cagmium with IVD aluminum at the ALCs may be in how the two metals and their
respective processing procedures impact the environment.

Aluminum 1is a non-toxic substance, and the 1VYD vacuum-coating

process is a dry, environmentally clean process. Cadmium, on the other hand,
is classified as toxic to humans; waste cadmium must be handled and disposed

20




‘ TABLE 4. CORROSION RESISTANCE OF CANDIDATE PROTECTION SYSTEMS
IN A FIVE PERCENT NEUTRAL SALT FOG ENVIRONMENT.
I Alloy Stesl Test Panels
ASTM-B117 Salt Fog Resistance
l Bare Stesl Thin IVD Al on Bare Stecl
672nhr | Duration 672 hr Durstion
(hre) (hee)
Proceseor: Sacraficlal Protoction System
E MCAIR: Alssal 518 Passed €,048% Passed 6.048°
; I MCAIR: Xylar | Passsd | 6,024° Passed 6,024°
_ | Sermatech: Sermetel CR934-LT Passed | 1,704 | Not Vested -
‘; l Processor: Barrler Protection System®
MCAIR: Epoxy Primer, Polysutiide Passed 7.176° Paised 7.476%
. Sealant, Polyurethans Topcoat
! MCAIR: Epoxy Primer, Polysulfide Sealant Passed 7.152° Passad 7.152°
. “Fill and Drain” .
; MCAIR: P-82 Primer, Xylan 1014 Topcoat Failed - Passed 6,192"
_' it MCAIR: P-92 Primer, Xylan 1010 Topcoat Failed - Passed 3672
‘ MCAIR: Waterborne Epoxy Primer, Polysulfide Passed 1,980 Passad 6.024°
Sealant
' ‘ Embus Plating: Zinc Phosphate, Epoxy Primer, Passed 5.208" Passed 5,208"
‘l I Polyurathane Topcoat
.
i DeSoto: Epoxy Primer, Epoxy Powder Coating Passed 2,448 Passed 4,632°
{ DeSoto: Waterborne Epexy Primer, Epaxy Passed 4632° Passed 4,632°
I’ Powdaer Coating
|
N DeSoto: Navy Unicoat, Epoxy Powdsr Coating Passed 2,760 Not Tasted -
- | E DeSolo: Epoxy Powder Coating Passed 4536° Passed 4,535"
‘ Sunbalt Coating: Zinc Phzsphate, P-92 Primer, Passed 692 Passed 4,488
- I Xy'an 1014 Topoot
| Sunbett Coating: Zin: Phosphaie, Zylan 5611 Passed | 1388 | WNotTested -
& Piimer, Xyla 1 5251 Topeoat
|
: i I MCAIR: Manganess Phosphate Waterborne Passed 1,536" Not Tested -
' Epoxy Primer, Hizh-Solide
. ' Polyurathane Topcoat
I 8 Athoygh these tyslems ane designaled bariers, some componant materials contain kachabie compounds which
o provide sacrificial profection - soe Tabe 1.
! b Panels we slill in wst.
§
| .
] I 21
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Corroslon Resistence Specimens

Overcoated With Alseail 518
672 Hours - 5% Neuiral Salt Fog

W

‘ Bare Stes! Bare Steel

. Overcoated With Alssal 518 Overcoated With Alsesal 518
: | 1,344 Hours - §% Neutral Salt Fog 2,016 Hours - 3% Neutral Salt Fog

) Figure 4. Corrosion Resistance: Alseal 518 Protection System Applied to Bare
‘ Alloy Sieel Panels.
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Corroslon Resistance Spacime

) K .
L LI .

Ovarcoaied With Xylar 1
672 Hours — 5% Neutra! Salt Fog

R

Bars Stes! Bare Steel

Overcosted With Xylar 1 Overcoated With Xylar 1
1,344 Hours - 5% Neutral Sslt Fog 5,016 Hours - 5% Neutral Salt Fog_

Figure 5. Corrosion Resistance: Xylar | Protection System Applied to Bare
Alloy Steel Paneis
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Ovarcoated With Sermetel CR984-LT
672 Houra - 5% Nautrai Salt Fog

..l'. FRERTN P TV T
Tacdeipet LAY AP gt
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of

Bare Stee
Cvercoated With Sermste! CR984-LY
1,344 Hours - 5% Neutral Salt Fog

Figure 6. Corrosion Resistance: Sermetel CR984-LY Protection System
Applied 1o Barg Alloy Stee! Panels.
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Corrosion Resistance Specimens

Bare Stee!
Primer, Sealant and Topcoat
672 Hours — 5% Neutral Salt Fog

Wy 3

Bare Stes! Bare Stes!
Primer, Sealant and Topcoat Primer, Sealant and Topcoat

1,344 Hours - 5% Neutra! Salt Fog 4,032 Hours — 5% Neutrsi Sait Fog

Figure 7. Corros'on Resistance: Epoxy Piimer, Polysulfide Sealant, Polyurethane
Topcoat Protection System Applied to Bare Alloy Steel Panesls.
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Corrosion Resistance Specimens

|
!
i Bare Stosl
J Overcosted With MCAIR Flll and Drain
] 672 Hours — 5% Neutra! Sslt Fog
l
i
|
B
i
A .
# Bare Steel Bare Stael
T Overcosted With MCAIR Fill and Drain MCAIR Fill and Drain
! ‘ 1,344 Houre - 5% Neutra! Salt Fog 4,032 Hours - 5% Noutral Salt Fog
|

Figure 8. Corrosion Resistance: Epoxy Primer, Polysultide Sealant "Fiil and Drain"
f Protection Sysiem Applied to Bare Alioy Steel Punels.




Corroslon Resistance Specimens

Overcoal»d With Waterbome Primer and Saalant
672 Houre - 5% Neutra! Salt Fog

AR e . ml
Nova gL el
NOAWLT AR A W

o Ty o

Bare Stes!
Waterborne Primer snd Seslant
5,344 Hours - 5% Neutral Salt Fog

Figure 9. Corrosion Resistance: Waterborne Epoxy Primer and Polysulfide Sealant
Applied to Bare Alloy Steel Panels,
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- Bara Stesl

o Phosphate Coating, Primer and Paint
Iy 672 Hours - 5% Neutral Salt Fog

j

' Bara Stee Bare Stesl

‘ Phosphate Coating, Frimer and Paint Phosphats Costing, Primer and Paint
j

2,016 Hours - 5% Neutral Salt Fog 4,200 Hours - 5% Neutial Salt Fog

Figure 10. Corrosion Resistance: Zinc Phosphate, Epoxy Primer, Poiyurethane Topcoat
Protection System Applied to Bare Alioy Steel Panels.




Corrosion Rasistance Specimen

TF R

A O RPN LY YT A
N NI AL

Barw Stes! Bare Stes!

Primar and Powder Coating Primer and Powdar Coating
8672 Hours — §% Neutral Salt Fog 1,344 Hours - 3% Neutrz! Salt Fog

Figure 11. Corrosion Resistance: Epoxy Primer, Epoxy Powder Coating Protection
System Applied to a Bare Alloy Steel Panal.
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Corrosion Resistanca Specimen

Bare Steel
Weterborne Primer and Powdsr Coating
672 Hours = 5% Noutral Salt Fog

Bare Staei S "~ Bare Stesl
Waterberne Primer and Powder Coating Waterbome Primer and Powder Coating
1,344 Hours - 5% Neulra! Salt Fog 3,624 Hours — 5% Nautral Salt Fog

Figure 12. Corrosion Resistance: Waterborme Epoxy Primer and Epoxy Powder
Coating Applied to Bare Alloy Siee! Panels.
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Bare Steel
Navy Unicoat and Powder Coating
672 Hours ~ 5% Neutra! Salt Fog
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Bare Stosl
Navy Unicoat and Powdar Coating
1,344 Hours — 5% Nouiral Salt Fog

Figure 13. Corrosion Resistance: Navy Unicoat and Epoxy Powder Coating
Protectian System Applied to Bare Alloy Steel Panels.
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Bare Stesl Bare Stes!

Powdasr Costing Powdar Coating
672 Hours ~ 5% Neutral Sait Fog 1,344 Houre - 5% Neutral Salt Fog

Powder Coating
3,528 Hours - 5% Neutra! Sal Fog

Figure 14. Corrosion Resistance: Epoxy Powder Coating Protection System Applied
to Bare Alioy Stee! Panels.
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Corrosion Reslstance Specimens

' Bars Steel
Zinc Phosphate, Zinc-Rich Primer and One Coat o! Xylan 5000 Ssries Costing
1,008 Hours - 5% Neutral Salt Fog

“

Figure 15. Corrosion Reslistance: Zinc Phosphate, Zinc-Rich Primer, Xylan 5000
Series Topcoat Protection System Applied to Bare Alloy Steel Panals.
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Phosphate Coating, Prims. and Xylan 1014

!
|
| e,
l Bare Stee!
N
| 672 Hours - 5% Neutral Salt Fog
)
]

Figure 16. Corrosion Resislance: Zinc Phosphate, P-92 Primer, Xylan 1014 Topcoat
Protection System Applied to Bare Alloy Steel Paneis.
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g Bure Stesl
Phosphate, Watsrborme Primer, High-Soilde Topcoat
72 Houre = 5% Neutral Sait Fog

Figure 17. Corrosion Resistance: Manganese Phosphate, Waierbome Epoxy Primer,

High-Sglids Poiyurethane Protaction System Applied to Bare Alloy
Steel Panels.
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Corroslon Resistant Specimen
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IVD Alumlnum Costed Stes! Panel - Peenad, Type il
Overcoated With Waterbome Primer and Sealant
672 Hours — 5% Neutral Salt Fog

’
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iVD Aluminum Coated Steel Panal - Peened, Type I!

Overcoated With Waterboma Primer and Sealant

2,588 Hours - 5% Neutral Salt Fog 5,424 Hours ~ 5% Neutral Salt Fog

Figure 18. Corroslon Resistance: Waterborme Epoxy Primer and Polysutfide

Sealant Protection System Applied to Allioy Sleel Panel Coated With
Thin IVD Aluminum,




. ! I Corrosion Resistant Specknen
I
-k
2
s ﬂ
i |
|
|
]
0
I - . A .. - ] Ny R
o i i IV Aluminum Costed Stes! Panel —~ Pesned, Type I}
. Overcoated With Phaasphate, Primar and Xylan 1014
. l 672 Hours ~ 5% Neutral Salt Fog 1,344 Hours - 5% Neutral Salt Fog
! o~
! I R
1 ‘-‘. - o Q‘. N
I
|
|
o B
® ]
.
'
| I IVD Aluminum Coated Stes! Panel ~ Peaned, Type il
; Overcoated With Phosphate, Primer and Xylan 1014
; ! 3,388 Hours - 5% Neutral Salt Fog
|
i Figure 19. Corrosion Resistance: Zinc Phosphate, P-82 Primer, Xylan 1014 Topcoat
i Protection System Applied to Alloy Steel Panel Coated
,' | With Thin IVD Aluminum.
il
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of &8s a hazardous waste by approved Occupational Safety and Health
Administration (OSHA) and Environmenta?l Protection Agancy (EPA) procedures.
in addition, electroplated cadmium processing introduces additioral hazardous
materials, such as cyanide in the plating bath, which must be controlied. The
thrust to eliminaie cadmiuni processing at the ALCs will reduce hazardous waste
procuction and improve environmental compliance in general.

It {s important there: s vor suppliomenial processing that is
performed in conjuncticn with aormas 170 2luminum processing be eavironmen-
tally compliant. Table £ addresses the environmental cotpliance of the
candidate protection systems. MCAIR included barrier-type coatings in the
evaluation that currentiy meet theo most stvingent &erospace volatiile organic
compound (VOC) regulations. Current &ircratl peint grimers contain chromium
corrosion inhibitors siiich wiil be contryllad by air-voric regulations that
are currently being enacted. TYhe aerospace indusiry is currentiy evaluatina
alternate corvosiun inhibiturs.

2. Simulaied Preduction Jdetails

rour-inch diameter by 18-inch jong 4030 eiloy sveel cylindars yore
selected to simulate production details such as landing gear detiils. AT
teing processed with IVD atuminum, these detsil paris were drequavely cnated
on exteraal svrfaces and on internal surfaces fur & distance o¢f ubout “Vour
fnchee from each end. Th: vwnairing ten aches of davernal surface n the
middie of tna cylinder received 3 very chin {lesy thar 9.0902 {nci) cocling
which transitioned to no coaling at a'l {see Figure 2). Ten 3IyD
aluminur-~-coated cylinders were further processed with 1oe  supplementa)
foternal surface protectinn systems Vistad in Tabie &, 7The cylincers were
thon sectioned lengthwize {Figure 20). After thickness and uniformiily were
@easured, tne supplomenrtal proftection systems were tusted for adnesicn and
corrgsion resistance.
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TABLE %. (HEALTH AND ENVIRONMENTAL IMPACT CF CANDIDATE PROTZCTION SYSTEMS

Volatiic Organis ;
Compou.d (VOC) . Parscna’ Exposure
Candidate Protection Systsm South Callioria] T wnvSuspscind | * 7 1 (BEL) of
Actus! ikt Carcinogen Sotvant®
(graasiiter) e
{gran3iter)

Alsssl 513 Y] 420 Yoe -

Xylar | 0 420 Yeos -
Sermatel CR584-LY 0 &20 Yeos -

Epoxy Primer 578 350 Vs )
Polysulfide Sealant (Brush) P& 800 No 100
Pciyuiethane Topeoat 580 420 N> 25

Epoxy Primer 875 W3C Yes 400
Polysulfide Sealant (Fili and 403 600 No 100

Drainy) :

P-9Z Primer 818 350 Ro | 10

“'yian 1014 Topcoat 739 420 Nu 10

P-g2 Piimer 818 480 NG 10

Xylan 1010 Topeoe! 767 420 No 10

/

Waterbome Epoxy Primer 348 350 Yss 25 ;
Polysulfido Sealart (Cpray) 403 800 o 100

Zinc Phosphate 0 g Yes -

Epoxy Prmer . K78 350 ] Yeu 100
Polyuretiarn) Topoost £60 420 No 3

Epoxy Prmaor 675 350 Yes 100

Epoxy Powter Coating c 420 No -

| Waterborne Epoxy Primer 345 300 Yes 25

Epoxy Powder Coating 0 420 (T -

NADC Unicont 420 300 No 56 P‘
Epoxy Powdet Towling 0 a2 No -
Z Epoxy Powdar Coriing [+ 420 No -

Zinc Hhosphiate 0 Yes -

P-92 Brinwt ai8 kLl Ne £ 1

Xyian 1014 769 420 No 1¢

I

Zing Fhosphate 0 Yes -

Xylan 5611 Primer £80 30 Yos 100

Xyian 5224 583 430 Yes 1

Manganece Phesphate g Yes -
watsrbone Epoxy Pramer kL 386 Yeos 25
[High-Solids Polyurethans Topeost i &15 4:0 No 50 !

& touth Coast Al Quality W anagement Rula 1124 -- current or scheduled regr.'ton.
b *Yas® maledals conlaln chromium cooyoglon lnhilbiton.
% Lowesi PEL Hf more than one sotvunl.

e N e L L Ty
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TABLE 5. SUPPLEMENTAL PROTECTION SYSTEMS APPLIED TO THE INTERNAL
SURFACES OF THE 4-INCH DIAMETER BY 18-NCH LONG CYLINDERS.

Proceascr: Protection System

MCAIR * Alseal 518

* kiseal 518, Waterbome Primer, Polyurethane Topcoat

« Waterbomae Primer, Polysullide Sealant (Sprayed)

* Waterborme Primer, Polysuliide Ssalunt (Brushed)

* Watetborme Primer, Polysulfide Sealant (Flll and Drain)

~ Epcxy Primer, Polysullide Sealant, Polyursthane Topcoat

Embse Plating | - Manganese Phosphate, Epoxy Primer, Polyurethane Topcoat

Embee/MCAIR | « ManganJse Phosphaie, Waterbome Primer, High-Solids Polyurethane Topcoat

DeSoto * Epoxy Primer, Epoxy Powdar Coating
» Waterborma Primer, Epoxy Powder Coating

Cylinder Corresion Test Specimens

) Mangansse Phosphats, Watomo Prtm. T
High-Solids Polyursthane Ensmal Topcoat

Figure 20. 4-inch Diameter by 18-inch Long Cylinder Sectioned
After Processing For Testing.
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a. Processing Parameters - The bare steel cylinders were processed
in the following sequence:

(1) IVD aluminum preclean - Standard precleaning was used
which consists of:

¢ Solvent wvapor degreasing to remove organic
contaminants Yrom the part surface such as grease and oil films, cutting

fiuids, and corrosion prevention compounds.

0  Grit blasting at 60-70 psi with aluminum oxide to abra-

. sively remove surface oxides. Note: Cleen, dry air is required.

(2) IVD Aluminum Application - The cylinders were coated with
IVD aluminum per MIL-C-83488, Class 1, Type I1. Class 1 requires a minimum of
0.001 inch of coating on tﬁé external surfaces of the cylinders. Type Ii
requires that the aluminum coating be treated with chromate conversation
coating per MIL-C-5541, '

(3) IVD aluminum post-coat procedures - The following
procedures were performed on a1l of the cylinders except for the one that was
further processed with Alseal 518:

0 The I1v¥D aluminum coating was burnished (peened) with
glass beads at 40 psi prior to chromate conversation coating. Burnishing not
only improves corrosion resistance by densifying the coating but also serves

as a simple, supplemental adhesion check of the coating.

o A1) of the cylinders were chromated within 24 hours
of peening per the following procedure:

Immerse cylinders in Alodine 1200 solution for 30
seconds.

4]
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- Rinse cylinders thoroughly with ambient
tenpergture tap water to remove all excess Alodine 1200 solution.

~ Blow the cylinders dry immediately with clean, dry
compressed air,

- Protect the chromated cylinders from contamination
and moisture.

Note: Peening deoxidizes the IVD aluminum coating and
enables a complete chemical reaction between the I¥D aluminum coating and
chromate conversion solution. Repeen the IVD &luminum coating if chromating
does not occur within 24 hours.

Exception: The cylinder processed with Alseal 518 was
peened and chromateu after the Alseal 518 was applied.

(4) Supplemental Protection System Application - The cylinders
were then further processed with the various Table & protection systems per
the applicable Table 7 procedure.

b. Thickness/Uniformity -~ The total coating system thickness and
uniformity as measured with a Dualscope is shown in Table B.

c. Coating System Adhesion - The wil-specs controlling the
components of the various barrier-type protection systems al) {mpose stringent
coating adhesion testing for material qualification. A1l barrier-type
coatings that were applied to cylinder finternal surfaces were qualified
mil-spec materials other than powder coating. Yhe Ddasic requirements for
materials with proven good adhesion chdracteristics 15 proper substrate
cleaning and application of the material. 7Yhe {nternal surfaces were alveady
basically clean from IVD aluminum processing but were grit-blasted again just
prior to application of the protectior system components per Table 7. The
inherent adhesion of Alseal 518 sacrificial-type coatings is not as good as




TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTION
SYSTEMS APPLIED TO INTERNAL SURFACES.

Processor: Protsction Systam ¥

Processing Procedure

MCAIR: Aiseal 518

MCAIR: Alseal 518, Waterborne Primer, |

Polyursthane Topcoat .

MCAIR Waterborne Primer, Polysuliids
Sealant (Sprayed)

MCAIR: Waterborne Primer, Polysuliide

Scalant (Brushed)

Cylindst Procedurg - Surtace Was Grit Blasted With Aluminum
Oxide Grit at 60 psi. One Coat of Aseal 518 Was Spray Applied
Using Convantiona! Alr Spray Equiprasnt With a 90° Spray
BExtension. The First Coat Was Cured at Room Tempearature for
15 Minutes, Than Bakad AL 175°F for 45 Minutes. A Sacond Coat
Was Applisd and Baked at 175°F. The Complasted Coating Was
Then Cured at 500°F for 60 Minutes. Ths Cylindsr Was Cut in
Two Sections. The Asaal 518 Ccating Was Glass Bead Pesned at
25 pul 1o Burnish the Coating tor Eiectrical Conductivity

Recommendad Produgtion Procedurs ~ tn Production, & 350°
Spray Extension Should Bs Used for All Internal Dlameter Spray
Applications.

The Glass Bead Peening Would Be Parformed Using & 90¢
Nozzle. The Aseal 518 Would Be Overcoated With Ons Coat of
Primer and Two Coats of Polyurethans Topcoat

Cviinder Procedurs — A Cylinder Processed With Aseat 518 Was
Then Coated With One Cost of MIL-P-85582 Waterborne Primer
and Two Coats of MIL-C-83285 Gloss White Polyurathane
Enamel. Al of the Coatings Ware Spray Applied Using Conven-
tional Air Spray Equipment With a $0° Spray Extension. Each
Coat Was Baked for 30 Minutes ut 150°F

Recomended Production Progedure - A 360* Spray Extension
Should Be Used for Al inteina! Diameter Spray Applications.

Oviinder Brocedure - Surtace Was Grit Blasted With Aluminium
Oxide Grit at 60 psl. One Coat of MIL-P-85582 Watarbomes
Primer Was Spray Appliad Using Convanticna! Alr Spray
Equipment With a 80° Spray Extension. The Primar Was Cured
for 30 Minutes at 160°F. Cne Cost of MIL-5-83430 Polysulfide
Bealant Was Spray Applied and Allowed to Cure for 24 Hours at
Room Vemperaturs. Class A-4 Saalant Was Thinnad 30 Percant
by Volume With Toluene. A Second Coat of Sealant Was Spray
Applied. The Ceating Sysiem Was Cured for 7 Days at Room
Tamparaturs

RBesommended Praduction Procedura ~ A 360° Spray Extansion
Should Be Uaad for All Internal Diameter Spray Applications,

Cyiindar Procedurg - Surkass Was Grit Blastsd Wi Aluminum
Oxide Grit at 60 pal. Ons Coat of MIL-P-85582 Waterborne
Primor Waa Brush Applied and Baked for 30 Minutes at 160°F.
Ona Cost of MIL-S-83430 Polysulfied Sealant Was Brugh
Applicd and Allowed to Cure for 24 Hours &t Room Temperaiure.
Class A-1/2 Sealant Was Thinned 10 Percent by Volume With
Tolusne. A Sscond Coat of Soalant Was Brush Applied. The
Couting System Was Cured for 7 Days ut Room Temperature

Recommended Proguction Procedura -- Sane as Cylinds

Procsdure

& See Table 1 for supplise, processor and Mil-spac information.
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TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTION
SYSTEMS APPLIED TO INTERNAL SURFACES (CONTINUED).

Procestor: Protection Systsm®

Processing Procedure

MCAIR: Waterbomne Primer, Polysulfide
Sealant (Fii and Druin)

MCAIR: Epoxy Primer Polysulfide Sealant,
Polyurethane Topcoat

Embee Plating: Manganese Phosphate,
Epoxy Primer,
Polyurethane Topcoat

Embea/MCAIR. Manganass Phosphate,
Waterborns Primer,
High-Solids Polyurethane
Topcoat

Cviinder Progadura ~ Surface Was Grit Biaxted With Aluminum Cxide
Grii at GO psi. The Cylindor Was Fll and Draln Coated With

One Coxi of MIL-P-85582 Watarborne Primer and Baksd for 30
Minutes at 160°F. The Cylinder Was Fill and Drain Coxted With
MIL-S-83430 Polysutfide Seatant and Aliowsd to Cure for 24 Hours &t
Room Tempersture. Class A-1/2 Sealant Was Thinnad 30

Porcent by Yolume With Tolune. A Second Coat of Sealant Was and
Draln Applied. The Casting System Was Cured for 7 Days &t Room
Temperaturs,

Bacommended Production Procedurs - Game &3 Cylinder Procadurs.

Evinder Procadure ~ Surface Was Grit Blastad With Aluminum Oxide
Grit at 60 psl. Two Coats of Mil.-P-23377 Primer Were Brushed

Applisd With 2 30 Minute Bake at 160°F After Each Coat. One Coat of
MIL-5-83430 Polysulfide Was Brush Applied and Allowsd to Cure for

' 24 Hours at Room Tamperature. Class A-1/2 Sealant Was Thinned 10

Parcent by Volume With Toluns. Two Coals o1 MIL-C-83286 Glots
White Polyursthans Enamal Ware Brushad Applied. The Coating
System Was Cured for 7 Days at Room Temperaturs.

Becommendad Production Procedirs - Same ag Cylindar Procadure.

Cvlinder Procedure - Surface Was Grit Blasted With Aluminum Oxide
Grlt at 60 psl and Manganess Phosphate Coated Per MIL-P-16232.
One Coat of MIL-P-23377 Primer and Two Coats of MIL-C-83286
Gloss White Polyurethane Enamel Wers Spray Applisd Using
Convantional Alr Spray Equipment With a 360 Sprey Extension.
Each Coat Was Cured at Room Temparaturs.

Becommended Production Procedure - Bare as Cviinger Procegures.

~ Surface Was Grit Blasted With Aluminum Oxide
Grit at 60 psland Manganess Phosphate Coated Per MIL-P-16232.
One Coai of MiL-P-85582 Watsrborne Primer Was Spray Applied

Lising Cotventional Alr Spray Equipment With a 360° Spray Extansion.

The Primer Was Cured at Room Temperature. Two Coats of
MIL-P-85285 Gloss Whits High Solids Polyurethane Topcoat Were
Spray Applisd Using Convantional Alr Spray Equipmeant With a 90°
Spr:ﬂy Extension. Each Coat of Topcoat Was Baked at 160°F for

30 Minutes.

Recommended Production Procedures - A 360° Spray Extension
Should Be Usad for All Internal Diameter Spray Applications.

a Soc Table 1 for supplar, processor and Mi-spsc information.
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TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTION
SYSTEMS APPLIED TO INTERNAL SURFACES (CONCLUDED).

Processor: Protaction System? Procsssing Procedire
DeSoto: Epoxy Primer, Epoxy Cyviindear Procedure — Surface Was Grit Blasted With Aluminum Oxide
Powder Coating Grit &t 60 ps!. The Cylinder Was Fill and Drain Coatsd With One Coat

DeSoto: Waterborne Primer, Epoxy
Powder Coating

of MIL-P-23377 Primer. The Primer Was Cured & Room Temperature.
DaSoto Epoxy Powder Coating Was Applied Using & Fuidizad Bad. The
Powder Coating Was Cured &t 250°F for 15 Minutes.

Recommendad Production Procedurs - Same as Cylinder Procadurs.

Cyiinder Progedurg ~ Surface Was Grit Blasted With Aluminum Oxide
Grit at 60 psi. The Cylinder Was Fil and Draln Coated With One Coat
of MIL-P-85582 Waterbome Primer. The Primer Was Cured at Room
Temperature. DeSoto Epoxy Powdsr Coating Was Applied Using &
:lul:ﬁized Bed. The Powder Coating Was Cured at 250°F for

5 Minutes,

Becommended Production Procedure - Same as Cylinder Procedure.

3 See Table 1 for supplier, processor and Mil-spec Information.
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TABLE 8. UNIFORMITY AND AVERAGE THICKNESS OF SUPPLEMENTAL
PROTECTION SYSTEMS (CYLINDER INTERNAL SURFACE). I
=
] k) '
A RERY : E
a:
| “« 2z :
| : B
i =3
| B
. Protection Thickness (mlls) Averags
i Processor:
: Protection Systam A : ¢ "'(l:"ﬁ':)“ I
1(2i8i&6)1(12i14afj1({2138]3¢4
MCAIR: Alseal 518 25( 28| 30)25] 1.3} 1.9 22] 1.3] 23] 3.0] 36} 21 24 l
g MCAIR: Alseal 518, Waterborne Primer, 50138490 36] 50| 39 26] 3.3} 3.7] 3.3] 31| 39 39 .
Polyurettiane Topcoat ] i
MCAIR: Waterborne Primer, Polysulfids 421 68|68 95] 65| 6.1} 55; 8.2} 73| 4.1] 57| 81 6.6 .
: Sealant (Sprayed)
l MCAIR: Waterborne Primer, Polysulfide 4.1] 431 44 53] 45] 2.8} 35] 3.5] 3.0 3.3 28] 2.6 3.7 !
" Sealant (Brushed)
MCAIR: Waterborne Primer, Polysultide g5/ 85| 81| 621104} 03| 9.7|10.2)10.5/10.1f 8.0]10.1 913
Sealant (Fill ard Drain) l
: MCAIR: Epoxy Primer, Polysuifide Sealant, 521 58] 43{ 44 43] 55| 5.0] 401 49 56] 48] 4.3 48
) Polyurethane Topcoat
Embee Piating: Manganese Phosphate, Epoxy 32/36)36]32] 30/32) 3.0] 3.0] 32| 38/ 35} 3.0] 33 I
o Priner, Polyurethans Topcoat
g Embee/MCAIR: Manganese Phosphate, 37| 35]33]34] 4037 33| 3.7f 3.7{ 40] 36} 4.1 a7 I
Waterbore Primer, High-Solids
Pulyurethane Topcoat
DeScto: Epoxy Primer, Epoxy Powder Coating | 2.5} 25| 29} 3.2 40 42| 4.i] 4.3] 4.1] 80] 2¥] 36] 34 i
DeSoto: Waterborne Primier, Epoxy 110/ 39]988] 50]113; 96]|11.4] 8.2) 54, 48! 521 55 76
i Powder Coating I
i
“
1
| i
| 46 I
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that of primers, sealants, and topcoats. The controlling specification,
MIL-C-81751, does require coating adhesion after an alloy steel test coupon is
bent around a one-inch diameter mandrel. MCAIR has no reservations about the
dghesion adequacy of Alseal 518 type coatings for {nternal surface
applications.

d. Corrosion Resistance - A minimum corrosion vesistance of 672
hours in a Tive-percent neutral sait fog environment was also required for the
various protection systems applied to the cylinders. The 672-hour reguirement
was met with eight of the 10 protection systems (Tabie 9). Similar to the
test panels, wmost of the salt fog duration times easily surpassed the 672 hour
requirement. Figures 21 through 30 show the cylinders after 672 and 1344
hours of exposure. Table 9 lists hours of exposure through April 1990. Final
salt fog duration results will be included in the proceedings for Phase 111 of
the program. '

The two protection systems that failed showed minute amounts of
red rust in several smail craters in the topcoat that extended to the primer.
They appear to have resulted from either outgassing during an improper cure
cycle, poor wetting, or contamination. Althougi these areas are s$o small that
they are not visible in either Figure 28 or 30, they are indicative of the
critical need for proper application of barrier-type protection systems.

D.  SUPPORTING DATA

MCAIR had previously tested some of the materials used as protection
systems and/or protection system components. Selection of thece materials as
candidate protection system materials was based on previous, positive experi-
ence with the material and/or material system.

o Alseal® 518 - MCAIR had demonstrated that Alseal 518 can be success-
fully applied to damaged IVD aluminum-coated steel panels. MCAIR also applied
Riseal® 518 to an alloy steel panel, scribed it and exposed the panel to a
five percent neutral salt fog environment for 9,000 hours without substrate
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TABLE 9. CORROSION RESISTANCE OF SUPPLEMENTAL PROTECTION
SYSTEMS APPLIED TO INTERNAL CYLINDER SURFACES IN A FIVE
PERCENT NEUTRAL SALT FOG ENVIRONMENT.

Alloy Stesl Cylinder internal Surtace

ASTM-B117 8alt Fog Resistance
Processor: Sacraficla! Protection Syatam 672 hr Duration

MCAIR: Alses! 518 Passed 1,778%

MCAIR; Alssal 518, Waterbome Primar, Passsd 1,344°
Polyurethans Topcoal

Procesaor: Barrisr Type Protection System®

MCAIR: Waterborne Primer, Polysullice Pazsed 1,776°
Sealant (Sprayed)

MCAIR: Waterboma Primaer, Polysullide Passed 2,208°
Sealant (Brushed)

MCAIR: Waterbome Primer, Polysulfide Passed 2,208°
Sealant (Fill and Draln)

MCAIR: Epoxy Primar, Polysuliide Sealant, Passad 2,208°
Polyurethane Topcoat

Embee Plating: Manganese Phosphate Passeod 1.776°
Epoxy Primer, Polyurethane Topcoat

Embea/MCAIR: Manganese Phosphate, c 1.344°

Waterborne Primar, High-Solids
Polyurethane Topcoat
De Suto: Epoxy Primar, Epoxy Powder Coatlng Passed 1,344°
DeSoto: Walsrborna Primer, Epoxy Powder Coating c 1,344°

a Although thees systens w9 deskinatod barrers, some component matedals contaln lesachable
oompounds which provide some chemical protection —~ soe Table Y.

b Cylinders are still In test.

¢ Topooat containagd saveral small creiers @xtending io primer cout. Pencll-point aress of red rust in
oaters obsarved st 672 hours. Specimens left in st with no additional degradation through noled duration.
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Alsas| 518
1,344 Hour — 5% Nautral Salt Fog
Figure 21. Corrosion Rasistance: Alsea! 518 Protection System Applied to Cylinder
interneal Surfece.

Cylnder Corroalon Test Specimen

Alssal 518, Waterborme Primar, Polyunsthans Topcoat
672 Hours - 8% Neutral Salt Fog

sl s AT S i
Alesel 518, Walerborme Primar, Polyursthane Topoost
1,544 Houre - 5% Neutral 84l Fog

Figure 22. Corrosion Reslstance: Alsaal 518, Waterbome Primear, Polyurethans
Topcoat Protection System Applied to Cylinder Internal Surface.
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Cylinder Corrosion Test Spocimen

Waterborne Primaer, Polysuliida Sesalant (Spray Applled)
€72 Hours - 8% Nautral Sait Fog

ol

Weisrbome Primer, Polysulfide Sulnm (Spray Lppuod)
,.1.344 Hours ~ 5% Nautral Satt Fog

Figure 23. Corrosion Resistance: Waterborne Primer, Polysulfide Sealant (Sprayed)
Protection System Applied to Cylinder Internal Surface.

Cylinder Corrosion Test Specimen

Walerbome Primar, Polysuliide Sealant (Brush Appliad)
672 Hours - 5% Nauiral Satt Fog

Wdorborm Priner, Pofytuﬁnch Ssalant (Brush Appiled)
.34 Hours - 5% Neutral Salt Fog

Figure 24, Corrosion Resistance: Weterborne Priimer, Polysulfide Sealant (Brushed)
Protection System Applied te Cylinder internal Surface.
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Watsrborme Primer, Polysultica Seslant (Fill and Drain Applied)
€72 Kours - 5% Neutra! Salt Fog

, 1,344 Hours ~ % Neutral Ssit Fog

» -

Figure 25. Corrosion Resistance: Waterborne Primer, Polysulfide Sealant (Fill and
Drain) Protection System Applied to Cylinder Internal Surface.

Cylinder Corrosion Test Specimen

Epoxy Primer, Polysulfide Sealant,
Potyurettane Ename! TYopcoat
672 Hours - 5% Neutrs! Saht Fog

B . S0 SRt X AN SV S S SR AT Ak I AT PSS LM T P LTS A KU SO e s o
=y e © ——. ;

Epoxy Primasr, Polysullicde Ssalant,
Polyursthane Eriamel T
1,344 Hours - 5% Neutral 3alt Fog

Figure 25. Corrosion Reslstance: Epoxy Primer, Polysulfide Soalant, Polyurethane
Topcoat Protection System Applied to Cylinder Internal Surface. “
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Cydindar Corrosinn Yaet Scack..an

#
P AL S v L Pl AN
Margances Phosphats, Eno .
Polyursthuna Enamel Topoost
€72 Houra - 3% Nautra! Sait Fopy

iManganess Phosphata, E.po .
, Pohrurethans Enamel Topooat
" 1,344 Kours - A% Neutral Sait Fog

Figure 27. Corrosion Resistance: Mangeinese Phosphate, Epoxy Primer, Polyurethane
Topcoat Protection Systom Applied to Cylinder Internal Surfacs. '

Cylinder Corrosion Toat Specinen

- £
e e i

sisrborne Primer, High-Solkis Polyurethain
€72 Hours - 5% Neutral Salt Fog

23 e i o e £ ¢
Mangansse Phosphsts, Waterboms Primer, High-Soiids Peiyursthane Enamel Topcoat
1344 Hours - 5% Neutrsl 8alt Fog

.

Figure 28. Corroslon Res!stance: Manganese Phosphate, Waterbome Primer, High
Bolids Topeoat Protaction System Applied {o Cylinder Internal Surtace. °
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Oy - cor Corioalon T st Specimen

Epoxy Primev, Epoxy Powder Coeting
€72 Houre - §% Neutra! Sali Fog

PSR AR

Epoxy Primar, Epoxy Powder Costing
1,344 Houra - $% Neutral Sak Fog

Figure 29. Corrosion Hesistance: Epoxy Primer and Epoxy Powder Ceating
Protection System Applied to Cylinder Internal Surface.

Cytindar Corrosion Tast Spaciman

e Priner, Epoxy Powdar Coating
1,344 Hours - §% Noctral Salt Fog

Figure 30. Corroslon Res!stance: Waterborne Primer and Epcxy Powder Coating
Protection System Applied tc Cylinder intarnal Surface.
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corrosfon (red rust) (Reference 4). MCAIR also has an alloy steel panel
coated with Alseal 518 in an outdoor exposure test in St. louis. The pane)
has been in test for five years without red rust.

o Epoxy primer, polysulfide sealsnt, polyurathane topcoat - MCAIR
eriginaily tested the corrosion resistance of the *primer, sealant, and
topcoat” on six 3- by G-inch 4130 alloy steel panels (Raference §) as a repair
procedure. The panels had their paint and IYD aluminum coatings removed from
4 0.5- by 1.0-inch area in the center of the panel and the “primer, sealant,
and topcoat" repair applied. A diagonal line was scratched in the ¢epair
system on three panels. The panels were then subjected to the Waval Air
Development Center (NADC) SO, salt-fog exposure test for 28 days without ved
rust. MCAIR then applied the “primer and sealant" protection system to the
internal surfaces of a 2.5-inch diameter by 6.5-inch long alloy steel
c¢ylinder that was ciosed on one end. The cylinder was aiso exposed to the
harsh NADC SOz sait fog environment for 56 days (28 days by MCAIR and 28 days
by NADC) without substrate corrosion.

0  Hanganese phasphate, epoxy primer, polyurethane topcoat - This
protection system is in production use on the Air force F-15t Piston Assembly
- Main Landing Gear, P/N 68A412704. This alloy steel) deteil part is protected
with IVD aluminum coating on external surfaces and with the supplemental
*phosphate, primer, topcaat" protection 3system on finternal surfaces. This
procection system has been used since 1986 with no known problems.

0 wWaterborne primers - MCAIR has demonstrdated in thorough laboratory
testing that the performance of low VOC, environmentally compiiant waterborne
primer per HIL-P-85582 exceeds that of currently used exempt solvent and
higher YOU primers per MIL-P-23377.

WCAIR has issued paperwork that allows the use of waterborne primers to
meet wore stringent «nvironmental regulations in such areas as California and
Ok 1ahoma.
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0 High-Sciids Polyurethane Topcoat - MCAIR has &1s0 engiged in 4
thorough evaluaticn of envircnmentally compiiant topcoats per MIL-C-85285 that
ar¢ now beginning to repiaca higher YOC topcoats per MIL-C-83286. Our labo-
ratory evaluation (References 6 and 7) identified several of the high-solids
topcoat that met and/or exceeded the performance of the MIL-C-83286 standards.

(o Powder Coating - MCAIR tested & Pratt and Lambert Powder
Coating (vitrelon 86-1103) to our in-house requirements for fluid resistance,
flexibility, and corrosion resistance for polyurethane topeoats. The powder
coating passed all the fests except the reverse impact flexibility test at
-65°F (Reference 8).

E. DISCUSSION

MCAIR beiieves that thé ALCs can currvently implemeni{ the use of any of
the Table 6 protection systems other than the two systems that include powder
coatings. MCAIR believes that epoxy powder coatings will eventually be
implemented by the aerospace industry as will as epoxy primers applied by
electrocoating. These processes are commonly used on steel substrates in the
industrial sector. They offer 98 percent transfer efficient and Jow VOC
emissioen. MCAIR believes they are the best prospects for long-term
ehvironmental compliance.

MCAIR used Alseal 518 on the cylinders to represent all three of the
metallic-ceramic type sacrificial coatings that were tested ¢n panels; namely:
Alseal® 518, Xylar® 1 and Sermetel® CR948-LT. These MIL-C-81517 aluminum-
filled coatings are used on alloy steel detail by DoD agencies such as the
ALCs on engine parte and the Maval Sea Systoems Command on marine Rardware.
MCAIR limited the cure temperature of these coatings to 500°F because of
potential use on higi-strength steel lanaging gear components. Although 500°F
is an adequate cure temperature, Wt 1is not high encugh to produce an
electrical conductive, sacrificial coating. The glass bead peening processing
step (see Table 7) 1s vequired to assure a conductive coating.




HCAIR tested -Alseal 518 by d1tself to demonstrate the adequacy of
MIL-C-8175]1 coatings as stand-alone protection systems. In reality, the IvVD
aluminum - Alseal 5i8 combination would be painted with a primer and topcoat.
Therefore, MCAIR also included a protection system comprised of Alseal 518,
pri@er and topcoat.

MCAIR included both the commonly wused mil-spec epoxy primers and
polyurethane topcoats as well as newer, low YOC versions of epoxy primer and
polyurethane topcoats. The waterborne epoxy primer wmeets the current
California and other pending YOC 1imits of 350 grams/liter (g/i) for primers.
The high-solids poiyurethene formulation meets pending topcoat regulavions of
420 g/1 VOCs for topcoats. MCAIR &lso included both current and low YOC epoxy
primers in conjunction with polysulfide sealant. Polysuifide sealant applied
by the “brush” procedure easily meets YOC requirements for sealants (see Table
§). Polysulfide sealant applied by the “spray" and “fi11 & drain” procedures
will be affected by pending regulations such as California Rule 1124 (see
Table 5).

MCAIR included the epoxy primer, polysulfide sealant, polyurethane
topcoat protection system because of existing MCAIR test data outlined in this
gsection. MCAIR has also both used and recommended this protection system for
field repair of damaged IVD aluminum coating.

MCAIR included the manganese phosphate, epoxy primer, polyurethane
topcoat protection system which is in current production use on the internal
surface on the F-15E main landing gear piston assembly. This Yanding gear
detail is coated with IVD aluminum on external surfaces. HCAIR also included
a version of this protection system with the more environmentally compliant
primer and topcoat.

The question may be asked, "If a supplemental protection system is
adequate for an internal surface, why not use that system over the entire
component rather than in cembination with IVD atuminum, thus eliminating
two-step processing?" The answer is that what may be adequate for internal
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surfaces may not be adequate for external surfaces. For example, the sacri-
ficial aluminum-filled paint-type coatings provide excelient corrosion resis-
tance end should be more than adequate to protect internal surfaces. However,
internal surfaces are not normally subjected to the more harsh corrosive
environments nor to the same harsh demands on coating adhesjon as external
surfaces. Therefore, the IVD aluminum process 1s recommended on all external
surfaces and on as large a portion of the internal surfaces as possible. TYhe
reasons are that in addition to corrosion resistance, IVD aluminum provides
superior coating adhesion and superior uniformity and coverage on part edges.

As an example, %he external surfaces of landing gear details &nd turbine
shafts are exposed to more harsh conditions than internal surfaces. The
abrasive effects of take-offs and landings require a coating that adheres well
and is resistant to chipping. The IVD aluminum coating does not chip; 1t is
vrequired that YVD coating adhesion pass the stringent bend-tc-break coupon
test.  In contrast, the aluminum-vilied paint type coatings are highly sus-
ceptipie to the chipping type of nonadhesion. Typically, these coatings wilil
not meet the bend-to-break adhesion requirement.

IYD aluminum alsp provides excellent coating uniformity and coverage or
details in the transition areca between external and internal surfaces. These
areas often are threaded and/or contain sharp edges. 1IVD &ltuminum does not
build vp on or run off of sharp edges or thread crests/roots regardless of
thickress. The paint and spray-type coatings will run off of edges and build
up in recesses.

t. CONCLUSION

A11 of the various protection systems, both sacrificial and barrier type,
that were appifed to the internal surfaces of the alloy steel cylindrical
detai’is demonstrated good corrosion vesistance characteristics. The
protection systecms alspo exhibited acceptabie adhesion to the alloy steel
substrates,” and the various application wethods provided acceptahle thickness
and uniformity.
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Higher reli{ability may be obtained with the MIL-C-81751 coatings because
of their sacrificial protection capabilities and with the barrier-type
protection systems containing polysulfide sealant because of its flexibility.

Correct processing technique and procedure are critical, especially with
the barrier-type protection systems. The potential effectiveness of these
systems has been demonstrated with flat panels which are easy to process. At
least one of these systems has been in production use for several years on a
F-15¢ landing gear detail.

MCAIR beljeves that a two-step IYD aluminum plus supplement protection
system approach offers an acceptable alternate to processing internal surfaces
with cadmium.
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SECTION IV
TORQUE-TENSION COMPARISONS

A. PROBLEM

Aluminum has a higher coefficient of friction than cadmium. Therefore, a
higher torque is required to install aluminum-coated fasteners to a given
tension preload than if the fastener was cadmium pilated. Fasteners are often
installed at particular torques that have been determined to give desired
preiosds. These torque values are usually required by the overhaul manuals
supplied by the original equipment manufacturers (OEMs). The OEMs are naturail-
1y reluctant to approve plating substitutions that do act provide similar
torque-tension characteristics. Although the difference in torque-tension
characteristics between aluminum and cadmium s minimized by the use of
lubricants (Reference 1), much of the data generated to dste is for shear-type
and non-highly 1loaded tension-type fastener systems. Additionally MCAIR
generally uses IVD aluminum-coated bolts/screws with cadmium-plated nuts and
generated most of their torque-tension characteristics with that combination.

The Ogden (00) ALC and Bendix (an OEM) have identified wheel tie-bolts
(Figure 31) as a major concern. Eight to 12 tie-bolts are typically used to
bolt wheel-halves together on military aircraft. These high-strength &lloy
steel detaile are designed to be highly loaded - usually in the range of 60 to
75 percent of the wltimate strength of the fastener. The fastener system (nut
and bolt) relies on the installation torque required by the overhaul manual to
achieve designed loading. For most whcel tie-bolts, the torque vaives
required by the overpaul wmanual are based on a nardware system plated with
cadmium for corrosion resistance, and lubricated with MIL-T-5544 synthetic
graphite - petrolatum prior . ) installation. There 1s no corresponding
torque-tension data for this s.tuation when the hardware is coated with IVD
aluminum.
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Figure 31. IVD Aluminum-Coated Wheel Tie-Bolt and Nut

The Oklahoma City (OC)-ALC, San Antonio (SA) ALC, and Allison (an OEM)
have also expressed corncern about the wuse of IVD aluminum on threaded
hardware. The SA-ALC had asked Allison for concurrence to use IvD &luminum on
7-56 engine details as a replacement for electroplated cadmium and diffused
nickel-cadmium. Allison, 1in turn, gave concurrence (Reference §) with the
exception of threaded engine hardware. Their reluctance to use IVD aluminum
on threaded hardware is based on a Pratt & Whitney {P&W) document (Reference
10). P&W reported that considerably more torque is required to load IVD
adluminum-coated engine bolts than to load diffused nickel-cadmium plated boits
when Tubric

ated with engine 0i). Engine 011 s a commoniy used lTubricant for
engine bolts

. The following Allison excerpt exemplifies their concern.

“A change in coatings changes the coef’icient of friction thus affecting
a torque required to achieve a given axial load. A significant change in
torque requirements, &s a result of IVD Aluminum, would be unacceptable since
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production parts would continue to be coated with cadmium. It would be
impracticai and confusing to have two sets of torgue values 1in assembly
instructions and overhaul manuals. This author recommends that IVD aluminum
not be used on the parts listed in Attachment 1." (threaded hardware).

B.  SOLUTION/APPROACH

Document that the difference in torque-tension characteristics between
IVD aluminum and cadmium is minimized by the use of lubricants for ALC wheel
tie-bolts and threaded engine hardware.

Divide the effort into two tasks:

1. wWheel Tie-Boits

Develop a generic torque-tension data base for Tubricants now in use
by the ALCs. Use additional lubricants if required to minimize torque-tension
differences. At the conclusion of the generic testing, generate comparative
data on actua’l tie-bolts using both the graphite - petrolatum lubricant now in
use by 00-ALC and candidate 1lubricants identified &s having a positive effect
by the generic test. Generate data for 15 cycles of reuse which is the
designed work-life before refurbishment of the wheel tie-boits.

2. Threaded Engine Hardware

MCAIR met with OC-ALC to address this issue and coordinate a test
program. The program was also coordinated with Allison.

Since other torque-tension (References 11 and 12) comparisons
between IVD aluminum and diffused nickel-cadmium reported that torque-tension
was essentially unaffected by any differences 1in the two finishes, it was
decided to rerun the one test (Reference 10) that shows considerable
differences. Several olher factors that were considerations included the very
early period of IVD aluminum development ir which the Referance 10 data was
generated and the possibility that too thick of an IVD aluminum coating was
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‘f'ﬁ tested. Additiona“ﬂy the hardware combination consisted of a diffused
nickel-cadmium plated bolt and ecadmium-plated nut vather than two diffused
ot nickel-cadmium plated components.

L C. DATA

| KR 1. Generic Torque-Tension Data

NAS1308-10 bolts supplied by Voi-Shan and 47FLW-820 nuts supplied by
1 SPS were used to generate generic torque-tension data for wheel tie-bolts.
! Descriptions of the Dolt and nut are shown in Tables 10 and 11, respectively.

TABLE 10. NAS1308-10 BOLY DESCRIPTION.

Bolt gok Thread Size Boh Length Corroslon Preventivs Finlah
Description  |Designation| 8nd Grip Yotal
ript W Descrption|  (in.) (in.) Cadmlum VD Aluminum
Shaar, Hexagon Head, { NAS1308-10| 0.5000-20 0.625 1.360 Per QQ-P-416, | Class 3, Type Il
i ; Ultimate Tenslis UNJF-3A Type U, Class 2 {Peor MIL-C-83488
\ Strength 160 — 180 ksl
|

TABLE 11. 47FLW-820 NUT DESCRIPTION.

\ : Nut Corrosion Praverdive Finlsh

3 NL. Threod Size mosion Freaveritive Finis

A Nut Description Height
| Deaignation | and Description | "y V" | eqgmium | VD Aluminum
{ 1
i Flexioc, Tension Double 4TFLW-820 0.5000-20 0.548 | PeroQP416, | Class 3, Type Il
Pl Hexagon, Flanged, Seli- UNJF-38 Type I, Class 2 | Per MIL-C-33488
! Locking, Alioy Stesl,
‘ 180 ksl, 450°F, Lightweight

Torque-tension and other installation data was generated for fifteen
installation cycles of reuse for the various bolt finish - nut finish -
fubricant combinations shown in Table 12. A description of each lubricant is
shown in Table 13. ) :
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TABLE 12, BOLT FiNISH ~ NUT FINiSH - LUBRICANT COMBINATIONS EVALUATED DURING
QENERATION OF GENERIC TORQUE-TENSION DATA.

g I Finish Suppisments! Lubrcation
i Tost Bok Nut OnivD | OnIVD Aluminum
. No® D N VD Aluminum Coatwd Nut Lubrican?
. f' l Cadmium Aluminum Cadmium Aluminum c:::‘ Carbowax® | Othar
i 1-3 X X C-601-S
| I 36 X X C-801-S
- 7-10 X X C-601-8
O 1113 X X C-601-5
1 1417 X c-601-8
P I 18-22 X X X C-601-8
23-26 X X C-801-S
27-29 X X X C-601-8
‘ 30-36 X X X C-601-8
- l a7 X X C-601-§
) 38 X X X C-601-S
L 39-41 X X C-£670
- 4244 X X c-670
: I 4547 X X, Moly-50
o 48-50 X Moly-50
L 51-53 X X Royco 81MS
54-56 X X X Royco 81MS
57 X X GP-400
58 X X X GP-400
_ 59 X X GP-401
I 60 X X X GP401
| 61 X X GP-460
‘ 62 X X X GP-460
. 83 X X CP-28
| l 64 X X X CP-28
) 65 X X CP-29
! 66 X X X cP-29
' 67 X X CP42
: I 68 X X X CP-42
! 69 X X Formkote T-50
S 70 X X X Formkote T-50
\ E 7 X X Lubr-Bond A
! 72 X X X Lubxi-Bond A
N 73-75 X X CP-115
i 76-78 X X X CP-116
B I 7981 X X MIL-T-83483
N 82-84 X ¥ X MiL.T-83483
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TABLE 12. BOLT FINISH -~ NUT FINISH ~ LUBRICANT COMBINATIONS EVALUATED DURING
GENERATION OF GENERIC TORQUE-TENSION DATA {CONCLUDED).

Finish 1 Supplemental Lubrication
Tost Boli Nut onivDd On VD Aluminum Lubrcant
"o lcnamtam] | V01 t] V| Aaminim)___Coned bt
Aluminurn Aluminum BoH Carbowax® | Other
a5 X X ormkote T-50 and
C-601-8
86 X X Perma-Slik-S and
C-801-S
87 X X X Xylar 101 and
C-601-8
88 X X Xylar 101 and
C-601-S
89 X X X X Xylar 101 and
C-601-S
90-91 X X X X Everiube 1346 and
C-601-S
$2-93 b 4 X X X EM-6256 and
C-501-S
84-95 X X X X EM-6286 and
£-601.8
96-97 X ! X X Everiube 1345 and
C-601-S
$5-99 X X X EM-6256 and
C-801.8
100- X X X EM-6286 and
101 C-601-S

a The data for each test & found in appendix A. The st numbex correspords 10 the Appendix table number.
(Exampie: Data for et number 1 Is found in Appendix tabie A-1.).
b The cadmium nuts wore supplied with Carbowax .

¢ The IVD aluminum-coated nuts were coated with Carbowax by efther SPS Technologios or MCAIR.




TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORGUE-TENSION TESTING
FOR WHEEL TIE-BOLTS.

Lubricant

Supplier*

Description

Applicabie®
Mil-Specs

Pmmr'

C-601-8

C-676

Moly-50

Royco 81MS

GP-400

GP-401

GP-460

CP-28

CpP-29

CP42

Fel-Pro Incorporated

Fel-Pro Incorporated

Fel-Pro Incorporated
Royal Lubricants Company

Incorporatad

Graphite Products Company

pe

Graphtte Products Company

Graphlte Products Company

E/M Corporation

E/M Corporation

E/M Comoration

Paste, Antiselze Thread Compound,
Cortaining 50 Percent Synthatic
Graphite and 50 Percent Pstrolatum

Paste Contalning 85 Parcent
Molybdenum Disulfide

Paste, Antiselze Thread Compound,
Containing 50 Percent Moulybdenum
Disuliide and 50 Percent Petrolatum

Lubricating Grease, a Mixture
Baslcally 50 Percent Molybdenum
Disultide and 50 Percent Silicone Oil

Paste, Antiseize Lubricant,
Contalning Approximately 50 Percent
Molybdenum Disulfide, 5 Percent
Graphlte, and 40 Percent Mineral Oll
Wih a Soap Base Thickenar

Paste, Antiselze Lubricant,
Containing Approximately 50 Percent
Molybdanum Disultide, 5 Percent
Graphlte, and 40 Parcent Minsra! Qll
With a Non Soap Base Thickener

Paste, Antiselzeé Thread Compound,
Containing 50 Percent Synthetic
Graphle and 50 Percent Petrolatum

Paste, Cxtrems Prossure Assembly
Lubricant, Containing 60 Parcent
Molybdenum Disulfide, an Organic
Barlum Compound, Mineral Oll, and
Lithiurn Grease

Pasts, Antisalze Lubricating
Compound, Containing Molybdenum
Disulfide, Finely Divided Copper
Metal Particles, Sliica, and Mineral Ol

Paste Contalning a High
Concentration of Molybdenum
Disulfide In a Synthstic
P-lyakylone Glycol Base

MIL-T-5544

MIL-T-83483

DOD-L-25681

MIL-T-5544

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR

MCAIR
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TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORQUE

FOR WHEEL TIE-BOLTS (CONTINUED).

-TENSION TESTING

{lcabie
Lubricant Supplier® Description ‘:‘!’,ﬁgm. Processor®
Formkote T-50 | E/M Corporation A Dry, Solid Fliim Lutricant None MCAIR
Containing a Composttion of
Lubricating Pigments, Graphite Being
One, Suspended In & Modified High
Temperaiure Res!n Binder
Lubri-Bond A E/M Comporation An Alr Drying, Soild Film Lubricart MIL-L-23308 | MCAIR
Contalning Molybdenum Disullide
and Graphlte in & Resin Binder
CP-116 E/M Corporation Paste, Antiselze Thread Compound, MIL-T-83483 | MCAIR
Containing Malybdenum Disulfide,
Mineral Oll, and Petrolatura
MIL-T-83483 Armite Laboratories Paste, Anti-Salze Thread Compound ,
Containing 50 Percant Molybdenum MIL-T-83483 | MCAIR
' Disulfide and 50 Percent Petrolatum
Formxote T-50 |  E/M Corporation Se0 Formkots T-50 Above Nono MCAIR
&nd -60.-0 Fel-Pro Incoporated | See C-601-S Above MIL-T-5544 | MCAIR
Perma-Sik S EM Corporation An Alr Driad, Solig Film Lubrdcant None MCAIR
Contalning Moiybcenum Disulfics in &
Minimum Amount of Binder
witd &-801-8 Fel-Pro Incorporated | See C-601-S Above MIL-T-5544 | MCAIR
Jovar 101 Whitford Corporation | Coating Contains Nonmetallic Fillers MIL-C-81751] MCAIR
in Combination With Ceramic Type |,
Materials to Exiond the Performance Clasg 4
_ of Aiurminum Coatings
and C-601-S Fel-Pro incorporatod | Ses C-601-S Abova MIL-T-5544
Everiuba 1346 | EM Corporio -3 An Ajr Cured, Bonded Sclid Flim None E/M Coip
Lubricant Forrulated With Molybdsnum
DisuXide In a Rasin Binder
and C-601-% Y Fai->ro Incorporato Sas C-501-S Above MIL-T-5544 MCAIR
EM-6256 | £/ Comporation A Bonded Solid Fiim Lubricant None | &/M Com
{ Formulated With Molybdenum Disulfide
i to Produce Torque-Tension
i Characteristics Simitar to Cadmium
" Electroplats Flus Wax
and C-611-5 Fel-P:o Incorporated | Sea C-601-S Above MIL-T-5544 | MCAIR
EM-6286 EM Cnporation A Bonded Solld Flim Lubricant None EM Corp
E Formulated With Graphiie in & Resin
i Bindar
and £-301-8 { Fel-Pruincorporaled |See C£ - “hove MIL-T-5544 | MCAIR
i

ob
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TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORQUE-TENSION TESTING
FOR WHEEL YIE-BOLTS (CONCLUDED).

licable®
Lubricant Supplier” Description :ﬁﬁspﬂﬂ Processor
Carbowax | Unlon Carbide Chemicais | Polywinylane Glycoi 3350, a Non Dry None SPS
and Plastics Company inc { Lubiicant (Wax Type) Applied to Technoiogies
Cadmium Plated and IVD Alumihum- MCAIR
Coated Nuts 1o Reduce Galling and
Ssizing
a Supplers

+ Fel-Pio Incorporated, Chemical Products Divdsion, 74150 Narth ESomick Boulevard, P.O. Box 1205,
Skoxle, Hiinols 60076-8205

« Roval Lubricants Company inc, P.C.80x 5§18, 72 Eagls Rock Avenua, East Hanover, NJ 07367

« Graphite Products Campany, P.0. Box 29, Brooktiakl, Chin 44403

« £/M Corporation, P.O. Box 2400, 2801 Xent Averws, Was! Lsfayete, indiana 47006

« Armite Laboratorigs, 1843 Rardoiph Street, Loe Angaiss, Califomie 80001

« Whitiord Corporaton, P.O. Box 507, West Chesiar, Penngytvania 13381

» Unkon Carbkie Chemicals &nd Plastics Ce Incorpaistad, industrial Chemicals Division, 39 Ok Ridgebury
Hoad, Denbury, Connscticus 0681 7-0001

b Military Spedifications o
* MIL-T-5544 -~ Tiwead Compound, Antiseize, Graphlo - Perdatin
» MIL-T-83483 - Thread Compound, Antissize, Molybdanurn Msuified — Petrolatum
s DOD-L-25681 -~ Lubrcant Molybdenum Digulfide, Sllcons:
« MIL-L-23398 - Lubricant, Salid Film, Alr-Cured, (-ovroson inhibiting
s MIL-C-81751 — Coating, Mutallic - Cararmic
¢ Frocessors
» McDonnedl Aircraft Company (MCAIR), 9.0, Box 315, St Lous, Missouri 63166
« E/M Corparation, P.O. Box 2400, 2500 Kont Avenue, West Lafayetia, Indiana 47906

The torque-tension daia was generated by holding the bolt head fixed
and rotating the nut. A GSE, Tnc. Model FT-500 Fastener Force Transducer and
125 KSI hardened, chamfered washer were installed between the bolt head and
nut. The “fastener force tsansducer" s a minjature 1load cell developed
specifically for measurement of fastener clamping forces. The washer against
the bolt head was instalied with (s cChamfered side toward tne boit head to
provide clearance for any fillet at the head and shaft interface. The test
set-up (Figure 32) &llowed the minimum bolt protrusion of 0.080 inch through
the self-locking nul as required by Reference 13. It also prevented nut
rotation “> the end of the threads on the bolt.

The loads generated by the range of torques for the various Table 12
polt finish - nut finisk - Tubricant combinations were recorded by a GSE, Inc.
Modei 233-D Digital Peak Indicator which is compatible to the GSE Inc.
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Figune 32. Temt 3atup Ugad tu Generate Gunerie
Torgue-Tenslon Somparsong,

transducer. Three torque wrenches were used for the torque vangt to assure
the most accurate, mid-range readings. A1l instrumentation was celibrated on
a regular basis and is trzceable to National Bureau Standards.

The Tastener was loaded to 20,000 pounds during each installation
cycle which is 70 percent of its ultimate strength. An example of the typical
data generated for each 15-instaliation cycle evaluation is shown in Figure 33
and consists of:

0 Bolt measurements - the shank of each bolt had its diameter and
plating or coa*ing thickness measured in three piaces prior to testing.

0 Nut measurement ~ the plating or coating thickness was measured
prior to testing.

o Lubricant information - the name of the 1lubricant, a brief
descriptioni and what it was applied to are listed.

[/ Running torque (Toading cycle) - the maximum torque required "9
engage the locking feature of the self-locking nut was measured on thu firsy,
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fifth, tenth, ana fifteenth Toading cycies. Tae torque just piior to clampup
of the test assemble was recorsded,

¢ Torque-t.ension yelationship - this relationship was established
by recording tae turque required for the specific range of tensile loads shown
in Figure 33. The torque requives to generate 10,000- and 20,000-pound loads
was @measured Tor all fifteen c¢ycles. Additional torque amounts were recorded
ot 2,500-pound losad incremencs for the first, fifth, tenth, and fifteenth in-
stellation cycles.

] Breakawey torque - the torque required to start nut rotation to
relieve the 20,000-pound tensile polt load was measured for the first, fifth,
tenth, and fifteenth removal cycie.

s Running toryue (removal cycle) ~ the minimum torque required to
disengege the lorking feature of the self-locking nut was measured on the
first, fifth, tenth, &nd fifteenth removal cycle. This torJue was recorded
when & minimum of one and a maximum of two boit threads extended beycnd the
BUut.

Runring Torque Oa Nut (lu.-1b) brea l}runnlnn
- breny | Yorque
Tasae | Nor | oo Boit Luad (ib) orqut | (.
" * et | K
Dirsction} 15 co5! 5.000] 7,560/ 16,400 | 12,500 | 15,008] 47,500 20,000 Diraction)
xx 1 100 | 190 | 205 | 415 | 655 | 725 | @75 {1025 | 1225] os0 %
2 450 1.250
3 400 1150
4 375 1,050
5 30 |110)195 | 285 | 300 | 825 | 725 | ees | iwms | e00 %
6 350 1200
7 480 1,180
8 285 1,050
9 355 1.000
0| 30 |es |65 {250 35 | ac0 | s25 | w00 | 675 | 650 2
11 335 1,000
12 350 075
13 320 075
14 350 050
1s 20 |8 155|295 | 330 § aso {600 { 7vs | 906 | s40 15

@ The lubrcan! wat applicd bo the throads of the bolt and rut
& EM Corporation CP-42 lubricant is a pasie with a syrthwtc polyatkylens glyool Su'd baks cuntalning a high conceniration of
mofybdenum disulfide.
€ NAS1308-10 bol: Average shank diameter — 0.4087 In., aversge coaing thicknses - 0.00035 In,
G7TFLW-020 nut: Average coating thickness —0.00037 in.

Figure 33. Example of Installation Date Generated for Typical 15-Cycle Heuse Evituation.
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Wet lubricants {no cure required) were brush applied to the threaded
ereas of the nuts and bolts. Only a thin film of lubricant was appiied as any
excess is squeezed out during tightening of the nut. The wet lubricants were
removed with clean cheesecloth and/or solvent and rezpplied for each instal-
lation. The dry lubricants (cure required) were applied only before the first
installation cycle.

The same bolt-nut combination was used for a1l 15 installation
cycles or until termination of a particular 15-cycle evaluation. The same
factener force transducer was used and its calibration was verified to be
correct throughou: the evaluation. Torque-tension and related installiation
data was generated for 101 15-cycle evaluations. It is located in Appendix A.

The torque-tension relationships between IVD aluminum  and
cadmium-finished wheel tie-bolt type hardware is summarized as follows:

a. With MIL-T-5544 synthetic graphite - petrolatum

MCAIR generated an extensive amount of data associated with the
use of MIL-T-5544 synthetic graphite - petroiatum Jubricants. It is currently
required to be appiied to wheel tie-bolts and nuts by virtually every appli-
cable overhaul manval,

MCAIR obtained the best MIL-T-5544 lubricant resuits with the
Fel-Pro, Inc. C-601-S Jubricant. Its evaluation was recommended by Behdix (an
OEM). Data generated for cadmium-plated hardware with C-601-S lubrication is
used as baseline data. The torque required to produce a 20,000-pound tensile
loed for IVD aluminum and cadmium-finished hardware is compared in Table 14.
This date shows thal in order to obtain a 20,000-pound leoad:

0 Approximately 30 percent more torque is required tc load

the IVD aluminum-coated hardware during the first installation cycie than to
load the cadmium-plated hardware.

10
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0 Tne difference drops to about fifteen percent for the
third cycle.

28 Em ==

0 The difference drops helow 10 percent by &he seventh
installation cycle and stays between (hrev and eight percent through the
fifteenth cycle.

.
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k

TABLE 14. TORQUE (INCH-POUNDS) REQUIRED O PRODUCE 20,000-POUND
- LOAD FOR IVD ALUMINUAM- AND CADMIUM-FINISHED HARDWARE
USING FEL-PRO C-601-S SYNTHETIC GRAPHITE ~ PETROLATUM E
g LUBRICANT (MIL-7-5544).

. Cd Bok IVD Al Bokt % Incresoe 2,
& inat' and and Over Cd-Cd i
! Cycle Cd Nut VD Al Nut Basaline
<w 1 845 837 20.8
. 2 663 809 220
--} 3 675 774 14,7
| 4 €75 786 13.5
- 5 669 767 147
: 6 663 739 1"
-7 675 727 7.7
8 675 716 8.1
o 662 718 7.3 Ii
10 669 723 8.0
A 1 663 709 6.9
o 12 656 689 5.0
B 13 650 693 6.6 E
| 14 650 673 35
- 15 663 703 €0
| g
= ; S o)
{ :
a4
il MCAIR evaluated a2 number of variables introduced witli the use id

of the C-601-S Tubricant {in an attempt to lessen the Table 14 “baseline"
difference between IYD aluminum and cadmium. Special attention was given to
the Tirst several installation cycles where the difference {s more pronounced
These variables are listed in Table 15 along with & brief result summary
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TABLE 15. VARIABLES EXAMINED DURING TORQUE-TENSION TESTS ON GENERIC
BOLT AND NUT USING FEL-PRO, INC. C-601-S LUBRICANT.

Finiash
Results In Relistion to
Tast Bon Nut Etfoct of Torque Required to
Hod Tast Variable(s) Generate 20,000 ib
cd |IVDAI| ca® | VDA Load
1-3 X X None Established as Original Cadmium
Baseline for Comparison.
4-8 X X None Established as Original IVD
Aluminum Basaling for Comparison.
7 X X Loading Bolt 10 20,000 b No Effeci al 20,000 Pounds. The
In Two Steps, 10,000 and | Torque-Tension Curve Had
20,000 Pounds vs 2,500 Distinct Break at 10,000 Pounds
pound staps. Whaen Bolt Was Loaded in Two
Steps. A Smooth Torque-Tenslon
Cuive Was Obtained When Bolt
Was Loaded in 2,500 Pound
Steps. Retained Procedure to
' Briatly Stop at Each 2,500 Pound
Load Increment to Record Tonqus.
8-10 X X Selection of Torque Data Accuracy improved. Estab-
Wrenchas. kshed a8 New Cadmium Bassline.
11-13 X X Tes! Variables Were the Result Was the Same a5 In Tesis
Sams as In Tests 8 - 10, 8 = 10. Establiched as Naw IVD
Aluminurn Basseline.
14 -17 X X Different Bolt and Nut improvement Over IVD Aluminum
Finishes. Bassline.
18 - 21 X X Supplemantal Lubricant, improvermant Over IVD Aluminum
Carbowax on Nut, Baseilny for 18t Cycle.
2 X X Excess Amount of Ko Appraciable Effect.
C-601-S Lubricant Appiled
to Eftherthe Bolt and/or
Carbowaxed Nut,
23-26 X X Boll Loaded to 20,600 No Appraciable Effect.
Pounde With and Withowt
iIntermsdlate Stops.
27-29 X b 4 Different Bokt and Nut Improvement Over IVD Aluminum
Finlshes. Baseline.
30 X X Ludricant Absorption into No Appreclable Efiect.
& More Opean, Non-Peoned
Aluminurn Coating.

& The data for aach test ks found in Appendix A. The tes! numbet coiragponds to the Table number. (Examplo : Daka for Test

Numbex 1

k& found in Tabie A1),

b The cadmium nuis wato suppliad with Carbowai (Polygthylons Giyool 3350), & wax type lutricant Cartowax is sprdied o
non -dry fim Wddcakd cadmium plated nuts by SPS Teahnolkogis: % rechics galling snd selzing.

i
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TABLE 15. VARIABLES EXAMINED DURING TORQUE-TENSION TESTS ON GENERIC
BOLY AND RUT USING FEL-PRO, INC. C-601-S LUBRICANT (CONTINUED).

Finlsh
Reosults In Relation to
Test Bolt MNut Effect of Torqua Required to
Nos® Tost Vartable(s) Generste 20,0040 W
VDAl | cdt | VDA Load
31 X X Polished Coating on Boit No Appreciable Effect.
and Nut.
a2 % X Thin Coating on the Bolt. No Appreciable Eflsct
33 X X Thin Coating on the Bok WNo Appraciabls Effect,
and Ultrasonic Cleang
the Bolt and Nut &ferthe
First Cycla 10 Remove Any
Motal Padicles,
34 X X | Muttipie Applications of | No Appreciable Effect.
Carbowax on the Boit
, and NuL
35-36 X X Thin Coating on the Bolt No Appreciabtiic Effect.
and Nut and Ultrasonk
Cleaning the Bolt and Nut
Aflar tha First Cycha.
37+~3B X X Aluminum-Zinc Alloy o Appieciable Effect.
Coating on the Bol and
Nut Wih and Without
Carbowi.
H
80 - 01 X X Supplumantal Lubricant Reducad the Higher Torques
Coaling, E/M Corporation | Noted With IVD Aluminum-
Everlube 1346, on Bolts Coaied Bolts and Nuts During the
and Nuts, First Few Installation Cycles in
Felation 1o Cadmium.
92 -w3 R X Supplemaental Lubricant Reduced the Higher Tomques
Coating, E/M Corporation | Noted Whh VDD Aluminum-
EM-6256, on Bolts Coated Boks and Nuts During the
and Nuts. First Ferw installation Cycles in
Relation to Cadmium.
84 - 95 X X Supplemental Lubricant Baauced the Higher Torques
Coating, EM Corporation Noted With IVD Aluminum-
EM-6286, on ..olts and Coated Bolts and Nuts During the
Nuts, First Few Installation Cycles in
Relation to Cadmium.

a The data for sach tast it found in Appendix A. The teet number tomes pondt 10 the Table number. (Exampe: Datx for Tes!
KNumber 1 is found in Tabie A-1.}.

b The cadmium nuts wore suppliod with Carbowax (Polyethylene Glyocol 3350), & wax lypu ubricant Carbowax k aopiad
non-dry film bricatsd cadium plaksd nuts by SPS Technologios o reduce galling and selzing
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TABLE 15. VARIABLES EXAMINED DURING TORQUE-TENSION TESTS ON GENERIC
BOLT AND NUT USING FEL-PRO, INC. C-601-S LUBRICANT (CONCLUDED).

Finish
Rosulis in Relation to
Tost Bolt Nut Effact of Torque Required to
No* Tost Variable{s) Genersie 20,080 Ib
cd |IvDAly cd® | VDAL Losd
86~ 07 X X Suplementa! Lubricant Comparable to Cadmium-Plated
Coating, EM Comporation | Baseline tor the 5-Cycie Tes!.
Everiube 1346, Applied
Only to the Nut.
98 -99 X X Supplemental Lubricant Cormparabie to Cadmium-Piated
Coatlng, E/M Corporation | Basaline for the 5-Cycls Tast.
EM-6256, Appliad Only to
the Nut
100 ~ ) 4 X Supplemental Lubricant Comparable to Cadmium-Plated
101 Coating, E'M Cotporation | Baseline for 5-Cycle Test.
EM-6286, Applied Only to
the Nut.

a The data for sach test is found in Appondix A. The test number corréeponds 1 the Tabie numbar. (Example: Data for Teet
Number 1 ls found in Tabie A-1.). .

b The cadmium nuts were suppliod with Carbowax (Polysthylene Glycal 3350), 8 wax type lubricant Carbowax 's appiied 10
non-dey flim lubricated cadmiurm plated nuts by SPS Technologies o raduce galling and selzing.

The following variables produced the most positive data and are
discussed in more detail:

0 Use of a cadmium-plated nut with the IVD aluminum-coated
bolt

0 Use of “supplemental" carbowax lubricant

<
C

v
[4+]
©

The combination of IVD aluminum-coated bolts and cadmium-plated
nuts s a probability at most of the ALCs. Wheel tie-bolt hardware 1is
refurbished after so many installations and/or by a maintenance schedule.
During refurbishment, the bolts usually have their protective finish removed
to be inspected and are then refinished at the ALC. They would be refinished

N
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with IVD alumvium assuming the elimination of cadmium processing at the ALCs.
The nuts, however, are usually scrapped due to locking feature wear after
repeated installations. Replacement nuts ordered to existing drawings will
1ikely be finished with cadmium for the immediate future.

Table 16 compares the torque-tension reiationship of an IVD
dluminum coated bolt ~- cadmium plated nut combination to the cadmium-plated
baseline data. In order to obtain a 20,000-pound load:

0 Basically the same torque is required to load both the IVD
aluminum coatec bolt - cadmium plated nut combination and the cadmium-plated
combination for the first installation cycle.

° The difference increases tc about 10-12 percent for the
IVD aluminum - cadmium combination for the next five cycles.

o} The difference then decreases to about 0-3 percent for the
seventh through the fifteenth cycle.

TABLE 16. CFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE
20,000-POUND LOAD WHEN USING A CADMIUM-PLATED NUT WITH AN
IVD ALUMINUM-COATED BOLT IN ADDITION TO C-601-S LUBRICANT.

. Cd Bolt iVvD Al BoKk % Increase
Inst' and and Ovar Cd-Cd
Cycls Cd Nut ¢d Nut Basaline
1 645 650 0.8
2 663 742 11.9
3 8§75 750 11.4
4 875 758 12.3
5 869 750 12.1
] 663 725 0.4
7 675 892 25
8 675 683 1.2
] 869 €75 0.9
10 669 683 2.1
11 663 667 0.6
12 656 867 5.7
13 650 667 26
14 850 658 1.2
15 663 657 0.6
75
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MCAIR then determined the effect of applying Carbowax to the
IYD aluminum-coated nut prior to appiying the C-601-S lubricant. Carbowax is
a wax-type lubricant that SPS Technologies applies to standard, cadmium-plated
locknuts like the 47FLW-820 test nut unless otherwise specified. It is used
to reduce galling and seizing (Reference 14).

Carbowax did 1lessen the torque required for the IVD
aluminum-coated combination in the Tirst installat‘an from about 30 percent to
21 percent. The torque required for subsequent cycles was about the same as
that for IVD aluminum without carbowax (Table 14). The torque-tension
comparison to the cadmium-plated hardware baseline is shown in Table 17.

TABLE 17. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE
20,000-POUND LOAD WHEN USING CARBOWAX AS A
SUPPLEMENTAL LUBRICANT IN ADDITION TO C-601-S. LUBRICANT.

. Cd Bolt VD Al Bolt % increase
Inst’l and and Over Cd-Cd
Cycle cd Nut {VD Al Nut® Baseline

i 645 782 21.2
2 663 811 223
3 675 782 15.9
4 675 ™ 14.2
5 659 761 12.8
8 663 750 13.1
7 675 743 10.1
8 675 736 0.0
o 669 725 8.4
10 669 725 8.4
1 663 714 7.7
12 656 704 7.3
13 650 714 08
14 650 704 8.3
15 663 7 7.2

& Carbowax applied © nif only
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MCAIR obtained good results with a group of three dry-film
supplemental 1ubricants recommended by the E/# Corp. for this type of
application. The lubricants have either a graphite or 3 solydbdenum disuifide
base as described in Table 13. The torque-tension charactersstics of IVD
aluminum-coated hardware that hac these ludbricants applied and then topcoated
with C-601-S synthetic graphite conpared favoradly with the
cadmium-plated-hardware baseline. In general, the ®ost févorable resuits
occurred before the dry-film lubricant Degan to wear off. TYorque-tensyon
gifferences d1d incroase slightly 1n the last eight wnstallaticn cycles or so
and basically provided the same results for these cycies as IVD &luminum
without the supplementa? l.Sricant.

MCAIR also evaluated E/M Corp. supplementa! lubricants applied
only to the 1VD aluminum-coated nuts for five installation cycles. Once
again, torque-teniion characteristics compared favorably. The data indicates
that treatment of the nut with only the supplemental lubricant 1is adequate.

The comparison of IVD aluminum to cadnmium-finished hardware
when using Everilube 1346 as a supplemental 601 is shown in Table 18. It shows
that to obtain a 20,000-pound load in the atuminum-coated hardware:

0 About eight percent more torque is required during the
first installation cycle.

0 The difference is basically within five percent for the
next 10 cycles.

0 The difference increases to about 7-10 percent for the
last five cycies. This compares with ine resuits of C-b60i-S only on the IVD
aluminum-coated hardware (Table 14) and indicates wear removal of the Everlube
1346.
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TABLE 18. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE 20,000 I
POUND LOAD WHEN USING EVERLUBE 1346 AS A SUPPLEMENTAL
, LUBRICANT IN ADDITION TO C-601-3 LUBRICANT.
N inst'l Cd Bolt * { IVD Al Bolt®| % Increase {IVD Al Bott® | % Incrense !
Cycle and and OverCd-Cd| and Over Cd-Cd
CdNut | IVDAINut | Baseline [IVDAINut | Bassline E
| 1 €45 700 8.5 750 16.3
2 663 850 (2.0) 675 1.8
3 675 850 (X)) 850 37
4 675 650 (a7 650 37 I
5 669 675 0.9 663 09)
g 6 663 713 60
| 7 675 875 -
: 8 675 675 - i
: ® 669 675 0.9
o 10 669 700 4.6
- 11 €63 700 46
o'l 12 656 700 6.7
S 13 €50 700 7.7
, 14 650 713 8.7
! 15 663 713 7.5

& lwbncated with C-601-5 only.
. b VD boit and 1VD nunt both lubricated with E/M Corp. Everiube EM-1346 pdor to
applicaton of C-601-S.
© IVD nut only lubricasd with E/M Corp. Everlube EM-1346 priof ©
applcaton of C-601-S.

- = o 4 -

The comparison of IVD aluminum- to cadnium-finished hardware
a8 when using Everlube EM-6256 as a supplemental lubricant is shown 1in Table 19.
it shows that to obtain a 20,000-pound load in the IVD aluminum-coated
[ )

e .
I

£

o Less than five percent more torque is required for the
; first five installation cycles.

0 The differences increases to a maximum of about 15 percent
in the thirteenth cycle before decreasing to about 11 percent for the
tifteenth cycle.
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TABLE 19. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE 20,000-
POUND LOAD WHEN USING EVERLUBE EM-6256 AS A SUPPLEMENTAL

LUBRICANT iN ADDITION TO C-601-S LUBRICANT,

instt | €9 Boh®|IVDAIBohP| % Increase {IVD Al Bok®| % increase
Cycle and and OverCdCd| and Over Cd-Cd
CdNut | IVDAINut | Baseline [IVDAINut | Basaline
1 645 663 27 688 6.6
2 663 6875 1.3 €25 (5.8)
3 675 675 - 605 (11.6)
4 675 875 - 595 (11.9)
5 669 700 4.5 508 (10.6)
6 853 738 13
7 875 700 37
8 875 725 7.4
9 669 725 8.4
10 669 728 8.4
1 663 763 13.1
12 656 - 750 14.6
13 650 750 15.4
14 650 725 1.5
15 663 738 11.3

a Lubricatod with C-601-5 only,

b VD bolt and IVD nut both wbricated with E/M Corp. Everiube EM-6286 prior 10
application of C-601-S.

¢ VD nut only lubricated with E/M Corp. Everlubo EM-6286 prior 1o
application of C-601-8S.

The comparison of IVD aluminum- to cadmium-plated hardware when
using EM-6286 2s a supplemental Tubricant 1s shown in Table 20. It shows that
to obtain a 20,000-pound ioad in the 1VD aluminum-coated hardware:

0 About eight percent more torque is required in the first
installation cycle.

0 The difference is basically less than five percent for the
second through the tenth cycie.

0 The difference increases to a maximum of 10 percent during
the Tast five cycles. This also compares with the results of C-601-S only on
the IVD aluminum-coated hardware (Table 14) which indicates wear removal of
the EM-6286.
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TABLE 20. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE 20,000-
POUND LOAD WHEN USING EVERLUBE EM-6286 AS A SUPPLEMENTAL
LUBRICANT IN ADDITION TO C-601-S LUBRICANT.

Inst' Cd Bolt ® { IVD Al Bolt® & Increase {IVD Al Bolt®| % Increase
Cycle and and Over Cd-Cd and Over Cd-Cd
Cd Nut VD Al Nut Baseling | IVD Al Nut Bassline
1 645 700 7.9 850 0.8
2 663 663 - 625 (5.7)
3 675 875 - 613 8.2)
& 675 688 1. 613 (9.2)
5 869 700 48 613 (8.4)
\ 6 663 763 13.1
7 675 713 56
8 €75 700 5.7
[ 669 700 4.6
10 669 700 4.6
11 653 700 5.6
12 €56 700 6.7
13 650 713 0.7
14 650 713 9.7
15 663 725 9.4

& Lubricatsd with C-601-8.only.

b VD bolt and IVD nut both ubricaied with EM Corp Everlube EM-6286 prior 1o
application of C-501-S.

¢ VD nut only ubricated with E/M Corp Everlube EM-6286 prior
appiicaton ot C-€01-S.

Similar patterns were observed for all three supplemental
lubricants when applying them to the IVD aluminum-coated nuts only. The
initial torque vranged from 1-16 percent higher in relation to the
cadmium-plated-hardware baseline but dropped to values ranging from two

percent higher to 12 percent lower §

or the next Tour cycies.
Figure 34 presents an overview of the torque-tension

characteristics associated with the various facters tested with the use of
C-601-S ludbricant. It shows:

0 The Dbasic difference bet..en IVYD aiuminum- and

cadmium-finished hardware. N
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0 A positive effect in relation to cadmium-finished baseline
when using either of the following:

- Cadmium-plated nut with IVD aluminum-coated bolt

- Everlube 1346 applied to the IVD aluminum-coated bolt
and nut as a2 supplement to C-601-S

800
L s ® s m g u S
Torque 7001— W [ |
b gool- [ 24
& A-A wits Sveriube 1348 apphed 1o rut
500 | | ! J | [ |
900 2 cacd
o] O aa
Torque B800f— . o o ® aco
in-b o © . 2 0o oo 0 g o
= 00} e Lo}
800 | 1 | 1 ! f
0 2 4 6 8 10 12 14 16

b

Tubricants.

Installation Cycle

Figure 34. Torque Regquired to Genarute 20,000-Pound Axlal Load.

With KIL-T-83483 molybdenum disulfide - petrolatum

MCAIR generated data

81

for

three

different MIL-T-83483
Although not widely used by the ALCs, its usage is allowed as an
option to MIL-T-5544 by OEMs 1like Bendix for some wheel tie-bolts.

combined torque-tension characteristics are shown in Table 21. The torgue

The




TABLE 21. TORQUE (INCH-POUNDS) REQUIRED YO PROVIDE 20,000-POURD
LOAD FOR IVD ALUMINUM- AND CADMIUM-FINISHED HARDWARE
USING MIL-T-83483 MOLYDENUM DISULFIDE — PETROLATUM LUERICANT.

tnst' f:::g IVD AIBolt | Percent Increase
Cycle Nut and IVD Al Nt Over Cd-Cd

1 656 828 207

2 281 819 203

3 878 808 192

‘ 672 783 185

5 863 765 154

P 864 767 155

7 67 734 10,0

3 €59 722 86

o 359 703 67

10 638 690 82

11 &9 681 49

12 645 680 54

13 636 675 &1

14 826 €72 73

15 820 66 74

required to produce a 20,000-pound tensile load in the IVD aluminum- and
cadmium-finished hardware is compared in Table 21. The recorded torques for
each fnstallation cycle is the average of nine data points for each finish and
combines the wvarious MKIL-T-83483 Ilubricants. In order to obtain a
20,000-pound load:

0 Approximately 21 percent more torque is required to load
the IVD aluminum-coated hardware during the first installation cycle than to
10ad the cadmium-plated hardware.

0 The difference drops to about 15 percent for the fifth
cycle.

0 The difference is below 10 percent for the eighth through
fifteenth cycles.

The data generated for the Fel-Pro Inc., Moly-50 and E/M Corp.,
CP-116 MIL-T-B83483 1Jubricants was similar. Both the IVD aluminum and
cadnium-finished hardware Jlubricated with Armite Laboratories MIL-T-83483
require torque amounts ranging up to 10 percent higher than that requirved for
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the other two. Individual data sheets are iocated in Appendix A. 7The Table

€l data compares very closely to the data generated with the MiL-7-5544
Tubricant shown in Table 14.

¢. With other lubricants

MCAIR did not find any other lubrication that performed as well
by itself &s the baseline MIL-T-5544 synthetic graphite - petrolatum lubricant
other than the MIL-T-83483 molybdenum disulfide - petrolatum lubricant. There
was no intention to recommend & change from the basic lubricants in use unless
required. Therefore, ihe performance of the additional lubricants that were
tested is not discussed here. However, torque-tension and other installation
cdata is located in Appendix A for all the bolt finish - nut finish - lubricant
combinations that are listed .in Table l2.

2. Wwheel Tie-Bolt Torque-Tension Data

The OD-ALC/MMILBE (F. 0. Zvech) provided MCAIR with information on
four ALC wheel tie-bolt and nut applications to generate data. After
obtaining the hardware, MCAIR replaced the cadmium finish on half of it with
1VD aluminum. A description of the bolts ard nuts 1s given in Tables 22 and
23, respectively.

MCAIR recorded torque-tension characteristics to establish a
baseline consisting of cadmium-plated bolts and auts Tubricated with C-601-S
NMIL-T-5544 syntheti. graphite. MCAIR chen compared IVD aluminum-coated hard-
ware to the cadmium-plated baseline. Additional comparisons were generated
for combinations consisting of:

0 YD &luminum-coated bolts and cadnium-plated nuts. This
combination not only compared favorably in relation to the cadmium-plated

baseline in the generic test but 1s also the most probable ALC combination.

o IVD aluminum-coated bolt and IVD aluminum-coated nut with the
nut treated with 2 supplemental lubricant prior to the applicition of the
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; TABLE 22. DESCRIFTION OF WHEEL TIE-BOLTS. I
1 1 mﬂoﬂ Corrosion Preventivc Finish |
Bolt Wiy | Theed Dl I |
Dascripdon Deigmation Baveripion Grip | Yotal sadmium IVD Aluminum
i m.) m-) l
Twetve Polnt NASSE32-18 | 0.7500-16 | 1.125 | 2118 | Fuoborate Plate Ciass 3, Type il,
Tieinal Wrenching - UNJF-34 Por NASE72 Per MIL-C-83488
160,003 pai !
Whee!, Tension, GY1810-356 | 0.825-18 2250 | 3.19 | Flucborate Piate Clsss 3, Type 1),
Flanged, Steal, (Goodysar) | UNJF-3A Per NASE72 Pur MIL-C-83488
180 kel, Fy,, 450°F,
Extiernal Wrenching I
Whee!, Tension, M314163- | 0.5625.18 | 3.000 | 4.025 | Vacuum Deposited | Class 3, Type I,
Flanged, Stael, 09048 UNJF-3A Per MIL-C-8837 Per MIL-C-83488
220 ks, Fy,, 450°F, Type |, Class 2 !
Extesmal Wrenching,
Spline Drive

) Tension, Steel, MS21250- Q.3125-24 | 1.000 | 1.845 Piate Pat QQ-P416,| Cluss 3, Type 1], I

i Extemal Wrenching, | 05016 UNJF.3A Type il, Class 2 Per MIL-C-83488
c Flanged, 12 Point,

. | 180 ksi, 450°F I

| i
N | TABLE 23. DESCRIPTION OF WHEEL TIE-BOLT NUTS.

| Thresd Size Nt Corroslon Preventive Finish l

! Hun Nut and Height

! Description Designation

i ¢ Description | (W) Cadmium IVD Aluminum i

i _

L Flexloc, Yension, Double 47FLW-1216] 0.7500 :§ 0.750 | Mto Per QQ-P416, | Class 3, Typo i,
| Hexagon, Flanged, Self- (SPS Tech) | UNJF-3i Type li, Class 2 Per MIL-C-63488

i Locking, Alloy Stesl, I

! 180 kai, 450°F, Lightweight
o Flexloc, Tension, Double 47FLW.1018] 0.6250-18 0.650 | Piate Per QQ-P-466, | Class 3, Type I,

[ Haxagon, Fanged, Self- {SPS Tech) | UNJF3B Typo Il, Class 2 Por MIL-C-83488 I
= Locking, Alloy Steel, -
- | 180 ksi, 450°F, Lightweight

. Spline Drive, Flanged, 79502918 0.562-18 0.585 ~ | Plate Per QC-P416, | Class 3, Type I, l
A Seli-Locking, Alioy Steel, UNJF3B 0.800 | Type Il, Class 2 Per MIL-C-83483

: 220 kal, ©.552-18

i Flexdoc, Tension, Double d42FLW-524 | 0.3125-24 0.363 | Plate Per QQ-P416, | Class 3, Type |, , I

: Hexagon, Flanged, Self- (SPS Tach) UN.F-3B Type |, Class 3 Per MIL-C-83488

Locking, Alloy Steel,
180 ksi, 450°F, Uightweight I
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C-601-S 1lubricant. This combination Tessened torque-tension differences
between IVD aluminum and cadmium in the generic test for the first severa)
instailation cycles where differences are most pronounced.

The test set-up is the same 2s that described for Figure 32 except
spacers were used as required to compensate for bolt 1length. Figure 35
exempiifies spacer use. A GSE, Inc. Mode! FT-312 Fastener Force Transducer
was used for the 5/16-inch diameter bolts and a Model FT-750 transducer was
used for the 9/16-, 5/8-, and 3/4-inch diameter bolts. Additiona) spacers
were used to center the 9/16- and 5/8-inch diameter bolts within the
transducer. The same two transducers were used as applicable to generate all
of the data and their calibration was verified to be correct throughout the
evaluation.

The data generated for each set of wheel tie-bolt hardware is
located in Appendix B and consists of the same information outlined in Figure
33 except the torque-tencion relationship was established by recording the
load generated by the required installation torque for each of the four
different size bolts.

a. For the 3/4-inch diameter hardware

The torque-tension comparisons generated for the 3/4-inch
diameter tie-bolt show that the load gencrated by a torque of 2100 inch-pounds
decreases for IVD aluminum-coated hardware by 10-17 percent in relation to the
cadmium-plated baseline (Table 24).

The use of a cadmium-piated nut with the IVD aluminum-coated
bolt falls within nine percent of the cadmium baseline. The difference is
within five percent for 11 of the 15 installation cycles as shown in Table 24.

The use of a supplemental, dry-fiim Ilubricant on the 1IVD
aluminum-coated nut prior to application of MIL-T-5544 lessens the difference
between IVD aluminum- and cadmium-finished hardware as shown in Table 25.




The best results were obtained using EM-6286. Differences were 1less than
three percent for the first five installations and no more than 11 percent for
the 15 cycies.
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Figura 35. Use of Spacers to Compensate for Bolt Length

TABLE 24. AXIAL LOAD (POUNDS) GENERATED IN 3/4 INCH DIAMETER
WHEEL TIE-BOLTS BY 2,100 INCH-POUNDS OF TORQUE,

sl | caBon® | VD AIBo® | Parcant Changa VD AIBoR® |  Pertent Changs
Cycle [ and Cd Nit | and IVD Al Nut | From Cd-Cd Bataline |  mnd CANut | From C4-Cd Basaline
2 1 ag,543 a3 800 =148 40310 "y
l 2 39310 35,270 -10.3 42657 +85
. 3 36,083 33,837 =134 42,537 «3.8
’ 4 40,023 35,240 -120 42,463 6.1
! $ 40225 35,537 ~119 42,007 Yy ]
: € £2.627 36423 ~1486 43,437 #9
¢ 7 42,200 36.460 ~136 44 517 &7
' 8 43,053 36,280 ~15.7 44370 +3.1
9 42,960 37,080 ~13.7 44,467 a5
) 5] 43,740 356,047 -15.8 43,287 -0
11 44 837 37,200 -17.2 43,050 ~4.,0
12 44,560 37,803 ~15.1 42,860 ~4.2
13 44,323 37.3n ~15.7 43,653 ~1.5
. i4 43 857 36,880 ~18.0 43,667 {5
- 15 43,123 38,137 =116 43837 +10
") 3 Bojlt and nut bricapd with C-801-S synthelic graphlis belore aach installation. '
|
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TABLE 25. EFFECT ON AXIAL LOAD (POUNDS) GENERATED IN 3/4 INCH
DIAMETER WHEEL TIE-BOLTS BY 2,100 INCH-POUNDS OF
TORQUE WHEN SUPPLEMENTAL LUBRICANT IS APPLIED TO

VD ALUMINUM-COATED NUT.

Inst'l | C€dBok® WD Al Bot® Percent Changs

Cycle | and Cd Nut wad VD Al Nut From Cd-Cd Bssciing
1 39,543 31,850% | 36,840° | 40,0709 | -19.42 ~£.2° 3¢
2 39,310 37,630 37,080 39,150 43 -£.7 .4 .
3 39,085 86,590 87320 38,580 -84 oy -13
4 40,023 7,040 39,910 38,040 ~75 03 57
5 40,326 38,020 33,690 39,350 -3.5 165 24
6 42,627 36,900 35,950 39,850 ~13.4 -15.6 4.5
7 42,200 36,520 36,310 39500 | -135 -14.0 -$.2
s 43,053 36,310 35510 $8300 | =157 115 ~11.0
9 42,960 35,670 36,040 30460 | -146 -16.1 8.1
10 | 43,740 35,820 35,700 39,640 -15.8 «16.1 <4
11 | 44837 36,280 37,480 39990 | ~193 ~16.6 ~11.0
12 | 44850 15,870 37,010 29,980 ~10.7 -17.4 -10.5
13 | 44323 35,760 35,800 40,340 =103 -16.8 -0.0
14 | 43881 34,900 38,670 39,540 -20.5 -11.9 -2.0
15 | 43123 33,840 37,210 40,640 -21.5 -13.7 -5.6

a Boh and nut bricated with C-801-S synthelic graphite betore each satalation.
b Nut lubricatod with Evoriube 1346 dry-fim lubricani befors application of C-805-8.
€ Nut ubricated with EM-6258 dry-flim lubricent befors applaaton of C-801-6.

d Nut kibricated whh EM-8288 dry-fim Lubricant balors applcaion of C-801-8.

The torque-tension comparison for the four bolt finish - nut
finish - Jubricant combinations described above are piotted in Figure 36.

— . ! R ppt—

0 cdcd
B A-A with EM-6236 apped 1o nut 0
Axial 45}- O 00 o
o
‘-Wb“—ﬂlﬁiﬂlu.nn'“"l
35
45 — ] —
° : " o =
» . ¢ oo ®f 00
40
Load 0o o0 00?® © 5 ©
o
{1 cd-ca
@ A-Cd
" 1 | | ] I 1 |
0 2 ) ) ) 10 12 14 16

installation Cycles

Figurs 36. Axlal Load Ganeratad In 2/4 inch Diametsr Wheel Tie-Boit by 2,100 :
ach-Peunds of Toague.
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pb. For the 5/8-1nch diameter hardware

The torque-tensicn comparisons generated for the 5/8-inch
diameter tie-bolt show that the load generated by a torque of 1620 inch-pounds
decreases for the IVD aluminum-coated hardware dy 10-27 percent in relation to
the cadmium-piated hardware (Table 26). The decrease generally drops belew 20
percent after the second cycle.

TABLE 26. AXIAL LOAD (POUNDS) GERERATED IN 5/8 INCH DIAMETER
WHEEL TIE-BOLTS BY 1,820 INCH-POUNDS OF TORQUE.

Insti | CdBott® | WDAiBoh® | Percent Change NDAIBel® | Percent Change
Cycle | and £d Nut | and VD Al Nut | From Cd-d Baseline | and Cd Nut | From Cd-Cu Basaline

1 35,390 25,767 272 38,214 +2.0

2 3,693 26,213 x2 34,083 «3.8

3 33,213 27,883 16.0 34,683 4.5

4 34,093 28,730 15.7 35,017 2.7

5 34,230 28,883, 15.6 35,330 +3.2

6 34,057 20,847 124 35,033 +2.9

7 34,580 27,533 204 34,813 «0.7

8 kT Yy 28,170 183 35477 »29

9 34,337 28,907 159 35,000 +241

10 34,080 28,903 15.2 35,233 «3.7

1t 32,910 20,437 106 35,600 +3.2

12 32,790 28,977 1.8 35,767 +0.1

13 33,720 29,103 13.7 36.000 +6.7

14 32,790 2327 10.6 35,043 +9.6

15 32,813 29,313 10.7 35,620 ~J.6

& BoX and nut lubricetnd with C-801-8 synihetc graptile belore ewch Instsdkaian.

The decrease transitioned to an increase in generated 10ad when
using a cadmium-plated nut with the IVD aluminum-coated boit (Table 26) in
relation to the cadmium baseline. Differences were less than 10 percent for
all cycles and were within five percent for the second through the tenth
cycle.

The use of a supplemental, dry-film Tudbricant on the IVD
aluminum-coated nut prior to the application of MIL-T-5544 1essen the
difference between IVD aluminum- and cadmium-finished hardware as shown in
Table 27. The best results were obtained using EM-6256. Differences were
less than five percent for the first four instaliation cycles and no more than
10 percent for the 15 cycles.

;
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TABLE 27. EFFECT ON AXIAL LOAD (POUNDS) GENERATED IN /8 INCH

DIAIMETER WHEEL TIE-BOLTS BY 1,620 INCH-POUNDS OF
TORQUE WHEN SUPPLEMENTAL LUBRICANT &S APPLIED TO
VD ALUMINUM-COATED NUT.

Inst'l | Cd BoR® w0 ALBoR® Percent Change

Cyels | and Cd Nut end IVD Al Nut From Cd-Cd Baseline
1 35,390 33475% | 34.005° | 346159 | 640 -14¢ 22
2 33,693 32115 32,455 31,410 4.7 3.7 %8
3 33213 32,265 31,825 31,675 ~29 -42 ~4.6
4 94,083 20,555 33,330 20635 | -133 -22 133
5 34,230 30,475 32,060 20025 | -11.0 £3 152
6 34,057 29,300 32,200 30520 | =140 =55 104
7 34,580 20,455 50,880 30810 | -14.8 ~10.4 -10.9
(] 34477 29,655 91,000 20450 | -140 78 146
$ 34,357 29,200 $1,530 20940 | -15.0 -$2 129
10 | 34,080 29,235 31,150 28085 | -14.2 -8.6 -150
11 32,610 29,575 30,695 28770 | 104 -£.7 -12.6
12 | 82790 28,890 30,850 20075 | -119 55 113
13 | 33720 28,980 31,000 20170 | -140 -8.1 -135
14 | 52790 28,575 30,315 26830 | =129 ~7.5 -12.1
15 | 32,813 20,975 30,655 28,390 86 6.6 -13.5

8 Bolt and nut Lidricated with C-801-S synthetic graphia before each instaliaton.

b Nut lubricaiad with Everlube 1348 dry-fim lubricant bofor appiication of C-801-5.
¢ Nut lubricatod with EM-8256 dry-fim kubricant betore upplication of C-801-8.

d Nut lubricaied with EM-6286 dry-film ubricant bafore appiication of C-801-5.

The torque-tension comparisons for the four bolt finish - nut
finish - Tlubricant combinations described above are piotted in Figure 37.
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Figure 37. Axi.l Load Generated In 578 Inch Diameter Wheel Tie-Bolt by
1.820 lnch-Pounds of Torqus.
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. | €. For the 9/16-inch diameter hardware

| The torque-tension comparisons :generated for the 9/16-inch
! diameter tie-bolts show that the 1ioad generated by a torgue of 1860
' inch-pounds decreases for the IVD aluminum-coated hardware by 7-34 percent in
relation to the vacuum cadmium-coated boit and cadmium-plated nut (Table 28).
The difference was less than 10 percent only in the first instaliation cycle.

B ‘ TABLE 28. AXIAL LOAD (POUNDS) GENERATED IN 9118 INCH DIAMETER
; WHEEL TIE-BOLTS BY 1,860 INCH-POUNDS OF TORQUE.

| Inst'l NacCdBott?| WDAIBoR® | PercentChangs | OVDAIBoN® | Parcert Change
« Cycle | and Cd Nut | and IVD Al Nut | From Cd-Cd Bassline | snd Cd Nut | From Cé-Cd Bassline
‘ 1 | 37263 34,820 <6 39,910 7.0
: 2 | 37.803 20,530 =218 40,700 o7
‘ 3 | 39.000 27,190 -303 40110 28
- 4 | 3080 30,450 235 40,620 2.4
‘ 5 | 41.230 31,340 -24.0 40,070 -28
- 6 | a2317 29,740 -29. 40,149 51
. 7 | 42567 20,500 -30.1 39,760 46
, g | 42173 20.430 =40.2 40,080 Y
: 9 | 42270 29,540 -30.1 40,000 Y
3 10 | 42407 29,800 -29.7 41,070 =32
3 i1 | 43887 29,580 326 41,3%0 57
12 | 44,570 29,170 345 40,880 Yy
13 | 435820 29.200 334 40,630 -73
14 | 44467 29,360 -34.0 39,770 -10.6
15 | 44353 29,550 334 38,520 -132

u Bolt and nut ubricated with C-801-S synthetic graphiie befors each (nstallation,

. The decrease transitions to an increase in generated load for
ni the first four cycles when wusing a cadmium-plated nut with the IVD

l aluminum-coated bolt (Table 28) 1in relation to the cadmium baseline.
X Differences were less than 10 percent for the first 13 cycles.

The torque-tension comparison; for the bolt finish - nut finish
- Jubricant combinations described above are plotted in Figure 38.
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Figure 38. Axlal Load Generated in 8/15 Inch Diamater Whee! Tie-Bolt by
1,860 Inch-Pounds of Torque.
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d. For the 5/16-inch diameter hardware

The torque-tension comparisons generated for the 5/16-inch
diameter tie-bolts show that the load generated by a torque of 250 inch-pounds
is essentially the same for the IVD aluminum- and cadmium-finished hardware

(Table 29).

TABLE 29. AXIAL LOAD (POUNDS) GENERATED IN /16 INCH DIAMETER
WHEEL TIE-BOLTS BY 250 INCH-POUNDS OF TORQUE.

instl | ¢dBoft® | WDAIBoM® | Parcent Change WD AIBek® | Parcent Change
Cyclo | and Cé¢ Nut | and IVD Al Nut | Frem Cd-Cd Bassline | ead Cd Nt | Frem C4-Col Baseline

1 8378 8112 -3.2 9,267 +10.6

2 7.897 7,095 +1.2 9,036 +15.1

3 8477 8588 <50 8 524 42

4 8,220 8897 +51 8,652 5.1

[ 8,294 8,222 0% 8,742 o84

6 8,492 8,552 .7 0,011 VA

7 8,543 8,750 +24 £,004 o854

] 8,773 8,840 +08 9,083 3.6

0 85N 8,823 +29 9,202 +8.4

10 {  &B885 8,748 -1.5 0,404 +5.8

1" 8,720 8720 01 9,328 70

12 8,827 3,797 03 £.614 +3.9

13 8,708 8,923 +14 92.5M +10.3

14 8,910 2,748 +1.8 9.809 +106.1

15 8,757 3,813 +0.6 §.762 +115

a Bolt and nut ubricated with C-801-8 synthatic graphila bafore each instaliation.
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The use of a cadmium-piated nut with the IVD aluminum-coated
boit increased the load generated in t{he IVD aituminum-coated bolt in relation
to the cadmium baseline (Table 29). The 1increase s generally within 11
percent for 14 of the 15 installation cycles.

The use of a supplemental, dry film lubricant on the IVD
&luminum-coated nut prior to application of MIL-T-5544 alsc increased the load
generated in the IVD aluminum-coated bolt in relation to cadmium baseline
(Table 30). The differences were generally less than 10 percent. The best
results were obtained using Everlube 1346. Differences were less than seven
percent for all \5 cycies.

TABLE 30. EFFECT ON AXiAL LOAD (POUNDS) GENERATED iN 516
INCH DIAMETER WHEEL TIE-BOLTS BY 250 INCH-POUNDS
OF TORQUE Wi{EN SUPPLEMENTAL LUBRICANT IS APPLIED
TO VD ALUMINUM-COATED NUT.

lnst'l | cdBont? D A Bot® Percent Changs

Cycls | and Cd Nt and IVD Al Nt Feam Cd-Cd Basaling
1 8378 3.192% | gs518¢ 93329 | -22% | +136° | +114°
2 7,897 8,373 8,806 8,542 +.0 W15 82
3 8177 8,540 8.617 8.440 4 54 32
4 8,229 8,508 8,772 8,851 5 +.6 416
5 8,204 8,429 8.461 8774 16 420 o586
6 8.492 8.624 8,556 3,974 8 W8 o857
7 8,543 0.102 £.977 9,199 *5 51 17
8 8773 8,966 9,046 9,202 22 «31 9
9 8,571 8,990 8,985 9,328 9 .8 +88
10 8,885 8,956 9,178 9,518 038 433 o711
1 87120 9,250 9,128 9,538 o651 A7 04
12 8.827 9.118 6,180 0,634 +33 4.0 +91
13 8,798 $,180 9,299 9,509 w3 +5.7 73
14 8910 0,462 9374 9,734 52 52 «92
15 8757 9,120 9,087 9,878 .1 38 | 428

a Bolt and nut lubricsied with C-801-S synthetic graphite belore each insialiation.

B i ibicated with Everiubs 1348 Cry-fim ubrkant Befors application of C801-8.
© Nut lubricated with EM-6256 doy-flkm lubricant belore application of C 601-8.

d Nut ubricaiad with EM-8208 dry-film lubricant before application of C-001-8.
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The torque-tension comparisons for the four bolt finish - nut
finish - lubricant combinations described above &re plotted in Figure 39.
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Figure 39. Axlai Load Gensrated In 5/16 Inch Dlameter Whee! Tie-Bolt by 250 Inch-Pounds of Torque.

3. Engine Bolt Torque-Tension Data

MCAIR coordinated a test program with the OC-ALC (References 15, 16,
17) in which torque-tension comparisons were established for the following
TF30 engine hardware:

0 The OC-ALC/MMPRA (D. L. Evans) supplied MS0206-313 diffu
nickel-cadmium plated bolts and Pratt & Whitney (P&W) 564706 cadmium-plated
nuts that are used on the TF30 assembly. The 1/4-inch diameter hardware is
jubricated w’*h MIL-L-23689 engine oil before installation.

(] MCAIR obtained MS3210-25 diffused nickel-cadmium plated bolts

And P&W 767708 cadmium-plated nuts to repeat a P&W test (Reference 10). The
P&W test showed significantly lower Jloads developed with the 1VD
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aluminum-coated hardware in relation to diffused nickel-cadmium plated bolt
and cadmium-plated nut hardware combinations &t similar torgue values. P&W
tested the 5/16-inch diameter hardware lubricated with MIL-L-23699 engine 0i1.

MCAIR removed the diffused nickel-cadmium and cadmium platings from
half of the hardware. These nuts and bolts were then coated with an I¥D
aluminum, Class 3, Type 1I coating per MIL-C-83488 to meet the design
requirement for thickness which is 0.0003-0.0005 inches. Dascriptions of the
bolt and nut are shown in Tables 3i and 32, respectively.

TABLE 31. DESCRIPTION OF TF30 ENGINE BOLTS.

Bolt
Thread Size " h Corrosion Praventive Finlah
Bolt D.dﬂon and
natio
Dascription 8 ',“ Descripion | Grip | Total Cadmium VD Aluminum
(n) | (n)
Machine-Steel, AMS 6304, | MS9210-25 | 0.3125-24 |0.940 -} 1.875 | Diffused Nickel- | Ciass 3, Typs 1},
Diffused Nickel-Cadraium UNJF-3A Cadmium Piate | Psr MIL-C-83488
Platad, Double Hexagon Per AMS 2416
Extended Washer Head,
0.3125-24 UNJF-3A
Machine-Stesl, AMS 6304, | MS92039-13 | 0.2500-28 [0.128 -] 0.938 | Diffused Nicke!- | Class 3, Type I,
Ditfused Nickel-Cadmium UNJF-3A 0.188 Cadmium Pigte | Per MIL-C-83488
Plated, Double Hexagon Per AMS 2416
Extended Washer Hsead,
0.250-28 UNJF-2A
TABLE 32. DESCRIPTION OF TF30 ENGINE NUTS.
Not Nt Thmd“sm Nut Cotroslon Proverdvs Finlsh
Description Designation Descripion Helght Cadmiuam VO Alumilnum
Flexioc, Tenslon, Doutie | 42FLW-524 | 0.3125-24 0353 | Plate Per Clase 3, Tyme i,
Hexagon, Flanged, Sell- (SPS Tech) | UNJF-3B QQ-P-418, Per MIL-C-83488
Locking, Alloy Stest, Type |, Clana 3
180 ksi, 450°F Lightweight
Double Hexagon, Seil- 564708 0.2500-28 0.363 [ Plate Per Class 3, Type I,
Locking, Alloy Steel (P&W) UNJF-38 QQ-P-418, Pet MIL-C-83488
Type il, Clase 2
64

.
N

e .




| e,

4 .
!’Z‘*% B

P

The torque-tension data was generated by holding the boit head fixed
and rotating the nut. The test set-up was the same as that described for
Figure 32 except a GSE, Inc. Model FT-250 Fastener Force Transduter was used
for the 1/4-inch diameter hardware and a Model FT-312 was used for the
5/16-inch diameter hardware. The same transducers were used, and their
catibration was verified to be correct, throughout the evaluation.

& For TF-30 engine hardware

MCAIR generated torque-tension data for six-sets of MS$9209-13
bolts and PAW 564706 nuts with the following bolt finish - nut finish -
lubricant combinations:

0  Three-sefs had the bolts and nuts coated with IVD aluminum
and were lubricated with MIL-L-23699 engine oi1.

o Three-sets had the bolts plated with diffused
rickel-cadmium and the nuts plated with cadmium and were lubricated with
MIL-L-23699 engine oil.

A thin film of engine o011 lubricant was brush applied to the
threaded areas of the nuts and bolts. The lubricant was removed and reapplied
between each instailation. The data generated for each set of fasteners is
Tocated in Appendix C.and consists of the same informattion outlired for Figure
33 except:

& Running torgque {loading cycle), breakaway torque, and
running torque (removal cycle) - were measured on the first and fifth

loading/vemoval cycles.
o Torque-tension vrelationship - this relationship was

established by recording the tensile loads generated by 65 and 85 inch-pounds
of torque which is the normal installation range. The tensile load generated
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by 85 inch-pounds of torque was measured for five cycles. The tensile load
generated by 65 inch-pounds of torque was recorded for the first and fifth
installation cycles. -

The torque-tension comparisons generated during this test
(Table 33) show that the lubricated IVD aluminum-coated hardware was actually
more highly loaded by both 65 and 85 {inch-pounds of torque during the first
two installation cycles than was the diffused nickel-cadmium plated bolt -
cadmium plated nut combination. The torque-tension relationship transitioned
during the second, third, and fourth cycles from being siightly more
lubricious with IVD aluminum plus 011 to being slightly more lubricious with
diffused nickel-cadmium and cadmium plus 0i). The load generated in the IVD
dluminum-coated hardware ranges from 41 percent higher to 13 percent lower
using the load generated in diffused nickel-cadmium plated hardware as the
baseline. The items to be considered include:

o The higher load generated by 85 inch-pounds of torque for
the 1VD aluminum-coated condition during the first instailation cycle does not
Yoverload" the fastener. The average generated load of 2493 pounds 1s only
33 percent of the ultimate strength of the bolt.

0 The total “scatter" between the highest and lowest IYD
aluminum loads and the highest and lowest diffused nickel-cadmium loads is
oniy 14 percent at the high end and 6 percent at the low end. In other words,
the highest loaded IYD aluminum cycle (first) produces a 14 percent
improvement over the highest loaded diffused nickel-cadmium cycle (fourth)
while the lowest IVD aluminum cycle {fifth) produces & 6 percent improvement
over the lowest loaded diffused nickel-cadmium cycle (first). See Figure 40.

b. For repeat of test
MCAIR generated torque-tension data for l4-sets of MS9210-25

bolts and SPS 42FLKW-524 nuts with the following bolt finish - nut finish -
lubricant combinations to repeat the P&W test (Reference 10):
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TABLE 33. COMPARISON CF LOADS GENERATED FOR VD
ALUMINUM-COATED AND DIFFUSED NICKEL-CADMIUM
PLATED HARDWARE LUBRICATED WITH OIL:
MSS208-13 BOLTS AND P&W 584708 NUTS.

instalistion } Axial Losd (Ib) Generated Parcent Change
Cycle by 85 (In.1b) of Torque  { From Cadmium® Baseline
Cadmium’® | vD Aluminum® '
1 1108 1785 8%
1560 1478 -5
Axla! Load (ib) Geneiated
by 85 (In.-b) of Torque
1 1767 2493 «41
Hy 1899 2080 +10
3 2017 1819 -5
4 2178 1896 -13
-] 2142 1879 =12
a Cadmium indicates a diffused nickel-cadmium plated bett and & cadmium
plated nut

b VD sluminum indicates an VD aluminum coated bolt and nut.

2,500 O
© NI-Cd platd boits, Cd pleted nuis
G IVD Al coatad boits and nuts

Tensile
Load 2,000}
b
| | ] ] |
1,500
1) 1 2 3 4 s ¢

Figure 40. Tenslle Load Genarated by 85 Inch-Pounds of Torqus:
MS3209-13 Bolts — P&W 564706 Nuts.
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o  Six-sets had the bolts and nuts finished with IVD
aluminum. Three sets were lubricated with MIL-L-23699 engine oil. The other
three-sets were not lubricated.

0 Six-sets had the bolts finished with diffused
nickel-cadmium and the nuts with caamium. Three sets were lubricated with
MIL-L-23699 engine o11. The other three-sets were not lubricated.

0 Two-sets had the bolts finished with I1VD aluminum and the
nuts finished with cadmium. One set was lJubricated with MIL-L-23899 engine
011. The other set was not lubricated.

For the Ilubricated hardwarg, 2 thin fiim of engine o011 was
brush applied to the threaded areas of the nuts and bolts. The lubricant was
removed and reapplied betweeh each installation. The data generated for each
set of fasteners is located in Appendix C and consists of the same information
outlined for Figure 33 except:

0 Running torque (loading cycle), breakawdy torque, and
running torque (removal cycle) - were recorded on the first and fifth
loading/removal cycles (first only for non-lubricated hardware).

0 Torque-tension relationship - The tensile load generated
by 100, 200, and 300 inch-pounds of torque was measured for five installation
cycles {one cycle only for non-lubricated hardware) which was & repeat of the
Paw test procedure (Reference 10).

The torque-tension comparisons (Table 34) generated during this
test show a decrease in a&xial 1load generated by the 1lubricated I¥D
aluminum-coated hardware in relation to the lubricated diffused nickel-cadmium
baseline. The decrease, however, 1s in the area of 20 percent and may fall
into an acceptable ijnstallation range. In contrast, the PaW dataz showed
decreases in the amount of 1cad generated by aluminum-coated hardware in the
area of 70 percent.
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TABLE 34. COMPARISON OF AXIAL LOADS GENERATED FOR
VD AL'JMINUM COATED AND DIFFUSED
NICKEL-CADMIUM - CADMIUM PLATED HARDWARE
LUBRICATED WITH QIL: MS9210-25 BOLTS AND
SPS 42FLW-524 NUTS.

installation] Axlal Load (ib) Generated Percant Decrease
Cycle by 100 (In.-Ib) of Terque  § From Cadmium® Bassline

Cadmium® | tvD Alumlnumb

1 2452 2013 17.8
5 2017 1571 221
Axlal Load {ib) Generated
by 200 (in.-Ib) of Torque
Cacmium® | IVD Aluminum®
1 5465 4506 17.5
5 4039 3370 16.8

Axiai Losd (Ib) Generated
by 300 (In.-Ib} of Torque

Cadmlum® | ivD Alumlnumb

1 8269 6366 22.0
5 6300 4795 25.0
a Cadmium indicates a dittused nickel-cadmium pited bolt and a cadmium
Plated nut

b VD aluminum indic-ites an IVD sduminum coaiad bolt and nut.

Figure 41 shows the original data generated by P&W piotted
against the newly generated MCAIR data. The P&W data was unique in that it is
the only entry in the MCAIR test data library that snows such wide differences
in torque-tension characteristics between IVD aluminum and cadmium when using
lubrication.

The valye of lubricating IVYD aluminum-coated hardware i5
exempl fied by comparing the decrease 1in generated loads when comparing
non-lubricated IVD aluminum to non-lubricated diffused nickel-cadmium. In
this situation, there is a decrease in generated lcad of 50 percent and more
(Table 3%5) with IVYD aluminum. ’
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O VD aluminum + oil - PAW
® Ditiused nickei-cadinium + ol - PAW
O3 (VD aluminum «+ oil - MCAIR

[ Dittused nickel-cadmium + oll - PAW

i i i |
(o] 2,000 4,000 8,000 3,000 10,000
RAxialLoad - b

o ‘ Figure 41. Compariaon of Torque vt Axial Load for Data Generated
by P&W and by MCAIR for Ditfused Nickel-Cadmium
and IVD Aluminum-Finlahed Hardware.

0l TABLE 35. COMPARISON OF AXIAL LOADS GENERATED FOR VARIOUS .
‘ BOLT FINISH - NUT FINISH COMBINATIONS THAT ARE NOT
LUBRICATED WITH OIL: MS8210-25 BOLTS AND

| SPS 42FLW-524 NUTS.

‘|

1 Axial Load (Ib) Ganerated Percent Decresse
L Torque by 100 In-% ! Torqus ¥rom Cadmium® Baseiine
" In.-b

- ¢ ) CACat | IVDAIVD A% | IVDAICA® | IVDAHVD AI® | IVD ACd®
] 100 2,019 1,107 2876 621 1.5

‘ 200 6,353 2,005 5,529 88.4 14.9

i 300 9,091 4,719 7.886 48.1 132

a Cd-Cd indicaies a diffused nicked-cadmium pixed bolt ond 8 cadmivm plited nut.
- b VD AHVD Al indicates an 1YD aluminum costed bolt and nut.
I ‘ ¢ VD A-Cd indicatos an IVD alurinum-conted bolt end » cadmium-plad nut.

i
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MCAIR projects that the combination of IVD &luminum-coated
bolts and cadmium-plated nuts is a probability at most of the ALCs for reasons
stated earlier in this section. The torque-tension data for this combination
is saown in Table 36. It shows a decrease in the axial load generated in the
IVD aluminum-coated bolt 1in the tirst cycle. This transitions to &
substantial increase in axial load generated in the fifth cycle.

TABLE 36. COMPARISON OF AXIAL LOADS GENERATED FOR
VD ALUMINUM-COATED BOLT - CADMIUM-PLATED
NUT AND DIFFUSED NICKEL-CADMIUM-PLATED
BOLY ~ CADMIUM-PLATED NUT WHEN LUBRICATED
WITH OIL: MS9210-25 BOLTS AND SPS 42FLW-524 NUTS.,

instalistion® | Axla! Load (Ib) Genersted Percent Change
Cycle by 100 In.-ib of Torque From Cd-Cd Bassline
cd<Cd® | IvD AICd
1 2,452 2,624 +7.0
5 2,017 3,001 +53.2

by 200 In.-Ib of Torque
CdCd iVD Ai-Cd

5,485 5,145 =59
5 4,039 6,080 +50.5

by 300 In.-lb of Torgue
Cd-Cd VD Al-Cd

-l

1 8,269 8,785 +8.2
5 8,638 8,933 +3.4
3 7.666 0,578 +26.2
4 6,987 9,188 +31.5
5 6,300 8,592 +36.0

© A bols 8nd nuts ubricaed with MIL-L-23800 engine ol
b Cd<Cd indicatos & d¥used nicks-oadrium pleted bok and oadmium-piated M.
€ VD ALCd indicatee an VD slumbium-coated bolt and andimiuni-plated nut.

i

D. SUPPORTING TORQUE/TENSION DATA

The following torque-tension data was compiled during Phase I of this
program (Reference 1).

MCAIR stated ir Reference 1 that aluminum has & higher coefficient of
friction than cadmium. Therefore, & higher torque 1is required to install
aluninum-coated fasteners to a given tension preload than if the fastener was
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cadmium plated. It was also reported that the use of & lubricant on the
aluminum-coated fastener and/or nut, however, eliminates or greatly reduces
torque-tension differences. This section of supporting data compares
torque-tension values for IVD aluminum, cadmium, and diffused nrickel-cadmium
finished fasteners with and without the use of lubricants.

SPS Technologies (Reference 18) generated torque-tension data for 1IVD
dluminum-coated and cadmium-plated alloy steel hardware; H-11 EBW22-4-22 bolts
énd F22 locknuts. When both the bolt and nut were coated with IVD aluminum,
approximately 60 percent more torque was needed to produce a 2000 pound
tension load then when both were cadmium-plated. Using a cadmium-plated
nut with the IVD aluminum-coated bolt reduced the difference to approximately
15 percent. MWhen the IVD-coated nuts and bolts were lubricated with cetyl
alcohol, the torque for a given induced tension load was actually 70 percent
less than if the nut and bolt were cadmium-plated. In this vest, therefore,
the effect of the lower lubricity of the IVYD aluminum coating was more than
offset by the addition of a lubricant.

MCAIR compiled data from two series of torque-tension tests (Reference
19) conducted during formal qualification of IVD aluminum as an acceptable
glternative to cadmium. In the first series of tests, the initial torque
required to develop a 1200-pound tension load in 3/16-inch diameter nonlub-
ricated, IVD aluminum-coated or cadmium-plated bolts was measured for warious
nut configurations. The relative torque differences, based on an average of 8
tests for each condition, are as follows:

0 An 8 percent higher torque was required using IVD aluminum versus
cadmium when the torque was applied to cadmium-plated, nonlocking, nonlubri-
cated nuts.

0 An € percent higher torque was required using IVD ajuminum versus

cadmium when the torque was applied to cadmium-plated, dry-fiim-ludbricated,
self-locking nuts.
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(4] The same' torque was required using IVD aluminum- and cadmium-
finished bolts when the torgue was applied to the bolts with cadmium-plated,
dry-t1lm-lubricated, self-locking nuts.

o A 36 percent higher torque was required using IVD aluminum versus
cadmium when the torque was applied to the bolts with cadmium-plated,
dry-film-lubricated, self-locking gang channel nuts.

In the second series of tests, the initial torque required to induce a
specific tension 1load in 3/16-inch diameter, IVD aluminum-coated or
cadmium-plated boits was measured. Some of the boits were lubricated and the
torque was applied to cadmium-plated, dry-film-lubricated, self-locking nuts.
The test results are as follow:-

(¢ A 10 percent highér torque was required using IVD aluminum versus
cadmium to attain a 560-pound Toad in & nonlubricated bolt.

0 An 8 percent higher terque was required using IVD &luminum versys
cadmium to attain a 560-pound load in a lubricated bolt.

[ The torques required using IVD aluminum and cadmium finishes were
approximately the same to attain a 2000-pound load in a lubricated bolt.

Beeing conducted torque-tension tests comparing IVD aluminum and diffused
nickei-cadmium on nonlubricated H-11 steel bolts (Reference 1l). The bolts
were loaded to 50 percent of their yield strength. The torque-tension curves
produced using the IVD aluminum finish were nearly identical to those produced
using diffused nickel-cadmium.

The Hi-Shear Company also evaluated torque-tension using IVD aluminum and
diffused mickel-cadmium on 1lubricated H-13} pin and coliar type fasteners
(Reference 12). They reported that tovrque-tension was essentially unaffected
by any differences in the two finishes.
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In contrast however, P&W reported that a considerably higher torque was
required with 1VD aluminum in comparison to diffused nickei-cadmium (Reference
10). Axia) load versus applied torque for 30 bolts (MS9210-21) finished with
iVD aluminum and diffused nickel-cadmium was evaluated. The effect on engine
011 on the bolts was also measured since it was common practice to dip the
boit in o0il1 defore assembly. In all cases, the IVD aluminum-finished bolts
required a higher torque to produce the same axial load than did the diffused
nickel-cadmium-finished bolts. For exampie, the diffused nickel-cadmium
finished bolt was torqued to 70 inch-pounds to produce a load of 1000 pounds
while the aluminum-finished bolt required 168 inch-pounds. MCAIR repeated
this test earlier in this section and reported torque-tension differences of
about 20 percent between IVD aluminum and diffused nickel-cadmium.

R review of production operations involving the use of IVD aluminum 2s a
replacement for cadmium on fasteners verifies the relative ease that such a
changeover can be accomplished for most applications. Some of .hese opera-
tions have been ongeing for the past 14 years. For the most part, they have
been accompliished with no more than the use of a 1lubricant and without
significant changes to installaticn procedures or tools.

E. DISCUSSION

MCAIR generated a significant fastener installation databank by recording
torqua-tension and other installation characteristics for 174 sets of hardware
with various bolt finish - nut finish - lubricant combinations. This activity
was directed 2t wheel tie-bolts and threaded engine hardware. These
applications were identified as being areas of concern when replacing cadmium
processing with 1¥D aluminum &t the ALCS.

Torque-tension data was generated to:

v} Establish a baseline for the cadmium finishes and lubricants now in
use at the ALCs. -
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(] Directly compare IVD aluminum-coated bolts and nuts to the
cadmium-plated baseline.

0 Directly compare the combination of IVD aluminum-coated bolts and
cadmium-plated nuts to the cadmium-plated baseline.

¢ Establish procedures/lubricants which will lessen the basic
difference between IVD aluminum and cadmium without impacting existing ALC
procedures.

1. Wheel-Tie Bolts

MCAIR conducted evaluations on generic wheel tie-bolts first. This
study established a baseline for cadmium-plated hardware with synthetic
graphite - petrolatum lubrication per MIL-T-5544 which is now in use at the
ALCs. The study also indicated that the use of MIL-T-5544 and MIL-T-83483
lubrications produced the best results of the various lubricants tested for
cadmium-plated hardware. MIL-T-83483 is allowed as an optional Tubricant for
some wheel tie-bolts but its use is minimal in comparison to MIL-T-5544 at the
ALCs. Therefore, the baseline for the actual cadmium-plated wheel tie-bolts
was al1so established with MIL-T-£544,

Direct comparisons between IVD aluminum- and cadmium-finished wheel
tie-bolts lubricated with MIL-T-5544 established that more torque is required
to generate a specific load 1in the IVD aluminum-coated hardware. The
difference is generaliy most pronounced for the first installation or two and
is in the general area of 20 percent. This difference 1lessens with
installations as the 1VD aluminum coating 1s “broken in®. There was no
indication of gaiiing or seizing during the ib-.cycie instaliation. 1In fact,
the IVD aluminum-coated hardware trended to be more lubricious with usage. A
*break-in" {installation cycle or two would be advantageous providing the
hardware is lubricated for each instaitation.
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The combination of !VD aluminum-coated boits and cadmium-plated nuts
compared very favorably in a1l cases with the cadmium-finished baseline for
both the generic evaluation and testing of actual wheel tie-bolt hardware.

This comtination is the most probable at the ALCs. Nuts &re usually
scrapped during a maintenance overhaul for both economical and functional
reasons. New nuts that are then used with the refurbished bolts are vendor
supplied with a caamium finish. There are no current plans to change the
finish on vendor-supplied hardware.

The use of a suppiemental dry-film Tubricant applied to the IVD
aluminum-coated nut prior to application of MIL-T-5544 synthetic graphite
lessens the difference between aluminum-coated hardware and the
cadmium-finished baseline. The effect of the dry-film supplemental lubricant
is the most pronounced during the first several installations before it begins
to wear. Once worh, this combination basicaily tracks the results of IVD
aluminum coating without supplemental dry-film. The benefit during the first
several installation cycles is significant in that the most difference between
IVD aluminum and cadmium otherwise occurs in the first several cycles. The
use of a supplemental lubricant on IVD aluminum-coated nuts should have little
impact on the A.CS as lubricated nuts would be vendor supplied. A finish
change to IVD for vendor-supplied hardware would include a requirement for the
dry ¥iIm Judricant.

2. Engine Bolts

The torque-tension baselire for the threaded engine hardware was
established for the actual ALC practice; namely, diffused nickel-cadmium
piated boits and cadmium-piated nuts jubricated with MIL-1-23693 engine oi).

Direct comparisons between IVD aluminum-coated and the cadmium
baseline produced mixed results. The IVD-coated hardware was more highly
loaded during the first few installation cycles for the MS9209-13 bolts and
P&W 564706 nuts. The cadmium-finished hardware was more highly lcaded for the
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M59210-25 bolts and SPS 42FLW-524 nuts. Toroue-tension characteristics for
both aluminum and cadmium varied significantly during a five-cycle evaluation.
There wes more consistency with IVD aluminum as generated Joads dropped for
subsequent 1installations during both tests. Generated 1lcads for cadmium
increase in one test and decrease in the other. There was little difference
between aluminum and cadmium when their perspective highs and lows were
compared.

The use of 2 cadmium-plated nut with the IVD aluminum-coated boilt
resulted in significanily ..igheir 10ads generate¢ in the IVD aluminum - cadmium
combinations when comparing reiative jnstallation cycies. This difference
once again was greatly veduced when comparing perspective highest loads.

MCAIR suggests that the ¢only sigrificant concern may be with the use
of a combination consisting, of an I¥D giuminum-coated bolt a&nd nut with no
lubrication. Even without lhbrication, the difference 1s greatly alleviated
with the use of & cadmium-plated nut.

F.  CONCLUSION

MCAIR concludes that both wheel tie-bolts and engine bolts can be
refurbjshed by the ALCs with IvVD aluminum in place of bOth cadmium and
diffused nickel-cadmium without torque-tersion concerns when used with either
cadmium-plated or I¥D aluminum-coated nuts and existing ALC lubricants.

MCAIR suggests, however, that in the event of concern, the ALCS may want
to consider the usc of & supplemental dry-film lubricant plus the standard

MIL-T-5544 1ubricant on the nuts when using IVD aluminum-coated wheel
tie-boits and nuts.
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SECTION V

EROSION RESISTANCE CHARACTERISTICS

A. PROBLEM

IVD aluminum is relatively soft, as is cadmium. WNeither 1s well suited
for applications requiring a high degree of erosion resistance. Diffused
nickel-cedmium {s more erosion resistant than cadmium by 1{tself and 1s
commonly used by tha ALCs on engine detaiis. 1IVvD aluminum can easily be
applied thicker than what is norma) for nickel-cadmium, &nd this advantage may
resuit in comparable erosfon resistance or even improved erosion/corrosion
resistance. Thicker IvD aluminum coatings may not always be possible,
however, because of tolerance limitations. Therefore, an improvement 1n
erosfon resistance is desired when there 1s a requirement to use thinner IVD
aluminum coatings. '

8. SOLUTION/APPROACH

rreliminary erosion resistance testing of &n IVD aluminum basecoat
enhanced by an erosion resistant topcoat was encouraging. It is proposed that
this work be continued. Work by Chromalloy Compressor Technologies, for
example, demonstrated the erosion-resistant characteristics of an IVD aluminum
basecoat with their specially fermulated conversion topcoat (Reference 20).
Aithough the comparison was not with a cadmium process, it does indicate the
potential for such combination coatings.

Another area that may be investigated {s the erosion resistance of
varjous ailuminum alloys applied by the IVD process. An aiuminum alloy
different than the soft, basically pure, 1100 aluminum alloy that is normally
used may well provide improved crosion resistange.
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C. DATA

MCAIR tnitially generated comparative erosion resistance data between IVD
aluminum coating and diffused nickel-cadmium. After establishing baselines
with these two protective finishes, MCAIR evaluated the effect of different
sealcoats/topcoats, additional aluminum alloys as the IVD evaporant, &s well
as ceramic-metallic paint-type coatings in relation to the baseline values.

The various finishes were applied to 4-inch by 6-inch alloy steel panels.
A1l of the comparative data was generated by glass bead peening. BT-10 glass
beads were used at peen pressures ¢f 40 and/or 60 psi. The peener nozzle was
held six-inches above the finished panel in such a manner as to provide &

20-degree-impingemant angle. The erosion resistance test stand is shown in
Figure 42.

Figure 42. Eroslon Res!stance Test Stand.
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g£rosion rates are based on the first indication of penetration through
the protective finish to the substrate. It 15 noteworthy to mention that the
failure mode for IVD aluminum coatings generally consisted only of a small
void(s) within the erosion pattern area in the coating. The remaining
aluminum coating in the pattern area was generally 0.0001-0.0003 inch which
would still offer corrosion- and erosion-resistance protection. Diffused
nickel-cadmium, onh the other hand, eroded more evenly with virtually no
protective finish remaining in the erosion-pattern area.

Erosion-resistance baselines are shown in Table 37 for IVD aluminum
coating using 1100 aluminum and for diffused nickel-cadrium. The 1100 alloy
aluminum wire is the standard evaporant used with the IVD process and is 99
percent pure aluminum at a minimum. The baseline data indicates that the
erosion rate for 1100 alloy IVD aluminum coating 1s 3.5-4.0 times faster than
that for diffused nickel-cadmium.

TABLE 37. EROSION RESISTANCE BASELINE:

VD ALUMINUM AND DIFFUSED
NICKEL-CADMIUM.
Erosion Hate (mlls par secork)
Protective Finish 40 pel 20 pel
VD Aluminum 0.0046 0.0087
Diffused Nicke-Cadmium 0.0012 0.0025

These differences can be readily offset for most appiications invoiving
refurbished engine details with a thicker IVD aluminum coating that can be
easily applied without functional degradation.

MCAIR, however, did evaluate the effect of various sealcoats/topcoats and
aluminum-alloy evaporants for those applications where coating thickness may
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be a factor. The best results were obtained with an aluminum-alloy evaporant
that contained l2-percent silicon. This finish, which can be deposited with
standarc IVD aluminun coating equipment, showed an improvement of 4&0-percent
over the standard 1100 &luminum a1loy when peened at 40 PSI (Table 38).

TABLE 38. EROSION RESISTANCE COMPARISON
OF ALUMINUM ALLOY EVAPORANTS.

Aluminum Alloy | Eresion Rute (talls per ascond)
Evaporant 40 pal 80 poi
1100 A" 0.0048 0.0087
A-5% Sib 0.0046 9.0071
A12% S:l‘ 0.0029 0.0072

a Aoy containg approximately 90% sluminum
b Aoy containg approximatety 94% sluminum — 8% elficon
© Aoy contalns appraximately 88% aluminum - 12% allicon

Approximately 54 panels were tested with the varicus finishes shown in
Table 39. Erosion-resistance data generated by MCAIR and also shown in Table
29 indicates that none of the finishes performed better than the IVD a2luminum-
baseline finish. Additionally, most of the Table 39 protection finishes

resulted in thicknesses that may be to0 thick for applications where & thinner
(0.005-0.007 inch) finish 1s desired.

The application of the Zylan 1010 topcoat did improve the erosion
resistance of the I¥D aluminum basecoat. ATthough the topcoat material itself
was removed readiiy by the glass beads, Table 79 shows that the erosion rate
of the sealed-aluminum basecoat was improved in relation to the Table 37
baseline ra.e at both 40 and 60 psi.
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TABLE 39. EROSION RESISTANCE OF TOPCOATED IVD ALUMINUM

. AND METALLIC-CERAMIC TYPE COATING.
o
' Eroslon Rate (mils/sscend) Based On
P':l‘:l‘:t:‘v o Yotal Coating Thicknees | IVD Aluminum Thiokness
40 pal 60 pel &0 pei 60 pel
. Topcoated (VD Aluminum
N
Whitiord Corporation
Xylan 1010 0.0066 0.0130 0.0028 0.0058
d Xylan 1331 0.0150 0.0355 0.0052 0.0132
3 Xylan 1840 0.0067 0.0239 0.0035 0.0124
Metallle-Ceramic Coatings
- Whitiord Corporation
Xylar 1 1.4606 1.8000
Sermatech Intemational, Jnc.
Semmnete! CR 962 0.045% 0.1600
Semetel CR 084LT 0.4955 0.8571
Senmnatech XP 901213 0.0460 0.0574
-
L Coatings for Industry
?fﬁ Alseal 518 0.7415 0.7500

D.  SUPPORTING EROSION RESISTANCE DATA

27 i

- .-c
P S - OO =,

Pratt & whitney (P&W) compared the erosion resistance of 1VD aluminum and
diffused nickel.cadmium finished compressor vanes by measuring the thickness
of the two finishes after exposing the vanes to a liquid abrasive (Reference
zl).

Erosion testing was performed at room temperature using a silicon cxide
abrasive at an impingement angle of 90 degrees for 1 minute intervals. The
pressure was held at 80 psi at a target distance of six inches.

'z

The I1vD aluminum coating eroded faster than the diffused nickel-cadmium
plating. Table 40 tabulates the results of the test.
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TABLE 40. IVD ALUMINUM AND DIFFUSED

NICKEL-CADMIUM FINISH
THICKNESS AFTER ABRASIVE
i EXPOSURE.
{
- Thickness (mlls)
L Locstion
ﬁi Cmin | 1min | 2min
Mg
. Vo A 10 | 09 | o2
B T 1.7 1.8 1.5
c 1.8 1.8 1.4
D 0.4 0.3 ]
£ 0.7 0.7 0.4
F 04 0.4 0.1
G 13 1.2 0.8
H 20 1.9 1.7
4 22 1.8 16
b NiCd A 03 | 02 | o2
v B 0.8 0.5 0.5
i c o7 | os | cs
D 0.1 0.4 (4]
E 0.2 G.4 C.1
F
(T]
H
J

. .

In other tests conducted by P&W (Reference 22), IVD aluminum with a
standard chromate conversion coating was shown to erode fester than the
combination coating of diffused nickel-cadmium. However, because the IVD
aluminum coating was applied thicker (1.5 mils vs 0.7 mils), there was
adequate IVD aluminum remaining at the conclusion of the test. More
importantly, IVD aluminum provided better protection to the substrate as the
erosion process occurred. With diffused nickel-cadmium, the cadmium erodes
very rapidly, leaving only the nickel coating which offers no &nodic
protection to the substrate. In fact, the Reference 22 testing by P&W showed
YVD aluminum to be th: best coating tested on 410-alloy steel. Specifically,
IVD aluminum outperf¢rmed both diffused nickel-cacuium and Emplate nickel-
422/cadmfum 1n an erosion/corrosfon environment. This was true for IVD
aluminum samples supplied both with and without a standard chromate cotiversion

coating, and a sample supplied with a Chromalloy proprietary conversion
coating.
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E. DISCUSSION

The data generated by MCAIR once again verjfied that IVD aluminum is not
as erosion resistant as diffused nickel-cadmium.

However, IVD aluminum can be functionally applied several times thicker
than diffused nickel-cadmium. Aluminum coating can actually be applied to
thicknesses of 0.0020-0.0030 without a build-up of stresses on the part edge.
Diffused nickel-cadmium s wusually limited to 0.0005-0.0007 1inch.
Additionally, supporting data indicates that IVD aluminum 1s superior to
diffused nickel-cadmium 1in the critical areas of cerrosion and
erosion-corrosion resistance.

It should also be noted that the difference in erosion resistance between
the two finishes was not expressed as a major ALC concern as were coverage of
internal surfaces and torque-tension characteristics. In fact, the SA-ALC has
concurrence from Alilison to substitute &luminum for cadmium on non-threaded
T-56 engine details (Reference 9).

Although the wvarious topcoats/sealcoats evaluated by MCAIR did not
ifmprove erosion vresistance, an IVD aluminum alloy evaporant containing 12
percent silicon did improve the baseline when subjected to a peen pressure of
40 psi.

There were some abnormalities in the data generated by MCAIR particularly
in relation to existing data for the metaliic ceramic paint-type coatings. It
fs recognized that these coatings are currently in use by the ALCS for engine
applications, and that their use has OEM concurrence. It is also recognized
that different abrasive medium, pressures, impingement angles, etc. &11 have
different effects on erosion resistance of the various protection systems.
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F.  CONCLUSION

The erosion resistance difference between IVD aluminum and diffused

nickel-cadmium finishes is minimized by the capability of applying & thicker
finish with ¢the I¥D process.

Where finish thickness tolerance 1s critical, the use of an aluminum

evaporant containing 12 percent silicon improves performance over the 1100
aluminum ajloy evaporant.
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SECTION VI
CONCLUSION

Phase I of this program reviewed detail parts processed with cadmium at
the ALCs. It concluded that approximately 80 percent of the parts could be
processed with IVD aluminum without concern and identified those parts for

which there was some concern.

Phase Il addressed those areas of concern. Both barrier- and
sacraficial-type protection systems that can be used to supplement the use of
IVD &luminum for applications involving internai surfaces are identified in
this report. Torque-tension data generated for such ALC concerns as wheel
tie-bolts and engine bolts can &also be found 1in this report. The data
indicates that these belts can be refurbished with IVD aluminum by the ALCs
with little to .no concern. For applications that rnow require diffused
nickel-cadmium for erosion resistance, 1t 1s suggested that & tkick IVD

aluminum coating (0.0015-0.0025 inch) be used to compensate for differen:es in

erosion rates.

The contents of the Phase I database handbook (Reference 1) and of this
Although this substitution may involve additional processing steps and/or

minor functional degradation for & small percent of the ALC applications,

MCAIR believes that the overall benefit far exceeds the few limitations.
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I¥D aluminum coating has successfully undergone extensive laboratory and
in-service testing &s a substitute for cadmium -~ many of those tests results
are documented in Reference 1. IVD aluminum {is an excellent corrosion
resistant finish which offers performance advantages over cadmium for most
applications. Because the IVD aluminum operation 1s clean, simple, and
n.n-labor intensive, and because facility and space requirements are minimal
and require no special pollution-related systems, it 1s a cost-competitive
process. Cadmium costs are increasing because of environmental and health
related laws. and'"fegu1ations. At the same time, IYD ailuminum costs are
decreasing because of productivity advances asscciated with its increased

usage. Most importantiy, aluminum i1s nontoxic, and the 1VD process 1is

environmentally clean.

MCAIR looks forward to the Phase III demonstration of the IVD aluminum
process at the WR-ALC. It wi¥) be conducted with a state-of-the-art coating
system procured during Phase II. It 1s projected that the Phase III
demonstration will strongly support the elimination of hazardous waste

producing cadmium processing at WR.
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SECTION V1I
PHASE 111 DEMONSTRATION

MCAIR will demonstrate the applicability of IVD aluminum at WR during
Phase III of the program as an across-the-board replacement for ail detail
parts that are now processed by WR with cadmium.

MCAIR has proposed that a “hands-on* strategy be employed at the WR-ALC
to implement the wusage of IVD aluminum. “Hands-on* coordination with
resporisible departments was used successfully to implement the usage of the
then new process at MCAIR. During Phase 11I:

0 Supplemental processing needs such as part preclean processing
equipment, specidl coater hooks and fixtures to increase throughput, post-coat

processing equipment, and supplemental processing equipment will be reviewed
and coordinated with Industrial Engineering at WR.

° Activities such as reviewing drawings/parts, defining coating
thickness classes, identifying supplemental processing needs, &and reviewing
process specifications will be coordinated with WR Material Management.

0 Quality Assurance guidelines will be coordinated with HWR by
reviewing and defining acceptance performance requirements, test procedures
and equipment needs.

0 WR Manufacturing will be assisted in demonstrating the feasibility
of applying IVD aluminum to any and/or all WR detail parts that are now
processed with cadmium over & four month period of time. This time period
should provide adequate part selection, waximum training, and verification of
coating conformance to MIL-C-83488. This effort will include establishment of
coating procedure cards for individual detail parts to promote repeatability.
Productivity gains attributable to the use of a state-of-the-art coater and
special holding fixtures, like that designed for the C130 Propeller Hub, will
3150 be established.
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(o] Environmental compliance progress will be verified with QR
Environmental Engineering.

MCAIR believes that the effort at WR will justify elimination of cadmium
processing &t that facility.

While 1t dis planned to bring all of the ALCs together during the WR
program, there are distinct divergencies of ALC responsibility as well as
different “areas of concern® in substituting for cadmium. To address these
ereas, MCAIR also recommends that the other four ALCs be given some individual

attention to help meet the ultimate goal of the elimination of cadmium
processing at 311 of the ALCs.

MCAIR has proposed that applicable supplemental processing be reviewed
with the other four ALCs. ,-This effort would include recommendations for
specific applications and a review of environmental compliance considerations.
A program would also be coordinated with each of the other four ALCS in wh:-h
procedures developed during Phase Il of the program and/or those demonstrated
at WR will be demonstrated on a minimum of five mutuslly acceptable detail
parts for each of the ALCs. An acceptable demonstration site will be
coordinated with each of the ALCS. This task will alsp include as much
“hands-on" coordination as the budget allows.
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APPERDIX A

TORQUE-TENSION DATA FOR GENERIC BOLT-NUT
WITH DIFFERENT BOLT FINISH - NUT FINISH -
LUBRICANT COMBINATIONS
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TABLE A-1. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-801-8.

a Nut supplied with wax wbricant (Carbowax Polyethytena Glyool 3350) apphed.
b Fei-Pro incorporatec C-801-8 ubrican! is & paris containing 50% syntheic graphlis and 50% petrolatum formulated 10 meet
! MIL-T-5544. The C-801-5 lubricant was spplied ¥ the threads of the boll and nut.
l © NAS1306-10 boll: Averags piatng thickness - 0.4987 in., tverage plating thicknaas — 0.00030 in,
‘; 4TFLW-820 nut: Average plating thickness - 0.00041 In.
i 4 Torque increments of 80 in. b at meximum bolt load is larger than noime! incremants of 25 in b

- ) lxmlﬂﬂ Torque Ou Nt (in. )¢ N l‘m;n..
! Nosse | Wo. | gmin, W BenLeed (0 Toas | (8.
! Diraction) | 500 5.300] 7,500 15,000 12,800 | 15,800 | 17,50 28,800 Biraclion)
!
| 1 1| 38 |96 |180 |20 235 | 445 | 530 | 600 | 660 | 480 Y
2 200 660
3 300 650
4 265 600
| 6 | 35 |96 144|190 275 | 360 { 430 | ss0 | 606 | 360 35
6 275 600
! / 2 600
i ] 265 00
| -§ 265 600
| 10| 35 |108] 168|200 300 | 305 | 520 | s40 | 60 | 385 3
! 11 275 600
Lo 12 300 660
X 13 265 600
14 200 860
| 15 ) 34 108|168 ]| 20310 ] 410 [ 830 | s40 | 660 | a10 37
|
3

TABLE A-2. TORGQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUSRICATED WITH FEL-PRO INC. C-601-8.

! Runalng Torqus Or Nut (la.-ib)! —— l‘.u.,:::‘.n
i T‘u.) Cyche Yore i0 Bok Lead (1) Terque (-1t
| No 224 Wo. | (In.db, CW (in.tb) CowW
! Olrsction) 15 500 | 5,000} 7,600 | 18,000] 12,500 { 15,000 { 17,500 | 20,800 Biretion)
: 2 1 63 {120 | t80 | 265 | 335 | 410 | 480 | 540 | 660 | 305 @
! 2 310 660
3 3 300 660
! 4 200 660

y 5 42 |108)156 1230 200 | 370 | 480 | 540 | 660 | 395 65

2| 6 200 650

i 7 200 660

I 2 290 660

' | 0 200 660
! 10 4 (108 {168 | 230 ] 300 | sa5 | 420 | 540 | &0 | 410 Q
: 11 290 660
! 12 200 860
! 13 300 660
: 14 300 660
: 15 & 1087188 | 230 {300 | 385 | 40 | sa0 | 660 | 895 “
|

& Nut supplied with wax lubricant (Carbowax Polye thylens Glyool 3350) appled.
bt b FelPro incoporated C-301-8 kawioxnt is & pasie containing 50% symithatc graphie and 50% petrolatum formulated to meel
o ME.-T-5544. The C-801-S lbricant was splied b the throads of the bolt and ma.
o € NAS1303-10 bolt. Avecage shank diameter - €.4088 in., average plating thicknass — 0.00043 In.
X STFLW.£20 nut: Average plating thickness — 0.00039 I,
' 4 Torque incremmnte of 60 in.-b &l Maxinum bolt load s larger then normal inaraments of 25 in.-ib.
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TABLE A-3. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PROQ iNC. C-801-8.

Mo : Duate P Breskawey l'mlng
orgue
Kasse | o |onoi oW Sok Leod (W) Torus | (Wb,

in. & cow
Dirstdion) 2,580 5,000 7,580 10,830 12,500 | 15,800 17,500 | 20,000 e %) Dicoction)

3 108 | 156 | 240 | 325 | 370 | 460 { 600 § 720 43 R}
200 660
240 800
240 600
2 96 | 144 | 205 ) 240 | 380 | 430 | 480 | 600 30 R
250 600
240 800
240 600
240 600
156 | 204 | 265 | 350 { 430 | 480 | 600 360 %

ptatrtcprt—-L L Y F N1 P

42 120 | 180 | 240 [ 300 | 395 | 470 | M0 | 660 an 7

@ Nut supplied with wax lbrcant (Cabowax P&yomyhm Giyool 3350) epplied.
b Fel-Pro incorporaied C-801-S ubricant is a pesis containing S0% syntha ic graphite and 50% patrolatum lormuiated © muet
MiIL-T-5544. Tha C-801-S iubricant wue sppled 10 the threads of the boll and nut.

€ NAS1308-10 bolt: Average plasng thicknuas — 0.4585 In., average plating thickness ~ 0.0003s .
47TFLW-820 nut. Averape plating thickness ~ 0.00038 in.

d Torque increments of 60 in. b at mAXimum bolt ioad i large thin nomal increments of 28 in.-b.

TABLE A-4. TORQUE-TENSION TEST DATA FOR IVD ALUMIMUM-COATED BOLY AND IVD
ALUMINUM-COATED NUT LUBRICATED WITH FEL-PRO INC, £-301-8.

Terque Oa Kut (in.-)¢ R wsnling
Furalng

Cycle | Terque Bak Lead (8 el ng
No2d® | No. | (bw.IN,CW 0%) Toogs | (.,

(uoh) | GOW
Diewction) 15 sgo| 5,060] 7,600 12,800 | 12,680 | 16,000] 17,600 | 20,00 Dieuasien)

128 82 | 300 | 360 530 | 600 1 GO | OV LAY a7
A 40
34 780
5 780
&70 | 600 | 860 780 820 4

&

1]
g

SO~NRBRTAWLN A

420 | 500 | s40 § 720 4an L 1

BBELEREE
g

s
»
L2
-
o
-
Y]
<

15 8 fG | 156 | 228 420 | 820 | &0 720 Q™ ay

& Nut did not have wax Bibricant (Canbowws Polysihdooe Giycol 3350) applied.
b Fad-Pro incorpormied C-£01-S ubricant is u pasie containing 50% synhwic graphiia tvod 50% povolatum fonmulaied © neel
MIL-T5544. The C-801-S ubxicant was apphked 10 1he thresds of the buk wnd hut,
© NAS1308-10 beit: Avernge shank dismwiar ~0.4983 in., average coatng Yickness — 0.00048 in.
CTFLW-820 nut. Averape coating thickneos — 0.00047 in.
d Torque increments of 60 .4 at maxknum bok lood s larper than nonna! incremaents of 25 in. 4.

§
13 0 860
I 14 280 o)
300
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TABLE A-3, TORQUE-TENSION TEST DATA FOR IVD ALUMIMUM-COATED BOLY AND VD
ALUMINUM-COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Roaning Torqws Do Nt (in.-R) u'-.h'
Broskaway | Vorque
Tases | gaci tw Bt Losd (8} Torgas” | (ot
Dirsction) {2 500| 5,590 7.500] 18,088 | 12,500 15,000 | 17,508 | 20,968 Directian)
5 1 | 127 [228 [ 276 [0 a0 [4s0 [ sd0 [eo0 [ 0] s | 14
2 360 720
3 350 720
4 U0 T20
5 | s 120 (12 ]2s2] 320 a0 |60 [e0 ]| @ | @
6 310 720
7 b 660
s 20 650
0 $10 860
10| 4 |05 156|206 20 s |4 |se0|v60] w0 | s
1 30 660
12 280 660
13 2900 660
14 280 660
15| a0 |96 168|240 200 {400 | 480 | sa0 | 60| a0 | 0

& Mut dd not have wax Wubrican! (Cartowax Polysthylens Glyool 3350) appiied.
& Fel-Pro incorporaied C-801-8 lubricant ls a pasie coniaining 50% synthetic gruphiie and B0% petrolatum formulsted © meet

MIL-T-5544. The C-001-S lubrican! was spphed & the thrends ol the boX and L.

€ NAS1306-10 bolt: Average shank dimmeter - 0.4086 in., average coating thicknaes — 0.00048 In.
4TFLW-820 nut: Avennge ooatng tickness — 0.00048 in.
d Toique inrements of 80 in.4b al maximum bolt loed is larger twan nomal horements of 28 in.b.

TABLE A-8. TORQUE-TENSION TEST DATA FOR IVD ALUMIMUM-COATED BOLY AND VD
ALUMINUM-COATED NUT LUBRICATED WiTH FEL-PRO INC. C-801-8.

Rusing Torgoe Oz Mut (la.-8)8 e I'n.nlng
keway | Torque
oo | T | gadocow Do Load (3) Tews” | (82,
irection) | 9 xoo! 5,000 7,600] 18,800 | 12,600 | 15,08 | 17,560 ] 20,860 birsedicn)
6 1 111 | 216 | 300 [ 250 | 460 | 40 | s00 | 720 | s40 | &80 o
2 &0 780
s 350 780
4 30 720
5 st |20 |12 | 200 320 | 410 | 400 | 480 | 650 | 430 47
é 3 850
7 30 650
8 3%0 650
' 300 650
10 83 (108180 22| %00 | 40| 470 | 5e0 | &0 | 4t %
1 900 720
12 200 60
13 200 650
14 200 650
15 % (108 |68 | 260 | 300 { 410 | 80 | 540 | 650 | 400 %

& 1w 15k not have wax Wbdcant {Cerbowax Polysthylene Glyool 3380) applied.
b Fel Pro incorpocated C-801-8 lubricant is a paste containing 50% eyndetic graphits and S0% petrolatm formulsted 1o mee!
WiL-T-8%44. The C-801-8 brcant was spplied 1o the threads of the boll and nut.
© NAS1308-10 boi: Average shank diame e ~ 0.496C in., average coating thicknase — 0.00055 in,
ATFLW 20 nut: Average coaing thickneses -- 0.00083 . .
d Torque Inorunants of 60 in.4b at maxdmum bolt ioad s lagar than normel increments of 25 in &

1%
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TABLE A-7. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLY AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-801-8.

P Torgue On Mot (la.-ib) l‘_mlag
Brosleway | Torque
Tesnee | o0 | aosy ol Loai (B) T | (.,
| "
Oiraction) | » s00| 6,00t /,500] 18,800 | 12,800 | 16,000 ] 17,500 | 28,800 Direction)
7 § 38 | bs | 145 [ 225 ] 305 | ses | 460 | 650 | 650 | 60 34
2 275 850
3 260 700
4 250 675
5 34 Lot et foon| aro | 45 | aso | se5 | o5 | w0 33
6 250 675
7 250 700
' 260 790
9 265 700
0] 34 |o [143200! 260 | 350 | aso | 575 | 700 | 390 3
11 2710 00
12 265 760
13 265 700
14 260 700
15| 3 84 | 136 | 200 | 265 | ass | ass | 675 | 700 | 00 Y]

& Nut supplied with wax iubricant (Casbowax Potyethylena Glyao! 3350) applied,
b Fel-Pro Incorporated C-801-G iubnicant is 8 pasis containing 50% synthelic graphite mnd 0% petrolatum sonmulaisd © meet
MIL-T-5844. The C-801.5 lubrican! was applied 1o the threads of 1% bolt and nut.,
¢ NAS1308-10 bolt: Average sharik ciameier — 1.4068 In., average coating thichiwss ~ 0.00030 in.
47FLW-&20 nut: Average coaling thickness ~ 1.00049 in,
d There was one stop &t 10,000 & instead of eah load incremen!, as nomally done, for oyckes 1, 5, 10 and 15,

TABLE A-B. TORQUE-TENSION DATA FCR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INC. C-601-S.

in. in
Running Torque On Nut {in.-1b)* —— R\"o‘::uau
Test Cycla | Torque okt Lead {Ib) Torqua | (in.-ib
ND,‘-'-GJ No. “n-‘lb. cw ('n.‘lh) ccw !
Directior) 4 oo 5.005] 7,500/ 10,000 | 12,500 | 15,900 17.500 | 20,000 Direction)
s 1 3 | o | 136|100 | 270 | 230 | 415 | 495 | ss0 | 320 27
2 240 675
3 260 675
¢ 200 700
5 33 [ 81 |32 [190 ] 265 | 355 ] 450 | 500 | 675 | 320 31
6 275 650
7 320 675
8 325 675
0 285 675
10 3¢ |84 | 136|250 305 | 305 | as0 | s65 | 650 | 260 85
1 305 650
12 305 650
13 ais £50
14 310 850
15 s | 1141 [20s| 275 § ss0 | as0 ! s35 | €50 | a0 35

a Nut supplied with wax lubrdcant (Carbowax Polysthylene Glyool 3350) applied.
b Fel-Pro ncorporaled C-801-8 tubricant is a paste contakning 50% eyntheic grephlie and 50% patroletum formuluied to meet
MIL-T-5544. The C-801.5 lubricant was applied 1o the freads of the botl and nut.
¢ NAS1308-10 boll. Average shank diametar - 04065 in., average coaling thicknoss - 6.00034 in.
47FLW-820 nul: Avwerage coaling thicikness — 0.000 in. .
d Tes! wixs u repoal of test 1 with optmiznd procedun and squipment.
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TABLE A-9. TORQUE-TENSION YEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITK FEL-PRO INC. C-801-8.

Rssaing Torgue On Nt (ia.-B) I;rnuhg
Wﬂy [ 1]
Test x| CYCis | Toraue ok Lowd (W) Torque | (.,
“.." WA NO. ('..4., W (l. _.) ccw
Direction) | 5 uao| 5,800 7.500] 10,000 | 12,600 15,800 17,508 | 2¢,800 Dirsction)
] 1 51 106 | 175 | 245 | 320 400 475 850 650 355 47
2 285 625
3 245 625
] 240 625
5 & 0 [ 145 | 205 | 276 | 340 | 425 | 620 | &25 | a2 4
5 255 €50
7 250 850
] 250 850
9 255 625
10 8t 102 [ 150 { 200 | 255 | 330 | 430 | 540 | €50 | 33s 51
1" 270 €25
12 255 625
13 265 600
14 250 600
15 4 75 (150 f215| 275 | 350 | 435 | 620 | 625 | 325 58
n Nut supplied with wax lbricant {Carbowax l{dy-v\yhrn Glyool 3350) appiled.
b Fel-Pru incorporaied C-801-5 iubrican! is a pisie containing S0% synthetic graphiia and 50% petrolatum jormulated 1o mest
MIL-T-5544. The C-601-S librcant was appiied 1 the threads of the bott and nut,
€ NAS1308-90 boll. Average shank dameier ~ 0.4087 in., average ooating thicknms - 0.00033 in.
A7TFLW-820 nut: Average coatng thickness - 0.9037 in.
d Tes! was a repeat of sl 2 with opimized proosdure and equipment.
TABLE A-10. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-801-S.
Yorque On Nt {in.-h) Runaing
Rusaiag Tacyus
Tosl Cycha| TYeryue Brsabrwwy | Tory
Horvad | No. | (n.tu, OW BekiLead () Torme | (o
Direction) |4 kan) 6,060/ 7,600| 18,000 12,500 | 15,888 | 17,500 | 29,000 Direclion)
10 1 B4 113 | 175 ] 250 | 320 405 420 580 T00 405 45
2 A5 700
3 300 700
4 205 700
5 (Y] 15 |1 |24c( 310 | 300 | 485 | &0 ! 700 | 420 58
6 285 675
7 s €75
] 288 €75
) 200 §75
10 58 107 | 155 1 210 | 285 370 475 570 678 300 50
11 5 675
12 an 850
13 a7 850
14 280 850
15 55 112} 165 | 225 | 200 | 380 | 400 | 600 | 675 | 360 8t

a Nut suppliad with wax lubricant (Casbowax Polywitvlens Giyool 3350) apphud.
b Fei Pro Incorporated C-801-8 ubricant is & pasie containing 50% syn. vic graphiie mnd 50% potrolatum formuialed © meet
MIL-T-5544, The C-001-§ lubricant was applied K the Twvads ol the bolt and nut.
¢ NAS1308-10 boltt Average shank dlameer — 0.4800 In., aversge plating thickiess ~ 0.00035 In.
STFLW-820 nut: Average plating thickness ~0.00042 in.
d Test was 2 repeal of leat 3 with aplimized procacure and equignend.

128

-z'l-'.



TABLE A-11. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Rasaing Tacowe Oa Nt (Is.-4b) li-uhng
Tost Cycle | Yorgue Brsstawsy | Terque
Nesded | Na. | (.-, CW Bk Load (W) ’(":'1;0‘ (:é#'
irection) |5 cuol 5,000] 7,500 18,800 12,580] ¥5.000| 17,500} 28,800 Dirsetion)
1 1 8 | 180|250 | 335 | 435 | s30 | es0 | 75 | 00 | 625 )
2 405 250
3 385 150
3 340 825
5 87 (123|205 [200| 870 | avs | 600 | 725 | w5 | 0 a2
6 340 875
7 325 250
8 300 225
9 05 825
10 8t |119 160|225 ] 316 | a0s | 515 | 650 | 800 | 45 33
1 305 $00
12 300 75
13 200 750
14 : 275 700
15 33 |83 {139 |25 | 275 | a8s | apo { 650 | 750 | a0 27

& Nut did not have wax lubrcan! (Castowax Polyathylens Glycol 3350)

applied.
b Fel-Pro Inocrporaled (-80S lubricant is & pssts containing 50% synthetic praphits and S0% petrolatum formuisied b mest
MIL-T-8544. The C-801-S ubricant was applied 1o the thraads of tha bolt and nut.

€ NASY308-10 boht: Average shank diameier — 0.4968 in., averags coaling thickness — 0.00045 in.

47FLW-820 nut: Average coaling thickness — 0.00047 in,

d Test was a repeat of test 4 with opimized prooadurs and aquipmant.

TABLE A-12, TORGUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AKD IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-8.

Aunnlag Yorque Ox Nt (in.-50) Running
Tost Cycla | Torqus Bl Losd (B) T iy
Nosded | No. | (. b, CW e | G
Birection) 15 vou| 5,000{ 7.500! 18,850 | 42,500 | 15,900( 17,500 20,860 Direction)
12 1 150 |250 | 305 {370 | s10 | 650 | 725 | #50 | 950 | 700 141
2 3%0 05
3 360 750
4 330 726
5 & | 917 {190 | 250 | 330 | &45 | 625 | €25 | 75 | 445 &
¢ 285 700
7 280 700
] 265 700
9 280 700
0l 3 (o8 |1e5|20] 325 | ats | so5 [exs | v25| as0 &
11 285 725
12 275 700
13 275 700
1 278 o75
15 o8 |03 | 1es {225 | 200 | ass | 485 | ses | 700 | 40 13

a Nut did nol have wax lubncan! (Carbowax Polyethylane Glyool 3350) applad.
» Fei-Pro incorporated C-001-5 lubiicant is 8 pasie containing 50% synihetic graphiia and 50% petrolatum rmulsied b mest
MIL-T-5544 . The C-801-S lutduant was apphed o he threads of thw boli and nut

¢ MAS1308-10 boki. Average shank diameisr — 04867 iIn., sverags coaling thicknass — 0.00047 in.

ATFLW-820 nut: Averags coating thicknees — 0.00044 I,
d Test was @ repeat nf el 5 with opiimized procedure and equipment.
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TABLE A-13. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUMN-
COATED NUT LUBRICATED WITHK FEL-PRO INCORPORATED C-801-8.

— VYergus Oa Kut (iu. ) Running
Toast Crele T"" 9 Sreakewyy | Torque
PR B bl e o Bekt Luad (1) Torque | (.-,
Slosbsd | N, (in.-b, CW ‘h _“) oW
Dirsction) |5 xio| 5,605 7,500 10,000 12,508 | 15,800 | 17,500 | 28,000 Dirsetlon)
13 1 13 185 | 265 [ 325 | a25 | st0 | &5 | 700 | w25 | 8S0 118
2 370 800
3 340 900
4 370 %0
5 83 {421 | 175|250 | 35 | 425 | sas | es0 | w5 | ass 52
6 810 750
7 340 750
8 a5 750
0 20 700
10 52 |107 | 155 | 250 | 315 | 400 | avo | e00 | w0 | 15 45
1 320 725
12 a05 700

15 34 O 1155 | 220 | 205 | 380 | 480 | 800 | N0 410 Q9

& Nut dd "ot have wax lubrcant (Carbowax Polysthywne Giycol 3350) applied.
b Fek-Pro incomorated C-801-5 lubrican! is & paste conlaining 50% synthetic grphlte and 50% petralaium formulsted o meet
MIL-T-5544. The C-601-S wbrican! was appiied 1 he Hreads of thae bolt and nul.
¢ NAS1308-10 boit: Avarags shank dismetsr - 0.4087 in., average coaling thicknoss —0.00041 In.
47FLW-820 nut: Average coatng thickness - 0.00088 in.
d Tost wes 8 mpaat of el 6 with opimbed procaduy and equipmend.

YABLE A-14, YORQUE-TENSION DATA MOR IVD ALUNINUM-COLTED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-301-3.

&
&
N PN DY BN ERE EEN BN BRI I DN SWF BN BeE o

Runaing Yorgwe Ou Nt (in. ) Remsig
Brealawny | Tergue
| ]
Toraaa | or [ mtncow Bk Lowd (8) T | (0,
Oirection) | 5 cagl 5,000] 7,508] 13,808 | 12,500 | 15,000 | 17,589 | 26,000 Dirsction)
14 1 4 {101 | 160 [ 215 [ 205 [ 355 | 440 | s05 | 875 | 305 59
2 300 675
3 130 700
4 320 700
5 61 12t | tes | zro| 335 [ ato | s10 | 625 | Tes | azs 0
H 815 700
7 %3 700
8 300 675
8 30 675
0| % |sa]vesiess]| %0 {40! a5 [e00| 675 3w m
11 205 850
12 200 s
13 305 675
14 05 675
5] 4 l1oal17s]oa0| 310 [ s85 | 400 { s00 | 200 | 10 “

a Nut supphied with wax lbricent (Carbowax Polyethylune Giyool 3380} applied.
b Fol Pro Inoaporated C-001 -8 iubdoant is o paste contalning 50% wynthetic graphite and 50% petralzium fomwinied ©© mset
MIL-T-5544. The T-601-8 lubrkawt was appded 1o the threads of the boX and nut
€ NAS1308-10 bolt: Averange shank diametsr - 0.4837 in., average uoating thicknesas - 0.00080 in,
STFLW-820 nut: Aversge xetng thickness - 0.00042 in.
d Tost was an svaluation of difierert boll and nut finkshes and the torquing procedure. Tham was one stop ® 10,000 pounds instesd
of such foad increment, as norrralty dons, Jor cycies 1, §, 10, end {5,
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TABLE A-15. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED 30LT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Yorque Oa bt (ki) Reaning
Tezt Cytle a':::'.' Breakawsy | Vorgue
Hasbad | M. | (.48, CW Bak Load (B) {':_ﬂ_:o) (n.-s,
Uireation) |y <o) 5,908 ] 7,500 16,000 12,608 | 15,986 | 17,580 26,000 Dirsclion)
15 1 3¢ |95 |60 230 810 [ s95 | 465 | 850 | 675 | 360 )
2 320 775
3 320 800
4 325 200
5 51 {107 |47 250 | 300 | 425 | s20 | 650 | 75 | ass 82
6 285 725
7 250 700
8 280 §75
9 275 675
10 39 |8 |33 |z205) 275 | as5 | aco | se0 | 675 | se0 4
1 : 265 850
12 260 £50
13 268 £50
14 ; 255 850
15 3 | 84 | 130|200 265 | 360 | 455 | 550 | 650 | 350 a1

@ Nut supplied with wax lubricant (Carbowax Polysthylane Gryoot 3350) appiied.
b Fei-Pro Incorporsded C-801-5 ubrican! is & paste coniaining 50K syntnutic graphhe and 50% petrolaium fonrwilaied o meet
MIL-T-5544. The C801-5 lubricarti wes applied to tha threads of Bw belt and nul
© NAS1308-10 boit: Average shank diameter ~ 0.4985 in., average coatng thickness — 0.00043 in,
A7FLW-820 nut: Average coatng thichnoss = 0.00050 in.
d Tes! was an evaiuation of diflaren! boli and nul finishes with optimized proceduie and squipment.

TABLE A-16. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRC INCORPORATED C-601-8.

Yeorqua On Kut (Ia.-) Rwrninp
Runalng
‘ Breakaway | Terque
(4
1;:n.i.u c.y"l.o (I:.Inll?zw Rok Load {ib) ‘(rl:m;'b.) (g‘é#'
Dirsctlon) 15 xan| 5.000] 7,680 10.600] 12,500] 15,600 | 17,500 | 20,000 Direction)
16 1 60 [123 18 [255 | 315 | 300 | 480 | s30 | 625 | 315 7
2 325 675
3 335 725
4 335 725
5 7A {139 | 200 | 275 ] 340 | 420 | 520 | 625 | 726 | 420 9
6 330 700
7 310 675
I b 300 675
0 295 650
10 4 |106} 180 1200] 205 | 30 | a0 | 855 | 675 | ass a
11 290 650
12 285 850
13 285 650
1 285 650
I 15 a6 |10t [ 1es {2201 200 | se5 | a0 | s45 | 650 | as0 a1

a Nut supplied with wax kubricant (Carbowax Polyethytens Glycol 3350) applied.
b Fel-Pro incorporat:x! C-601-5 ubrcant is & pasta containing 50% aynthetic graphite and 50% pewrolatlum formulated © meet
MIL-T-5544. The C-801-5 lubricant was applied 10 ha threads of 1he bolt snd nul
¢ NAS1308-10 bolt: Avarage shank diameter ~ 0.4069 In., ave:age coatng thicknaess — 0.00048 in.
47FLW-820 nut: Averuge coatng thicknees ~ 0.00044 in,
d Test was an evajuation of difierent bofl and nut finishes with ogtimized procedure and evuipmant.
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TABLE A-17. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND CADMIUM-PLATED

* NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.
Yorgue Ou Nett (in.-B) Rusalng
Runaleg
Breakaway | Torqus
Tsp.i-ﬂ T (:'-:r.cw Bak Lowd (E) {;".;') (&#'
& Direction) 2,590] 6,8000] 7,500! 10,800 12,550 | 15,000 | 17,50 | 20,088 ) Direstien)
. 17 1 83 111 [ 165 | 235 ] 310 | 380 | 465 | 550 | 650 350 )
) 2 330 775
! 3 380 725
4 350 750
6 (] 128 | 195 | 285 ] 350 | 420 | 530 | €50 | 780 40 n
: 6 320 750
" 7 300 700
o § 27 790
9 235 700
}(1) 46 @7 1150 | 2i0 | 275 350 450 555 700 415 62
12 275 700
13 270 700
14
15

45 88 | 150 | 205 360 | 470 | 585 | 700 350 48

‘ . & Nut supplied with wex kibricant (Carbowax Polyethylens Giysol 3350) appiesd.
i b Fel-Pro noorpormied C-801-S lubricani ld a pasia containing 50% syn thetc graphiie and 50% petrolaiu formulated ©o mast
MIL-T-5544. The C-801-5 lubricant was appied 10 D thrsuds of the ol and nut.

€ NAS1308-10 boit: Average shank diameler ~ 0.4087 In., kverage coaihg thickness - 0.00043 in.
S 47FLW-820 nut: Average coaling thicknees — 0.00035 i,
e d Tot! was an svakistion of difersni bolt and nut Enishes with optimized procwdure and seipment.

YABLE A-18, YORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

&
g

Teorque Oa bk (in.-B) Ruvaning
Test Cycls %’“'um Brestewwy | Terque
: 4 [ |
- Nasdsd | Ko, | (. -lb cw Bok Lead (W) 2;:‘.;') (gcw‘
| oireation) [ oo s 00| 7.508] 19,800 12,600 16,028 17,500 29,690 Dirsction)
| 1 1 103 |190 [ 265 {235 | 415 | 510 | 625 | 700 | 800 | 490 & ,
2 350 875 "
3 ass 875 N
q 40 ars
' 5 48 |16 [ 190 | 270 | 345 | e45 | 550 | 675 | s25 | sv0 81
6 as0 825
7 325 200 I
‘ 9 340 775 = B
: 101 4 [10|1wolaesisao | a5 | a5 650 5] amo & '
1 U5 750
12 4%5 725
13 320 725
14 310 728
15 | a4 |95 |55 |2ns| 320 | s0s | aas | o5 | ves | a0 4
1 Nut had wax ubrcant (Carbowax Polyothylona Giyool 3350) appied.

bFd-Prukmpuudc-w18hb¢mthnpuwmmsoxmmmwmummbmwbm
i MIL-T-8544. The C-801-5 lubricant was appéod to he $voads of the bolt and nut.
¢ NAS1308-10 bolt: Averagse shank diamwie? ~ 0.4083 In., average coaing thickreos — 0.00045 in,
l A7FLW-820 nut: Average coatng thickness — 0.00048 In,
o) d Testwss an svaluaton of an IVD alurninum- and carbowax-onsied 1. and the toequing procedure. m‘mmmuoooo
‘ pounds instead of sach load incrament, as normally done, Yor cycles 1, 5, 10, and 18.
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TABLE A-19. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-8.

x Torgee Ou Nt (ja.-B) Renning
rog |Cile ) Torque Bek Loed () Torque | (-8,
Nosded | Mo, | (m.4b, OW Torwus 1 ew
Diraction) 14 eap! 5 000| 7,600] 10,000 | 12,500 | 15,008 | 17,500 21,800 Dirsclicn)
19 1 73 1132 | 205 | 285 | 870 | 460 | 545 | 650 | 750 | 450 76
7 855 800
3 385 800
4 s 775
5 30 l1i3|1es lars | 355 | 460 [ s60 | 675 | &0 | 485 2
6 315 775
7 310 750
8 305 s
$ 305 750
ol 21 1os leso|aao] 330 [ at0] 515 | 625 | 750 | aas 20
11 300 725
12 265 700
13 260 700
14 255 675
151 18 82 134|200 285 | 380 | «85 | 600 | 700 | 400 17

a Nut had wax lubricant (Carbowax Polysthytene Glyool 3350) epplied.
b mmmmdc.emsw:uamummmmmmmmmpwhumhmwodnm
MIL-T-5544. The C-801-S iubricant was applied 10 the teads of the bolt and it
¢ NAS1306-10 botl. Avarage shank dlameter — 04087 in., average coatng thickyroes — 0.C0047 in,
4TFLW-820 nut: Average coaling thicknees — 0.00044 in.
d Test was an svaluation of an [VD akuminum- and carbowax-costed mu with optimized procedurs and equipmant.

TABLE A-20. TORQUE-TENS!ON DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUY LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

o Yarque O Nut (In. -8} S ltlnnlni
Tost cle| Torgue wghe
Ronas | Woo [ gu b ow ReltLoad (%) Torqus | (in.ih,
Direction) |4 5ol 5 000| 7.500] 10,000 12500 15,000 | 17,500} 28,000 (fnt) o&&‘w
[ L] 1 J 1 1] [) °n)
20 1 84 [132 ] 190 [ 270 | 340 | 440 | s20 | es0 | 725 | 40 91
2 325 800
3 235 200
4 315 75
5 35 100155 {20 | 320 | 420 | 525 [eso | 775 | 475 2
H 315 725
7 200 725
8 300 725
0 265 700
10 s6 | o6 |150 ] 20| 205 | 380 ) ars | 670 ] w0 | 405 36
1 305 700
12 310 700
13 270 700
14 270 700
15 38 |87 |14s |25 | 205 | 30 | as0 | ss5 | 675 | 875 )

a Nut had wax lubricant {Carbownx Polyethylens Glyoal 3350} applied.
b Fel-Pro Incorporsted C-001-6 brican! is & pasie containing S0% synthetic graphie end 50% psirclaium fonmulated 1o meet
MIL-T-5544. The C-801-8 lubricant was apphod 1o the threads of the bodl and nut

¢ NAS1306-10 bolt: Average shank diameier - 0.4967 in., averago coating ticknees — 0.00043 in.
47FLW-820 nut. Average coating ticknost ~ 0.00061 i, *
d Tes! was an svaluation of an (VD sluminum- and carbowax-coated nit with optimized prooscuns and equipment.
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TABLE A-21. TORQUE-TENSION DATA #OR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUN-
COATED NUT LUBRICATED WiTH FEL-PRO INCORPORATED C-601-8.

Renalng ’ Torque On Lt (n.-5; urmm
Breakawsy | Terque
e | ot | o w Sl Lond (4) Tors | (b8,
Dire:XioR) f9,500| 5,800) 7,509 13,600 | 12,608 15,800 17,500 ] 20,800 Diractian)
21 i1 7 |133| 190 | 255|335 | 415 | 500 [ 600 | 700 | 425 | s
2 315 | 750
3 315 j 750
4 300 ' 750
§ 1 4 ftw04|w2inol 25| a3 s | w0l as | 2
6 200 725
7 285 700
8 300 700
9 260 00
0 45 |ss 1z [20s] 205 [a65 ] aes |60 ]| 70| w5 | 17
11 265 675
12 260 €75
13 255 €75
14 285 650
15 | 34 e {140 {200 265 | 345 | a35 | 830 | eso | a0 | 13

" & Nut had wax lubricant (Carbowax Polyethylens Giyocol 3350) appiied.
b Fei-Pro incorporaled C-801-S lubricant is a pasia containing 50% synthetic graphite and 50% petrcialum formulated 1 meel

 MIL-T-5544. The C-801-S lubricant was appiied 1o the theads of the bolt and nut

¢ NAST308-1C bolt: Average shank diamatar — 0.4968 in,, average coating trckness — 0.00048 in.
ATFLW-820 nut: Average coating thickness — 0.00049 .
d Test was an evaluation of an IVD alumioum: and carbowax-coxied nik with oplimized proosdure and equipment.

TABLE A-22, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Torews On Nt (in.-1) Rumaing
Test Cychs ﬁmm' — Breakawrsy | Terque
Kotdad | Mo | (in. b, CW Bek Lond (B) {m (o,
Direction) 15 500/ 5.000| 7,500 18,000 | 12,508 | 15,000 [ 17,508 | 28,000 Direction)
22 1 190 |175 | 205 [ 270 | 355 [ 440 | 565 | 675 | 775 | 495 115
2 s 800
3 328 750
4 335 750
5 45 [ 115 ] 175 {235 | 325 | 420 | 515 | 625 | 725 | 440 45
8 275 700
7 275 725
8 280 700
® 2 700
100 4 [105] 165|225 300 | a5 | ars | e00 | 700 | &
1 270 700
12 260 700
13 255 725
1l 245 28
15 ( 85 100|145 {105 ] 270 | ass { 450 | s80 | 70 | a0 35

a Nut hod wax ubricant (Carbowax Polyetifene Glycol 3350) spplied.
b Foermarpcmodooowwmznmomnmmmmmphmwmmummwbm
MIL-T-5544. The C-801-8 lubrcart was appied 1o the threads of the bolt wnd nut.
© NAS1308-10 bolt: Average shank dlamear — 04885 In., average oceting thickness — 0.00032 in.
ATFLW-820 nut: Average cosling thickness — 0.00044 in.
d Tes! wus 10 ewaluaw $Hhe procedure for applying the lubricant onto the bokt and carbovmx-couied nat.
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COATED NUT LUBRICATED WITH FELPRO INCORPORATED C-801-8.

TABLE A-23. TORQUE-TENEION DATA FOR IVD ALUMINUM-COATED BOLT AND VD ALUMINUA-

— Torgue On Kt (la.-B) Ronsig
Yot k| T Bresiawey | Tores
Bestsd | o | taot ew BokLond (W) gl I~
Direction) 15 san! 5,600| 7,600] 18,000 | 12,508 | 15,008 | 47,508 | 26,808 Dirsciion)
2 $] 10 [0 a0 fansf s [oso f a0 | e [ a0 | es0 17
3 70
1 700
s @ juo |1 im0l s | s | oaes | a0 | 0| a0 &
7 675
8 650
9 650
0| 33 |8 |125]|180 250 | 330 | 435 | s60 | €75 | 205 3
1 625
12 625
13 625
14 600
15 | 31 |68 {127 | 185 | 255 | 325 | 485 | 535 | es0 | 390 n

b Foi-Pro

8 Nut i not have wax lbricant (Garbowsx Polysthylena Giyool 3250) applied.

C-801-8 lubrican! is 8 pasie coniaining 50% synthetic graphite and 50% petroiatum formulaled © meet

MIL-T-5544. The C-601-S lubricant was apphed 10 the threads of the bolt and nut.
€ NAS1308-10 bolt: Average shank diameter — 0. 4867 in., cveruge coating thickness — 0.00048 in.
4TFLW-820 nut: Aversge coating thickness - 0.00081 in.

d Test was svaiuation of forquing procedure. Thers was & siop & 10,000 poundi 1o record torque sppled 0 mat kr cyciss 1, 8, 10,
and 15 and no siop &k 10,000 pouncs fer afl ofr Tonque-tension ayoies.

TABLE A-24. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVO ALUMINUM-

COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-8.

Rusiaing Torgas Oa Nul (in.-8) N ﬂTuMlnG
'. orgue
o || R st | e
Oirsclion) (5 caol 5,000] 7,500] 19,600 | 12,508 15,008 | 17,500 ] 28 606 | owection)
24 1 157 {175 | 245 {320 ] 400 | 490 | 590 | 700 | 825 | 545 118
2 825
3 825
i 825
5 ks leslaroloss) 31 | 410 520 {aso | 75| 40 52
8 725
7 725
3 725
9 725
10 41 02 | 145 | 220 | 205 | 380 | 40 | 560 | 700 | 405 Py
1 700
12 675
13 675
14 675
15 38 | a4 {134 200] 280 | 355 [ 4s0 | 540 | 675 | 365 4
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a Nut dd not have wax udiicant (Carbowax Polyethylene Glycol 3350) applle d.

b Fei-Pro Incorporaled C-401-5 lubricant i & pasie coniaining 50% synthetic graphito and 50% petroisium formulated 16 meet
MIL-T-5544. Tha C-601-8 lubrkant was appied 1o the threerds of $he bolt and nut
¢ HAS1308-10 bott: Average shank dismeior — 0.4900 In., average oosiing thickness — 0.00050 in.
4TFLW-820 nut. Average coaliing thicknees — 0.00058 in.

d Teat was evakuaton of lorquing procedure. Thery was a siop af aach lbad increment 16 record lorque apgplled 10 nut for aycles 1, 8,
10, and 15 and no siop at 10,000 pounds for sf other forque-knsion cycles.
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1 TABLE A-25. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
1 COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-5.
| i
J Torqus Oe Nut (Ia.-1b) Rimaing
- Running -{8r02ke Torque
.} e | e e Mot Lond ) g | G2
Direction) | 2 500] 5,000| 7,800 10,000 | 12,500 15,000 | 17,800 | 20.600] = {Dirsstien) E
25 1] 1o [usas s | s s | 80| &m 9
3 775 I
4 m
5 | 4 |114|170 20| 245 | a5 | 540 | 650 | 800 | &2 Q
6 750
7 750
¢ 750 l
9 75
100 37 100|155 {20 310 [ a0 |s10fes0| 70| w5 »
11 925
12 ) r
13 750
. 14 725 :
150 2 (o [tes {20 a5 | a0 | 520 [e0| 750 455 3%

& Nut did not huve wax ubricant {Carbowax Polyethyiens Glyco! 3350) appiied.
b FelPro incorporuted C-601-5 ubricant is & pasts containing 50% synthetic graphie and 50% perolatum formaiatod 1o mest
MIL-T-5544. The C-601-5 bricant wus spplied & the threads of the balt and nut
¢ NAS51308-10 bolt: Avarape shank diarsiv? ~0.4085 in., sverage coaing hicknass — 1).00041 in,
ATFLW-820 nut: Average coating thickness = 0.00051 in.
d Tast was evaiuation of Iprquing precedure. Thers was 8 siop & ssch koad incremani 1o record orque apched 1o nut for cycles 1, &
%0, orvd 1§ ard no otop a2 10,000 pounds for ol ofher irgue-tansion oycies.

TABLE A-26. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

A
: Yorgue On NU (In.-1b) Runniny
- Running Braska Terguo
Test Cycls | TYorque B!t Lead (1b) r.m:" (in.th,
Nodked | No, { (in-1b, CW {in.b) coW
Dirsction) | a woq! 5 000! 7,800| 10,500] 12,500 | 15,000 17,500 | 20,800 Diresticn)
26 1 % 160z 310 | 40 | 505 | s | eso | TS | s 106
2
! 3 75
4 70
l s | 38 105165 235 | 315 | a0 | so5 [ 650 | 75 | s 3
i 6 1775
: 7 125
: [ 700 !
9 700 =
0] 3¢ o lss|zo] s | as|sis|eo] mo) a0 V)
1 700
12 200
13 700
" 675
5] 32 | |1wus|20s| ers{ms | ars|ses | 25| «o u

8 Nut did not have wax lubrcant (Carbowax Potysthylens Giycod 3350) appisd.
b Fe-Pro incorporated C-601-5 ubricant ks & pasis containing 50% synthetic graphits and 50% petrolatum formuisted 1o meet
MY-T-5544. The C-501-5 [ubncant was apolied 10 the threads of he boit and nut
€ NAS1308-10 bolt: Average shank tametsr — 0.4900 in_, sverage coaltinyg thickness ~ 0.00048 in.
4TFLW-820 nut. Avertge ccating thickneas - 0.00040 in.
d Test was evakuation of lorquing srocecurs. Thars wes a sOp &t each load bxcrement (0 record tomue apphed 1o it for cycles 1, B,
10, and 15 and no stop at 10,000 pounds fur all other Sorgue-tansioh gycles.
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TABLE A-27. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLYT AND JVD ALUMINUR-ILATED
NUT LUBRICATED WITH FEL.PRO INCORPORATED C-801-6.

Komealny Torectaiam®) Srvalwcy t"i’ma:?v'
Tast le| Teigue [ e
Resssn | Ve | moths oW gat Lod (W) Tt G
Oirectlen) | o uas) 5,000 7,600 10,050 12,808 | 18,905 | 17,500 | 20,090 birocdion)
2 1| @ [ [isfas] 0 365 [aes on [ws] w0 ¢!
3 B 5
4 25 578
5 | 2 |eo {ees || 20 ;30 fen|ews as| w0 | w
: - &
3 245 865
0 250 80
0 30 [ov[wn o] 20 |0l a0 |e0] a0 | a0
i B gl |
13 , 275 825
14 - 250 625
15 ) 35 110} 160 {220 265 | 365 | aso § s | &5 | sm

& Nut had wax ubrican! (Carbowax Polyuthy'ane Glyoud 3350) appied.
b Fel-Pro Incorporatad C-801-8 lubrcant is & pasie conlaning 504 synthetic graphiie and 50% pekdalum fornulsded 03 itasst
MIL-T-5544. The C-801-5 Wiricant was applied 10 e Uwkuds of tha bok and nut
¢ NAS1308-10 bolt: Aversge shank diamotes - 0.4087 in., averugs costng ihickness — & JG038 .
ATFLW-820 nut: Averuge coativg ticiness - 0.00040 k3.
d 'r.uuumwmummsrmmu»muunmm.wwwwm ad aquiprwnt.

TABLE A-28, TORQUE-TENSION DATA FOK CADMIUM-PLATED BOLT AND IVD ALUMINUM-PLATED
NUT LUBRICATED WITH FEL-PRD INCORPORATED C-601-8.

Targos Ou Kl (k. 40) Mot |
T le FTUM'II Braakawiy Emueg
o ¢l ue g
Worsbed | ok (in.3b. CW Bak Load (ib) , gm', .
Direction) 15 goo) 6,900] 7,500 16,856 | 12,600 ) 16,008 ] 17,00 22 00 Dirsclisn)
28 1 60 120 [180 | 240 { 320 | 305 | 4% | 870 § &5 | 880 a0
) 25 $0
) 70 €25
p 270 845
P 5o 105|165 225 | 305 | 385 | aro | oses [ oeto | ges 50
¢ 300 %75
7 280 875
3 270 650
i 9 210 855
10 85 (415 170 | 225 | 200 | 365 | 460 | 565 | 650 | wse © ]
: 1 25 AL k
12 0 450
13 280 75
14 75 675
15 60 |15 | 170 {225 | 205 | 80 | 420 | 505 | 700 | a0t 0

& Nut had wax lubricant (Carbowax Polyethytene Giyool 3350) appled.
b Fel-Pro Incorporsied C-001-S iubricant is a paste containing 50% uynthetic graphie and S0%. peirolatum brmuielted o mest
MIL-T-5544. The C-301-S lubricant was appiied 16 the threads of the bok and niut
€ NAS1306-10 bolt: Avarage shank diamaior — 0.4987 in., avorage coating ticknees - 0.00040 in,
ATFLW-820 nut: Average coaling thiziness - 0.00040 h.
d Test was an evaluaiion of dh dmiar inishas on the boll and nut with optimized procedure and equipment.




TABLE A-29. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND IVD ALUMINUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-001-S.

- Aunalng Torgue On Hut {in.-) Breskaway NTunnino
y res orque
o | o ok ond ) Tow” | (a5

. . o8, | K
! Direction) 5 ga0| 5,000{ 7,690] 10,600 | 12,500 | 15,800] 17,500 | 20,000 Dicsction)
o 20 3] 4 [0z | foais e | gm0} 3 %
"y
! : 2 o
& 5
‘\} g 35 85 [ 135 | 100 | 245 | 325 | 405 | 485 | 675 | 300 30
| 7 2 o

} l ) 275 600
n \ 9 285 625
4 10 4 [ 100 {165 {230 | 280 | 350 | a40 | s30 | €50 | 335 35
] 1; g;g gso
3 . 50
0. ] 13 275 675
] 14 290 675
N \ 15 40 105 | 165 | 21 s_J{ 290 | 365 | 460 | 555 | 650 | 360 4
& Pts a3 wax iwbricant (Cassowax Polyethylene Glyool 3350) applied.
'{1:\‘. " b Fal-try comporated -801-S lubrican! is a pasts conwiring 50% synthelc graphiie and 50% petolatum formuisied 1o meet

WiL-T-3444. Tho C401-$ Wwbrcant was applied 1 the thveads of the bolt and nut
£ RAS1309 ,0 Dolt. Avrage shank diamew! ~ 0.4090 in., average coating thickness — 0.00038 in.
ATFLV/CEL nut: Aweiage cuating thickness ~ 0.00048 in,
6 Tast wak 89 svidusion of dusimilar finishes on the boll and nut with opiinized procedure and equipment.

TABLE £-3). YORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
LOATED RUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-8.

r Terque On Nut (in.-id) Running
T Running Sreakawny | Yorque
1] el Yorque
TRasse ) o (i lb, OV Bolt Load {ib} {I:m;sho) (i,
| 5 Uiraction) {5 spof 5,000| 7,500] 16,000 | 12,500 | 15,600 17,508 20,000 Giraction)
a0 t | 115|210 | 280 | 355 | 440 | 530 | 650 | 750 | es0 | 6% 100
2 415 825
| 3 a 750
P4 300 750 I
5 | &5 120|175 P 230 | 30 | 305 | s0 | sso | s | awo 50
6 295 750
7 200 s
8 305 750
0 285 750
0| a |05 |5 {220 310 | 400 | s15 | 650 § 750 | a0 @
i 280 725
12 275 725
13 260 725
1 260 725
15 | 40 Los {50 |20 f 265 | 300 | aos | c25 | 7vs0 ! as0 40

& Nut had wax lubrican! (Carbowax Polyetnylane Glycol 3350) applied.
b Fel-Pro incorporated C-801-S lubricant i 3 paste contalning 50% synthetic graphie and 50% pevolituin fomiilated to imast
MIL-T-5544. Tha C-601-5 lubricant was applied 1o the threads of the bolt and nut
¢ NAS1300-10 boll. Average shank diamelar — 0.4888 in., avaruQe coating thickness - 0.0UO34 W,
47FLW-820 nut: Average onating thickness — 0.00045 in.
i d Testwas an evaluation of the IVD aluminum coating appliad 1o 1he bolt Bolt was tasiod s waisd Pormaty & bolts and nuty
: wara glass bead peened and chemical conversion coaled. .
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TABLE A-31. TORQUE-TENSION CATA FOR IVD ALUMINUM-COATED BOLYT AND VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-5.

Torgus Oa Kui (la.-B) Running
Ruraing Greakswey | ¥
y| Torque
Tnnea | Nt | it B Load () Toqut” | .
Dleaction) 12 500, 5,600 7,500 18,600 12,800 | 45,905 | 7,K00 ] 22,000 Birectiun)
3t 1] 120 Joro [ 256|350 | 445 | sas | es0 [ w0 | ers | &5 | 1
2 360 825
3 365 750
4 205 725
8§ | 4 |10 160} 2es] 305 | 300 | 480 | 600 | 725 | 4% 55
6 240 750
7 320 725
8 260 700
0 251 700
10 | 45 | o5 |4ss[200] 265 | 365 | 470 | se0 | vo0 | am0 &0
1 | 270 725
12 270 700
13 260 750
14 280 725
15 | 40 faos |5 Lz | 295 | 300 | avs Lges | 725 | ars 2

a Nul had wax lubricant (Carbowsx Polysthylene Glycol 3350) applied.
b Fal-Pro incorporated C-801-S lubiican! i a paste containing 50% synthetic graphite and 5% petoairn Rrrilaled fo mest
MIL-T-8544. The C-601-S lubricun! wan applisd 0 e treads of the boll and nut
¢ NAS1308-10 bolt: Average shank diamelar - 0.4987 in., uverage cousng thicknuss - 0 00031 in,
47FLW-820 nut. Average coating thickness - 0.00040 in.
d Tas! was lo evaiuaie the efiec! 0! & polished IVD aluminum caating on the lorque-tention charscluretcs of tha bob wund nut

TABLE A-32. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PHO INCORPORATED C-601-5.

Torque On Nut (in.-1} Runnlng
Tost Cycls "1'2::2‘-“ Py Bronkawsy | Torqhe
e ¢ Hie n.-b,
Nosd2 | No. | (in.-Ib, CW Bolt Lead (b T 1 Cow
Direction) | 5 k0! 5,000| 7,500| 10,000 | 12,500 | 5,800 | 17,609 | 20,900 Diraction)
32 1 85 |55 | 200 | 280 | 255 [ 440 | 635 | 650 | 750 | a4n o
2 30 725
3 250 745
4 340 775
5 | a0 {110 | 190 {2s0| 300 | 425 | s25 | es0 | vs0 | ass 50

& Nut had wax lubricant (Casbowax Potyethylens Glycol 3350) appiid,
b Fei-Pro Incorporaied C-601-5 lubricant is & paste conlaining 30% synthetic graphlie and 50% pevolatum formwlited w mest
MIL-T-5544. The C-601-S lubrican! was applied 10 the threads of the bolt and nut.
© NAS1308-10 bolt. Average shank diameier — 0.4982 in., averago ocaiing thickneds ~ 0.00015 i,
47FLW-820 nut: Averags coating thicknass ~ 0.0004% in.
d Tos! was an evaluation of 8 very tin IVD aluminum coating on the boll and & nonmal thickness of IVD aluminum coating o
the nut,
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TABLE A-33. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COAVED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Runiing Torqus On Nut (in.-b) nTunnlnu
] ' Breskawsy | Terque
You o | CYel) dordue Bak Lead (ib) Torqus | {in.-tb,
"U." L N'J- (I“."‘b, cw (‘. 'lb) ccw
Directon) 2 500 5,000 7.600] 10,600 12,500 | 16,008 17,500 | 20,000 Direction)
k) 1 80 | 140 | 200 § 270 | 365 440 535 650 750 445 85
2 385 825
3 355 800
4 355 825
§ 60 125 l 105 | 265 | 358 460 580 700 825 535

& Nut had wax lutwican! (Sa. ocwim Polysthylene Giirool 3350) applied.

b Fol-3r0 Incorporated C-80% 8 wibricent is ¥ pasle ontaining 50% synthetic graphiie and 50% pevolaium formulated 1 mest
MUL-T-8545. The C-631-S Wbrkaehi wuis dppi ey 10 the threais of the bot and nut.

© NAS1308-10 bolt; Avarags shank disndkr ~ 0.4983 in., average coating thickness - 0.00014 in.

47FLW-820 nut: Avorage tualing thickness - 0.00048 in.

d Tast was an evalustion of 8 vers %in IVD slurninum coating on the bolt and a normal thicknaess of 1VD aluminum coating on the
VUL in addition, any rwtal parice vontamination in te abricant wes removed by ultiaeonically cieaning the bolt md nut after the St
Kvque Wwnson cyciv.

TABLE £-34. TORQUE-TENSION DATA FOR ivD ALUMINUM-COATED BOLT AND VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPGRATED C-601-8.

Torque On Nul (in.-Ib) Running
Runslng
. . . Breskaway | Terque
Tiansss | No. | gno. ow Bott Load () Toraue | (-,
R.-
Direction) | » £ao! 5,000 7,500 10,000 | 12,606 | 15,000 17,600 | 20,000 Dirsction)
Y 1 85 | 125|190 | 265 | 350 | 440 | 535 | 650 | 750 | 450 20
? 340 800
3 310 750
4 300 775
5 0 |8 |1s0|215| 300 | 405 | 520 [ eso | 775 | 300 m

& Nut had wax lubricant (Carbowax Polyethylene Glycol 3350) applied.
b Fol-Pro incorporated C-601-S fubricant Is a paste containing 50% synihetc graphile &nd 50% petrotatum foimulsted o meet
MIL-T-3544, The C-601-S wbxican! was applied io the Uveads of the balt and nut.
¢ NAS1308-10 boh: Average shank diamster - 0.4986 in., average cokting thickness ~ 0.00035 in.
47FLW-820 nut; Awerage coating thickness — 0 00048 In,
d Test was to vvaluate the effect of multiple applications of carbowax on the boll/nut iorque-tension characleristics. The carbowax
was applied to the boll and nut.
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COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

TABLE A-35. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

P— Torgue Oa Nut (in.-ib) Running
T Broaksway | Toerque
Test Oyclo | Torqus Belt Loaé () Yorque | (-8,
“._ﬂ.h,h‘ “.. Ull."lh. ew (l..-m) ccw
Direction) 5 550! 5,000] 7,500 16,000 | 12,500 | 15,000 | 17,500 28,000 Direction)
35 1 9 (140 ] 210 | 285 | 370 | 460 | 555 | 650 | 756 | 480 85
2 350 800
3 ass 200
4 40 750
5 86 |105 | 165 | 245 | 320 | 405 | s10 | 625 | 750 | 450 @

& Nul had wax lubricant (Carbowax Polyethylene Glycol 3350) applied.

b FelPro Incorporaled C-601-8 lubricant is 3 pasie containing 50% synthelic graphlie and 50% perokaum formukiad % maet

MIL-T-5544. The C-601-S lubricant was applied lo the throads of the boll and nut.

¢ NAS1308-10 bolt: Average shank dametar — 0 4880 in., averkge coating thickneas - 0.00018 in.

A7FLW-820 nul: Average coating thickness - 0.00028 in.

d Test was an evaluation of & very thin VD alurninum ooating on $he bolt and nut. tn addition, &ny metal pariicle contamination in
the lubrcant was removed by ultrasonically cleaning the boht and nut aher the first lorque-tenaion cycle.

COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-...

TABLE A-36. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

T o = ..
EE B O O B BN B RN B I EE e S

Running Torgue On Nut (in.-th) ’ l}unnlng
: reskawey orque
Test = Cycle) Torgue Bolt Load (1b) Torque (incib,
Nosbed | No. | (in.-Ib, CW e |
Direction) 15 g0/ &.000] 7,500] 10,000 12,5001 15,000 17,500 | 20,000 Direction)
36 1 50 | 110 | 175 | 260 | 345 | 430 | s35 | €50 | 750 | 460 60
? a7 875
3 450 900
4 360 850
5 40 {115 ] 200 | 285 | 350 | 400 | 00 | 750 | 900 | 25 0

D

a Nut had wax lubrdcant (Carbowax Polysthylune Glycol 3350} applled.
b Fel-Pro lnoorporated C-801-8 lubricant is & paste contatning 50% synthatic graphlie and 30% pevolatum formutated © meet
MIL-T-5544_ The C-601-S lubrkant was applied to the threads of the boll and nut
¢ NAS1308-10 bolt. Average sharik dizmeler - 0.4884 ., awerage coating thickness ~ 0.00017 in.
47FLW-820 nut: Average coating thickness ~ 0.00031 in.
d Tes! was an ovalution of a very fhin VD alurminum coetirg on tha bott and mat. in addition, any rmete! parlicie contamination in
the lutxicant was remowd by ulk asenicaly cleaning the bott and nut ahar the first torque-wnsion cycle. -
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TABLE A-37, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
CCATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

. Torgus On Nut (in.-1b} Running
’ Aunning Braskawsy | ¥
y| Yorqus
: Tost . Cyclo | Torque Bolt Lead (Ib) Torgus {in.-ib,
Nosbad | wo. {in.-lb. CW {in.-1b) cew
Oirectien) | 2 w00| 8,000( 7.500| 10,000 | 12.500| 15,600 | 17,500 20,600 Direction)
i 7 1 50 110 § 185 | 265 | 360 460 585 675 800 810 4]
o 2 €05 125
o 3 20 775
4 285 900
§ 40 85 | 140 | 200 | 270 | 9% 475 595 5 470 &
[ 270 800
7 an 800
8 265 800
P ] 270 850
10 0 115 | 100 | 265 | 358 480 625 75 900 600 X
11 20 850
12 260 300
13 260 s
14 260 750
15 20 80 | 120 | 190 | 25% 350 465 625 750 445 25

a Nut thd not have was lubncant (Cwbowax Polysthylene Glyoo! 3350) appiwd.
b Fel-Pro Incarporsted C-601-5 lubricant is & pasts conmtning 50% synthedc graphita and S0% petroletum fermuiated © mest
MIL-T-5564, The C-601-S lubncant was appled 10 the th/eads of tha boit and nut
¢ NAS1308-10 bolt. Average shank damaetar - 0 4985 in., average coaung thicknecs ~ 0.00042 in.
47TFLW-820 nuil  Aversge coabng thickne ss - O 000448 In
d Testwas sn svaluaton of an IVD aluminum.ginc ceabng om an aluminum alioy conmining 20% zmc The aluminum-zing .conled
bolt and nut were g'ass baad peened and chamcally converson coated

TABLE A-38. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Bunning Yorque On Kut {in.-ib) —_— n‘_uonm“
. way| Yorque
‘;:‘_l.i.u Cz:l.l “x;gluzw o't Long (ib) a:rqluh-) (l:é.‘bh'
Diraction) | 5 xo0| 5,000( 7,800| 10,000( 12,500 | 15,000 | 17800 | 20,000 Directlan)
a8 1 100 | 175 | 240 | 330 | 415 | 505 | 625 | 725 | B25 | 60 ®
? 3s BOO
3 05 800
4 300 800
5 40 95 | 155 | 215 | 205 | 300 | 515 | 650 | 800 | 820 ®
[ 295 B25
7 300 850
8 290 50
*] 200 8O0
10 2 85 [ 135 [200 [ 270 | 270 | s00 | 625 | 775 | a0 )
1 270 750
12 265 750
13 250 700
14 250 00
15 20 80 | 135 | 180 | 260 | 350 | 465 | se0 | 725 | av0 20

& Nufhed waa lubrican! (Carbowar Polyathytere Glycol 3350) appied.

b Fel-Pro incorporsted C-601-5 lubrcant is a paska contuining 50% synthatic graphits anvi 50% pebolatum Jormulaiad to mest
MIL-T-5544. The C-601.5 lubricant was applied to the thruads of the Lolt and nut.

¢ NAS130B 10 boli: Avaraps shani dumeter - 0.4087 in., average coabng thickness — 0.00044 in.

47FLW-820 nut: Average cuatng tuckness -- 0 00047 In,

d Teslwas an evalustion of an IVD slyminum-zinc coabng from an akiminum atioy containing 20% zinc. The aluminum-zincsosted
ball and nul were glass bead peened and chemucaily conversion coated In 8dditon, carbowix was RpPHed 10 the Burmenum. g
ciated nut

142




TABLE A-39. TORQUE-TENS!ON DATA FOH CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATEDR WITH FEL-PRO INCORPORATED C-870.

Torgus Ba Mut (la.-3b) Rianing
Yost I '!r'”m'“ Breskaway | Terqua
e (50| o st | .
| Olrection) [ xoul 5,900] 7,500] 10,008 | 12,500 15,000 17,500 | 20,800 Direction)
| ) 1 | 66 |13 180|260 a5 | ass | o5 | eso | v | mes 52
ol 2 360 950
3 %5 950
4 4 70 975
! 5 | 4 {n2|0260] 370 | 500 | 650 | 825 [ o75 | 700 50
6 380 1,000
‘ 7 350 075
8 35 §75
- 0 235 025
, 10 ] 20 105|020 35 | aso | 625 | 75 | w75 | 60 3
: 1 320 850
12 : 315 800
| 305 850
] azs 250
y 3t | es 170 | 255 ] 380 | aes | sv5 {700 | w25 | 628 3

N X B B B O B B BN EE o B e
— s b
o i W

a Nut supplied wilh wax lubdcant (Carbowax Polyethylene Glycol 3350) apphed.
b Fel-Pro incorporaled C-870 ubricant oontaing 85% molybdenum druifule sispendsd in a soft pasha. Tha C-870 kbvicent wae
applied © tha threads of the bolt and nut.
¢ NAS1308-10 boh. Averega shank diameer = 0.4988 In., average cotiing thickiass - 0.00040 in,
4TFLWHA20 nul. Awrage coaling thickness - 0.00043 i,

TABLE A-40. TORQUE-TENSION DATA FOR CADM:UM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WK FEL-PRO INCORPORATED C-570.

Running Torque On Nut (in,-ib) Breckaw l!'unnlng
_ melowyy | Torque
: T | s Lwt 4 | G

: - | Gn.-tb, o
} Diroction) |5 x00! 5,000] 7.500] 10,000 | 12,500 15.000 | 17,500 | 20,000 Direction)
X 0 1 s [1o0 fvao [ass [os | ais | s2s | oeso | 7as | ss0 39
_ 2 75
‘ 3 358 675
| 4 a7s 975
Ny 5 @ |t |10 |20 | 30 | 50 | 65 | aso | 1000 350 a3
} |
5 2

| 9 355 925
f 10 % [0z | fes | 25| 0 | ass | S0 | 7s0 | 50| e2s 12
i 12 320 825
! 13 375 825
: 1 325 800
- 15 33 [ o5 | 170 | 255 | 330 J 425 | s00 | e25 | 70 | svs 27

a Nut supplied with wax lutrdcant (Carbowax Polyethylene Glycol 3350) appiied.
b Fel-Pro Incorporated C-670 lbricant contalng 85% matybdenum dsultide suspended in a soft paska. The C-670 lubrcant was
applied 1o the threads of the bolt and nut. ’
¢ NAS1208-10 bolt: Average shank dlameler — 0.4987 in., average coating thickness — 0.00041 in,
47FLW 820 nut. Average voating thickness — 0.00042 in,

—_——
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a Nut supplied with wax iubdcant (Csrbowax Polyethylene Glyool 3350) apphed.
b Fal-Pro incomot sted C-670 utricant wonlains 5% moiybdsnum disulfide suspended in & soft pasts. The C-670 lubrican! wos
applied 1o the threads of the bolt and nut.
c NAS1308-10 bolt: Average shank dlameler - 0.4900 in., zverage coating ticknass - 0.00037 in.
S7FLW-820 nut: Avarage coating thickness — 0.00043 in.

| TABLE A41. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED a
' NUT LUBRICATED WITH FEL-PRO INCORPORATED C-670.
| Torque Oa Nl (in.-) Runal I
, ) unnlng
Tost Cytie '!I'":“L‘ns' Brantuway ) Torqus
. n Beit Lead (1b) Torque | (in.lb,
Noshe | No. | (in-Ab, CW tny | ‘cew I
Direction) {5 s00| 5,000| 7,600! 12.600] 12,500 | 15,000 47,500 | 26,008 Dirsction)
P 1 67 131 [ 205 [ 205 | 300 | 485 | 500 | 725 | 75 | 625 52
2 325 950 E
3 U5 1,000
4 355 1,000
5 61 |120 {100 {2600 375 | s3s | ers | e2s | o5 | 700 57
6 360 950
7 335 800
8 330 850
9 130 000
10| 45 | o3 [s5 {225 | 220 | azs | 625 | vs0 | 875 | 650 )
11 300 850
12 205 825
13 280 800
14 270 75 :
15 | a7 | oe.)uss |2t | 285 | ass | s7s | eso | 800 | sso 3 ﬁ

TABLE A-42, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-670.

Running Yorque On N (in.-1b) Running
i Breaknw Torque
! Tt | |Cpelu] Torque Woit Lowd (1) Torwn | (in-b,
: Notbs No. (‘n.'“'. cw ('. 'Ib) cew
Diraction) 15 5on| 5,000] 7,500( 10,000 | 12,500 15,000 17,500| 20,000 Lireetion)
42 1 89 1190 [ 270 | 350 | 460 | 675 | 7s0 | eso {075( ses &9 i
2 450 1,050
.‘ 3 410 1,050
: 4 360 075
| 5 30 |23 j 215 | 280 | 370 | 4905 | 650 | 825 | 975 | 728 4 i
6 485 1,150
7 §i0 1,050 -
8 375 1,000
0 45 950
| 10 { 32 (104|185 250 355 | 480 | 625 | s00 | 075 | 700 J
3 11 355 050
| 12 325 950
13 40 625
: 14 320 900
15 | 27 | o4 | 155 | 280 | 335 | 450 | 600 | 800 | 925 | 675 27

a Nui &d not have wax lubdcant (Carbowax Polygthylene Glyoo! 3350) apgiied.
b Fel-Pro incorporated C-870 jubricant containg 65% motybdenum disulfide suspendod in a sofl pasw. The C670 ubricant was
applied 10 the threads of the boit and nut.
¢ NAS1308-10 boil: Average shank dlamatar --0.49483 in., averape coating thickness ~ 0.00051 in.
4TFLW-820 nut: Averaga coating thickness — 0.00043 in,
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TABLE A-43. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-670.

Running Tergus On Nut (n.-) . i}runnlng
reakaway | Tarque
K il P BeLesd ) Toraus | (.
Diroction) |5 a0l 5,000] 7,500] 10,000 | 12,500 | 15,800 | 17,500 | 20,800 Direction)
4 1 70 | 185 ] 276 [ 360 | 455 { 650 | 700 | 875 | 1.050] 850 82
2 4”0 11100
3 s 11425
4 380 1,050
5 36 |00 | 185 {300 | 420 | s05 | 700 | 800 | s000| 775 36
6 350 075
7 35 875
8 320 850
¢ 325 850
10 20 |9 | 170 | ze0 | 425 | a0 | 625 | 725 | evs | 600 30
11 315 825
12 328 825
13 320 825
14 310 750
15 29 | 84 | 160 | 240 | 330 | as0 | 550 | eso | so0o | sos 24

a Nut did nol hava wax kibrican! (Carbowax Polysthylene Glycol 3350) spplied.

b Fal-Pro Incorporated C-870 lubricant contains 85% motybdanum disulfice suspendac! in a sofl paste. The C-870 lubricant was

spplied 1 the threads of the bolt and nut.

© NAS1308-10 bolt: Average shank diamar — 0 488U ., sverage ooating thickness — 0.00051 in.

STFLW-820 nut: Average coaling thickness — 0.00053 in,

TABLE A-44. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUIAINUM-
COATED NUT LUBRICATED WITH FEL-PRO iINCORPORATED C-670.

Running Torque On Mut (in.-Ib} Sreskaway F:r:r;:mg
asae | Voo | nory. cw Bolt Loud () Torgus | (-t
[
Oirsction) | » 5oo) 5,000] 7,500] 10,000 | 12,600] 16,000 | 17,500 | 20,000 Diraction)
“ 1 83 [195 [ 305 | 450 | 545 | 650 | 75 | 925 | 1475] &0 85
2 450 1,050
3 30 1,000
4 415 975
5 26 |07 | 195 | 260 | 345 | 460 | 625 | 700 | s00 | 650 24
6 325 800
7 320 850
8 310 825
8 205 825
10 22 83 | 155 [ 225 | 205 | 425 | sa5 | es0 | 775 | 00 21
1 315 825
12 310 800
13 200 800
Y 300 200
15 20 B4 | 150 | 220 | 305 | 410 { ses | v25 | so0 | s25 19

& Nut dd not have wax lubricant (Carbowax Polyethylenw Giyco! 3350) applied.

b Fel-Pro Incorporated C-870 lubricant contalng 85% molybdenum disulfide suspendad in a soft paste. The C-670 kubricant was

applind 1o the threads of tha bolt and nut.
& NAS1308-10 bolt: Averape shank dlameter ~ 0.4088 In., avernge coating thickness - 0.00040 .
&TFLW-820 nul: Average coating thickness ~ 0.00:048 in.
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NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

TABLE A-45. TORQUE-1 ENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

_ Running Torgue On Nut {in.-th) - l!{unnlnn
. Braskaway: TYorque
% LT “T'"‘"' Bolt Luad (1b) Terque | (in.-ib,
| tn.tb, CW (in-tb) | CCW
o Biraction) |5 500 5,000 7,800 10,000 | 12,500 | 6,800 | 17,500 | 26,000 Diraction)
A 4 1 41 |02 [ 165 | 230 [ 300 | 365 | 455 | 525 | eso | a5 at
. 2 200 650
3 280 650
4 270 650
6§ { 35 |8 {14025 | 200 | s40 | a15 | s10 | 625 | 325 3
6 285 625
, 7 270 625
; 8 260 §25
| ¢ 265 §25
. 10| 3t |78 {137 |20 200 | ars | ass | s25 | 00 | 3w 2
11 215 600
12 275 €00
13 270 600
14 270 575
L 15 ) 2 | ot {146 | 205 290 | as0o | aa0 | 530 | 600 | 200 2%

a Nut supplied with wax lubricant (Carbowax Polyelhyiens Glycol 3350) applied.
b Fel-Pro Incorporated Moly-50 lubricant is a paste conlaining 50% molybdenum disulfide and 50% petrolstum fortnulatod 1o meet
- MIL-T-83483. The Maly-50 lubrican! was applied lo the threads of the bolt and nut.
.o ¢ NAS1308-10 boll. Average shank diameler - 0.4986 in., average coating thickness —~ 0.00031 k.

"4 &7FLW-820 nut: Avarage coating thickness — 0.00040 in.
i
TABLE A-46. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
i NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.
Torqus On Nut (in.-ib) Running
Running Breakaway | Tarque
Torl ve | CC | Jorsus Bolt Load (1b) Yorave | (in.i.
Nolrde Nv. | {in.-ib, CW (in.-Ib) ccw
Dirwctlon) | o coo| 5,000 7,500] 10,000 { 12,500 | 15,000 { 17,500 | 20,000 Dirsction)
46 1 47 111 | 170 | 245 | 310 395 475 5§75 850 375 43
_ 2 245 600
_— 3 255 650
| 4 260 650
N 5 a3 78 | 130 ] 190 | 260 320 420 510 625 320 37
o 6 240 625
" 7 245 650
' 8 245 650
9 245 650
10 31 87 | 115 | 180 | 255 335 435 §20 650 35 38
11 245 650
12 250 650
- 13 250 650
' 4 14 230 600
A 1§ 3i 81 | 139 | 185 | 270 350 440 530 625 325 K’}
: a Nul supplied with wax fubricant (Carbowax Potyathylene Glycol 3350) applied.
L b Fel-Pro Incorporaled Moty-50 kubricant Is 8 paste containing 50% rmotybdenum di-'ifide and 50% pelrolatum formulated o meet
. MIL-T 13483, Tha Moly-50 lbrican! was applied to the threads of the boh and nut.
¢t -51308-10 bolt; Average shank diameter — 0.4386 In., average coating thickness ~0.00033 in.
47FLW-820 nut: Average coaling thickness — 0.00041 in.
‘ -
i
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TABLE A-47. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

Tost i l;unnlng pammes $rssiaway 5%1%::?
[} ¢
e (500 o, st ) T | G
f.- cwW
Dirsction) 15 so0| 5,000{ 7.600{ 19,000 | 12,600 | 15,960 17,500 28,800 Bireciion)
a7 1 a1 92 | 160 [ 230 | 310 | 395 | 480 | 600 | 700 | 435 P
2 250 625
3 245 600
4 240 800
5 31 87 [ 140 | 195 | 240 ! 315 | 395 | 490 | 500 | 303 35
6 250 800
7 250 575
8 245 585
9 245 585
10 32 184 |132)100] 245 | 315 | a00 | 400 | 560 | a0 34
1 230 590
12 240 575
13 230 555
14 225 560
15 32 L7 ] 124 {180 235 | 305 | 3s0 | ars | &70 | 285 2

a Nut supplied with wax lubricant (Carbowax Folyethylens Glyco! 3350) applied.

b Fel-Pro Incorporated Moly-50 lubricant s a paste containing 50% malybdenum disulfide and 50% petrolatum formulated 1o meet
MIL-T-83483. The Moly-50 lubricant was applied to the threads of the boh and nut.
€ NAS1308-10 boit: Average shank diameler - 0.4987 In., average coating thickness — 0.00031 in.
&7FLW-820 nut. Average coating thickness ~ 0.00037 in.

TABLE A-48. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

Running Torque On Nut (in.-1b) Running
Breakaway | Torqus
Tanne | o {nois. ow Bor Load (1) Tors” | Tl
: - | (inth, g
Dirs lon) |5 ool 5,000] 7,500] 10,000{ 12,600 16,000] 17,500 | 20,000 Dirsclion)

48 1 118 | 210 | 300 | 375 | 460 | 550 | 650 | 750 | 875 | 575 88
2 305 875
3 370 850
4 355 825

5 51 [124 {195 | 205 | 375 | 480 | 525 | 600 | 750 | 475 48
g 330 775
7 320 750
s 310 750
9 305 725

10 3 gs | 155 | 240 | 325 | 435 | 540 | 650 | 725 | a0 3
11 315 750
12 305 775
i3 300 725
14 205 750

15 ) ot {155 230! 313 { 415 | s25 | es0 | 725 | 420 %

a Nut did not have wax fubrican! (Carbowax Polyethytene Glycol 3350) applied.
b Fel-Pro Incorporated Moly-50 lubricant i3 & paste containing 50% molybdenum disulfide and 50% po!rohlunn formulated o meet
MIL-T-33483. The Moly-50 lubricani was applied lo the thre ads of tha bolt and nut.

¢ NAS1308-10 bolt: Average shank diameler —0.4990 in., awerage coating thicknass — 0.00058 in.

47FLW-820 nut; Average coating thickness — 0.00052 In.
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i TABLE A-45. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND VD ALUMINUM-
| COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.
4
1 Terqus On Nut (in.-b) Runring
i Running
. Breakaway [ Torqus
A Tt o | Gyetey Torqus Bot Lead (1) Torque | (in.-ib,
Noddt | No. | (in.-ib, CW ‘ (n-) | cew
oo Dirsction) [ 6o0) 5,000 7,500{ 10,600 | 12,800 | 15,800 | 17,500 20,600 Direction)
‘4 49 1 8 | 1551 220 | 205 | 360 | 425 | 520 [ 625 | 700 | 425 78
p ? 385 750
b 3 325 725
! 4 325 725
5 43 | 115 | 160 | 220 | 200 | 375 | 460 | ses | 675 | 3v0 41
' 3 208 s
3 ] 260 650
o 9 265 £50
¢ 10 27 g1 | 138 {195 | 270 | 335 | 420 | s25 | 650 | 380 28
o 11 255 650
12 250 625
| 13 250 §50
! 14 250 £50
| 15 23 71 {122 {ses5 | 250 | 340 | 415 | 530 | 650 [ 335 26
l

L

a Nul did not have wax lubricani (Carbowax Pofyethylene Glycol 3350) applied.

b Fol-F , 'mocorporated Moly-50 kubrican! is 8 paste contalning 50% molybdenum disulfide and 50% petrolatum formuliied to meet
MIL-T-83485. The Moly-50 lubricant was appiied to the threads of the bolt &nd nut.
¢ NAS1308-10 bolt: Average shank diameler — 0.4990 in_, average coating thickness — 0.00043 in.
47FLW-B20 nut: Average coating thickness - 0.00053 in.

COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

TABLE A-50. TORQUE-TENSIOM DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

k< .
o .
“

Y Running Torque On Nut (In.-b) Running
. . Braakawgy | Torque
N W |0 0 s |
N ' ' ot A~
i Direction) | 5 con| 5,000 7,500{ 10,000 | 12,500 | 15,000] 17,500 | 20,050 Direction)
; 50 1 10¢ | 180 | 255 | 315 | 395 | 475 | 545 | €50 | 750 | 455 83
| 2 355 750
3 320 700
- A 300 650
:- 5 43 | 113 )65 | 240 30 | 395 | 500 | es0 | 700 { 420 4
] 6 275 725
i 7 270 675
e 8 265 659
S ) 245 60
1w ] 34 |8 |135)180| 240 | 205 | ao0 | 85 | 580 | 315 36
e 1t 230 570
3 12 240 575
= 13 235 395
; 14 235 575
| 15| 31 |ss {142 |75 | 235 | 305 | 205 | 4s5 | s65 | 290 32
|
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| a Nul did not have wax iubrcant (Carbowax Polyethylene Glyco! 3350) applied.
b Fel-Pro Incorporatad Moty-80 lubricant is a paste conlaining 50% inotybdenum disulfide anc 503 patrolatum formulated 1 meet

. MIL-T-83483. The Moty-50 lubricani was applied to the threads of the boll and nut.

. ¢ NAS1308-10 bolt. Average shank diamerr - 0.4988 in., averkQge coating thickness — 0.00052 in.

‘ 47FLW-820 nut: Average coating thicknaess — 0.00051 in.



TABLE A-51. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUIA-PLATED

WUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO B1MS.

Running Torqus On Hui {in.-b) o qiunnlnn
Gregkawsy | Torque
Tost Cycle| Torque .
Noads | No. | (in.-Ib, CW Boft Lead {ft) o | Gew
g Direction) | 5 gon) 5,000{ 7,500] 19,600 | 12,500 | 15,000 | 17,600 | 28,000 Diraction)
A
51 1 st |10 |23 [315 ] 415 | 510 | 625 | 725 | 825 | 525 7
2 470 1,075
| 3 675 +1,200
: 4 650 1,350
| 5 | 125 |25 | asou | a4s | s85 | 750 | 900 | 1t00 4325 | 1050 | 135
! $ 575 1,275
| 7 550 1,200
: 8 480 1,075
g 390 975
40 { 90 175 [ 245 [ 325 | 420 | 540 | 700 | 800 | 050 { 50 110
11 380 950
» 12 380 825
i 13 a70 925
14 405 $25
15 ] 8 |160 | 240 | 325 | 425 | s60 | 700 | 825 | @s0 | & %

T

& Nutsupplied with wax lubricant (Carbowax Polyethylene Giycol 3350) applied.

b Royal Lubricants Company, Inc. Royco B1MS jubricant is a mixiure basically 50% molyhdenum disuliice and 50% silicone ol
formulated 1© mee! MIL-L-25681, The Royco 8 1MS fubricant was &pplied 10 the threads of the bolt and nut.
¢ NAS1308-10 bolt: Average shank diametar ~ 0.4987 in., average coating thickness - 0.00034 In.
47FLW-820 nul. Average coating thickese — 0.00041 in,

TABLE A-52. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS.

1
o Torque On N (in.-Ib) Running
[ Running
' Breakaway | Torgue
| Tt . |Cycie) Torque Bott Load (Ib) Torque | (in.-lb,
. Noh No. (ln. b, CW (lﬂ "b) oW
’ Dirsction) | 5 500! 5,000| 7,500 10,000 12,500 | 15,900 | 17,500 ] 20,000 Direction)
! 52 1 55 125 | 210 | 205 | 405 | s25 | 700 | 800 | 925 | 77s 55
N 2 540 1,300
: 3 565 1200
j 4 625 1.275
5 80 |15 | 330 | 475 | 625 | 750 | 950 | 1150 | 1375 | 1.200 85
'] 6 525 1.250
i 7 460 1,025
| ] 415 §75
| ? 370 900
: 19 35 {115 | 215 [ 205 | 395 | 470 | 580 | 750 | &5 | eso <0
- 1 340 925
12 350 925
13 235 200
14 345 875
15 45 1120 | 2ou {205 | 375 | 470 | s85 { 750 { w0 | es0 55 |
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& Nui suppliod with wax ubricant (Carbowax Polyelhyier'o Giyocol 3350} api lied.

b Royal Lubricants Company, inc, Royco 81MS fubricant is a mixture basically 50% inolybdenum dcsutﬁdc and 50% silicone ol

formulated o moe! MIL-L-25681. The Royco BIMS lubricant was applicd to the threads of the bolt and nut.
¢ NAS1308-10 boli: Average shank diameler -~ 0.4988 in., average coating thickness — 0.00040 in.

47FLW-820 nut: Average coating thickness — 0.00040 in,
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TABLE A-53. TORQUé-TENSlON DATA FOR CADMIUM-PLATED BOLT ANI' CADM!UM-PLATED
NUT LUBRICATED WiTH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS.

Running Yorgue Gn Nut (in.-ib) Breakawsy "‘I':?'::.-“.n
e 30| o bt e
Birection} |5 500! 5,004 7,509| 40,000{ 42,500 | 45,000 | 17,520/ 20,000 Direction)
&3 i 50 135 | 240 | a35 | 465 [ 600 | 725 | 800 | 925 | 750 4
2 510 1.150
3 575 1250
4 625 1350
5 75 l200 | 340 | 475 | 625 | 800 | 1,005 | 225 | 1450 | 1228 70
6 550 1350
7 540 1275
8 480 1150
9 420 1,025
10 a5 |105 | 185 | 280 | 385 | 515 | 675 | so0 | 925 | w00 0
1 350 950
12 345 900
13 315 875
14 315 875
15 35 | 95 | 180 1300 | 415 | s40 | 625 | 750 | 850 | 575 0

a Nut supplied with wax lubricant (Carbowax Polyethylene Glycol 3350) applied.
b Royal Lubricants Company, Inc. Royco 81ME lubricant is & mixture basically 50% molybdenum disutfide and 50% sliicons ol
formwulaled © meet MIL-L-25681. The Royco 81MS lubricant was applied 1o the threads of the boit and nut.
¢ NAS1308-10 bolt: Average shank diamater - 0.4987 in., average coating thickness — 0.60042 in.
47FLW-820 nut: Average coating thickness - 0.00040 in.

TABLE A-54. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

COATED NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS.

Running Torque On Nut {in.-Ib) l‘unnlng
Breakawsy | Torque
Lo bl P Bolt Load (1) Toraus | (i
) . . 3 n-.
Dirsction) |5 <nol 5 ooo | 7,500| 10,000 12,500 | 15,000 | 17,500 | 20,600 Direction)
54 1 160 | 200 | 405 | 535 | 675 | 850 | 1,025 | 1475 | - 875 200
2 200 1,225
3 700 1,400
4 825 1575
5 55 | 200 | 360 | 525 | 725 | 900 { %125 | 1,950 | 1.425 [ 1,100 55
§ 850 1300
7 600 1,200
8 530 , 1150
g i35 1425
10 38 {131 | 220 | 320 | 440 | 600 | s2s | es0 | 1025| 725 A
11 455 11100
12 490 1150
13 435 1175
14 450 1.200
51 38 |40 230 laso| 485 | eso | 825 | os0 | 1'425] 25

a Nut had wax lubricant (Carbowax Potyethylene Glycol 3350) applied.
b Royal Lubricants Cornpany, inc. Royco B1MS lubricant is & mixture basically 50% molybdenum disutide and 50% skicene o
formulated o meat MIL-L-25681. The Royco 81MS lubricant was applied lo the threads of he boll and nul.
¢ NAS1308-10 bolt: Average shank diametar — 0.4987 In., average coating thickness - 0.00041 in.
47FLW-820 nut: Average coating thikkness — 0.00050 in.
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TABLE A-55. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUY LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS,

Running Yorque On Hut (in.-ib) l}unnlng
Breakawsy | Terque
fowae | Tor | anoin, ow Bok Lead () v | Gen
' o R it n.-
Dirsctien) |5 con| 5,000] 7,500| 12,000 | 12,500 45,900 17,600 | 20,000 Direction)
55 1 185 | 336 | 500 | 650 | 775 | 950 | 1900 | 1,275 | 1.450] 1250 | 165
2 775 1475
3 600 1.350
4 560 1.350
5 40 170 | 200 {380 | 495 | es0 | &z5 [ 1,050 | 1250 1,025 45
6 520 1:200
7 480 1,200
8 805 1200
9 435 1,075
10| 30 125|200 205 400 | 500 | 725 | 75 | 1025) 750 30
11 435 675
12 425 025
13 440 975
14 395 875
15 | 90 {145 | 230 | 320 | 400 | 400 | svs | 725 | w00 | e2s 25

@ Nut had wax lubricant (Carbowax Polyethyterie Glycol 3350) applied.

b Royal Lubricants Company, Inc. Royce 81MS lubricant is a mixiure basically $0% molybdenum disuifide and 50% silicore ol
formulaied io meet MIL-L-25681. The Royco 31MS lubricant was zpplied to the treads of the bolt and iat.
¢ NAS1308-10 boit. Average shank dianwiar ~0.4990 in., uverage ooating thickness -- 0.00050 in.
A7FLW-320 nut: Average codting thickness ~ 0.00045 in,

TABLE A-56. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND VD ALUMINUM-
COATED NUT LUBRICATED WiTH ROYAL LUBRICANYS COMPANY, INC. ROYCO 81MS,

Running Torgus Oa Kui (in.-lt) f%unnlnn
Breakaway | Torque
T:J:t.-.'.t %2‘.. ukirgu::w Bl Laad (ib) F"‘,"h') (I&w”
: n.~
Direction) | 2 00| 5,800| 7,500, 10,000 | 12,600 | 16,000 | 17,600 { 20,000 Direction)
56 1 95 1205|295 {375 | 475 | 570 | 700 | 850 | @50 | 750 155
2 525 1,100
3 600 1300
4 £00 1350
5 2 {165 | 305 | 475 | s45 | 675 | 850 | 4,050 | 4325 1,050 35
6 £30 1200
7 585 1200
8 580 1175
0 510 1,100
10 ] 20 |120 ) 280 Jars| 465 | w45 | 675 | o0 ¢ 850 | 700 25
11 4is 050
12 420 025
13 410 875
14 420 900
151 20 [0 f20)a0] 455 | s10 [ 600 | 75 | es0 | ss0 20

a Nut had wax lubricant {Casbowax Polyethylene Glycol 3350} applied.
b Royal Lubricants Company, inc. Royco 81MS lubricant Is a mixture Lasically 50% molybdenum disult-ie and 50% slicone off

formulated to meet MIL-L-25681. Tne Royco BIMS kibrcant was appliod 1o the threacs of tha boil and nut.

€ NAS1308-10 bolt. Averaga shank dianwiar -

ATFLW-820 nut: Avarage coating thickngss ~ 0.00048 in.
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0.4567 in., averaga coaling thickness — 0.00048 In.
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o TABLE A-57. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
. i NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-800.
1 Torque On Nt (in.-ib) Running
' Running
. Brea Yerque
4 Tast o |Sycin| Torgue Bolt Lead {1b) Yoron” | G,
: Hosb Neo. | lin.-Ib, CW (im.-) cew
Direstion) 12 £ao) 5,000| 7,600 10,880 12,500 16,800 | 17,508 | 26,000 Bireclion)
57 1 85 [ 130 {200 {285 | 390 | 620 | 675 | @00 | @0 | 675 50
2 405 050
i 3 420 950
4 400 00
. 5 80 [415 [ 150 | 200 | 425 | s40 { 675 | 75 | 925 | 675 50
6 420 25
7 365 925
8 485 900
, 9 340 875
: 19 40 f110 | 190 [ 280 | 340 | 430 | s55 | 725 | 875 | s00 Ih)
» 11 310 825
A 12 370 80C
13 360 800
14 310 750
15 40 |05 {165 |25t | 365 | 455 | s40 | 675 | 75 | 485 50

e & Nut supplied with wax lubricant (Carbowax Polyethylena Glycol 3350) applied.
| b Graphite Products Company GP-400 lubrican! Is a paste conlaining approximately 30% molybdenum dhuifide, 5% graphite, and
I 40% minaral ol with 8 soap basa thickanar. The GP-400 lubricant was applied o the threads of the bolt and nut.
€ NAS1306-10 boll. Aversge shank diameier - 0.4987 in., average coating thickness - 0.00032 in.

47FLW-820 nut: Avarage cuating thickness - 0.00043 in.

TABLE A-58, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND iVD ALUMINUM-

COATED NUT LUBRICATED WITH GRAPHITE PRODUCTS COCMPANY GP-400.

Running Turgua O Kt (in.-1b) Running
h Braakaway | Torgue
b Test Gycie | Yorque Bolt Load {Ib) Torquoy (in.-tb,
. NodVe | Na. | (in.-th, CW (If.1b) COW
- Direction) | cno! 5.000] 7,500] 10,000 | 12,500 | 15,000{ 17,500 | 20,000 Birsclion)
s 58 1 125 (200 | 285 | 365 | 470 | s70 | 723 | 875 [ 1.025) 750 110
| 2 455 1,075
o] 3 a0 1,100
o 4 425 1.050
" 5 &5 115 | 195 { 280 | 390 | 510 | 675 | 825 | 950 700 40
B 6 370 950
: j 7 360 800
i 8 340 850
T g 320 825
4 10 40 100 | 170 [ 240 | 325 | 440 | 555 | 700 | €50 | 75 &0
11 310 850
o 12 300 800
i 13 300 800
; 14 305 800
o 15 35 100 | 165 { 236 | 315 | 410 | 525 | 650 | 800 510 40

I a Nut hud wax lubricant (Carbowax Polyethylene Giyool 3350) applied.
: b Graphiie Products Company GP 400 lubricant is & pasie coritaining approximately 50% moiybderum disulfide, 5% graphlie, and
“i 40% mineral oll with a soap base thickenar. Tha GP-400 lubricant was applied (o the threads of the boh and nut.
¢ NAS1306-10 bolt: Average shank diamnsiar —0.4386 i, ~verage coaling thickness — 0.00034 i,
47FLW-820 nul: Avarage coating thickness — 0.00048 .




TABLE A-59. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-401.

ey e —
t;:‘.-,s,s t.}:l.a (|::{z?:;w Boft Load (1b) Torque | (in.-Ib,
Dircten) [ cool s g0o] 7.800] 10,000 12,500] 15.000] 17500 coamn] " |mirwet
U ' o ' " [ § [ °n)
59 1| 75 [135]210]300] 00 [ 535 | 700 [ 800 [ es0| 728 | 0
2 205 750
3 200 800
‘ 285 775
5 [ 50 |10f170| 230 ) 310 | a0 | s30 | ers | 80| s | 4
6 300 800
7 200 775
8 285 800
0 290 coo
10| 30 |9 |1s|20| 200 380 |40 |625] 80| s50 | 3
11 275 800
12 275 775
13 270 775
14 265 175
15 | 30 o5 | 145|205 | 275 | 360 | as5 [ 60 ! 750 | ass | s

a Nut suppliad with wax lubncant (Carbowax Polyethylene Glyco!l 3350) applied.
b Graphlie Products Company GP-401 lubrican! is a paste contalning approximaiely 50% motybdanurn disuifide, 5% graphiie, and
40% minaral oll with & not soap base thickener. The GP-401 iubricant was applied to the threads of tha boll and nut.
© NAS1308-10 bolt: Avarage shank diameter — 0.4986 in., average coating thickness — 0.00032 In.
47FLW-820 nut. Average coatng thickness - 0.00039 in.

TABLE A-60. TOCRQUE-TENSION DATA FOR IVD ALUMINUM-COATED 8OLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-401,

Running Terque On Nut (in.-ib) ljf unning
Breataway | Torque
TNonae |0 (J‘i{i‘“éw Bolt Load (ih) {!mfb-) (i,
¢ . Wt R.-
Direction) |2 enol 5,000] 7,600] 16,000 | s2,500| 15,000 | 17,500 ] 20,000 Rirection)
60 1 145 | 170 | 260 | 365 | 480 | 600 | 725 | 875 | 1,025 @25 110
2 395 950
3 360 875
4 330 900
5 35 |00 | 160 230 310 | 415 | s35 | 675 | &5 | 75 0
6 285 825
7 290 825
s 280 800
9 278 82¢
10 30 |75 {135 {200 270 | 380 | 380 | 675 [ 625 | 545 30
11 260 775
12 270 300
13 275 75
14 255 750
15 20 |70 | 125 {185 | 265 | 360 | 360 | eso | 775 | 450 25

a Nut had wax ubdcant (Carbowax Polyethylens Glycol 3350) apphed.
b Graphlle Products Comgany GP401 kubricant is a pasip containing approximutely 50% motybdonum disulfide, 5% graphite, and
40% mineral ofl with & non soap beae thickaner. The GP-401 lubiicant was applied 0 the threads of the bolt and nut.
¢ NAS1308-10 bolt: Average shank diamewr — 0.4937 .. average coating thickness — 0.00035 in. -
4TFLW-820 nut: Average coating thickness — 0.00040 in. . A
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TABLE A-61. TORQUE T%:41510H DATA FOR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUERICATED WITH GRAPHITE PRODUCTS COMPANY GP-£60.

Running Torque On Nut (in.-Ib) - %,::mn
||
e |, oo |
Diretion) | 2 w00 5,000 7,580 10,000 | 12,500 | 15,006 17,500| 20,000 Dirsction)
81 1 45 | o5 [ 160 [245 | 355 | 465 | 870 | 650 | 750 | 465 35
2 315 700
3 245 625
4 250 625
5 30 |85 | 135 {100 ] 265 | as5 | 445 | s50 | €50 | 35 30
6 255 650
7 270 675
8 285 700
0 270 700
101 40 |o5 {140} 200 | 275 | 385 | 480 | 585 | 700 | 410 m
1 265 850
12 260 650
13 270 650
14 255 §50
151 40 |90 {135 | 100 | 260 | as0 | as5 | se5 | 700 | 305 0

& Nut supplied with wax lubricant (Carbowax Polyethylene Glyoo! 3350) applied.
b Graphite Products Company GP-460 lubricani is a pasie containing 50% synthetc graphite and 50% petrofatum formulaiad ©
meat MIL-T-5544. The GR<4& lubricant was appiod © the threadis of the bott and nut.

€ NAS1308-10 boit: Avarage shank diameier ~ 0.4088 in., averaps coating thickness — 0.00038 in.

47FLW-820 nul: Average coriing thickneas ~ 0.00038 in,

TABLE A-62. TORGQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLYT AND IVD-ALUMINUM
COATED NUY i.UBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-460.

Running Torque On Nut (in.-1b)¢ Running
Bresksway | Torqus
Tasss | Nor | aniw, cw Bl Lend () Torun | (i3
Direction) | » 55! 5 000/ 7,500 10,000 | 12,500] 15,000 | 17,500 | 20,000 Diraction)
§2 1 125 1206 | 205 | 380 | 485 | €00 | 700 | ®00 | 925 | 70 | 120
2 420 850
3 a75 800
3 315 750
5 45 110 1651235 | 315 | 40 | sos | eso | 750 | 480 50
6 310 750
7 300 750
¥ 765 750
¢ 280 775
10 60 1105 {6020 305 | 405 | 55 | 675 | e25 | sus 50
11 300 825
12 285 750
13 279 750
14 265 750
15 36 1100 | 155 | 215 | 205 { 3s5s | sos | es0 | 750 | 465 «©

a Nut supplied with wax lubrcani {Carbowax Polyethyisne Glyosl 3350) applied.

b Graphite products company GP-460 lubricant is a pasta conlalining S0%. synietic graphin and 50% perolaum
tormulated o moast MIL-T-5544. The GP-450 kubricun! was appisd to the twaeads of the tolt and nut

¢ NAS1308-10 bolt: Average shank diameter ~ 0.4685 In., average coaling thickness -~ 0.00036 n.

47FLW-820 nut: Average coating thickness ~ 0.00045 in.
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RUT LUBRICATED WITH /M CORPORATION CP-28.

TABLE A-63. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

Terque Oa Nut (ln.-b)¢ l Runaing
: Test Cycle "rm::‘.“ Braskaway | Terqus
! e | N Badt Lawd (1b) Torque | (in.-,
No 20 No. | (in.-th, CW {in ‘h) CewW
\ Direction) | 5 k53] 5.000] 7,536! 10.806] 12,500 | 15,000 17,800 26,600 Direction)
\ 6 1 70 125 | 200 | 205 | 405 | 520 | €50 | #00 | 950 | 700 50
2 325 825
i 3 205 800
4 4 300 800
i 70 | 240 | 315 | 425 | sss 5
i 5 80 05 | 1 0 3 4 725 | 850 | 600 50
1 6 285 800
| 7 280 800
| 8 200 200
0 275 775
10 40 os | 160 | 235 | 35 | 415 | s20 | 675 | so0 | 60 45
11 2% 775
12 280 775
13 285 s
14 260 750
15 85 90 {145 | 210 | 285 | 380 { 480 | 650 | 775 | 480 40

a Nut suppliad with wax lubncant (Cartowax Potyathylenas Giyoo! J350) spplied.

b E/M corporation CP-28 brican! is 4 paste oonlaining 80% molybdeiium disutlide, wn onyanic barum nompound, minerul ofl,
and lidjum grease. The CP-28 lubricant was applied o the dweads of the bolt and rut.
€ NAS1308-10 boti: Avevage shank diarmwier — 0.408€ in., averagoe coaling thicknass — §.000:83 in,
47FLW-820 nut: Average coatng thickness - 0.00037 in.

COATED NUT LUBRICATED WITH E/M CORPORATION CP-28.

TABLE A-64. TORQUE-TENSION DATA FOR iVD ALUMINUM-COATED BOLT AND IVD-ALUMINUM

Torgue On Nut {in.~ib)! Running
Running
Breakswuy | Torque
Norve | Vet | g tw Bon Lead (1) e e
8.~
Direction) z.son] 5,000 7,600 40,000 | 12,500 | 15,000 | 17,500 20,000 Direction)
Iy 1 130 | 260 | 380 | 500 | 650 | 800 | @25 | 1,050 | 1.200] 925 110
; 2 450 1625
| 3 455 1.000
, y 410 975
| 5 40 1135 )25 100! 205 §oses | ogrs | oaoo ! &0 ss0 5
i 6 ars 850
'] 7 arn 850
8 380 850
' 9 360 025
| 10 as  [115 | 190 | 285 | 375 | so5 | 675 | 800 | 925 | es0 40
v 11 350 900
4 12 360 900
13 . n55 875
A 14 R 850
! 15 30 |10 {80 | 255 3.0 | 475 | 625 | 750 | 850 | ss0 30

el o

4 Nul supplied with wax ibrcwni (Carbowax Polyethyleng Glyool o 50) applied.

b EM corporation CP-2d lubricant Is a pasto containkyg 60% molybdunum disutfide, an orpanke barium covapound, méneral o,
and lithlurn grease. The CP-28 lubrcant was applied %o the thraads of the bolt and nut.
¢ NASI208-10 bolt: Averayn shank dianwwer - - 0.436% I, average coatng thicknuss — 0.00034 in.
47FLW-820 nut. Averuge coating thickness - 0.00043 .
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TABLE A-65. TORQUE-TENSION DATA FOR IVD CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WIiTH E/M CORPORATION CP-29.

Running Torque Dn Nut {ia.-Bb) g RT‘::':H:"
f‘lh“lﬂ
Teasse | Vo |gneis, o Bolt Lond (1) Toaus” | (n.
Biractlon) 5 £nol 5,000| 7,500 10,0001 12,500 | 15,600 | 17,600 | 20,000 Direction)
65 1 B0 | 170 | 245 | 315 | 200 | 470 | €50 | 50 | 7s0 | 430 4
2 415 900
3 400 s
4 a70 850
5 30 | 150 | 210 {285 | 365 | 450 | s55 | 700 | 850 | 895 a
6 250 850
7 350 850
8 360 850
9 235 825
10 35 | 145 | 260 | 305 | 360 | 425 | s50 | 00 | s50 | 40 35
1 340 850
12 355 850
13 330 800
14 325 800
15 a0 | 125 | 200 | 260 | 335 | 415 | 620 | es0 | 800 | s1s 35

a Nut supplied with wax lubrcant (Carbowax Polyethylene Glycol 3350) applied.

b EM Corporaiion CP-2R lubricant i & complex mixture containing molybdenum disuifide, Snely dhrided copper matal paricies,
slica, and mineral oll. The CP-29 lubricant was applied lo the threads of the boll and nut.
¢ NAS1308-10 boll: Average shank Giemeier - 0.4885 in,, average coating thicknesz — 0.00031 in.
47FLW-820 nul: Average coating thickness ~ 0.00043 in.

TABLE A-656. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION CP-28.

Running Torqus On N (in.-th) I Q‘Tmn.g
Ti:t_-.l.t Cﬁt‘:’l‘l (l::;‘bl%w Bot! Load (lb) ziorqrhl) (gié;ﬂlb.
n.~
Direction) |5 enol 5,000| 7,600/ 10,000 12,500 45,000 | 17,600 | 20,000 Direstion)
66 1 75 |20 | 370 | 480 | 625 | 775 | e25 | 1080 | 4.200] g5 75
2 850 1300
3 500 1,025
1 470 975
5 35 |160 | 260 | 350 | 445 | s35 | €75 | soo | 950 | 650 30
6 445 1,000
7 410 975
8 385 s
0 390 025
10 30 |55 | 270 | 300 | 540 | s00 | 625 | 700 | 900 | 80 30
11 350 225
12 365 B50
13 370 875
14 365 850
15 30 | 150 | 265 | 280 | 500 | 25 | 7s0 | 850 | 10c0| 675 30

a Nut had wax lubricant (Carbowax Polyalivylenie Glycoi 3350) applied.

b EM Corporalion CP-29 lubricanl is & complex mixlure containing molybdenum disutfide, fnely <iivided copper metal particies,
slica, and minaral oll. The CP-29 lubricani was applied to the threads of the botl and nul.

¢ NAS1308-10 bolt: Average shank diamaier ~ 0.4885 in_, sverage coating thickness ~ 0.0003Y &i.

47FL'W-820 nul; Average coaling thickness — 0.00045 in.
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NUY LUBRICATED WITH E/M CORPORATION CP-42.

TABLE A-67. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

Yorgue Cn Nut (In.- %) Running
Running Breaksway | Terque
Tost | Cycle] Terqua Bolt Lead (B) Torgus | (In.-ib,
NO." ¢ ND. (In."b. Cw (ll.-lb) ccw
Diraction) | » 6n0! 5,000] 7,550] 16,000 | 12,500 | 15,800 17,500 | 20,000 Direction)
67 1 85 {150 {220 | at0 | a0 | s25 | 675 | 775 | s00 | 600 75
2 430 1,050
| 3 390 1075
A 395 1075
: 5 65 |130| 210 | 20| 395 | s30 | 725 | w00 | 100 | @28 7
N 6 ars 1,050
! 7 350 1,000
, 8 330 075
9 310 625
10 40 105 {170 [ 235 | 330 | 455 | 650 | oo | @50 | 650 &5
1i 230 425
12 330 950
13 5 950
14 340 025
15 35 110|180 | 260 | 30 | 445 | 575 | 775 | 950 | es0 35

a Nut supplied with witx lubricant (Carbowax Rolyethylene Glyoo! 3350) apphed.

b E/M Corporation CP-42 lubncant ie u pasie with & synthetic polyalikylane glyool base conlaining a high concentration of
molybdenurm disulfide. The CP-42 lubricant was applied b the threads of the boll and aut.
€ NAS1308-10 bolt. Average shank dlameier ~ 0.4966 in., average voring thickness - 0.00031 in.
47FLW-820 nut: Average coating thickness - 0.00040 in.

COATED NUT LUBRICATED WITH E/M CORPORATION CP-42.

TABLE A-63. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

Running Yarque On Nid (in.-8b) " RTunnlng
Breskaway | Torque
' T;:t'...l' c&;t.: (|..T.?|r§?::w Bolt Load (ib) ('lmrh.) (g!é;vib.
ft.-
. Direction) 15 500| 5,000| 7,500] 10,000 | 12,600 5,000 | 17.600 | 20,000 Direction)
. ’ 68 { 100 190 | 205 [ 415 | 585 | 725 | @75 | 1,025 | 1225 950 90
| 2 450 1,250
3 400 1,150
’ 4 375 1,050
¥ 5 30 110 | 195 | 285 | 390 | 525 | 725 | €25 | 1.475]| 906 20
o 6 350 1,200
o 7 380 1,150
' (] 355 1,059
) 355 1,000
10 30 85 [ 165 | 250 | 345 | 460 | 25 | 800 | 97s 650 20
1" 35 1.000
12 350 875
13 380 075
1 350 850
15 20 8 | 155 1235|330 | 460 | 600 | 775 | 900 540 15

—

& o8

& Nut had wax lubricant (Carbowax Polysthylene Glycol 3350) applied.

b EM Corporalion CP-42 lubricant is & paste with a synthelic polyatkylune glycol base contalning a high concentration of
molybdenum disutiide. Tha CP-42 lubrican! was applied to the threads of the bolt and nut,
© NAS51308-10 boll. Average shank diameer — 0.4986 in., average coating thickness — 0.00038 .
47FLW-820 nut: Average coating thickness ~ 0.00047 in.
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TABLE A-68. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E'M CORPORATION FORMKCTE T1-50.

Terque On Kul (in.-0) Running
Running
Braskswsy | Torque
Tanss | Vo | g ow Soll Load (1) T | G
A . =18, | K
Direction) |5 500! 5,000 | 7,500] 19,000 12,600 | 15,800 | 17,500 20,600 Dirsction)
69 1 85 1900 | 205 | 385 | 480 | 585 | 700 | 800 | 875 | 600 85
2 550 850
3 575 875
4 600 900
5 90 {250 | 400 | 560 | 700 | 800 | 850 | 900 | 075 | 750 110
6 675 1,000
7 725 1,000
8 700 1.025
9 725 1,075
1 | 100 |240 | 575|725 | 900 | ov5 | 1005|1900 [ 1200] @50 130
11 750 1100
12 750 1125
13 775 —d

a Nut supplied with wax lubdcant (Carbowax Polyethylene Giycol 3350) applied.

b EM Corporation FormikntaT-50 is u dry Sim lubricant containing graphite suspended in a high temparature resin binder. The
Formkola T-30 iubricant was applicd 1o the threads of the bolt and nut.
¢ NAS1306-10 boit: Average shank diamwiag - 0.4985 in., awerage plating thickness ~ 0.00030 in., averapge plating and lubricant
thicknass — 0.00047 in.
47FLW-820 nut: Awerage plating thickness — 0.00044 in., averapge plating and lubricani thickness - 0.03075 in.

g Sinoe the nut was starting 1o bind on the bolt due 1o ices of lbricalion, the test was leminatad.

TABLE A-70. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COAYTED NUT LUBRICATED WITH E/M CORPORATION FORMXOTE T-50.

Torque Cn Nut {in.-1b) Running
Huuning Breakaway! Torque
Tost Cycle | Torqus Bolt Load (ib) Torque | (in.-ib,
ND."“‘. Mo. (ln.-lb. cW (Ih-lh) cCw
Direction) | 5 00! 5 000| 7,500( v0,000 | 12,600 | 15,000] 17,500 | 20,000 Diraction)
70 1 90 200 | 315 | 410 | 510 | 600 | 725 | 800 | 900 625 105
) 600 1,075
9 700 1375 | 1,9009

~mt MA@

P T )

a Nut supphad with wax iubricani (Carbowax Polystiyknie Giyool 3350) appiied.

b EM Corporation Formkola T-50 is & dry film lubricant conlaining graphile suspended in a high lempoarature resin binder. Tho
Formkole T-50 lubrcant wis applied © the threads of the bolt and nut.
¢ NAS1308-10 bolt: Average shank diameter — 0.4586 in,, average coating thickness - 0.60035 in. averape coating and ubricant
thickness — 0.00044 in.
47FLW-B20 nut: Averape coating thickness — 0.00045 in. , Average couting and lubricant thickness —~ 0.00059 in.

d Sinca a high breaksway torque indicated the nul was siarting 1o bind, test was lerminalad,
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TABLE A-71. TORQUE-TENSION GATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E/M CORPORATION LUBRI-BOND A.

Running Torgue Oa Nut (la.-ib) I!'unnlng
. Brealaway | VTorqua
Nasvn | Yoo | gt tw BenLesd () ot | (a8,
s ! K
Direction) 5 e0! 5,000 7,500] 10,000 12,500 | 15,000 | 17,508 | 20,000 Dirsclion)
7 1 90 | 225 | a7 | 515 600 | 675 | 750 | 850 | 925 | 650 80
2 600 1.075
3 600 1425
4 600 11100
5 50 |210 | ass {405 | 650 | 775 | w25 {1025 | i4s0] es0 55
6 500 900
7 455 850
8 5 825
9 410 800
10| 40 |125 D220 320 | 425 | s30 | es0 | 750 | 825 | ss0 35
1" 455 850
12 a5 850
13 455 850
1 480 875
15 | 40 |45 | 2s0 |50 | 510 | es0 | vs0 | so0 | o00 | o0 4

& Nut supplied with wax kubricant (Carbowax ' Polysthylene Glycol 3350) applied.
b EM Corporation Lubri-Bond A s an air drying, sotid film lubricant containing motybdenum disulfide and graphilie in a resin binder.
The Lubr-Bond A lubrican! was applied 1o the threads of the bolt and nut.
€ NAS1308-10 boll: Average shank diameter - 0.4987 in., averagw coating thicknaes ~ 0.0003% in., average shank diamater with
ubricant - 0.4994 in., sverape plating and lubricant thickness - 0.00058 in. .
47FLW-820 nut: Avarage coaling thiciess — 0.00042 1., Average plating and lubricant thichness — 0.00129 in.

TABLE A-72. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AMD IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION LUBRI-BOND A.

Running Yorque On Hut (in.-Ih) Running
Breakawsy | Torque
s | (,:'f{‘;“;w Boil Load (ib) {f”‘."u', (n.,
. . B L1 f.-
Diraction) | 5 cool 5,000] 7,500] 10,000 12,500 | 15,900 17,500 | 20,600 Dirsction)
72 1 80 |100 | 310 [410 | 480 | 570 | 650 | 775 | @00 | 00 70
2 580 1,050
3 650 1,125
1 750 1275
§ 83 {200 ]380 [ 570 | 800 |1.000 [ 1450 | 1,250 | 1478 | 1,205 265

Nut supplied with wax jubricant (Carbowax Polyethylens Glyool 3350) applied.
- E/M Corporation Lubr-Bond A ke an alr drying, sodid film lubricant contalning molybdenum disiifide ard gruphis in a resin bindor,
- Lubri-Bond A lubricant was applied 1o tha ihreads of the bolt and nt.
c NAS1308-10 bolt. Avzzags shank disrmeier — 0.4966 in., averape costng thickness ~ 0.00033 in., &kverage shank dlameter with
Wbricant - 0.4995 in., sweraga codting and lubrcant thickness ~ 0.00064 in.
47FLW-820 nut. Average coating thicknass ~ 0.00047 in. , Average coating snd brcant thickneds - 0.00150 in.
d Sinoe increasing torques Implied loes of librkcation, 195! was eminaled.

159




— e e

LE

TABLE A-73. TORQUE-TENSION TEST DATA FOR AN IVD ALUMINUM-COATED BOLT AND VD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION CP-42.

Running “orque On Nut (in.-8t) are i!'}:v:::’ng
- ) } [ §
oo |50 o ot |
Dlrection) |5 5001 5,000 | 7,600 | 15,000 | 12,500 | 15,000 | 17,500] 20,000 Direction)
7 1 100 190 | 205 | 415 | 555 | 725 | 875 |1025| 1.225| 950 %
2 450 1250
3 400 11150
4 375 1,050
5 30 |11c ! 195 [ 285 [ 300 | 525 | 725 | s25 | 1475 00 20
H 350 1.200
7 380 1150
8 365 1,050
0 355 1,000
10 30 35 {165 | 250 | 345 | 460 | 625 | 800 | 975 | es0 20
1 335 1,000
12 350 875
13 380 975
14 350 850
15 20 80 | 155 | 235 | 330 | 460 | 600 | 775 | 00 | 40 15

a The lubricant wis &pplied 10 the thrmads of the bolt and nut.
b EM Comporalion CP-42 lubricant ts & paste With a synthetic polyalkylene glyco! fiuid base containing a high conocenwation of
motybdenum disulfide.
© NAS1308-10 bolt: Shank dlurneter — 0.4967 in., coaing thicknass — 0.00035 in.
47FLW-820 nut: coaling thickness - 0.00037 in.

TABLE A-74. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E/M CORPORATION CP-116.

Running Yorqus On Nui (in.-Ib) Breakaway l!‘gr:::ln.g
Tes! R Cycl Torque Bolt Load (lb) Torque {in.-Ib,
No.l' . ND. (ln.-lb! CW (ln 'lb) ccw
Direction) |5 600{ 5,000 7,500| 18,000 | 12,590 15,000 17,500 | 20,000 Diraction)
7 1 40 120170 | 250 | 335 | 445 | 405 | 570 | vo0 [ 420 | 35
2 2680 700
3 270 675
4 265 850
5 40 {100 130 {220 | 275 | 370 | 455 | 550 | e50 | 365 40
6 275 675
7 260 700
8 280 675
0 275 675
10 | 38 | 90 | 145 205 | 265 | 350 | 425 | 520 | 625 | 30 28
11 260 650
12 260 650
13 255 625
14 250 625
15 | 35 |55 |135|100] 250 { 315 | 405 | 500 | €00 | a0 3

a Nul suppliod with wax lubricant (Carbowax Polyethylens Glyco! 3350) applied.
b EM Corporation CP-116 ks & complex mixture conslsting of molybdenum disulfide, mineral oll, and petrolatum, The CP-116
brdcant was applied 1o the threads of the bolt and nut.
¢ NAS1308-10 bolt: Average shank dlameiar — 0.4886 In., avarage coating thickness — 0.00038 in.
A7FLW-820 nut: Average coating thickness — 0.00046 in.
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TABLE A-75. TORGUE-TENSICN DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E/M CORPORATION CP-116.

Yeorgue On Nut (in.-&) Running
Runaing Breskwwey | Torque
Test Cycla} Torque Boki Lest (1) Torque | (in.-lb,
NO.‘"" “0. (ln."h. cw ("'_“) ccw
Diraction) 1 eoof 5,000] 7,600| 10,000 | 12,500 | 15,900 | 17,600 ] 20,800 Dirsction)
75 1 45 1110 [ 175 {235 | 315 | 305 | 490 | s00 | 700 [ 40S 35
2 260 675
3 260 850
4 270 675
5 0 00 ! 140 {205 | 270 | 350 | 440 | 545 | 650 | 375 35
6 270 650
7 270 675
D 270 675
9 270 675
10 35 os | 155 | 215 | 280 | 360 | 455 | s60 | 675 | 380 35
11 270 675
12 260 §75
13 : 280 675
14 265 850
15 35 90 | 145 [ 205 | 265 | 345 | 450 | 545 | 650 | 230

a Nut supplied with wax lubricant (Carbowax Polysthylene Glycol 3350) apphed.
b EM Corporation CP-118 is a cornpiex mixiure consisting of molybdenum disulfice, miners! oil, and petrolatum. The CP-118
ubricant was applisd W the threads of ¢ botl and nul.
¢ NAS1308-10 boli: Average shank diameisr — 0.4837 In., aversge coaling thickness — 0.00040 In.
A7FLW-E20 nut- Average ocoating thicknass — 0.00039 In.

TABLE A-76. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION CP-116.

T ...

Torque On Nut {in.-1b) Runniny

Running

Breskawa Torgque
Tost Cycle! Torque ¥
Nosdt | No. | (in-1b, CW Uolt Load (1b) Toruua (n. o,

Direction) 15 su0! 5,000 7.500] 10,600 | 12,500 15,000 | 17,500 | 20,000 Dirartion)

o0 160 | 230 { 310 | 400 | 500 § 625 725 850 550 80
390 850
370 850
345 850
45 140 | 215 | 305 | 400 | 505 650 750 850 §50 40

365 800

v

325 750
320 750
a0 700
30 80 | 165 | 240 | 335 | 405 | 480 | 590 700 390 30
315 700
205 700
205 675
2 650
39 80 | 150 | 210 | 300 | 365 450 | 540 650 345 30

a Nut had wax jubricant {Cavbowix Pulyethylens Giycol 3250) applied.
b EM Comporation CP-118 5 a complex mixiure consaling of motytdanum disulfide, mineral ofl, and pelrolatum. The CP-118
lubricant was apphed 1o the threads of the boll and nut.
¢ NAS1308-10 bolt. Average shank diameler — 0 4984 in.. average - oating thickness — 0 00035 in.
47FLW-820 nul. Avorage coating thickness ~ 0 00045 in.

76
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d TABLE A-77. TORQUE-TENSION BATA FOR IVD ALUMINUM-COATED BOLT AND IVD
| ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION CP-116.
i
o
B Terqus On Ned (in.-ib) Rurning 7
:5} Runnaing Toroun @
' T e |Cycie| Torgue Boit Load (1) e | G
| Nosde | No. | (in -1b, EW J v 1 e
! Dirsctiory | 2 500 6,000 7,500( 10,600 | 12,500 15,600 | 17,502 | 20,000 Dirustion)
¥ 7 1| o 15525 |325] 430 | 500 | 625 | 700 | @0 | 400 | 0
; 2 525 700
: 3 310 700
i i 25 675 E
- 5 | 45 | o5 |10 |20 280 | 350 [ a5 | 835 { es0 | 35 | 4o
6 280 &5
7 275 650
8 275 £50
0 270 650
10 | 35 |80 130|190 | 200 | 350 | 40 | 625 | 850 | a5 | 35
14 260 625
12 250 625 B
13 250 625
: 14 255 650
! 1157 30 |0 {1es oo} 260 | 340 [ 435 | 535 | es0 | 35 | a0

a Nul had wax lubricant (Cardbowax Polyethylene Ghycol 3350) applied.
b EM Cerporation CP-1186 is & complex mikturg consisting of moiybdenum disutfide, mineral oil, and petrolatum, The CP-118
ubricant «.-as applied 1o the thraads of the bl and nut.
€ N %1308-10 bolt: Average shank dimmewr — 0.4883 in., averags coaling thickness — 0.00030 in.
47 FLW-82C nut: Average coaling thickn 85 -~ 0.00041 in,

TATLE A-V0. TORQUE-TENSION DATA FOR I¥D ALOMINUM-COATED BOLT AND IVD
ALUMINUM-COATED RUT LUBRICATED WITH E/M CORPORATION CP-116.

[
Aunning | Torqua On Nut {in.-tb) Breska grunning
FOsKaAW orquas
L ““T_fgg";w Boh Lead (1b) Torqus | (in. b,
, in-lb) | CCW
Direction) | 2 o0/ 5,000 7,500/ 10,003 [ 12,500] 15,000 17,80 26,000 tin.ib) Direction)
= 1 190 {185 | 265 | 340 | 420 | 510 | 625 | 700 | 800 | 490 9
2 350 756
3 a 330 75
/'i 4 330 775
- | % 50 [ 100 { fui | 225 ] 310 | 400 { 302 | 625 | 750 | 410 50
| 5 505 750
1 7 290 700
. f 8 200 700
& 9 . 280 675
' 10 ‘. 85 135 | 185 [ 270 | 345 | 430 | 540 | €56 | 245 35
i 3 270 $75
. 12 : [ 265 650
15 ; 260 650
i4 ! ! 260 850
L |15 30 |e {13519 | 265 | 365 | ass | 560 { 650 | 35 0

a Nut had wax lubs uin {Ca 2x Paiyethyiene Giycol 3350) applied.
b EM Comporation CP-116 15 conplex rnixture sonsisting of motybdenuim disulfide, mineral oll, and petroiatum. The CP-118
. lubric.int was applied to the threads of ths halt and nut.
- 4 € NAS1308-10 be © d-erage shanh oLi .a,pv - 0.4988 k., uverage coating thicknoess ~ 0.00045 in.
A7FLW-820 nut: A ags cortag 7 ness - 00045 in.
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VABLE A-78. TYORQUE-TENSION UATA FOR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

);:.'
(ﬂ o ' RTunnlna Torqus Ga Kut {in.-Ib) Breakawsy l}g:::::;g
! e || Lot 1 T | (o
4 H .
H Rirection) |5 soc| 5,000 7,600] 10,000 | 12,500 | 15,000 { 17,500 | 20,600 Direction)
I
;| 79 1 50 120|195 {270 355 | 425 | s05 | 625 | 700 | 390 4
! 2 350 725
| 3 350 750
: 4 345 725
g 5 30 {120 | 195 | 260 | 320 | 395 | 480 | 575 | 700 | 370 30
| 6 310 700
| 7 300 700
o ﬁ 8 315 700
: 9 310 700
] 10 | 90 {110]185|250] 305 | a0 | 445 | 530 | 650 | 245 30
- 11 300 700
X 12 300 700
13 300 700
14 300 700
: 15 | 30 105|180 245 | 310 | @00 | avs | ss5 | &75 | 380 30

a Nut supplied with wax lubricant (Carbowax Polyethylens Glycol 3350) applied.
b Armile Laboralorias MIL-T-83483 lubrican! is a paste eonining 50% molybdenum disuliide and £0% petrolatum. The MIL-T-83483
lubricant was applied 1o the threads of the bolt and nut.
€ NAS1308-10 balt: Average shank diameier ~ 0.4688 in., sverapge ocaling thickness ~ 0.00037 in.
4TFLW-820 nut: Average coaling thicknaess ~ 0.00044 in.

TABLE A-80. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUBRICATED WIiTH ARMITE LABORATORIES MIL-T-83483.

| Running Terque On Nut {in.-tb) Running
i - Breaiaway | Terque
| ot | Ror | g, oW o™ "sad (b} Torgue” | (b,
A Direction) | 2, 540| 5,000| 7,500] 10,000 | 12,500 | 15,000 | 17,590 | 28,000 Dirsction)
. i 80 1 35 160 { 175 | 240 | 320 395 470 540 650 350 30
| 2 310 700
B 3 539 725
I 4 340 750
! 5 30 105 | 180 | 250 | 320 405 480 570 760 380 30
J 6 20 700
! l 7 310 700
| 8 ans 700
I | 0 305 700
.‘u 10 30 100 | 170 | 235 | 310 400 490 590 725 {15 30
. 11 300 75
% ﬁ 12 295 700
S 13 300 700
. 14 29 675
N J 15 25 80 ( 180 | 200 | 270 as0 430 530 650 kY 1. 25

a Nut suppliod with wax ludrcant (Carbowax Polyethylene Glyool 3350) applied.
b Armite Laboratcas MIL-T-83483 brcant is 3 pasie containing 50% molybdonum disulfide and 50% pelrolutum, The MIL-T-82483
werican! was appled w 1o throads of the bolt ard nul.
c NAS13C8-10 bolt: Avera v -hank diamoler ~ 0.4887 ki, #versge coatng thickness — 0.60035 .
A7FLW-820 nui: Awerege ooating thicknoss ~ 0.00042 in.
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TABLE A-81. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

|
|
i Yarque On Nut (in.-1b) Running
Running
L Broskswsy | Torgqus
. I bl P Boh Load (i) Tora | Cew:
o . - fon--ia, h.
. { Dirsction) | 2 5u5] 5,000{ 7,500| 10,000{ 42,500 { 45,000 | 17,800 20,000 Birsction)
. 81 1 45 | 120 | 210 | 280 | 350 | 450 | 555 | €75 | 750 | 45 40
2 365 750
) 3 330 725
. 4 320 700
5 40 100|170 | 235 | 310 | 390 | 490 | 600 | 725 | a5 40
6 310 725
7 300 728
, 8 295 725
. H 300 725
B 10 40 |90 | 150 {25| 785 | 360 | aso | se0 | 675 | 385 4
oy 19 280 875
< 12 285 700
: 13 270 650
14 265 850
> 15| 35 |es |140)205| 270 | 340 | 440 | 535 | 650 | 340 4«

a Nut supplied with wax lubrcant {Carbowax Polyethylens Glycol 3350) applied.
b Armiwe Laboratories MIL-T-83483 iubricant is a paste containing 50% molybdenum disultide and 50% patrolatum. The MIL-T-83483
ubrican! was applied 10 the threads of the bolt and nut.
¢ NAS1308-10 bolt: Average shank diameter - 0.4887 in., average coaling thickness — 0.00032 in.
47FLW-820 nut: Aversge coaing thicknoess — 0.00044 In.

TABLE A-82. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED AND IVD ALUMINUM-COATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483,

Funaing Torgue On Nut (in.-1b) Running
Breakaway | Torgue
Tost . [ Cycle) Toraus BoM Lead {Ib) Toraue | (in.b.
No..' * HO. (In."b. Cw (lﬂ -h) ccw
Diraction) 1, s00| 5,000/ 7,500{ 10,000 | 12,500 | 15,000] 17,500 | 20,000 Dirsclion)
82 1 90 | 180 | 265 | 350 | 440 | 540 | 675 | 750 | 875 | s70 70
2 435 900
3 375 875
3 350 800
5 55 | 145 | 220 | 200 | 375 | 465 | s60 | 675 | 800 | 10 50
H 360 800
¥ 235 75
8 320 750
9 815 750
10 0 [120 | 190 {250 | 320 | 405 | s10 | s50 | 750 | ass 40
11 308 700
£2 310 700
13 205 700
14 205 675
15 35 | 100 | 165 | 220 | 200 | 380 | 465 | s50 | 675 | 365 35

a Nut had wax fubricant (Carbowax Polysthylene Glycol 3350) applied.
b Armite Laboratorles MIL-T-83483 lubricant is a pasie containing 50% mofybdenum disulfide and 50% petiolatum. The MIL-T-83483
lubricant was anplied lo the threads of the bolt and nut.
¢ NAS1308-10 bolt. Average shank diamater -- 0.4988 in., avarage coating thickness - 0.00037 in.
47FLW-820 nul: Average coating thickness — 0.00043 in.
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TABLE A-83. TORQUE-TENSICN UATA FOR IVD ALUMINUM-COATED ANR IVD ALUMINUM-COATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

- .
R L. ik
.

{
.

. Terqus On Nit {ku.+ib) Funning
1‘ | '}"’““’"" Sreakewsy | Torgus
-7 TEA o |G| Jorue Dol Lo.d () Torque | (in.Ik,
B z Noade No. “l.'lh: tw (1n.-t3) cow
a Direction} |5 syn| 5,000 | 7,500 16,600 | 12,506 | 15,000 | 17,500 20,800 Diruction)
R & 1 | 85 |15 | 280 |575 | 450 | 840 | es0 [ 775 | 8y5 | 60 80

- 2 400 875
v 3 405 0
2 405 900
5 | 40 [125| 220 {310 400 | 510 | 650 | 75 | oc0 | s00 35
6 590 875
7 355 £25
8 355 800
9 ass \ 800
A0 | 35 [100 | 165 | 245 | 240 | 430 | s30 [ es0 ) 70 | 420 3
11 315 725
2 325 725
|13 310 725
|4 315 725
45 30 |7 |50 25| 515 | ae0 | 505 {625 | 725 | 3w 30 |

a Nut had wax lubricant (Carbowax Polyethylene Glyrol 3350) applied.
b Armite Laboralories MIL-T-83483 lubrican! is s pasie containing 5U% molybdenurn disulfide and 50% petiolaturmn. The MIL-T-23483
lubricant was applied to the threads of the boil #:xd nut.
¢ NAS1308-10 bolt: Average shank dimmoter — 0.4038 in.. avermpe coiing thickness - 0.00038 in.
47FLW-820 nut: Average coating thickees — 0.00043 in.

TABLE A-84. TORQUE-TENSION DATA FOR iVD ALUMIKUM-COATED AND IVD ALUMINUM-COATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

. - . a ' ~ T T
P TS SO S i

‘ Running Torque On Nut (in.-1t) Hrestavy l!{[;::ﬂ:g
; T:‘:;l'...,. cryl:l.a ("‘!f.ltirgflzw Bolt Load (1b) ‘((Iorqiubt) (g'é'Jf'
. — (.
Birection} 2,500 5,000 7,600/ 10,000 12,600 | 15,000 17,500 20,060 Diraction)
84 1 135 240 § 330 | 420 | 515 | 625 | 725 | 800 | 925 875 100
N 2 420 876
: 3 455 830
4 420 850
5 50 155 1 230 | 310 { 335 | 480 [ 600 | ve5 | 825 575 50
6 365 800
7 370 800
8 370 800
) 260 LLE]
10 40 120 | 190 § 270 | 360 | 435 | 504 | 650 | 75U 420 40
i 1 335 725
! 12 i 335 750
! 13 320 Vs
; 14 325 725
i 15 €0 115 | %95 [ 250 | 375 | 400 | 495 | $85 | 700 385 40
1

a Nut had wax lubricant (Carbowax Polygihyicna Glycol 3350) applied.
b Armite Laboratories MIL-T-83483 lubricant is & pasie conlalning 50% nedybdenuin dsulide and SO% petrolatim. The MIL-T-83483
lubricant was applied 1o the thrsade of e bolt and .
¢ NAS1308-10 boli: Average shank diatwie’ ~ 0.403% in,, aveizge colting inicknsss -- 0.00034 in,
A7FLW-B20 nul: Average coatng ticknass — 0.C0045 W,
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YABLE A-85. YORQUE-TENSION GATA FOR IVD ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED NUY LUBRICATED WITH &M CORPORATION FORMKOTE
T-50 AND FEL-PRO INCORPORATED C-601-S.

Qunning Yaeguo O Hat (n.-1) Brestaway @lunnlnn
Tea orqus
o5t | o | Cycie ] Torque 8okt Luad (1b) Torque | (in.-b,
Nﬂ, " ha. u“."h: SW “l %) ccw
Uiraction) | 6oo] 6,602 7,500 18,000 | 12,600 | 16,800 | 17,800 26,000 Dicection)
8 1 10 (175 | 240 | 335 | 440 | 520 | €25 | 725 | 00 | 825 100
¢ 390 800
3 { 245 750
A 300 750
5 4 3115 | 176 | 255 | 305 | 305 | s05 | 625 | 775 | 490 &

a Nui g not have wax lubricant (Carvowax Potyathylene Giyosl 338G} spplied.

b EM Corporstion Fonmkola T-50 is a dry fiir babvicant contalning graphiie suspended in a high empsraiure resin binder. Fel-Pro
incorporated C-601-S lubricant is a puate sontaining 50 percett synthetic graphlie and 50 percant petrodatum: lomulates 10 mest
MIL-T-5544. The C-801-5 tubivant w. apphied over the Formkole T-50 Wbricant. Both lubricants were applied © the threads of the

boit and nut.

€ NAS1308-10 volt: Averagy shank diamwier ~ 0.4089 k., average coaling thickness — 0.00038 in., sverage shank diametsr with
Formkote T-50 - 0.4999 in., average coaing ang Foermixote T-50 thickhess - 0.00042 in., 47FLW-820 nut: Average coating thickness -
0.00048 in., avwrage codting ang Fonnkote T-5¢ 0.00048 in,

d The Formkote T-50 was remavaed afier tha tirst torgue-tensicn cyde during ulivasonic cleaning.

TABLE A-86. TORQUE-YENSION TATA FOR VD SLUMINUM-COATED BOLT AMD iVD ALUMINUM-

COATED NUT LUBRICATED WITH E/M CORPOFATION PERMA-ZLIK S AND FEL-PRO

SNCORPORATED C-501-3
I 1)
Test . RT%?n:neg L. »..Iomu. on Nm.(ln. ) Breakoway I}I_I:i‘;:}’n.u
hossad | Yot {in ~J§’cw‘ Boit Load {Ih) Iinrq;:b-) (. b,
R . o, agrrs .
Direction) [ gou| 8000} 7,562 10,000 12,600 15,000 | 17,500 | 20,900 Diraction)
86 t | 110 j1es | 280 '3 | 455 | 545 | eso | 750 [ eso [ 565 19
2 ! 355 800
3 ! 230 500
4 n 315 800
5 | s0 [t ]es |2 360 | 425 | 560 | 675 | 800 | 520 55

&4 Nut did nol have wax lubdzani (Carbowax Payethysane Giyrol 3350) applisd.
T EM comporation Perms SEK S & an - dricd, 2olict Sim lubxicant contalning mohbdenumadiculfide In 2 sidnimum amount of bindar,
Fei-Fro incorporated C-£01-8 wibricant Is & phsie contuning 50% synthetic graphlio and 50% perdaum rmulated 1o meet
MIL-T-8544. The C-601-8 Whricant woe appiad (wer the Perma-Sik § ibricant. Both ksbricants were applied 1o the thraads of the bokt

&nd nut

¢ NAS1308-10 bolt. Averago shank dismeier ~ 0.4985 in., average coaiing hickness -- 0.00017 in., &verage shank diameler with
Porma-Sik S - 0.4885 in., sverage Louting hickness ~ -.00038 .
ATFLW-H20 nut: Avsrage coeing thicknass — 0.00041 i, average onating and Perma-Skk S thickness -- 0.00074 in.

d Perma-Slik 5 wae ofy the thivadr o the bofi ard nul avor thred torque-tension cycls.
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TABLE A-87. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT OVERCOATED WITH WHITFORD CORPORATION XYLAR 101 AND
LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Running Yargue Ga ¥ (o .-&) f‘}‘“ﬂﬂiﬂﬂ
Breskawsy | Torgue
Tast \ Cycle | Torque Bok Laaé {t) Tarue {is.-1h,
Norb¢ | Ko, |(in.-lb, CW {in.-ib) ccw
Dirsclion) 2,500 5,000 7,605 W&,800| 42,500 15,800 17,500 | 20,000 DBirestion}
87 1 85 185 | 205 | 365 | &80 )} 570 1 €75 | WS | 600 625 )
2 410 825
3 ass 800
4 320 860
$ 30 95 | 150 | 225 | 310 § 450 | S200 | @60 § 750 480 25

& Nui did no! have wax lwbricani (Carbowax Polyethylene Glycol 3350) appiad.

b Whitford Corporation Xylar 101 coating containg honmetalic fllers in coinbinaben witih carani: malerisls 10 2 xend (he perormance
of aluminum coatings. Fsi-Pro Incorporatad C-801-S lubricant is a pasta contalning B0% aynthwte graphile and 50% petrolatum
formulated 1o mwel MIL-T-5544. The C-601-S ubricant was applied over the Xylar 161 cusling on ihreads of ke boit and rut.

¢ NAS1308-10 bolt" Average shank Jiameter - 0.4985 in., average coating thicknans — 0.00052 in., &verage shank dlamatar with
Xylar 101 = 0.4930 in_, average coating ang Xylar 101 thickness — 0.00053 in.

47FLW-B20 nut: Average coating thicknass — 0.00049 in., averags ccating and Xyla: 101 thicanens - 0.00060 in.

TABLE A-88. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATEDR BOLT AND FOR Wi
ALUMINUM-COATED NUT OVERCOATEDR WITH WHITFCRD CORPPORATION XYLAY
101 AND THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-6u/1-5.

Running Torque On Nul {in.-l) F}runnlny
Breakaws unque
Test R Cytle Yorque 8ol Luad (m) anquuy (in.-fe,
Notb.e Ne. (lﬂ."b. cw (in 'lb) Ccow
Direction) 5 600] 5,600 | 7,600 10,003 | 12,500 | 15,000 | 17,500 | 20,000 irsstion)
88 v 1 110|225 | 315 [420 | s25 [ eso | 725 [ omes { eso | w0 | 120
2 us 8¢
3 360 725
4 315 725
5 | 40 {110 ] 170 {235 | 310 | 400 | s10 | w00 | 700} 4 | 45

a Nut did not have wax lubricant (Carbowax Polysthytene Giycol 3350) applied.

b Whitford Corporation Xylar 101 coating contalng nonmetaliic filers in combinalion with ceramic malerals to exiend the parior:rantd
of aluminum coatings. Fol-Pro Incorporaled C-801-8 lubricant ls a pasie containing 50% synthetic graphiie and 50% petrolatisv.
formulaled w0 moo! MIL-T-5544. The C-601-§ Wbncan! was applied ovar tha Xylar 101 coating on threads of e bolt and nut.

¢ NAS1308-10 boli: Average shank diametar ~ 8.4986 in., avarage coating thickness - 0.00740 in,

47FLW-820 nul: Average coaling thickness ~ 0.00046 in., &wrage coating and Xylar 10% thickness - 0.00067 n.
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TABLE A-88. TORQUE-TENSIOK DATA FOR IVD ALUMINUM-COATED RBOLT OVERCOATED WITH
WHITFORD CORPORATION XYLAR 1011 AND FOR (VD ALUMINUM-COATED NUT ARD
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C~801-S.

o
o
N
N
\:H
=

1

A

Torgus Go Kut (14,15} Runnl
Ruaning ) unn ng
Sreakawsy | Te
Tonase | le | ornue Bk Lead () Toran” | (08,
; u.t) | CEW
ireetion) |2 suv) 5,000 7,520 v2,800 | 52,500 ] 16,800 ] 17,600 20,800 Diraction)
59 1] 130 055|250 | 250 [ 420 { 20 | 625 | 700 | 800 | 625 | 15
2 37 750
3 200 i 700
i | 280 700
§ 40 oo | iso | 210 0 230 | s | arg | e7s § 700 | a0 40

& Nul dd not have wax bilzreant {Crrboway Polyshviens Glyoel 3330} appiled.

b Whiticesd Corporation Xylar 1091 couti
of aluminum coutings.

formutated 1 meel MiL-T-5344. The £-831-8 uteicant waa G20 it ha Xylar 191 coating on threads ol ¥ha Bolt wig .,
€ NAS1300-10 bolt: Average sk dizrmeier - 0.4584 ., average cuating thicingss — 11.00033 ta_, aversge ohank tlumeler with
Kylai 101 - 0.4949 In., aversge coating and Xyler 101 dvickness — 0.60:52 i,
47FLW 820 nui. Awrege coating thickresk — 0.00045 ».

ng contsing nonmwtslic fksre i vomblaation with oeramic matsdals t extend the purormance
Fal Yo incorporsted C-001 & wbdcun! Is @ pasiy coniaining 20% synthwic graphite and 505 cellaiun

TABLE A-90. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IV
ALUMINUM-COATED KUT LUBRICATED WITH E/M CORPORATION
EVERLUBE 1346 AND FEL-PRO INCORPORATED C-601-8.

-
" Torgue On Mot {'n.-lb) Runaing
Running
T {Cyele} Yormue BoM Lo (1b e | i,
teede | Ro. | (ir.-ib, CW (ntb) | CW’
Dirsction) | 5 s00] 5,000] 7,500 10,000 | 12,600 | 15,000 ] 47500 | 20,000 Diraciion}
%0 i 80 1105 | 160 | 230 | 315 | 400 | 470 | s70 | 700 | 390 55
2 305 675
3 285 850
4 270 650
5 40 {105 | 160 | 225 | 305 | 3w5 | so0 | soo | 700 | <00 4
6 305 700
7 ap0 700
3 300 700
§ 200 70
10 30 5 {145 ] 2153 285 | 370 | 475 | so0 | 700 | 420 30
1 20 25
12 265 700
13 265 700
14 255 700
15 25 |75 | 130 {100 | 260 | 350 | aso | s;c | 700 | 400 30

& Nut dd not have wax lutricani {Carbowax Polyethylons Giyco! R350) applind.
b EM Corporaiion Everiube 1345 s an elr-cured, banded sobd filin fubrcant formulated with motybdenum deuthde in a resn binder.
Fel-P1o Incorporaiod C-6u1-© ubricant ik & paste containing 50% wynthetc graphite and 50'% pelroiatym formutated 1o meet MIL -T-5544.
Tow C-601-G lubrcan! was a,.-pliad over the Everdube 1348 kibros il Both kibricants w e apphed 1 the threadt of the bolt and nut.
¢ NASi308-10 bolt. Average shank dian. ler — 0.4886 in , average couting thickness ~ 0.00032 in., everage shank diameker with
Everiube 1346  0.4095 in., average cosiing and Everlube 1348 thickness — 0.00081 I,
47FLW-820 nut: Aversge codtng thickness ~ 0.00042 in., average coating and Everiute 1348 thickness — 0. 00092 n.

168

]
B




AN

i
. |
i
]
*l

PR PR

B
¥
:

TEE

TABLE A-91. TdRQUE-TENSION DATA FOR IVD ALUMINUM-.COATED BOLT AND IVD

ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION

EVERLUBE 1348 AND FEL-PRO INCORPORATED C-601-S.

Yuraue On Nut (in.-ib) Running
Tasd Eyel ?Q’:QL‘:’ Breaksuway | Torque
Nosds | Mo. [ {in-ib, CW Ralt Load {Ib) a:r?;:;) (l&&h.
Diraction) | » 500| 5,000 | 7,500| 10,000 12,500 | ¥5,000 | 17,500 | 20,000 Direction)
8 1 70 115 | $85 | 250 | 20 | 405 | 505 | 600 | 700 390 &0
2 275 625
3 200 650
4 270 650
5 & 95 | 145 [ 2051 270 | 360 | 455 { 560 | &S50 355 50
6 330 725
7 21 650
3 270 650
g : 268 650
10 QO 105 | 155 [ 215 | 285 | 3rs | 465 | s65 | 700 &05 40
11 265 675
12 270 700
13 265 760
14 710 725
15 35 gs {130 ims | 260 | 350 | 450 | s70 | 75 Q0 35

a Nul dd not have was lubricant (Carbowax Folysthyleno Ghrool 3350) eppliad.
b E/ Corporanon Everlube 1345 is an air-cured, bonded aclid flm iubncant fonmuikted with molybdenum diutfide in & rasin binder.
Fel-Pro Incorporated C-60%-S lubricant ic & pasie o taining 50% synthatic graphite snd 50% petrolaium formuleted 1o meat MIL-T-5544.
The C-601-5 lubricant was appiwd over the Evarfube 1346 lubricarl Buth bricants were applied 1 the thraads of the bolt and nut.
€ NAS1308-10 boli: Average shank dmmeier ~ 0.4887 in., sverage coudng thickness — 0.00033 in., average shank came i with
Evariute 1346 - 0.48¢8 in., sverage coating and Everiube 1346 thicknees ~ 0.00073 in.
ATFLW-220 nut: Jrerage coating tucknass - 0.00046 in., average coatng end Everiuia 1346 thicknass ~ 0.00005 in.

TABLE A-2. TORQUE-TENSION DATA FOR 1¥YD ALUMINUM-COATED BOLT AND {VD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256
AND FEL-PRO INCORPORATED C-6¢1-S.

Running Torqus Dn N {In.-Ib) N l;.:tmluzg
, Y
T:‘?_n.t.- C’;‘gl.n :ulrguzw Balt Load (ib) ‘(rll:‘mlu;) (ll?édlb'
t ) .=
hraction) z,soo]I 5.000{ 7,508 12,000 12.500] 17,000 | 17,500 | 20,000 Directivn)
3
8 1 65 | 115 | 165 | 245 | 380 | 425 | 490 | 60 | 675 | 370 55
2 20 700
3 I8 725
4 A0 700
5 4 |10 {160 | 220] 265 | 380 | 400 | 00 | 7S | 415 40
6 310 s
7 210 700
8 265 o0
) 27 700
10 35 9 {145 1205 | 275 | 365 | 470 | s80 | y00 | 400 35
19 219 700
2} 270 700
13 27 70
14 265 700
15 35 g | 145 {200y 270 | 360 | a0 | 590 | w0 | 410 30

e Nul &g not have wax lubricant {Carbowix Polysthylune Lilyco) 3350; apphed.

b E/M Corporaton EM 5256 is 8 bunced sohd film kibe kant kormulaled with molybden srs Cisulfide in a resn binder o produos
orque-Wnson chamciensdcs amilar 1o cadmvarm slctriplsts plus wax, T'el-Fro lncorpoisted C601-85 lubrcant is & pasts conaning

60% synthetc graphita and 50% petolatum formulaied 0 mc et MIL-T-5544. The C-601-5 lul  unt we's wpphed over the EM-6258
fubricant Both lubsicant. we’es apphed 10 ths tireans of the boli and nut.
¢ NAS1308-10 bolt  Avorage thank diamater ~ 0.4086 in,, averuge coalng thickness - 0.00031 in., svnzpe ahank chamatoc with
EM-6256 - 0 4993 in., &verays coatng and EM-6256 hicknets -- 0 00072 in.
A7FLW-820 nut Awenape cosbing thickness - 0.00048 in., wve: age conbdng and [M 5256 thicknwss - O C/5084 in.
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TABLE A-93. TOCRQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256
AND FEL-PRO INCORPQRATED C-601-S.

Running Yorque On Nut (in.-1b) l}runnlng
Breakaway orque
e | I | (55
N H n.-
Dirsctlon) | » 500 5,000] 7.500| 10.000] 12,600] 15,000 17,600/ 20,000 Dirscion)
8 1 55 | 115 | 175 | 250 | 230 | 410 | 4% | s60 | €50 | 335 50
2 200 650
3 280 625
a 270 650
5 85 |90 {150 {205 | 275 | a0 | 470 | 570 | €75 | sn0 35
6 350 750
7 305 700
8 320 750
9 300 750
10| a0 les {15200 285 | 300 | 510 | s25 | 750 | ass 3
11 330 825
12 290 800
13 275 800
14 270 750
15 | 30 |80 | 135|200 275 | 3rs | a5 | es0 | 775 | a0 30

& Nut did not have wax lubricant (Carbowax Polyetylone Glycol 3350) pplied.

b EM Corporalion EM-8256 is & bonded 8oiid film lubrican! formulaled with molybdenum disulfide in a resin binder ko produce
torque-tension charkcluristics shnilar 1o cadmium elaciroplale plus wax. Fel-Pro Incorporaied C-801-5 lubricant is 8 pasia coniaining

80% synthelic graphile and 50% pelrolatum formulaled lo meet MIL-Y-5544. The C-801-S lutxicant was applied over the EM-6256
hbricant Both lubricants were applied to the thissds of the boll ant nut.
¢ NAS1308-10 boll: Average shank dlamelar ~ 0.4083 in., average coalng thickness - 0.00034 In., uveiage shank diameler whh
EM-8258 - 0.4087 In_, avarsge alng and EM-8258 thichness ~ 0.00060 in.
47FLW-820 nut: Averags ooaling thickness -~ 0.00047 in., averaga coating and EM 6258 thickness ~ 6.00080 in.

TABLE A-94. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286
AND FEL-PRO INCORPORATELD C-601-8.

Torque On Nut {in.-Ib) Running
Running —
Broakaway | Torgue
T;:Il.'... C?v‘:l.l (""l'.ﬂ-;'g!.l;w Boll Load (Ib) :’lu:‘rq;:ho) (Icné-&b.
Ohactian) 15 500] 6,000 7,600{ 10,000 12,500 | 18,000{ 17,500 | 20,000 Direstion)
Y 1 20 |140 {195 [ 250 | 325 | 405 | s00 | eoo | 700 | 405 85
2 300 625
3 256 625
q 255 650
5 a0 {100} 150 20| 280 | 365 | 4v0 § seo | 675 | 380 50
6 338 775
7 325 725
8 285 700
¢ 275 700
10 a5 oo s |20} 290 | 370 | ars | se0 | 700 | 420 35
11 285 700
12 200 700
13 200 700
14 270 700
15 35 80 | 140 {2101 395 | 390 | so0 | 625 | 725 | <30 35

& Nui dd not have war lubrkant (( awbewax Polyethdere Glycol 3350} upitied.

b EM Corporation EM-6288 i & bonded solk! lm jubricant formalaied wilth g nphlie In @ resin binder.

lubricant ts & pasie conlatning 0% syrthelc graphila and $0% potolatum lonwluisd o maul MIL-T.5544,

The C 6018 Ltk anl vas uppiled ovar Uhw EM-6286 lubikant Both iubricanls were applicd w the ihruads of the bolt and nut.

Fel-Pro Incocporated C-601-5

€ WSE1308-10 boll A-sweage whank diarnaier - 0 4943 in , averape coaling thicknoss - 9 GCO28 in., iverage shank diameter with «
EM 8286 — 0 4905 In , averape voating and EM 0246 hickness — 0 00118 In,
A7FLW 820 nul: Avecage Doging thicknms - 0 00047 In., averagy coaling and EM 8288 thickhess -- 0 00161 in.
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TABLE A-95. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR VD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286
AND FEL-PRO INCORPORATED T-601-S.

Rutning Yoryue On Nut (in.-Bb) Brestway l}runnlnu
res sique
T |t i ew Bt Load (1) tore | ew
Direction) 15 5o 5,000| 7,600( 6,000 | 12,500 | 16,800 | 12,506 | 20,800 Dirsction)
05 1 75 | 125 | 180 | 250 | 335 | 425 | 510 | 600 | 700 | 415 80
2 325 700
3 300 725
4 310 725
5 4 110|170 ]zas ]| 315 | 410 | s15 | ez | 725 | aas 40
5 320 750
7 240 700
8 280 700
8 275 700
19 35 190 | 155 |210] 280 | 365 | 450 | 570 | 700 | 410 35
11 280 700
12 270 700
i3 280 728
14 235 725
15 35 90 | 150 | 25| 200 | 205 | 515 | 625 | 725 | 440 35

a Nut did no! have wax lbrcant (Carbowax Polyethyiane Giyool 3350) appiied.

b EM Comporation EM-5286 k & bonded solid film lubricant lormnulated with graphiie in a resin binder. Fei-Pro incorporaled C-801-§

jubricant is a paste contalning 50% eynthaelic graphie and 50% petrolatum formulated to meet MIL-T-5544.
The C-801-5 lubricant was applied aver the EM-8288 lubricani. Both lubricants were applied 10 the thrends of the boH and mwt.

¢ NAS1308-10 bolt: Average shank diameier - 0.4082 in., average coating thickness ~ 0.00030 in., averuge shank diameter with

EM-8286 - 0.499% in., average coatng and EM-6286 shickness — 0.00105 in.

STFLW-B20 nut. Average coating thickness ~ 0.00047 in., average coating and EM-8288 hickness - 0.00112 in.

TABLE A-96. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FORIVD
ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EVERLUBE 1346
AND THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torqus On Nut {in.-1h) " l;_unnlng
Breakawa orque
T e [t Torqus Bolt Load (1) Torque | | (in.b
oM No. | (in.-ih, CW (in.-1b) CoW '
Direction) | 5 ganl 5 000 7,500] 10,000] 12,500 | 15,000 | 17,500 20,0000 = Direction)
96 1 70 135 [ 200 [ 270 | 345 | a40 | 530 | 650 | 750 | 425 75
2 320 700
3 30 760
4 315 700
5 30 s | 165 | 245 | 320 | 405 | sos | 625 | 725 | 420 30

& Nut did not have wax lubricant (Carbowax Polyethylene Glycol 3350) appuied.

b EM Corporation Everlube 1346 is an air-cured, bonded sold film lubricant lormulated with molybdenum disulfide in & nesin bindar.
Fel-Pro Incorporated C-£01-S lubricant s a pasie containing 50% synthetic graphite and 50% petrofatum formulated 1o meet MIL-T-5544.
The C-601-5 lubrican! was applied over the Evordube 1346 lubricant. Both lubricants weie appiied 10 the ithreads of the balt end nut.

¢ NAS1308-10 bolt. Average shank diameter ~ 0.4986 in., average coaling thickness —0.00034 in.

47FLW-820 nut. Average coaling thickness — 0.00047 in., average coaling and Everlube 1346 thickness — 0.00001 in.
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TABLE A-§7. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND FOR IiVD

ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EVERLUBE 1346
AND THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-8.

. Torgue Oa Nui (.-} Running
; Running Breakswsy | Terqua
Test Cycls |  Torqus Balt Lead (1b) Yorqus | (in-1b,
A Norde | No. | (in-tb, CW Toratn | ‘Cow

) Dirsction) |5 wngl 5,000/ 7,500] 10,000 12,500 | 15,900 | 17,500 | 26,800 Diraction)

" -‘\‘4 97 1 100 [165 | 220 | 200 | 360 | 4s0 | s75 | €50 | v50 | 510 110
) 290 650

o 3 260 600

4 240 600
5 35 75 1130 | 205 | 275 | 230 | 405 | soo | so0 | 360 40

|

’ a Nut i not have wax lubricant (Carbowax Polyethylene Giyoo! 3350) appiled.
' b EM Corporation Everlube 1346 i an air-cured, bonded soid fim kubricant formuia‘ed with
¢ Fel-Pro Incorporated C-801-S lubricant is a pasie containing 50%
i The C-601-8 lubricant was applied over the Evarluba 13486 lubricant.
|
i

synthetic graphito and 50% peirolatr
Both lubricants ware appiied 10 . threads of tha boll and nut.
¢ NAS1308-10 bolt. Average shank diameter ~ 0 4887 In., average coating thickness — 0.00039 k.

&TFLW-820 nut. Average coating thickness ~ 0.00047 In., average coating and Everdube 1346 thickness - 0.00079 in.

molybdenum disutfide in & resin binder.

formulsiod 10 meet MIL-T-5544.

TABLE A-98. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED JOLT AND FOR IVD

ALUMINUM-COATED NUT LUBRICANT WITH E/!A CORPORATION EM-6256 AND
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Yorqus On Mut (in.-1b) Running

; Running

: ! Breaksway | Yorque

1_ Test Cycls | Torque Bok Load {Ib) Torque Y (ln.q-lb

. Nosbe No. | {in. 14, CW (in.-Ib) cCwW !
= Direction) | 5 500 5,000 | 7,500| 10,000 | 12,500 | 15,000 17,500 | 20,000 Directiun)
. 08 1 70 1130 | 100 | 250 | 320 | 410 | s10 | 600 | o0 | 435 80

| 2 315 650

i 3 275 650

i 4 270 625

_' 5 35 80 | 135 | 195 | 265 | 330 | 430 [ 480 | €25 | 370 35
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& Nut & not have wax jubricant (Carbowax Polyethylane Glycol 3350) applied.
b EM Corporation EM-8256 is an alrcured, bonded sokd fiim lubricant formulated with molybdenum disulfide n a resin binder.
Fol Pru Incorporaled C-601-S wbricant s a pasie containing 50% synthetic graphile and 50% petolatum formulaiad v meet MIL-T-5544,
Tha C-601-5 lubrican! was applied over the EM-6256 lubricant. Both lubricants wore applied o tha threads of the boll and nut.
© NAS1308-10 Bolt: Avecage shank diamneer — 0.4987 in., average coating thickness - 0.00041 in.
47FLW-B20 nul; Average coating thickness — 0.00040 in., average coating and EM-6256 thickneas -- 0.00064 In,
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TABLE A-99. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR VD
ALUMINUM-COATED NUT LUBRICANT WITH Et4 CORPORATION EM-8256 AND
THEN BOTH PARTS LUBRICATED WITH FEL -PRQ 'NCORPORATED C631-S.

1
Terguo Os 0t (ln & | Ruaniag
Rusaing ; ' Greatawey = Vergue
Test  |Cycle| Yorwos Bol Lest (B, gty
No b No. |{m-ib CW - y - —~r ; - Y — ., ctw
Dusclion) {2500 5,960 7,500 16.00¢ 2880 15980 17,006 10.088 Daction;
) 3 AR S 5
2 { w08 . &K
: E: ::
4 £ b
5 35 80 Tl ;s Fosoe Poaes oaes T osTC 398 &

& KUt dd 0ot have war e ! Cardowas Poyelrene GAros. 350, appsed
b EM Corporsuon EM-8256 B AF & CWOC DONGAS RO I ADACAS S hidind Wi oK BOUNL™ SN0 ¢ 8 WU Do
Foi-Pro incorpo-alec C 401 S LG B 8 DS % OB 3% I 8758 BC TN JOUTMIAT K iaaed W e ML T S04
The C-801 S WHncan: wan 3gpeed over e Eh 623 Livcan BOF A DORS ww o &, ey K e Fveads 3 P doF BN
€ NASTIOS 120N Avwrage shark e’ - C ¢ilt 0 Svorage (OB ( Pacniets - C 00042 o
CTFLNA0 nut Averuge 0OSDRG Thcaass - C JOGAS ¢ awmrage coad g rd £ 42% hovees - D 00CTI

TABLE A-100. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EM-6285 AND
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torqua On Nut (in.-B} Breakaw F!runnlng
reakaway | Terque
osre | Wo | (nem oW Bott Load () Toraun | (b
Direction) |5 5no) 5.000| 7.600{ 10.000{ 12,500 | 15.000| 47.500{ 20,000] ~ | Direction)
100 1 70 |10 | 160 | 225 | 305 | 370 | 480 | 540 | 625 | 370 65
2 280 §25
a 270 600
4 270 600
5 35 80 [ 140 | 200 | 265 | 345 [ 415 | 500 | 600 | 345 a0

a HNul did not have wax lubricant (Carbowax Polyethylene Glycol 3350) applied.

b E/M Corporation EM-B6286 Is an air-cured, bonded solid fim ubrican! formulated with motybdenum disuifide in a resin bindar.
Fel-Pro Incorporakd C-801-S lubxicant is a pasie oontalning 50% synthetic graphile and 50% petiolatum formwiated o meet MIL-T-5544.
The C-€01-S lubricant was appliod over the EM-6286 lubricant. Both ubricanis ware apphed o tha thieads of the boll and nut.

¢ NAS1308-10 boll. Average shank diameler — 0.4986 0., average coating thicknass — 0.00039 In.

47FLW-820 nul- Average coawng thickness ~ 0 00043 In., awrage coating and EM-6286 thicknaess - 0.00128 in.




TABLE A-101. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND FOR IVD
ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EM-6286 AND
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-5.

. Yorque On Nusi (In.-id) Running :
: Running \
! Breaiaw Torque
y Tt |Cyele} TYorque Belt Leai (1b) Torqua | | (inlb,
| Noabe Ne. (‘ﬁ."h, cw (ll.-lh) cow
| Birection) {2 50a| 5,000{ 7,500{ 10,000( 12,500 | 15,900{ 17,500 | 20,000 Dirsction)
| 101 1 110 {165 | 220 | 280 | 335 | 390 | 475 | s60 | 675 | 295 110
” 2 280 625
: u :
5 50 {90 {150 {220| 200 | 380 | 425 | st0 | 625 | 360 0

a Nut did not have wax lubnicant (Carbowax Po¥ethylene Glycol 3350) appliod.

b EM Corporation EM-626S is an alrcured, bonded solid lim lubrcant formuated with molybdenum disuthds In s resin birder.
Fol-Pro Incorporated C-601-5 bricant & a pasi containing 50% synthelic graphie and 50% petrolatum formulated W meet M'L-T-5544.
The C-801-S lubncant was appiad aver the Ei-6286 lubricant. Both lbricanis were spplied o the threads of the bolt and nut.

€ NAS1303-10 bolt Average shank diamater - 0.4885 in., average coating thickness — 0.00035 in.

A7FLW-820 nut  Average coating thickness - 0.00046 in., aveiage coating and EM-6286 thickness — 0.00150 in.
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! APPENDIX B
i
1 I TORQUE-TENSION DATA FOR ALC WHEEL TIE-BOLTS
i ‘ FINISHED WITH IYD ALUMINUM OR CADMIUM AND
i i I LUBRICATED W]TH MIL-T-5544 GRAPHITE-PETROLATUM
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NUT LUBRICATED WITH FEL-PRO iINCORPORATED C-601-S.

TABLE B-1. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

Torqus On Rut (in.-1b) Rutining
s Runnlng
: Sreakaway | Torgqus
e | u::‘!'g"gw BoR Lead (1b) Torqus | (in.-tb,
Diraction) (in.-1) cow
500 1.000 1,500 1,800 2,100 Direction)
. 1 1 185 8,100 17,770 27.530 31,520 36,340 1,550 110
¥ 2 37,460
‘ 3 37,070
4 4 37.280
]‘ 5 140 11,120 21,130 30,250 33,810 38,280 1,500 100
| 6 42,150
} 7 43,190
8 43,820
. 9 44,560
| 10 45110
I 11 45,530
: 12 46970
| 138 46,840
! 14 45100
i 15 130 12,500 24,070 34,260 39,480 410 1,400 100
|

a Nut was supplied with & wax lubricant (Carbpwax Poiyathylene Glycol 3350) upplied.

b Fel-Pro Incorporated C-601-S lubricant is a paste containing 50% synthetic graphiw and 50% petrolatum fonnuixied © meet
MIL-T-5544. The C-601-S lubrican! was applied to the threads of the bol! and nut.
€ NAS632-18. Average shank diameter - 0.7436 in., average plating thickness — 0.00038 in.
47FLW-1216 nut: Average plsling thickness - 0.00043 in.

NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

TABLE B-2. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

PO S S

176

a Nut was supplied with a wax lubrican! (Carbowax Polyethylene Glycol 3350) applied.

b Fel-Pro Incorporated C-601-S kibricant is a paste containing 50% synthetic graphile and 50% petrolatum formulated 1 meet
MIL-T-5544. The C-601-S lubrican! was applied 1o the threxds of the bolt and nut
¢ NAS632-18: Average shank diamaler — 0.7482 in., svera,
47FLW-1216 nul: Average plating thickness - 0.00041 in.

«ating thickness — 0.00030 in.

: Running Torque Gn Nut (in.-1b) q{unnlnu
| Broakaway | Vorque
i T'l‘?...." le.t (""fglrgtl::w Bolt Load (ib) Tiorq;lb. (::né-\bb,
| Direction} | gpp 1,000 1590 | 1,800 20 | O Dirsction)
i ] LA + .
1 2 1 180 10,970 23,330 33,640 38,110 42,640 1450 -} 160
: 2 41,450
: 3 40,100
4 41,790
X 5 170 9,650 21,720 31,920 36,430 40,940 1,500 180
: © 43510
; 7 42,660
! 8 43,160
} o 42,780
i 10 44 020
. 1 45,730
: 12 44220
. 13 43,700
| 14 42,500
i 15 150 10780 | 21170 | 30740 | 35600 | 41430 | 1450 160
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TABLE B-3. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PROQ INCORPORATED C-601-S.

Runninp Torque On Nut (in.-Ib) - a‘%?:L,:‘
o o, o Lot ) T | ek
Direction) | gap 1,000 | 1500 | 1,880 2,160 Direction)
3 1 190 9770 | 20800 | 30640 | 34590 | 39650 | 1600 | 165
2 39,010
3 40,080
Y 42,990
5 150 11000 | 21420 | 32140 | 26940 | 41760 | 1500 | 185
6 42220
7 40.750
8 42,080
9 41,540
.10 42,00
1 43550
12 279
13 42,430
14 43,660
15 | 150 11050 | 22040 | 32440 | 36380 | 43230 | 1450 170

& Nut was supplied with a wax lubricant (Carqwas Polyethylene Glycol 3350) applied.

b Fel-Pro incomporated C-601-S lubricant is a paste contairing 50% synthelic graphie and 50°% petrolatum kermulated to meet
MIL-T-5544. The C-£01-S lubricant was applied to the tvends of tha it and nut.
© NAS632-18: Awerage shank diameter ~ 0.7483 in., gvarage plating - kokness - 0.00031 in.
47FLW-1216 nut: Avecage plating thickness ~ .060050 in.

TABLE B-4. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLY AND IVD ALUMINUM-

COATED NUT LUBRICATED WiTH FEL-PRO INCORPORATED C-801-8.

a Nut had a wax lubrcant (Carbowax Poltyethylens Glycot 3350) applied.

b Fol-Pro Incorporaled G-801-S ubricant is a pasie containing 50% synthetic graphite and 50% pevolatum formulated © moet
MIL-T-5544. The C-801-S lubricant was applied o the threads af the boit and nut,
¢ NAS632.18; Average shank diameler — 0.7484 in., 8vertgo coating thickness — 0.00035 in.
47FLW-1216 nut; Average ocoating thickness — 6.00035 in.
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Running Teryue Or Bul (I, -b) N qrum,m
. f8d orgque
T e | (lkmf"&w TR Load (1b) ] -{l.:‘m:,b,; (.
Direction) | ggp 1000 | 1500 | 180 | 2,100 Diraction)
‘ 1 270 5920 | 14650 | 23480 | 28000 | 33030 | +1.600 | 260
2 35.200
3 32,680
4 35,340
5 120 10700 | 19620 | 27180 | 204 | 34790 | 1600 | 130
6 35.410
7 37.140
s 36130
9 36,620
10 37170
11 38370
12 39.780
13 38,760
1" 37,820
15 | 110 14210 | 23800 | 31450 | 35700 | 30740 | 1600 | 120
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TABLE B-5. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-85.

Torque On Nut (in.-B)

Running
Ruaning Breskaway | To
rque
T |l s |
: . | tin.-ib, org
Diruction) | ggg 1000 | 1500 | 1800 | 2100 Direttion)
5 1 360 4600 | 14900 | 24490 | 28070 | 22480 | 1700 | 315
2 34,880
3 34,820
4 54,530
5 130 | 10430 | 20160 | zso0s0 | 3tew0 | 35700 | 1800 | 140
6 35,870
7 35060
8 36,860
9 37,580
10 37,080
11 36,970
12 37,570
13 36,720
14 37,020
15 % 13650 | 22520 | 21540 | 3s1s0 | 30210 | 1550 | 100

a Nut hed 8 wax lubrican! (Carbowax Polyathyjene Glycol 3350) upplied.
b Fel-Pro Incorporaiad C-801.S lubricant is a piste containing 50% synihetic graphiw and 50% petrolatum forrnulated to meot
MIL-T-3544 The C-601-S lubrican! was spplied Lo the threads of the bol! and nut.

© NASS832-18: Average shank dinmeter ~ 0.7480 In., average coaling thickness ~ 0.00041 in.

47FLW-1216 nut: Average coaling thickness ~ 0.00038 in.

TABLE B-6. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND VD ALUMINUM-

COATED NUT LUBRICATED WITH FEL-PRO INCORPQORATED C-601-S.

Running Torutn Ot (n ) Breakeway qrt;r;::‘n.g
r;:".,.‘. C;:'.- (mr::s?;w Bolt Load (Ib) am;,:) ‘2‘5‘&?'
. n.-
Direction) {  ypg 1,000 1,500 | 1,800 2,100 Dirsction)
6 1 320 5340 | 17420 | 27580 | 31,940 | 35890 | 1.500 330
2 35730
3 34010
p 35'850
5 130 3360 | 18830 | 27830 | 31400 | 36030 | 1,50 120
6 36990
7 36.280
8 35850
v 36.740
10 36,200
11 36.260
12 36,360
13 36640
14 35800
15 | 100 11760 | 20560 | 28640 | 31650 { 35460 | 1,850 100

4 Nut was supplied with a wax lubricant (Carbowax Polysthylene Glycol 3350) apglied.

b Fel-Pro incorporated ©-601-S lubrikant is & pasle corlaining 50'% synihetic graphile and 30% petrolatum bamulated b meet
MIL-T-5544. The C-801-5 lubrican! was applied 1o the threads of the tolt and nuL

¢ NASB832-18: Averape shank diameler - 0.7482 in., aversge coating thicknese — 0.00038 in.

47TFLW.1218 nut: Aversge coating thickness — 0.00036 in.
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TABLE B-7. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO iNCORPORATED C-601-S.

Running Torgue On Nut (in.-1b) Braskavay !}unulng
res orque
e || gl tor i T |
Dirsction) | ggp 1000 | 1600 | 1800 | 2,00 Direcilon}
7 1| 30 | 7650 | t1ses0 | 28430 | a3z2ss0 | a3sg20 | 1508 | 220
2 43779
3 43.160
4 42,170
5 | 140 | 1w3s0 | 20770 | st400 | 359050 | 42930 | 1400 | 130
5 43.200
7 44,010
8 45,680
9 46,090
10 45,250
1 42,860
12 : 42990
13 43320
14 43,360
15 | 100 | 13200 | 23500 | 34190 | 38820 | 4470 | 1400 | 130

@ Nut was supplied with a wax lubricant (Carbowax Polyethylene Glycol 3350) applied.
b Fel-Pro incorporaled C-601-5 iubricant is a paste conlaining 50% synthetic graphite and 50% petrolatum formulated o mee!
MIL-T-5544. The C-501-S lubricant was applied to the threads of the bolt and nut.
€ NASE32-18. Average shank diamelaer — 0.7485 in,, averags coating thickness — 0.00041 in.
A7FLW-1216 nut: Average plating thicknass ~ 0.00030 in.

TABLE B-8. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WiTH FEL-PRO INCORPCRATED C-601-8.

Running Torqua On Wit (in.<Ib) F!runnlng
reckaws arque
Tost Cycle | Torgue Bolt Load (1b) Yorquo | (inh,
NO.'-'-' NO. (lq.'lb! cw (ln 'lh) ccw
Direction) | ggp 1000 | 1500 | 1800 | 200 Diraction)
8 1 260 6930 | 18630 | 30320 | 35370 | 42110 | 1450 | 310
2 43,250
3 42,360
4 43,080
5 180 10250 | 21,750 | 32130 | 37650 | 43360 | 1450 | 180
8 43,480
7 42,550
8 42,670
9 43,540
10 41,650
11 43910
12 42,960
13 43,420
14 44,680
15 | 135 14090 | 24420 | 33850 | 38450 | 44160 | 1450 | 140

a Nut was supplied with a wax ubrican! (Carbowax Polyethylane Glycol 3350) applied.
b Fol-Pro Incorporatod C-601-5 lubricant is a pasie containing 50% synthetic graphiw and 50% perolatum formwlated % mest
MIL-T-5544. The C501-S lubricant was applied to the threads of the boit and nut
¢ NAS632-18; Average shank dlarmneter — 0.7482 in., average coaling thickness — 0.00039 in,
47FLW-1216 nut: Average plating thickneas - 0.00039 in.
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TABLE B-9. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WiTH FEL-PRO INCORPORATED C-807-8.

Running Torque On Nut (ia.-ik) Braskawey l‘unnlng
e erque
els ] Terque
THosne |t | gmin. ew Sot Lead (i) eraus (4,
Direction) | gap 1000 | 1500 | 1800 | 2,900 Directicn)
0 1 280 8200 | 20420 | 30810 | 34700 | 3a900 | 1450 | 310
? 40750
3 42,090
y 42140
5 140 | 10200 | 20500 | 31320 | 35430 | 40800 | 1400 | 180
6 43630
7 47290
8 44760
9 4770
10 42,960
1 42300
12 42330
13 41,980
14 42,960
151 10 | 13s10 | 23470 | 32560 | 3v300 | 43200 | va400 | 130

& Nut was suppiied with 8 wax lubricant (Cardowax Polysthylens Giyco! 3350) applied.
b Fel-Pro incorporated C-801-8 lubricant is 8 paste coraining 50% syninelic graphite and 50% pevolatum formulsied to mest
MIL-T-5544. Tha C-€01-S kubricant was appiied to the tweads of the boll and nut.
€ NAS632-18: Awerage shank diameter — 0.7450 in., average ooating thickness — 0.00038 in.
&YFLW-1210 nut. Average plating tiickness — 0.00042 in.

TABLE B-10. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLYT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITK E/M CORPORATION EVERLUBE 1346 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-8,

Running Torque On Nut (in.~ih) Breskasay nrnmmg
T:‘:.'“ C'y‘:l.l (Il{gm?:ﬂ s Solt Load {1b) Torqus (In.-18,
Dirsction} N {Ie.-5) | CCW
600 1,000 1,500 1,800 2,100 Direclion)
10 1 370 2,760 4,310 23,380 27,600 31,850 1,700 430
2 37,630
3 36,590
4 37,040
5 176 12,170 22,580 30,530 34,520 38,920 1,600 180
6 36,900
7 36,520
8 36,310
9 36,670
1 36,820
11 36,280
12 35,870
13 35,760
14 34,900
15 30 8,960 17,640 25430 28,860 33,840 1,600 150

& Nut did not have a wax lubdcant (Carbowax Polyethylene Glycol 3350) appled.

b E/M Comoration Everiube 1345 s an alr-cured, bondad sold Alm lubrcant formulated with moltybdenum diguificde in a resin binder
spocifically for high temperature applications and antiselze capabilitios. Fel-Pro I orporated C-601-S lubricant s & paste containing 5%
synthelic graphite and 50% potolatum formulaled o mes! MIL-T-5544, The C-601-S lubrican! was appied over the Everiube 1348
lbricant o the threads of tha nui and 1 the threads of the IVD sluminum-coated boii.

¢ MAS632-18: Average shank diameter — 0.7483 In,, average coaling thicknass ~ 0.00041 in.

ATFLW-1218 nut: Average costing thickries ~ 0.00038 in., average coakng an Evoriube 1346 thickness — OOOOG?In
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TABLE B-11. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
4 COATED NUT LUBRICATED WITH E'M CORPCRATION EM-6256 AND THEN BOTH
o I PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.
&
N Torque On Kul (in.-ib) Running
Sunning Breakaw T
ay| Torgue
o I Tost  [Cyclet Torque 8ol Laad (1b) Torque | (in.-1b,
i N“." 8 ND. (!ﬂ."h. cw (IE.-lll) CCW
Y Direction) | pog 1000 | 1500 | v8o0 2,100 Dlrection)
l 11 1 340 3,050 13,170 24470 29,200 36,840 1,600 an
; 2 37,080
3 37,320
_ 4 39,910
5 130 7,690 17,050 24910 28,750 33,6% 1.550 150
g 6 35,950
7 36,310
‘ 8 35,510
i 9 35,040
) 10 36,700
' 11 37,480
12 37,010
. 13 36,890
. 0o 38,670
C 18 100 10,270 21,220 29,530 33,060 3r.210 1,600 100
- a NUt 6id nol have & wax lubricant (Carbowax Polyethylene Glycol 3350) appied.
! b EM Corporation EM-6256 is a bended solid film lubricant formuiaied with molybdenum disulfide in a resin binder o produce
R forque-tension chasactoristics simitar 10 cadmiurn stectroplate plus wax. Fel-Pro incorporsled C-601-S lubncant is & paste conlaining
I 50% synihetic graphite &nd 50% petrolatum formulated o moeel MIL-T-5544. The C-801-5 lubricant wis appiied over the EM-6256
lubricant on the thveads of the nut axd © the threads of the VD sluminum-coated boit.
L ¢ NASS32-18 bolt: Averege shank dsmelst ~ 0.7482 in., average coating thickness ~ 0.0003¢ In.
i 47FLW-1216 nut: Average coating thickness —~ 0.0004 1 in., average couting and EM-6256 thicknoss ~ 0.00081 in.
i TABLE B-12. TORQUE-TENSION DATA FOR (VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
sl COATED NUT LUBRICATED WITH E/M CORPORATION EM-6285 AND THEN BOTH

PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-8,

Running Torque On Nut (In.-Ib) " Fjrunnlng
Broakawsy | Torque
T || e, B Lod () o | (i,
- Direction) | gag s.000 | 1800 | 1800 | 2900 Dirsciion)
- 12 1 330 5,250 16,810 27830 | 32370 40,070 1,600 320
: ‘ 2 39,160
A 3 38,580
S 4 38,940
L 5 170 10,550 20,810 30200 | 34250 39,350 1,550 150
, 6 39,850
‘ 7 39,600
‘ 8 38,300
9 39,450
o 10 30,640
L 1 39,99
12 39,980
] 13 40,340
. 14 39,540
! 15 120 12510 23890 | 32160 | 36,470 40,640 1,500 110

a Nut did not have a wax lubricant (Carbewax Polysthylene Glycol 3350) applied.

b EM Corporation EM-6286 ks a bonded solid film lubricant formulaled with graphite n & resin binder. Fel-Pro Incorporaled C-801-8
ubricant is a paste contalning 50% synthatic graphite and 50% potolatum formulaied 1o mee! MIL-T-3544. The C-801-S ubricant ws :
applied over tha EM-6286 lubricant on the threads of tha hul and 1o the threads of the VD aluminum-coated bolt.

¢ NAS632-18 boil: Average shank diameter - 0.7485 in., average couling thicknass — 0.00042 in,

47FLW-1218 nut: Average coating thickness — 0.00044 in., average coaling and EM-62686 thickness - 0.00096 in.
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! TABLE 8-13. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
. I NUY LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Yorquas On Nut (ja.-ib} Rusnring
Tont Cycie "T".'::L",‘ Bresksusy | Torque
4 Nosde | No. | (in.-1b, W Beh Lead (16) :l:"ffb') (in,
‘ Direction) | 459 700 1000 | 1300 | 4,62 Diraction)
13 1 100 7,340 14,850 23,300 30,830 38,550 1.000 100
| 2 35,970
[ 3 33,980
| 4 33,250
‘f 5 &0 8,050 14,530 22,340 26,010 a3 410 1,025 5
. 6 33,260
' 7 34,830
! 8 34,380
o1 9 33,860
10 34,180
11 d2.22C
12 31,730
g 13 32.900
L 1 31,680
; 15 8 8,770 14,210 21,010 27.020 31,510 1,050 80
@ Nut was supplied with & wax lubricant (Carbowax Polyethylene Gilycol 3250) appiied.
b Fel-Pro Incorporaled C-804-S ubricant is & paste centaining 50% synthetic graphie and 50% petrolatym forrrwiated o mes!

MIL-T-5544 The C-801-$ lubricant was appliad 10 the threads of the boti and nut
¢ GY1810-33 boit: Avorags shank damsler - 0.6236 in,, averugo plating thickness — £.00040 in.
47TFLW-1018 nul: Average plating thickness — 0.00037 in.

TABLE B-14. TORQUE-TERSWN DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Torque On Nut (in.-fb) Running
Running
Braakaw. Torque
Tost Cycle | Torgque Bolt Lead (Ib) Torqua” (!nrglb,
ND.‘J" NO. (il‘l.-lh, cw (ln 'lh) ecw
Direction) | 455 700 1,000 | 300 | 1,820 Direction)

. 14 1 115 7.450 14,650 23,070 27,780 34,430 975 110
. 2 32,450
- 3 32,740
4 33,990

\ 5 80 7.900 13,810 22100 28,370 34,310 1,000 &5
l 6 34,480
- 7 34,290
! ] 34,480
g 9 33,770
a 10 32,030
| 11 31,180
; 12 31,030
; 13 32480
§ 14 31,570

i 15 70 8,690 14,220 21,060 25,300 32,040 1,050 70

& Nut was supplied with & wax lubricant (Carbowax Polyethylene Glyool 3350) applied.
b Fel-Pro hcorporsied C-601-S kubrcant ks a paste conlalning S0% synthelic graphite and 50% perolatum formulated 1o mest
MIL-T-5544. The C-801-5 lixican! ws applied W the threads of the boHt and nut.
© GY1810-36 bolt: Averege shank diamater — 0.6238 In | avertgu plating thickness ~ 0.00044 W,
47FLW-1018 nut: Average plating thickness — 0.00038 in.
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TABLE B-15. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Running Torgus On Nut (la,-ib) lTunninn
Teod . |Gpels) Torqus Boll Lexd () gl ey
fosds  No. | (in.-1b,CW (ln.-1) Cow
Directicn) 400 700 1,908 1,300 1,820 Dirsclion)
15 1 115 7480 14,180 21,480 26,550 33,190 1,000 95
2 32,660
3 32920
4 35,040
5 80 8490 14,100 22,040 28,920 34,970 1,080 ]
6 34,430
7 34,620
8 34570
9 35440
10 36,030
1" 85320
12 35610
13 35,780
14 35,120
15 70 9.980 15,160 22,550 28,360 34,800 1.050 75

a Nut was supplied with a wax lubricant (Carbowax Polysthylene Gilyoo! 3350) applied.

b FelPro incorporaied C-601-5 kibricant is a paste contalning 50% synthetic graphie and 50% pevolaum formuliied 1o mast
MIL-T-5544. The C-801-S lubricant was appliad to the threads of the bolt and nut.
¢ GY1810-36 boil: Averags shank diamater — 0.6237 In., average plating thickness ~ 0.00040 i
47FLW-1018 nut: Average plating thickness ~0.00038 in.

TABLE B-16. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Toique On Nut (In.-1b} bresta r'ct.mning
reuRwWEY orque
T».l:t.v-'-' o u.T.‘iR‘f'Ew Boli L ead (Ib) ‘T';m;x; (n.
Dirsction) [ 405 700 1000 | 1300 1,620 Dicaction)
16 i 150 5790 | 11670 | tvein | 23430 | 28330 | 1,150 130
2 26,290
3 28,870
4 28.640
5 7 6200 | 12260 | 19800 | 24770 | 20520 | 1.050 75
6 30,520
7 25,240
8 26,570
¢ 27,670
10 27'6%0
11 28,060
12 27,980
13 27,760
14 28,120
15 60 7420 | 13590 | 20020 | 24300 | 28450 | 1.00 60

& Nut was suppliad with & wax kibricant (Carbowax Polyethylens Glyool 2350) applied.

b Fel-Pro Incorporsted C-801-S fubricant is & paste contalning 50% aynihetic graphiw and 50% pavolatum formulsied o moet
MIL-T-5544, The C-801-5 lubricant was applied o the threads of ths bolt & nut.
¢ GY1810-36 boll: Average shank diameler — 0.8233 I, average coaling thickness ~ 0.00036 in.
47FLW-1018 nut: Average costing thickness — 0.00034 .




TABLE B-17. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-5.

Terque On Kut (ia.-Ib) Hunning
Ruaning Breats b
way | Torqus
Test Lo | Syl Tormus Bolt Lead (1b) Vorque | {h.-tb,
Nos.be No. (lﬂ.’lh. cw (iﬂ _m) CoW
Dirction) | g9 700 1000 | 1300 1,820 Dirsction)
17 1 200 3,620 9680 | 16210 | 21,200 | 26980 | 1100 195
2 28,400
3 25.570
4 27400
5 110 6,600 13,110 | 19,000 | 25050 | 27610 | <150 100
6 26,890
7 27410
8 2170
9 20470
10 29,000
1 20710
12 20.050
13 20790
14 20540
15 70 8140 14110 | 20000 | 26830 | 29340 | 1,050 75

a Nut was supplied with 8 wax lbricant (Carbowax Polyethylene Glyco! 3350) applied.

b Fel-Pre Incorporaied C-601-S lubricant is & pasie conlaining 50% synthetic graphlie und 50% perolatum formulaied 1o meot
MIL-T-5544. The C.£01.S lubricant was appliod o the threads of the bolt and nut.
¢ GY1810-36 boil: Average shank dismetsr ~0.6234 in., saversge coeing thickness — 0.00040 in.
&TFLW-1018 nut: Average coating thickness — 0.00037 in.

TABLE B-18. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Torque On Nul (in.-1b) Rurnining
Tos! Cyula "1‘2233‘." Breakawsy | Vorque
Nos.bhe No. | (in.-lb, CW Bolt Load (Ib) Torque {in.-tb,

' {in.-lb) cew
Direction) | 499 00 1,000 | 300 | 1820 Dirsction)

170 3310 8,230 13,200 17,060 1,790 1,050 180
23,850
29.210
30,150
0 9.200 15170 21,100 25,230 29,250 1,400 7%
30,130
29,850
28,770
29,580
20,120
30,540
29,900
20,760
30,320
60 8,100 15370 21,320 25,2%0 30,140 1,100 85

& Nul was supplied with a wax Wt-icant (Carbowax Polyethylana Glyco! 3350) appiied.
b Fel-Pro Incorporated C-601-S b.oricant is a paste containing 50% synthetic graphile and 50% patolatum formulated W meat
MIL-T-5544, The C-601-S lubricant was applied 10 he threads of the boll and nut.
¢ GY1810-36 boll: Avernge shank diarmneter - 0.6231 in., average coaling thickness — 0.00038 .
A7FLW-1018 nut: Avarage plating thickness -- 0.0003¢ in.
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TAELE B-18. TORQUE-TENSICON DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torgua On Nut {in.-) Bre ﬂrmmlng
a orque
e |90 5L bt |
Birsction) (n-b) | CCW
400 700 1,800 1,300 1.820 Dirsction)
19 1 70 10,050 18,050 27,160 35,810 40,320 650 &
2 37,810
3 37470
4 38,290
8§ 80 9,640 16,330 24,580 33,110 38,140 1,050 80
€ 37,680
7 37120
8 37,050
) 37,260
10 37,270
11 36,550
12 36,960
13 37,640
14 37,250
15 45 11,000 17,200 24,530 31,780 36,590 1,050 50

& Nut was supplied with & wax iudricant (CarbEwax Polyethylene Glycol 3350) applied.
b Fel-Pro incorporaled C-601-S lubricant is a paste containing 50% synithatic graphite and 50% perolatun formulated to mee!
MIL-T-5544. The C-601-S lubricant was applied w0 the threads of the boll and nut

¢ GY1810-38 bult: Average shank daimeter — 0.6234 in., average coating thicknass — 0.00035 in.

47FLW-1018 nut. Avertge plating hickness — 0.00040 in.

TABLE B-20, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nis (In.-Ib) 5 l!runnlng
Nlhﬂw drque
T e | CCte a:.ffgf’?;w BoM Load (tb) I.‘:“‘.“:, (ino,
Direction) | g9 700 1000 | 1,300 1,620 Diraction)
20 1 70 8210 | 14960 | 23900 | 32060 | 37.250 | 1,000 75
2 34,640
3 33490
P 33,630
5 60 0120 | 14320 | 21800 | 20480 | 34820 | 1,050 60
H 35,010
7 34740
2 36.620
9 35.980
10 35.670
1 36.440
12 36.580
13 36.870
14 36,050
151 60 9,090 16450 | 2423c | 31250 | 36580 | 1,050

& Nut was supplied with a wax lubrcant (Carbowax Potyethylene Ghycol 3350) applied.
b Fal-Pro incorporaled C-801-S lubricant is a paste confaining 50% synthetic graphite and 50% perclatum formulated © meet
MIL-T-5544. The C-801-S udricant was applied 10 he threads of the bok ond rut.

¢ GY1810-38 bolt: Average shank diameder - 0.6231 in., average coating hickneas - 0.00037 in.

ATFLW-1018 nut: Average plating thicknees - 0.00041 in.
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TABLE B-21. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torgus On Nut (in.-ib) Breakaway R"zr:.;\:ng
 §
vﬁ:’_-.u.. cﬂ:,' (.,If;:?:;w Bolt Lead (Ib) (Tl:mfhl) (g'c'd;b'
Oirection) | 4p 700 1600 | 1,300 1,620 Diraction)
24 1 120 6910 | 14450 | 223%0 | 30880 | a3rg70 | 1.100 130
2 3.250
3 33,420
4 33,130
5 89 8100 | 13800 | 20,880 | 28340 | 33030 | 1.150 85
6 32,410
7 32,580
8 32,760
0 32,030
10 33,060
1 33,810
12 33,760
13 33,490
14 33,630
15 60 9000 | 14610 | 21770 | zos60 | 3360 | 1.100 §5

& NUt was suppiied with 8 wax lubricant (Carbowax Polyothylane Glycol 3350) eppiied.
b Fel-Pro incorporated C-801-8 lubricant is a paste conlaining 50% synthatic graphite and 50% petrolatum formulated 10 meet
MIL-T-5544. The C-801-S lubrican! was applied 10 the threads of the bolt and nuL.
¢ GY1810-38 bolt: Average shank diamsler - 0.8235 in,, average couting thickress — 0.00041 in.
A7FLW-1018 nut: AveraQe plating thickness — 0.00034 in.

TABLE B-22. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND (VD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EVERLUBE 1346 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-8.,

Running Torgue On Nut (in.-b) RTunninp
Brea orque
H .
o (3] S e i
Qirsction) | 4qp 700 1000 | 1,300 1,620 Dirsclion)
22 1 260 3320 | 19930 | 18750 | 261450 | 31260 | 1,150 220
2 20100
3 29,340
4 24,960
5 95 70 | 12750 | 18410 | 23700 | 27300 | 1,200 %0
6 26770
7 28,020
8 29,060
9 28,690
10 28,840
1 28,330
12 27,920
13 28.240
14 27950
15 80 6810 | 13010 | 18570 | 24480 | 28400 | 1.200 65

a Nut did not have a wax ubrcant (Carbowax Polyel ylend Glycol 3350) appled.

b E/M Corporation Evetlube 1346 Is an alr-cured, bonded solid filim lubricant formulated with molybdenum disulfide in & resin binder
specifically for high temperature applications and anliselze capabilities. Fel-Pro incorporated C-801-8 lubricant is 8 paste conlaining 50%
synthelic graphile and 50% pevolatun: formulalod to meat MIl-T-5544. The C-801-S lubricant was appliod over the Everubs 1348
lubricant on the throads of the nut wd 1o the threads of the IVD aluminum-coaled batt. .

t GY1810-36 bot: Average shank Jiameler - 0.8231 in., average coating thickness - 0.00041 in, *

47FLW-1018 nut: Average coaling thickness ~ 0.00037 in., avacape coaling and Everlube 1346 thickness — £.00081 i,
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TABLE B-23. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EVERLUBE 1345 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

£

NN

Running Tovijus On Kui (in.-1b) Running
Sraskewsy | Tergue
: Test . Cycls | Torque Boit Luad (Ib) Yerque {in.-b,
Nobbe [T (Iﬂ."h. cw (I.."h) cew
s _4 Dirsction) [ 4np 70 1000 | 1300 | 1820 Direction)
“ | 23 1 180 8,370 15,340 21,700 29,30 35,960 1,150 200
$ 2 35130
3 35,190
4 4 U510
5 &0 8,600 16,500 23,040 28,060 33,650 1,250 80
6 31,830
L 7 30,890
. 8 0,250
i § 20,710
) 10 29630
11 30,820
_ﬂ 12 20,380
- 13 26,720
3 14 29,200
4 15 85 9,670 180 | 2270 | 28270 | 31580 | 1200 60

&« Nut did rot have a wax lubricant (Carbowax Polyethylene Glycol 3350) appled.

b EM Corporabon Everlube 1346 is en air-cured, bonded sofid Aim lubricant formuisted with molybdenum digulfide in @ resin binder
specifically for high temperaturs appications and gnticeze capabilites. Fer-Pro incorporated C-601-§ libricant is @ pas containing 50%
synthetic graphite and 50% petolatum fonnulated o maet MIL-T-5544. The C£601-§ k. ..ant wax applied over tha Everiubs 1348
trican! on the threacs of the nut and 1o the tireads of the VD aluminum-coated boll

¢ GY1810-36 bolt: Average shank diamelar - 0.6231 in,, average coatng tickness - 0.00033 in.

47FLW-1018 nut Average couling thickness ~ 0.00034 in., sversge cosbng and Everiube 1346 thicknsss - 0.00082 in.

TABLE B-24, TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E'M CORPORATION EM-6256 AND THEN BOTH
PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Mut (in.-ib) Break Rrunnlng
reaxawa orqua
Test | [Oyclef Torgus BoM Luad (1t Toraus | Ginlb,
Nosde | No. | (in.-ib,CW (in.-1b) CoW
Girection) | 455 700 1000 | 1300 | 9.620 Birsction)
24 1 180 4,580 13,010 20,880 29,8310 36,100 1,100 225
2 34,920
: 3 33,700
0 4 34,130
[ ) 80 £.840 15,500 21310 27,310 32,540 1,150 100
! 6 33,620
| 7 31,090
Bl 8 31,780
i $ 31.800
. 10 31,570
; 1 20,930
| 12 30,130
. 13 30,420
i 14 29,520
i 15 5% 10,730 16,590 22,320 28,140 30,450 1.050 €5
a Nut did net have & wax lubricant (Carbowax Polyathylena Glycol 3350) spplied.
b EM Corporation EM-6256 is & bonded solid fiim lubricant formulated with molybdenum disutfide in a resin binder o produce

omque-tension characteristics similar o cadmium electroplale plus wax. Fel-Pro incorporated C-801-S lubiricant s a paste conlaining
% synlhetic graphite end 50% petrolatum formulated 1o meet MIL-T-5544. The C-801-5 lubricani was applied over the EM-8258
lubricant on the threads of the nul and 1o the threads of the IVD aiuminum-coated bott.
¢ GY1B810-36 bolt. Average shank diameter - 0.6231 In., &verage coating thickness ~ 0.00040 in,
ATFLW-1018 nut: Average costing thickness — 0.00038 in., avecrage coshng end EM 4258 thickness — 0.00053 in.

otk

—_,—

187




e

;

T NG S

ra..

TABLE B-25. TORQUE-TESION TATA FOR VD ALUM!?UM-COATED BOLT AND iVD ALUMINUM.
COATED NUT LUBRICATED WITH E/M CCRPORATION EM-6256 AND THEN BOTH
PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Aumning Tergue On Nut {in.-4bj Runring
Tost Cycie | Torque Bot Lsad (1} lr;mmv Tmrho
Modde | No. | (in.-lb, CW ] (!:rt_a;xb-) ac'éh .
Direstion) 400 700 1,000 1,300 1.620 Dirsction)
25 1 20 5,560 11,850 | 20520 | 26470 33,710 1,200 180
2 26,9%
3 20,950
4 32,530
5 85 8,540 15,640 21,180 26,840 81,580 1200 %
6 30,780
7 03870
‘ 51260
10 30,730
1 31,480
12 31,770
13 31,580
14 31,1190
15 55 8,4% 15,510 20,960 26,660 30,850 1,200 65

& Nut did nothave a wex lubricant (Carbowsx Polysthylene Glycol 3350) eppled.

b EM Corporation EM-6256 is & bonded wolid film lubrcant formulated with motybaenum disulfide in 8 resin binder 8 produce
forque-wension chamcteristics similar 10 cagmiuri slectroplate plus wax. Fel-Pro incorporated C-601-8 lubricant is a pagte contrining
50% synthetic graphila and 50% petrolatum formuiated to meat MIL-T-5544. The C-601-S lubricant was appid over the EM-6256
lubricant on the threads of the nul and  the threads of the VD aluminum-coated hott

¢ GY1810-36 boit: Average shank diamester = 0.6230 i, averaps coaling thickness ~ 0.00040 in.

ATFLW-1018 nut: Averaps coating thickness - 0.00036 in., average coating and EM £256 thicknass = 0.00045 in.

TABLE B-26. TORQUE-TENSION DATA FCR VD ALUMINUM-COATED BOLYT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/'M CORPORATION EM-5286 AND THEN BOTH
PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torgue On Nut {in.db) Break I}L;r:::‘n‘g
raakawpy
Warae [ Vo | gnor ow Bot Lunt ) Toraws | (1
Direction; 400 100 1,000 1,300 1.620 Direction)
28 1 180 5,880 13,570 21,990 29,680 31,820 1,000 200
2 29,550 .
3 30,430
4 28,830
5 & 8,700 15,230 21,040 26,830 28,570 1,050 10
6 28,840
7 29,810
8 28,100
8 29,340
10 27870
1" 27,040
12 27,630
13 27,620
14 26,440
15 75 7,020 12,660 18,620 24430 26,290 1,900 80

& Nutdid nothave & wax lubricant (Cerbowax P !yethyne Glycol 3350) applied.

b EM Corporation EM-6266 is & borded solid film lubricant formuiaied with graphite in a resin binder. Fek-Pro Incorporated C-661-8
Wbricant is & pasle contining 50% synthetc graphile and 50% petrolatum formulated o moet MIL-T-5544. The C-601-S ubricant was
applied ovar the EM-6286 lubrican! on the threads of the nut and t the theeads of the VD aluminum-cotted bolt

¢ GY1810-36 bolt: Average shank diameter - 0.6232 in., sverage coating thickness - 0 00040 in.

47FLW-1018 nut: Average coating thichness —0 00032 in., everage coating and EM-6286 thicknoss - 0.00065 in.
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TABLE B-27. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286 AND THEN BOTH
PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Torque Oa Nut {in.-30) Running
Running Breakaway| Torgue
Test . 1Oyl Toroue 8ok Load (1) Torque | (in.-t,
Nosds | No. | {in.-ib, CW {in.-) cow
» ] 190 7,090 16,110 24,010 31,560 31310 1150 20
2 33,230
3 32,820
4 30,440
5 100 8,370 13,080 18,570 25,150 20,480 1,200 85
6 32,200
7 31810
8 20,820
-9 30,540
10 30,100
11 30,500
12 31,120
13 30,720
14 31,220
15 75 2,800 14,500 20,330 26,360 30.490 1,200 0

a Nut dd not have & wax lubricant (Carbowax Polyethylene Glyool 3350) appled.

b E/V Corparation EM-8265 is & bonded soiid film lubricant formulaled with graphito in a resin binder. Fel-Pro Incorporated C-801-8
Whricant is & pasis coniaining 50% syrithelic graphiia and 50% pevolatum formulated to meet MIL-T-5544. The C-601-S kubricsr! was
appliod over the EM-8288 lubricant on the tireads of the nut and  the threads of the IVD aluminum-coated bokt.

© GY1810-36 bolt: Average shank dinmeler — 0.6233 in., sverage coating thickness — 0.00034 in.

47FLW-1016 nut: Average coating thicknaag —0.00034 in., average coating and EM-8286 thickneas - 0.00105 in.

TABLE B-28. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WIiTH £/M CORPORATION EVERLUBE 1346 AND
FEL-PRO INCORPORATED C-601-5.

Running Torque On Hut (in.4b) Running
Broakaway | Torgue
e || T Bon Lo 1) o | (ol
Diraction) @in-tb) | CCW
400 700 1,000 1,300 1,620 Dlrection)
28 1 85 9,130 15,960 23,030 30,420 36,190 1,050 80
2 30,010
3 25,650
4 25,760
5 () 7,660 13,370 18,140 22,670 25,820 1,100 &0
5 25,870
7 26,160
8 26840
) 26,880
10 21070
11 26,680
12 28,000
13 27,540
14 27,6%
15 <} 8450 14230 19,650 24,590 27,080 1,150 X

a Nutdid not have & wax lutricant (Carbowax Polysthylsne Giycol 3350) appied. .

b EM Corporaton Everduba 1346 is an ait-cured, bonded solid Aim udrican lonmrieted with malybdenum disulide in & resin binder
specifically foi high tampotature applications and antiseize capabilijet. Fel-Pro incomoratad C-601-S lutricunt is & pasts containing 5%
synthetic graphite and 50% petrolatum formulawd to mest MIL-T-5544, The C-601-S kibricant wis applied ovar 4.0 Tverube 4346
lubricant Both lubricants were appied to the threads of the bolt and nut

¢ GY1810-36 bolt. Average shenk diarnelar — 0.6235 in., average coating thickness - 0.00036 in,, average shank damelar with
Everiubg 1346 - 0.6244 in., average coating and Everlube 1346 thicknats — 0.00057 in.

ATFLW-1018 nut: Avarage coating tiickness - 0 00031 in., everage coating and Everube 1346 thickr.wes —0.000686 in.
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TABLE B-29. TORQUE-TENSION DATA FOR IVD ALUMINUK-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256 AND FEL-PRO
INCORPORATED C-601-S.
Yorque On Nut {in.-Ib) Running I
Runnlap T
KT A P Bolt Lusd (1) e | Onib,
! . ~b, {in.-d) ciw
Diraction) 400 700 1,000 1,300 1,820 Direction} I
_ % 1 17 1,150 15,260 24,730 34,010 30,100 1,000 188
2 35,820
l 3 xN920
4 31,080
5 ] 8,200 14,450 20,090 25,520 20,080 1,150 100 I
6 27,690
7 27340
8 28 840
] 26,080 l
10 29,010
1 2,140
12 28,740
13 28430
" 28610
15 80 8,100 14,080 19,370 24970 27,940 1,150 (]

& Nui did not have u wex tubricant (Carbowax Polyethylens Glycol 3350) applied.

b EM Comporation EM-6286 i3 a bonded soiid film lubncant formuleled with molybdenum disuliide in & resin binder 1o prodsce
brqua-tansion characisristics similar 0 cadmium slectroplas plus wax. Fel-Pro incorporated C-601-5 lubricant is & paste conmining
B0% synthetic graphite and 50% petrolatum brmuated 10 mest MIL-T-5544. The C-601-S lubricant was appliad gver the EME206
ubrcant Both lubricants were applied 10 the threads of the bolt and nut

¢ GY1F10-36 boit Average shank dameter = 0.6233 in,, average coadng thickneis = 0.00034 in, average shank diaimewr with
EM-6256 « 0.6237 in,, averngs ccating anc EM-5256 hiciness - 0.00055 in.

47FLW-1018 nut: Average coaling hickness ~ 0.00040 in., average coating and EM-6256 thickness - 0.00051 in.

TABLE B-30. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUM'NUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-5286 AND FEL-PRC

INCORPORATED C-601-S.
Torque On Kut (In.4b) Kuaning
Tesi Cycls ﬂr‘;r:::?lg Boht Losd (ib 'f;lb“' T:‘IQ;J:
Nosds | Ko, |(n.-b, CW (ibj (,:'.‘};‘.') ‘ccw'
Diractian] | o0 700 1000 | 1300 1,420 Dirsction)
30 1 130 8,120 14950 | 23480 | 30880 | 35460 | 1,050 150
2 33840
a 22'350
4 31420
5 65 $,660 15248 | 20700 | 25940 | 30120 | 1,100 7
6 29,330
7 290
8 2840
9 27830
10 28450
1 28.230
12 28,340
13 28]
" . 28.000
151 o | o7 | 15150 | 20m0 | 2503 | 2830 | w10 | w0

& Nut did not have s wax iubricant (Carsowsx Polyethylens Glycol 3350) applied.

b E/M Corporetion EM-6286 is 8 bondad sohd film lubricant formuisied with graphits :n & resin binder. Fdd-Pro Incorporeted C-401-8
lubricant iv 8 pasts containing 50% rynthebc graphils and 50% pavolatum brmulated to mest MIL-T-5544. The C-631-8 ubrican! was
apphed over the EM-6286 kubricant Both lubricants wers applied to the fhreadk of the bolt end nut

¢ GY1810-35 bolt: Average shank diameler - 0.8233 in., average coating thickriess —~ 0.00038 in., tivarage ehuiw Siameler with
EM-6206 - 0.6245 in., averags contng and EM-6286 thickiess ~ 0.00092 in.

47FLW-1018 nut Average coating thickness ~ 0.00033 in., average coating end EM-6286 thickness - 0.00100 in.
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TABLE B-31. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLY AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Terques On Net (in.-) KRunning
Tost , RT""""" Sreskawuy | Torque
AT I ol P Bok Lead (1) Toraaa | (b
Dirsction) | gyo 000 | 1200 | 1560 | 180 Direction)
3i 1 40 13,150 18,700 25,630 30,040 34,840 1,200 20
2 36,540
3 38,120
4 38,420
$ 20 13,560 19,270 26,250 33,180 38,680 1,200 20
6 40,650
7 41,700
8 40,770
9 41,000
10 41,300
1 41,200
12 41,350
13 41,150
14 42100
15 20 14,230 21,260 27,700 37,000 42,750 1,150 15

a itls not known if tha nut had & wax lubrium'(Carbowu Polyethylene Glyoo! 3350) applied.

b Fel-Pro Incorporaied C-801-S iubricant is a paste contzining 50% synthelc graphita and 50% petrolatum formulaied 1o moet
MIL-T-5544. The C-601-S lubricant was uppliad 10 the threads of the bolt and nut.
€ MS514153-09048 bolt: Average shank dameler - 0.3611 in., averape codling ticknoss ~ 0.00048 in.
T9502-018 nut: Avarage plating thicknass - 0.00050 in.

VABLE B-32. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-§.

o ' Running Torque On Nut (in.-Ib) —— %:::H‘.’
Nosss | Nor (ll{?m%w Boki Lead (1b) Torque | (in.-Ib,
Direction) (in.-lo) | CCW
600 050 1,200 1,660 1,850 Dlraction)
32 1 30 13,540 20,170 27,290 33,300 7110 1.300 3
2 37,530
3 38,016
4 40,210
§ 20 16,220 24,200 30,560 38,420 42,750 1,050 20
6 . 44 200
7 44,250
8 44,350
9 44,850
10 45,200
1 47,850
12 49,150
13 47,050
14 . 48,350
15 15 17,010 24510 | 32690 | 41350 | 47.800 50 15

a itis not known If the nut had & wa wbricant (Carbowax Polyethylens Glycol 3350) applied.

b Fel-Pro Incorporated C-801-S lubricant ks a paste containing 50% synthetic graphile and 50% pevolatim formulsied 1o meet
MIL-T-5544. The C-601-S lubricant was applied 1o the thigads of the boli and nut.
€ MST4183-00048 boll: Averags shank dameier ~ 8.5811 in., aversge coatng thickness -- 0.00038 in,
79502-018 nut. Average plating thickness — 0.00047 in.
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TABLE B-33. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Tarqua On N (la.-Bb) Running
Tost oyl nrm::n.' Braukaway | Torqus
Nosds | K. | (in.b, CW Bok Lead (ib) torss | @
Dirsction) | ggg 85 1200 | 580 | 1,880 Dirertion)
33 1 30 14220 | 22160 | 20040 | 35830 | 30800 | 1.250 25
2 39.340
3 30,870
y 40,680
5 15 14900 | 21530 | 28370 | 35040 | 41260 | 1.200 15
H 42100
7 41750
8 41°400
9 40,960
10 40,720
1 42610
12 42,210
13 42360
14 42950
5| 10 16300 | 22510 | 20240 | 36260 | 42510 | 1.200 10

a |tis not known if the nut had & wax lubnicant (Carbowax Poiyethylene Glycol 3350) applied.

b Fel-Pro Incorporated C-601-S lubricant i a pasie conlaining 50% synthatic graphite and 50% peovolatum tormuisted fo mee!
MIL-T-5544. The C-601-S lubrican! wes appiiad 1o the threads of the boll and nut.
¢ MS14163-069048 bolt: Averape shank diametar - 0.3815 in., &verage coating thickness — 0.00072 in,
70502-018 nut. Average plating thickness - 0.00062 in.

TABLE B-34. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUIA-
COATED NUT LUBRICATED W{TH FEL-PRO INCORPORATED C-601-S.

Torque On Nut (in.-Ib) Running
Running Breakswsy | Torque
Tast Cycle | Torque Boh Load (tb) Yorque | (in-Ib
ND-"". No. “n."b. CW (‘“-"b) cc‘w '
Direction} | goo o0 | 1206 | 15660 | 1,880 Direction)

3 1 30 11,910 17,620 22,720 27610 31,330 1,400 25

2 25,040

3 23,540

4 28,150

5 10 11,640 17400 21,340 25210 28,070 4.450 10

6 26,870

7 27,520

] - 28,290

-] £8,780

10 28,580

11 20,140

12 29,210

13 20420

14 29.560

18 [ 12410 17,620 22,380 26,780 29,750 1,400 5

a Nut had & wax ubricant (Carbowax Polyethylens Glycol 3350 appliad.

b Fol-Pro Incorporated C-801-$ lubricant is & paste conlaining 30% synthetk: graphiie and 50% petrolatum formulated o maet
MIL-T-5544. The C-501-S lubricant was applied fo the threads of the bolt and nut
¢ MS14163-09048 bolt: Average shank dameter - 0.5610 in., average coating thicknass — 0.00050 in.
79502-918 nut: Average coating thicknaa — U.00044 in,
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TABLE B-25. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

{
Hotde | No. (in.-{g. cW Solt Load (Ib) {".”_;';) (g't‘.\:?
; Birsction) | ggg 800 | 9200 | 1880 | 1,880 Direction)
r 35 1 40 12220 | 18080 | 25690 | 32180 | 38080 | 1350 | 35
\ 2 33,310
3 30,380
: 4 4 32:300
- 5 15 13410 | 19310 | 24050 | 20440 | 335880 | 1.400 15
| 6 31,240
7 30,410
: 8 30,500
. 9 30,710
‘ 10 30,050
11 20,380
12 28,290
. 13 28,340
: 14 20,090
51 10 13010 | 17630 | 22450 | 26600 | 20810 { 1.400 10

& Nut had & wax lubricant (Carbowax Polyethylene Glyocol 3350) applied.
b Fal-Pro Incorporated C-801-5 lubricant is a paste containing 50% synthelic graphite and 50% perolatum formulated © meet
MIL-T-5544. The C-601-S lubrican! was appiied 10 tie threads of the boit anc nut
¢ MS14163-09048 bolt: Average shank diamatar — 0.5508 in., averags cokling thickness ~ 0.00044 in.
79502-918 nut: Average coating thickness - 0.00045 in.

TABLE B-36. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND (VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

E \ Yarque On Nut {in.-Ib) Running
Running
Breakaw Torque
: Tost ~ |Cycls) TYorous Boh Load (Ib) Yorque ' | (in.-b,
. i Nﬂ..' B No. (h‘.’lh. CW (l“ "'b) ccw
] Dirsction) | gog 200 1200 | 1860 | 1,860 Direction)
i 35 1 30 11,610 17,770 | 24640 | 30960 | 35040 | 1.400 30
2 30,250
_ 3 27,660
4 30,010
B 5 15 13200 | 18,740 | 23,800 2,849 32.260 1,400 15
T 6 31.110
;.1 4 3,057
! 8 20,500
- 9 29,140
o 10 30,760
! 11 30,210
1| 12 30,020
_ 13 29,840
: 14 20.420
i 15 10 11,430 17470 | 21640 | 26240 | 29,000 1400 10

& Nut had a wax fubricant (Carbowax Polyathylane Glycol 3350) wpphed.
b Fol-Pro howrporited C-601-S lubricant is  paste containing 50% synthetic graphiie and 50% pevolatum brmulated 10 mest
MIL-T-5544. The C-601-S kubricant was applied fo the thveads of the bolt and nut.
€ MS14163-00048 bolt: Average shank damglar ~ 0.5804 in., average coating thickness ~ 0.00034 k.
78502-918 nut: Aversge coating thickness — 0.00047 in.
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TABLE B-37. TORQUE-TENSICN DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Torqua C : Nut (in.-B) Runnin
Running g
Sraskawsy | Torgue
ﬂ AR ki CICTD | el
] Direciion) ¥00 900 1,200 1,580 1,850 Direction)
T 37 1 0 12,440 19410 27,930 34,510 39,020 1,300 25
2 40,120
: 4 3 38,870
. 4 40,620
o 5 15 14,350 19,040 28,010 34,810 40480 1350 10
6 40,940
. 7 40370
i 8 39.200
9 38,560
10 40480
1" 42,280
12 42,720
13 42360
14 40,78C
18§ [ 14,310 20350 27.480 33,900 38,859 1,300 ]

a Itis not known if 1@ nut had & wax wbﬁanl'(c;mown Polyethylone Glyool 3350) applied.
b Fel-Pro incorporated C-801-S lubricant is & pasie containing $0% synthelic graphie and 50% pevolatum formulated © mes!
MIL-T-5544. The C-601-S bricant was applied 1o the thveads of the bolt and nut
¢ MS141383-00048 bol: Average shank dameter - 05810 in., avarage ooating thickness —0.00041 in.
79502-018 nut: Aversge plating thickngss ~ 0.00048 in.

TABLE B-38. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO iINCORPORATED C-601-S.

Running Yorque On Nul {in.-ib) “Tunnm
Breskaw orque
Test | oycle| Torgus BoR Load (1) Torqua " | (o,
Kosrs | Ne. |{in.-lb, CW {in.-ib) Cow
Direction) | g %00 1200 | 1860 | 1,660 Direction)
38 1 3s 12450 | 19590 | 27720 | 234380 | 40280 | 1,300: | 40
2 42,100
3 43,950
4 42,180
5 20 15420 | 22500 | 20440 | 26820 | 42190 | 1,300 20
; & 41,880
A 7 41,730
- [ 43,780
: 9 42,560
. 19 42,510
- 14 42,030
. 12 41,800
| 13 42,260
- 14 41,170
| 15 15 14950 | 21600 | 27730 | 34600 | 39840 | 1,250 10

a ltis not known if the nut had & wax kubricant (Carbowax Polyethyienas Glyool 3350) applied.

b Fel-Pro Incorporated C-801-8 Wbrcant is a pasie contalning 50% synthetic graphite and 50% petolatim tormulated o Mest
) MIL-T-5544. The C-601-S lubricant was applied 10 the threads of the bolt and mut.
wnd © M514153-09048 bolt: Average ahank diarmneiss - 0.5608 in., average coating thickness - 0.00041 in.
79502-918 nut: Average plaling thickneas ~ 0.00035 in.
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TABLE B-38. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BCLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPCRATYED C-801-8S.

- #
. ‘ Torgus Oa Nt {ia.-ib) Kunning
. Runxing 3rea T
srque
- Lo Ll R BoX Luad (i) Yorque, | (i,
: I Boabs No. “ﬂ.".. cw “.._‘) cowW

: 39 1 35 13,100 20,970 27070 34,220 40,430 1,350 30
- 2 40,880
) 3 37510
4 39,050

: 5 15 13,780 19,680 26,230 32,0580 37350 1,300 15
- 6 37,610
. E 7 37,180
i 8 37,760
anil] 9 38,870
LA ‘10 30,720
| I 11 36,060
..- . 12 33,120
- 13 37,280
, 14 47,360

_ 15 10 13,060 19,080 25,170 31,640 36,880 J 1300 10

a itis not known i the nut had a wax lubrcant' {Carbowax Polyethylens Glyoo! 3350) applied.
b Fel-Pro Incorporated C-601-S lubricant is 8 pasia containing 50% synthelic graphiie and 50% petrolatum formulated o meet
BAIL-T-5544. The C-601-5 lubrican! was appiiad 10 the thveads of the bolt and nut.
¢ MS14163-00048 bort: Average shank dianetsr — 0.5307 in., avenspe coating thickness — 0.00043 in.
TR5MR-018 nut: Average plating thicknses - 0.00042 in.

H

TABLE B-40. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-8.

Running Yorque On Nut (in.-Id) 8 lzlrunninn
res orque
Test Cyclo | Torque Boh Load {ib) Tork:l;w {in.-1b,
NO.‘-"‘ No. (in."b. Cw ua._‘b) ccw
Direction | gg 100 150 200 0 Direction)
! 40 1 20 980 2.004 4,920 6652 5,030 145 20
o 2 7,287
3 7.976
4 8.011
: 5 10 2,233 4,138 5,702 €991 8,052 145 10
6 7,886
. 7 8480
! 8 8,550
$ 5,024
o 8,530
1 8.570
&] 12 8,280
ks 13 8,054
. 14 8,780
J 15 10 1,914 3,969 5,863 7415 8,550 140 10

& Nut was suppliod with a wax lubricant (Carbowax Polyethylans Glycol 3350) applied.
b F9i-Pro Incorporated C-801-S lubdicant is a paste conlaining 50% synthetic graphiie and 50% petolatum formulated 1o memt
MIL-T-5544. The C-601-5S ubricant was applid 10 tie thraads of the bolt and nut.
¢ MS21250-05016 bolt: Average shank duarnaler - 0.3118 ., averaga coaling thickness ~ 0.00040 k.
42FLW-524 nut: Average plating thickness — 0.00041 in.
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TABLE B-41. TORQUE-TENSIGN DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

Running Yorque On Nut (in.-b) N "‘[T::mu
2
T (] o, oLt T |
Dirsction) (ia.-t0)
50 100 150 200 250 Uirection)
41 1 22 1,707 3,560 5,555 7.267 8,825 145 18
2 8,125
3 1,096
4 7905
5 10 2077 3.7 5,202 6877 4.200 140 10
6 8,700
7 2510
8 8,880
") 8,840
10 9.025
1 8,530
12 8,800
13 8,890
14 8.800
15 10 2,261 4317 5477 7.520 8,770 125 10

a Nut was supplied with a wax lubicant (Carbpwax Polyethylens Glycol 3330) applied.

b Fel-Pro Incorporated C-601-S lubricant is @ pasie conlaining 50% synthetic graphite and 50% petvolatum formulated 0 meet
MIL-T-5544. The C-801-3 lubricant was appliad o the threads of the bolt and nut.
¢ MS21250-05016 boll: Average shank diarsisr ~0.3112 in., average coating thickness — 0.00043 in.
42FLW-524 nul. Average plating thickness — 0.00040 in.

TABLE B42, TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-301-S.

Running Torque On Nut (in.-it) l!Tunninu
Breakaway orque
o | (u&mf'::w Boht Load (1b) Torque | (in.-b,
Dirsction) (in.-ib) oW
50 100 150 200 60 Dirsction)
42 1 20 1,735 3,806 5423 6.912 8,340 145 20
2 8,260
3 8,560
4 8,770
5 10 2,507 4,484 6,049 7.406 8,540 140 10
[ 8,800
7 8,640
3 9.690
] &850
10 8,100
1" 9,060
12 8420
13 9.350
14 8,150
i85 10 2.5M 4,667 6417 7.820 8,950 125 10

a Nut was supplied with a wax lubricant (Carbowax Polyethylane Glycol 3350} applied.

b Fel-Pro incorporaled C-801- lubiicant is & paste containing 50% synthetic graphiie and 50% pevolatum forrmulated % meet
MIL-T-5544. The C-601-S lubrican! was applied (o tha thrsads of the bolt and nut.
¢ MS521250-05016 bolt: Average shank diameter - 0.3113 in., average coating thickness ~ 0.00035 in.
42FLW-524 nut: Average plaling thickness — 0.00039 in.
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TABLE B-43. TORQUE-TENSION DATA FOR IVD ALUMIN

UM-COATED BOLT AND IVD ALUMINUM-

COATED KRUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.
' ._ z{ Runaing Torque On Nut {in.-#) Running
.M Bresksway | Tergue
N Ve e |G (hI'-aTugw Beit Laad {1b) Torqus | (.-,
=i Dlnclicn) {in.-b) CCw
i 80 100 150 206 Y Direction)
S 43 1 30 1,208 3,048 4,776 6,737 8320 140 35
- 2 8,500
S 3 9,250
4 9,640
. $ 20 1.583 3,384 6,054 6,716 8440 140 20
! 6 8910
7 9100
8 9.500
- 9 9450
* 10 9220
o 11 9375
12 9570
13 9.540
14 £.300
15 10 2,284 4,347 6417 8,074 9,460 120 10

& Nut had & wax kubricant (Carbowax Polyathyiens Glyool 3350) applied.

b Fel-Pro Incorporated C-601-8 lubricant is a
MIL-T-2544. The C-801-S lubrican! was appliad
€ MS21250-05016 bott: Average shank dameter - 0.3118 in., average coating thickness - 0.00033 In.
42FLW-524 nut: Averags colting thickness ~ 0.00047 in.

pasie containing 50% synthetic graphiv and 50% petolatum fomulated o moet
® the threads of the balt and nut

TABLE B-44. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

COATED NUT LUBRICATED WITH FEL-PRO INCORPORTED C-601-3.

Running Yorque On Nut (In.th) . lg‘unnlng
res orgus
Tast Cycls  Torque Boh Load (1b) ru:::" (in.-1h,
NO."." NO. ('n.'!h. cw ”n "b) ccw
. Dirsction) | g4 100 150 200 250 Direction)
44 1 40 1.201 3137 4,792 6,438 1,847 130 30
2 1,180
) 3 8,340
| 4 8,550
. ’ § 15 2,237 3,037 5379 6,951 8,300 135 15
" 6 8,800
_ ! 7 8,790
- : 3,440
S 9 3,740
o 1¢ 8,720
< 1" 2,800
12 8,750
i3 2870
14 . 8,600
15 10 2,089 4,018 5,704 7,151 6500 L oW

L e
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& Nut had a wax lubricant (Carbowax Polyathylene Giycol 3250) applied.

b Fel-Pro incorporaied C-801-S lubricant & a paste conlaining 50% synthelic graphtie and S0 petalatm fanule'es ¥ modt
MIL-T-5544. The C-601-5 lubricant was appliad 10 ha threads of the belf and nut.

€ M521250-05016 bolt: Average shank diameter - 0.3190 in., average coating thitkases ~ 0100 by,

42FLW-524 nut: Average coating thickness — 0.00048 In.




COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-5.

. TABLE B45. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
4
|

Torque Ona Kit (in.-Bb) Running
Tont | “‘"““I".' Breskaway | Torqus
b |Scle} Toraw Bokt Lead (1) Tomus | (in.id,
N“." i “0- (lﬂ.-‘b. cw (ll "b) ccw
Direction) | g9 100 150 200 250 Direction) H
45 1 as 940 3,077 5180 6,647 8.170 140 40
3 7,704 "
3 8,185
4 8,400
% 5 15 1972 3,867 5404 6,765 7.027 150 1%
| 6 1.857
7 8,360
8 8,480
9 8,280
10 8,305
11 8,011
12 8,070
13 8,360
14 3143
15 10 2,056 3,884 5309 6.888 8480 135 10
& Nut had 8 wax lubricant (Carbowax Polysthylene Glycol 3350) apuiied.

b Fel-Pro incemparaled C-801-S lubricant is 8 pasie containing 50% synthetic graphite and 50% pevolatum formulaied o moet
MIL-T-5544. The C-801-5 iubricant was &pplied 1o he threads of the bott and nut.
© M521250-05016 boll. Average shank diameter - 0.3111 in., average coating thicknazs — 0.00033 in.
A2FLW-524 nut: Average coating thicireas ~ 0.00049 in.

TABLE B46. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nud (in.-1b) '!l’unnln"
: Breakaway | Torque
i o B el P Bolt Load (Ib) Torue (i1
| Direction) | gg 100 168 200 250 Direction)
4 4 1 30 142 | 352 | 4907 6.534 8,250 140 35
d 2 8,048
] 3 7.831
i 4 8,700
: 5 15 1375 3457 5,122 6,693 8,320 135 1§
; 6 8.360
; 4 2420
8 8,610
! ] 8§.950
10 0.156
11 9,010
12 9,340
13 9,035
14 9,430
15 10 2,037 4376 6327 7,504 9,270 105 10

8 Nut was supplied with a wax lubricant (Carbowax Polyethylens Giycol 3350) applied.
b Fal-Pro Incorpocaied C-801-S brcant is o paste containing 50% synthetic graphlie and 50% petolatum formuiated 1 meet
MIL-T-5544. The C-601-S lubricant was applied lo the threads of the bolt and nul.
¢ MS21250-05016 boli: Average shank diameter - 0.3111 In., averago 2aiing thickness - 0.00032 in.
42FLW-520 nut: Average plaiing thickness -- 0.00045 in.
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TABLE B-47. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATERD
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

%
Running Tarque On Nui (in.-b) Winning
Tent Cycl Torgue BoN Lsad (Ib) Br;:ah_w»\ Y? Nx\w
Hosde | Ne. | (in.db, CW Uy (i,
Direction) oot | vew
5 100 150 200 0 Diaetion]
4 1 2 1437 | 3352 8,201 7374 9,250 115 20
2 0.220
] §.086
4 8330
5 10 2,053 3087 | 5738 7187 £.820 139 10
6 9,640
7 $.320
8 9,000
9 9,050
10 ! 6460
1 Q50
12 0523
13 § 050
14 | 19,020
16 i0 2,104 4,189 5897 7.010 %830 140 10 )

& Nut was supplied with & wax lubricant (Carbdwax Polyethylane Giyoo! 3350 appie.
b Fel-Pro incorporsied C-601-S lubricant ik a paste conwsining 50% synthetic graysnic snd St pdnaleom arlatad 1 et
MIL-T-5544. The C-601-S lubricant was applied (o the threads of the bolt and nut
© MS21250-05016 bolt: Average shank diameter ~ 0.3112 in., average coating thickinaus - D.0UNES .
42FLW-520 nut: Average plating thickness — 0.00035 in.

TABLE B-43. TORQUE-TENSION DATA FOR IVD ALUMINUM-COAVED BLOLT AMD CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED ¢-L0¢-L,

.
Tergue On Nut (in.-Bb) Runwing
Running Braokaway | Torguw
] el Yorque - :
TRorae | Voo | tnoi, o Salt Lead () |l (o
Dirsction) 1 gg 100 150 20 8 | iewcticn)

45 1 0 1,384 3,356 5440 8,532 190,01 12 35

2 9,00

a 9,555

4 0116

5 15 2,218 4,085 3,505 1312 9,018 120 10

] 9,034

7 0,413

8 9.468

s 9.576

10 0,508

1" 9504

12 9,862

13 10,178

14 0478

15 10 2,011 4,158 5982 8,224 10,437 120 10

a Nut was supplied with & wax lubricant (Carbowax Polyathylene Glycol 3350) appiied.
b Fel-Pro Incorporated C-801-S whricant is & peste containing 50% synthetic graphiia amd 50% pavciatum kwrraiialed 1o rmest
MIL-T-5544. The C-801-S lubricant was applied to ha threxis of the bolt and nut.
¢ MS21250-05016 bolt: Average shank diamater ~ 0.3150 in., averaga coating thicknoes -~ 0.00038 in.
42FLW-520 nut; Average plating thickness — 0.00042 in.
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TABLE B-49. TORQUE-TENSION DATA FOR {VD ALUMINUM-COATED BOLT AND FOR IVD ALUMINUM-
COATED NUT LUBRICATED WiTH E/M CORPORATION EVERLUBE 1346 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-801-S.

! Runting Torgue On Nuf {in.-Ib) —_— I:.n:!ung
- . —1] Srsakevray rqus
E ':L:.-.u ?3'.' (l;\':ltg.b ::w Balt Luad (Ib) '(‘l:"l“b') “s"é;":"
Oirection) | go 100 150 200 250 Ciraction)
& 1 25 1438 3,291 5123 6,685 8316 140 25
2 2.401
3 8512
4 8228
5 10 7,698 3704 5327 6971 2381 45 10
6 8638
7 8940
) 8859
) 8718
10 8759
11 8.965
12 8307
13 8236
14 99
| 15 10 2108 | 383 | 5755 7,498 8,904 140 10

u Nut did 1.0t have wawn lubrican! (Cavbowax Polysthylans Glycol 3350) applied.

b EM Corporution Everiube 1346 is an kir-cured, bonded salid film lubricar t formulated with molybdsnum disulkdo in a resin bindsr
spucifically for high wmparature applications und antiseize capabiliities.. Fel-Pro incorporatad C<801~ . lubricant is 8 puate contmining
80% synthelic graphile and 50 pevoiatum tormdiated to mast MIL-T-5544. The C-501-S lubricant wat upplied over the Everiube 1348
tubricant on tha thr¢ads of the nut and © the threads of the IVD aluminum-coated boit.

¢ MR21250-05016 boll Average shank dameter ~ 03110 in., sverege coating thicknesa ~ 0.00032 in.

GFLW-524 nut Aversgs coenng thickness ~0.00035 in., average combng and Everiube 1346 thicknoss — 0.00004 in.

TABLE B8-50. TORQUE-TENSION DATA FOR IVD ALUKINUM-COATED BOLT AND FOR IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EVERLUBE 1346 AND THEEN
BOTH FARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (In.<b) Running
. Braskaway | Torgue
e || botLond () foa | Qi
Direction) (in.1b) } CCW
50 100 150 200 50 Direcilon)
50 1 3 832 2,780 4,427 6,178 8,069 145 K
? 8,345
¥ 8,596
i 8,968
§ 15 2,282 3,889 5405 €918 8,477 140 15
6 8,614
7 9,264
8 Q,0n
¢ 9,261
10 9,153
11 2,53
12 9,430
13 9.475
1€ 9,575
18 10 197 3147 5,580 7,641 9,335 130 16

8 Nut duf not have wae lubricant (Carbowax Pylyethylene Glycol 3350) applied,

b EM Carporabon Everlite 1346 is en air-cured, bonded solid fim lubncant formulated with molybdonum disulfide in @ resin binder
specifical'y for high Wwmperabure Bppiications and antiseize capabilites.. Fei-Pro incorporeted C-601-S lubricant is & pasts conmining
S0% synthatc grapiilv and 5G% pelrolatum formulnnd to mest MIL-T-5544. The C-601-S lubricant wes applied over the Everiube 1346
thvican! on thu threads of the nut and © the threads of the IVD sluminum-costed bolt

€ MS21250-05016 polt. Aveesgu chank digmater - 0.3119 in_ averags coating thickness — 0.00037 in.

42FLW-524 nut. Average costing thicknoss - 0.00034 in,, average coating und Everiube 1345 thickness - 0.00104 in.
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TABLE B-51. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD ALUMINUM.-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256 AND THEN BOTH PARTS
LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Rutaing Tarqus On Nutt {in.-1b) ——— lru.f;zlun'g
TRanas | T g, cw oR Laat ) Torgus 1 (n .
Direction) 50 160 150 200 280 Diraction}
5 1 30 1,232 3414 | 85205 7,368 10,053 120 40
2 9,368
3 8376
i 9173
5 10 2,225 4131 5,835 7,401 8875 135 15
6 9,159
7 9475
8 9,046
9 8172
10 9,550
11 9.082
12 9233
13 9,386
14 @357
15 10 1,827 4148 5,968 7.976 9,206 140 10

a Nut 0d not have wax ubricant (Cartowsx Polysthylene Glycol 3350) applied.
b EM Corporaton EM-6255 is & bonded sold Aim lubricant formutad with molybdenum disuifice in & resin dinder 10 produce
wrgue-tension characteristics similar o cadmium elvctroplate plus wax, Fel-Pro Incorporaled C-601-8 lubricant is 8 pasie containing
50% aynthelic graphits and 50% pstrolatum iormulated to meet MIL-T-5544. Yha C-601-8 lubricant was appfiad over the EM-§256
kubricant on the threads of the nut and to the threads of the VD aluminum-coatsd bolt
© M521250-05016 bolt: Avarage shank dimmaeter - 0.3113 in,, avarage coating thickness - 0.00038 in.
42FLW-524 nut Avarage ooating thicknass = 0.00034 in., wverage cuating and EWM-6258 thicknass ~ 0.00057 in.

TABLE B-52. TORQUE-TENSION DATA FOR IVD ALUMIRUM-COATED BOLT AND FOR IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256 AND THEN BOTH PARTS
LUBRICATED WITH FEL-PRO INCORPORATED C-601.S.

Torque On Nut (In.-ib) Running
Running Brstaway | 1
y| Terque
Tasre | (nmmw Balt Load {1b) zlsnrg‘ub-) (int,
Diraction) 50 100 136 200 250 Direction)
5 1 20 1,643 3,73% 5527 7,290 £,983 140 35
2 8,245
3 8,350
4 8,372
5 10 1,289 3,347 5,053 6,658 8,047 140 10
6 79853
7 8,479
8 9,045
) 8,768
10 8,808
" 9,175
12 8127
13 9,212
14 9,392
15 $ 2216 4376 6,206 7.683 8,968 130 10

a Nut7kd not huve wax lutricant (Carbowax Polysthylens Glycol 3150} applied.
b E/M Corporation EM-6256 is & bonded soiid film lubrcant formulated wath melybdenum disutflide in a resin bindsr to produce
Wique-tention cha eclaristics similar io cadimium sectroplate plus wax. Fel-Pro Incorporaiad C-601-8 lubiicant is & pssta contnining
50%, synthetic graphile and 50% petrolatum formulated to meet MIL-T-5544. The C-601-S lubricant was appliod over the £EM-6256
ubacant on the threads of the nut and 1o the thresds of the VD aluminum-coated boit
¢ MS521250-05016 bolt: Average shank dumeter - 0.3110 in., aveimpe coating thickness - 0.00033 in,
A2FLW-524 nut: Average coating tuckness — 0.00035 in., average coating and EM-6256 thickness — 0.00051 in.
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TABLE B-53. TORQUE-TENSION DATA FOR IVD ALUMINUM-CUATED BOLT AND FOR IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286 AND THEN BOTH PARTS
LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Terqus Oa Nut (in.-b) . l}l’unnlnﬁ
7oR orque
e %R0 I | e
Direction) | gg 160 180 200 250 Dirsction)
5 1] 25 | 1624 | 26 | g4z | 7440 | 9261 | 130 30
2 8,303
3 8.209
q 8.3
§ | 2 1647 | 356 | smz | eesz | g5t | 145 15
6 8599
7 877
8 8712
2 8,901
10 | 0,012
11 2187
12 0.186
13 9052
4 LA1G
5| 8 2520 | 4s88 | ease | s1e4 | @67 | 140 9

a Nut dd not have wax lubricant (Carbowax Patyethylene Glycol 3350) applied.

b EM Corporation EM-5286 is - bonded solid film lubricant forrnulated with graphite in a resin binder. Fel-Pro Incorporated 1
Whricant is 8 paste contzining 50% synthetic grophite and 50% petolatum formulated to mee! MIL-T-5544. The C401-5 lubricz-.
spplied over the EM-6265 lusbricant on the hreads of the nui and 1o the thrsads of the VD aiuminum-coated bolt.

© MS21250-05018 boli: Average shank diameter —8.3110in,, uverege ccatin ' es8 —0.00021 in.

A2FLW-524 nut; Average coaling thickness — 0.00038 In., average coa*ng and EM-5286 thickness — 0.00084 In.

TABLE B-54. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR VD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-8286 AND THEN BOTH PARTS
LUBRICATED WITH FEL-PROQ INCORPORATED C-603-S.

Running Torqus On Nist (in.-ib) —— Rr%’::{,n.g
T;‘:l,,].. c'y‘cnl“ u:.o.:.g?zw Bolt Load uh) T'l’ﬂul (lﬂ.'lb,
Direction) (n.) | COW
50 100 160 28 250 Dirsction)
84 1 25 1,514 3,754 5792 7,661 9,403 140 35
2 8,780
3 8,670
4 9.204
5 10 1,913 4,143 5873 7,500 9.008 140 15
6 9,349
7 8,519
8 8.682
] 9,754
10 10,024
1 2818
12 10,072
13 9.926
4 10,057
15 10 2,735 4,837 5,734 8,500 10,199 130 10

a Nut &d not have wax lubricant (Carbowax Polyethylene Glycol 3350) applied.

b EM Corporation EM-8286 is a bonded solid film lubricant formulated with graphfie in & rasin binder. Fet-Pro Incorporated C-801-S
lbricant is a pasle conlaining 50% synthetic graphlie and $0% petrolatum formulaled to nest MIL-T-5544. The C-£01-S lubricant was
applied over the EM-6286 luibricant on the hreads of tha nut and to the threads of the I1VD aluiminum-coaled bolt.

¢ MS21250-05016 bolt: Avernge shank damater - 0.3110 in,, sverage coating thickness - 0.00032 in.

42FLW-524 nut: Average coating thickness — 0.0C057 in., averago costing and EM-5266 thickness - 0.00081 in.
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APPENDIX C

TORGUE-TENSION DATA FOR ENGINE BOLTS FINISHED
WITH IVD ALUMINUM QR DIFFUSED NICKEL-CADMIUM
WITH AND.®ITHOUT ENGINE OIL LUBRICATION
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TABLE C-1 TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT AND

CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

Terqus On Ryt (in.-1) Running
Running -
Ercakaway | Torque
Novee | Tor L aacts. ow Boki Lsad (i) Torgue | Cin.-i,
Direction) {ins1b) CCw
- 28 45 ] & Diraction)
i 1 43 - - 205 1,020 1877 65 35
2 1,830
s 2,040
4 2,063
5 20 - 337 3.50 1,420 2,507 85 20

8 Nut was supplied with 8 wax lubricant (Cardowax Polyethylane Glyool 3150) appiisd.

b Mil.L-23688 engine ol was usod as the bricant The engine ol was ipplied 1 the threads of the balt and mut.

© MS0206-13 boit: Average plating thickness = 0.00046 .
PLW 564706 nut: Average plating thickneas — 0.00043 in.

TABLE C-2. TORQUE-TENSION D.A?A FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT AND

CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

Torqus On Nut (in.-th} Running
Ruaning Broakeway | Torque
e {0 ey o Lo T’ | (1
nll"d'ﬂl’l) - 2% & 65 85 : n‘ﬂ!ﬁom
e 1 20 - a7 724 1,135 1,587 (1] 20
2 1,689
3 1,838
4 2,048
5 15 - 538 1.015 1.520 2,027 85 15

& Nut was Lupplied with 8 wax lubricant (Carbowax Potyetiylene Glyco! 3350} applied.

b MIL-L-23609 enging oll was used as the iubricant. The engine off was applied © the thmads of the bok and nut.

¢ MS9209-13 bolt: Average plating thickness ~ 0.00045 in.
PAW 564706 nut: Average plating thickness — 0.00051 In.
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TABLE C-3. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED SOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

T Rarsing Torgue Da Nt {in.-b) —— l#mn!nn
ordus
[ovTTI bl P Beki Losd (1) Torqus | {in.-n,
Dirsction) : (a-b) | cow
; - 2% &5 &% & Dirsciion)
' 3 4 25 - 65 647 1164 | 1887 65 25
2 2,079
3 2174
4 2,421
5 10 - 487 1,246 1739 2,343 60 10

& Nut was supplied with a wix lubricant (Carbowax Polysthylene Glycol 3350) applied.
b MWiL-L-23599 engine oil was used as the lubricant The angine ol was applied 1 tha threads of the bkt and mat.
€ M58206-13 boit: Avarage plating thickness - 0.00038 in.

PAW 564700 nut: Average plaling thickness ~ 0.00040 in.

TABLE C-4. TORQUE-TENSION DATA FORX VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL.

RN e
T N

e -
WA s

Running Yorque On Nut (in.-ib) . I}Iunnlng
reskaway | Torqus
| T;:l."l. c"y‘:l (l:g:gu:w Bolt Lead (ib) '(['mf: (l:é;'l‘b.
. * * ‘ H A .
{ Direction) - 2 & (13 (" ) Dirsclion)
| 4 10 - §73 1,185 1.863 2,632 80 10
( 24312
2150
2078
5 - 690 1922 1,613 2,034 85 5

& Nut had a wax lubricant (Carbowix Polyethylena Glyool 3350) sppliad.
b MIL-L-23699 engine oll was used as the brcant The engina ol was applied 1o the threads of the boll and nut.
€ MS§209-13 boll: Average coating thickness ~ 0.00031 i,

PaW 554705 Nt Aveagy Godsng thickiess — 0.00043 i,
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TABLE C-5. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
’ COATED NUT LUBRICATED WITH ENGINE OIL.

: Tost
o Nadbe ! No,

Tarque On Nut (in.-B) Runnin
'1.““'“' Breakaway Ymu.u
Cyel | ';;'L'"Ew Boit Lesd {it) Torque | (in.-ib,
(in.-b, (n-®) | cow
Direction) | _ 5 & & ® Diceelisn)
5 1 15 - 3% 914 1,484 2166 60 15
2 1,804
3 1,249
4 1,786
5 16 - 580 w1 1384 77 65 3

& Nut had a wax lubricant (Carbowax Polyesthylene Glyool 3350) applied.

b MIL-L-23699 engine ol was used as the lubricant The engine oX was Appliert id the threads of the doit and .

© MS9200-13 Dolt: Avarags coating thickness ~ 0.00044 in.
P&W 564708 nut: Aversga costing thicknass - 0.00047 in.

TABLE C-8. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL.

Running Torque On Nut (in.-1b) . I!ruunlnn
reakaway | Torque
oV o P Bolt Load (Ib) Torquo | (in.-b.
| Girection\ (l“.'lh) ccw
: - 25 45 ] 1) Directien)
] 1 15 - 503 1,166 1,098 2681 60 10
! 2 2,094
' 3 1,858
, | 4 1,824
& ] 3 - 541 987 1,431 1,827 b5 2
\ a Nut had a wax lubricant (Carbowax Polyethylene Glyocol 3350) applied.
' b MIL-L-23699 enging oil was usod ar tho lubricant. The engine ol was applied o the threads of the bolt and nul.
i € MSQ209-13 boll: Average coating thickngss — 0.00038 in.
L ] PAW 564702 nut: Averaga coating thicknace — 0.00047 I,
N
PN
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TABLE C-7. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM BOLT
AND CADMIUM-PLATED NUT.

Terqus Oa Hut (fa.-ib) . ﬁrunnlnn
reskawey | Torque
Ta:t b Wu:h gJ_ fﬁ%w Bolt Load (ib] Torque | (in-d,

inb) | COW
Direction) | 459 150 200 250 w | " ) Direction)

Running

7 1 25 2,707 4,254 5731 7,118 8411 200 20

a Nul was supplied with a wax lubricant (Carbowax Polysthytens Giyool 3350) applied.

b The boit and nut were assembied dry without an angine o lubricant.

¢ MSE210-23 bolt: Average shank diameler - 0.2870 in., svarage coating thickness ~ 0.00027 in.
42FLW-524 nut; Average plating thickness ~ 0.0C047 in.

TABLE C-8. TORGUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM BOLT

e AND CADMIUM-PLATED NUT.
s
co " Torque On Nut (in.-tb) Running
| Running Bresksway | Torque
| Tost ) Cycie | Yorgue 8ol Losd (1b) Torgue ¥ (In b,
. | “0." o8 NO; (ln."bn cw (l'-’lb) ccw
a Direction} | 4pp 150 200 260 %00 Direcion)
h f
l a Mut was supplied with a wax Wbrican! (Carbowax Polyethyiene Glycol 3350) applisd.
J b Tho bolt and nut were assarnbied dry withoul an engine oil lubricant.

¢ MS8210-25 bolt. Average shank diamwier - 0.2875 in., sverage coating thiciness —0.00032 in.
AQFLW-524 nut: Average plating thickness — 0.00044 in.

TABLE C9. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM BOLT
AND CADMIUM-PLATED NUT.

Runninn YN’QU' On Nut (lll.-lb) ﬂqm\[ug

Tost c'y‘:lo Torgue Bolt Lesd {1b) lr;::;?y '(riunrq;x:

Nosas {in.-1b, CW

Dirsction)

— (In-b) | CCW
100 150 200 250 300 Direciion)

9 L 20 2,811 4,583 6,175 7,687 8,869 170 20

& Nut was suppiled with a wax lubricant (Cabowax Polyethylens Giycol 3350) applied.

b The bolt and nut were assembied dry without &n engine ol lubrican.

€ MS9210-25 bolt: Average shank dlameter ~ 0.2878 in,, avirage coaling thickness -- 0.00029 I,
A2FLW-524 nut: Averago plating thickness - 0.00052 in.
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TABLE C-11. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND IVD

ALUMINUM-COATED NUT.
Terqus On Nut {ia.-1b) Running
Runaning
Breskawsy | Terqu
Tes! Cycle | Torque ot Lead (ib) r'::rquo (In'.!lb..
"'o""‘ N.. (ll.'i'. cw (;a‘_u) ccw
Oirection) | 4 150 260 250 300 Dirsction)
1 1 50 1,089 2,181 3,119 4,046 4,965 250 80

& Nut had a wax iubrdcant (Carbowax Palysthylens Glyool 3350) apphad.

b The bolt and nut were assembied dry without an engine ol lubricant.

€ MS50210-25 bolt: Average shank dameler - 0.2871 in,, average coating thickress -~ 0.00037 in.
A2FLW-524 nut: Average coating thickness ~ 0.00034 in.

TABLE C-12. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED KNUTY.

Running ' Torque On Nut {in.-1b) Creskan i;unn!ng

B ras Y arque

Test o |Cycle} TYorqus Bolt Load (1b) Yorqus | | (in.tb,
Nosds [ No. |(in.-ib, CW {i.-1b) cow
Rirection) | ygg 150 200 2580 0 Direclion)

2 |1 50 1921 | 2,031 2892 | 3752 | 458 235 50

a Nut had a wax lubrican! (Carbowax Polygthylene Glycol 3350) applied.

b The bolt and nut wer¢ assombled dry without an engine oll lubricant.

c MS0210-25 boll. Aversge shank dameter — 0.2875 in., average coating thicknases ~ 0.00030 in,
42FLW-524 nut: Average coaling thickness - 0.00037 in.

TABLE C-10. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND IVD
ALUMINUM-COATED NUT.

Torgue On Nui (in.-Ib) Running
Running Braakywey | Torque
Tost Cycle | Torqus Bolt Load {th) Torqua | (in.-b,
Noabe | Wo. | (in.-1b, CW (mib) | cCW
Direction) | 4pg 150 208 25e 358 Birsction)
10 1 45 1,106 2211 3,036 3808 4,610 220 45

& Nut hod a wax lubricant (Carbowax Polyethylens Giyool 3350) appiled.

b The bolt and nut were astembied dry without an angine oll lubricant.

© MS9210-25 bolt: Average shank diametar - 0.2875 in., averago coating thickness — 0.00039 in.
42FLW-524 nut: Average coating thickness — 0.00030 in.
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TABLE C-13. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT

AND CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

Running Torgue On Nid (lu.-ib) Sres nrlna ing
ant Cyele |~ Torue okt Lead (1b) Y h.‘s'." (ﬁ':
Nosse | Mo. | (in.db, CW (;'.'_.z cow”
Olroction) | 49 150 209 ) 230 Direction)
13 1 20 2,343 4,075 5,597 6,950 8,408 180 25
2 9,402
3 8,005
4 7527
5 10 2,320 3420 | 4365 5.420 6,468 195 15

a Nut was supplied with a wax lubricant (Carbowax Polygthylene Glycol 3350) apphed.
b MIL-L-235680 enpine oil was used a5 the lubricant. The sngine oll was applied o e threads of the bolt und nut.

€ MS921.5-25 bolt: Avarage shank diameler — 0.2882 in., average coaling thicknese ~0.00038 in.

A2FLW-324 nut: Average plaling thickness - 0.00040 in.

TABLE C-14. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT

AND CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL

Running Torque On Nut (In.-ib) 5 RYunMng
roa orque
e |5 ot Bt Lod (3 Torwe | G
Biraction) (in.-ib) ccw
100 150 200 250 300 Direction)
14 1 3 2,561 4,062 5,332 6,883 8130 185 ae
2 1873
3 1,236
4 6.445
5 20 1,714 2,867 4,039 5,083 6,133 190 20

a Nut was supplied with & wax lubrican! (Carbowax Polyethylene Glyool 3350) applied.
b MILL-23699 engine uil was used as e lubricant. The sngine oll was applied 1 the threads of the bol and nut.

¢ MS9210-25 bolt: Average shank damater - 0.2876 In,, avorage coating thickness —~ 0.00G34 in.

42FLW-524 nut: Average plating thickness - 0.00048 in.
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TABLE C-15. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IV ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL.

Ruaning Targue On Nut (In.-b) Bresioey nrlil::‘l:l.g
Tosas | Wt | nots, ow Bok Load (i) ol ol
Dicection) | 4qg 150 200 250 $00 " | oirncilon)
15 1 25 2337 | 3825 | 6082 | 6167 7,070 240 30
2 4,850
3 5196
4 £,088
5 10 1,805 2755 | 3847 | 4259 4852 250 10

& Nut had 8 wax lubricant (Carbowax Polysthylena Glyos! 3350) applied.
b MIL-L-23890 engine oll was used as the lubricant. The engine oll was applied © the threads of the bolt and nul.
¢ MS0210-25 bott: Average shank diameter ~ 0.2873 in., average coating thickness - ©.00037 in,

AZ2FLW-524 not: Average oorting thickness — 0.00036 in.

TABLE C-16. TORQUE-TENSION DATA FOR VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE QIL.

Running Yorqua On Nut (In.-4b) —— RT%?:L“.'
L G AL fren” | ok
Direction) | 459 150 200 250 300 [ oirection)
16 1| 40 1475 | 238t | 3204 | 3008 | aea7 | 228 40
2 4110
a 4639
4 4910
5 | 10 1446 | 2455 | 3325 | 3902 | <620 | 230 10

a Nut had a wax lubricant (Carbowax Polyethylens Glycol 3350) applied.
b MIL4-23689 enpine oll was used as the lubncant The engine oll was applied 10 the threads of the tolt and nut,
c© MS9210-25 bolt: Average shank dismalor - 0.2876 in_, average coaling thickness - 0,00024 in,

42FLW-524 nut: Average coating thickness — 6.00033 in,
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TABLE C-17. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLY AND VD ALUSSINUN-
COATED NUT LUBRICATED WiTH ENGINE GIL.

Vorguo On Nul (k. 43) Rusning
Running Srsvky Yor
)
Test . [Cycle Vorgue Sai Lead 1) Tous | (n.b.
Mot | Ne. ! (in-b, CW - {in-tb) | LCW
Direction) [ 4a9 550 o0 e Ay Diraction)
R 17 1 e 2,526 3,063 $.233 63w LY 25 30
- 2 &,&\65 3
. 3 4,836
4 4541
5 15 1.462 2445 JA7 3,362 4,505 20 10

a Nut had a wax ubricant (Carbowax Polysthylens Glyool 3230) apphied.
b MiL-L-23699 engine oll was used as the lubric. Wil The sngine ol was appkad 1 Ha Swexde o e bolt und nut.
© MSS210-25 bolt. Average shank darmeier ~ 0.2874 in., averuga soaling hicknvus -~ 0.00337 .

A2FLW-524 nut: Avorage caating thicknese ~ 0.00041 n.

TABLE C-18. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OlL..

Runking Tarque On Nut (in.-ik) Ruaning
Tost c,dl T‘NUI Bolt Lond (‘b) B’;:u"':y }?N“E?h.
ND.‘-'-‘ NO. (ln-’lb. cw (i.r‘q_h) ! cc.‘)v '
Direction) | ypg 180 200 250 309 Direction)
18 1 15 2,524 4,024 5,145 1381 8,785 165 20
8033
9,678
0.18Q
§ 3,091 4559 6,080 7,301 8,502 170 10
a Nut was supplied with a wax lubrican! (Carbowax Polyethylene Glyoo! 3350) appiied. .

b FAIL4-23699 engina oil was used a¢ the iubricant The engine oll was appiied 1o the throads of the boit and nut.
¢ M55210-25 bolt: Aversge shank dumetsr = 0.2873 in., arverage coating Wilcknass - C.00042 in.
AZFLW-524 nut: Average plating thickness — 0.00048 in.

TABLE C-19. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND
CADMIUM-PLATED NUT.

Torque On Nui (in.-ib) Hunnl
Runnlag unnlag

Tast la Breskewsy | Torgua
Nosss | e (tmg?::w BoK Load (1b) faraue (i,
Direction) | ¢gg 150 200 250 300 " | Directton)

19 1 25 2,876 4,406 §,520 6.725 7,886 180 1]

& Nut was supplied with 8 wax lubricant (Carbowax Polys thylene Glyool 3350) applied.

b ‘The boht and nut wers assembled dry without an engine oll ubricant.

¢ MS9210-25 bolt: Averape shank dlameier - 0.2877 In., Bverage coating thickness — 0.00634 in.
4FLW-524 nut: Awerage plating thickness — 0.00036 in.
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