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EXECUTIVE SUMMARY

During the period of 15 April 1989 to 18 May 1990, McDonnell Aircraft

Company (MCAIR) completed Phase II of the three-phase program to demonstrate

that Ion Vapor Deposited (IVD) aluminum coating can replace toxic cadmium
i m 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
111. This phase will demonstrate the applicability of IVD aluminum as a

.1 replacement for cadmium for detail parts that are now processed with cadmium

* at WR.

Phase I of the program compiled data comparing the IVD aluminum process

to the various cadmium processes into a data base handbook. It included a

review of aircraft parts now processed with cadmium at the five ALCs to

I identify parts for which IVD aluminum can immediately replace cadmium without
concern. Parts which exhibit "areas of concern" were also identified. Phase

II focused on addressing "areas of concern". These are ALC applications where

either IVD aluminum by itself is not an adequate replacement for cadmium or

In insufficient data exists. They included coverage of internal surfaces,

lubricity, and to a lesser extent, erosion resistance.

I During Phase II, MCAIR demonstrated the effectiveness of both

I 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

I acceptability of the use of IVD aluminum with proper lubrication. MCAIR

suggests that a thicker IVD aluminum coating be used where feasible for

l erosive applications. Where thickness tolerance is critical, MCAIR
Saprndemonstrated improved erosion resistance with the use of an aluminum-alloy

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 I1. 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 personnel. MCAIR also designed and procured a fixture to hold and mask a

<i iii
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PREFACE

This report was prepared by McDonnell Douglas Aircraft Company, P.O. Box 516,
St. Louis, MO 63166-0516, EPA Contract C87-101602, "The Substitution 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 technology 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.

PHILLIP P. BROWN, ILt, USAF, BSC MICHAEL G. KATONA
Project Officer Chief Scientist
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I SECTION I

INTRODUCTION

I A. OBJECTIVE

The objective of this program is to verify the applicability of
Ion-Vapor-Deposited (IVD) aluminum as a replacement for cadmium processing at

I the Air Force Air Logistics Centers (ALCs). Whereas cadmium has been widely

used as a corrosion-resistant finish on steel, the substitution with IVD

aluminum provides acceptable or improved performance in virtually all

S applications. More importantly, the substitution will make a major

contribution to reducing hazardous waste production and its associated adverse

I effect on the environment.

I B. BACKGROUND

Both the aluminum coating and the IVD process are environmentally clean.

Cadmium, on the other hand, is a heavy metal and is toxic to humans. Once it

escapes into the environment, it can find its way into the water supply or

food chain. Also, with electroplated cadmium processing, there are additional

hazards associated with cyanide products in the plating bath. On the economic

I side, a suitable replacement can both reduce life-cycle costs and provide an

immediate return on investment by eliminating costs associated with control

I technology required to meet ratcheting environmental regulations and with

hazardous waste collection, storage, and disposal.

I 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 0F,

I whereas cadmium is limited to 4500 F. IVD aluminum coatings can be applied to

high-strength steel without fear of hydrogen embrittlement. Aluminum coatings

I can be used in contact with titanium without causing solid metal

embrittlement, and they can also be used in contact with fuels; cadmium is

I
1i



II
prohibited for these applications. Additionally, IVD aluminum can be used in

Ispace 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 aluminum 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 virtually

all applications, IVD aluminum 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 I
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 III- Demonstration

In Phase I, the technical 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 a readily
accessible technical database (Reference 1) to justify the substitution of IVD
aluminum for cadmium for about eighty percent of the current ALC applications. U
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.

2
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C. SCOPE/APPROACH

' iPhase 1I activities also included procurement support of an IVD aluminum

coater to assure that the Phase III demonstration will be conducted in a

I state-of-the-art system. The related MCAIR activity is discussed in Section

I .

In some cases, the "areas of concern" resulted from a lack of sufficient

I data. Other areas required the development of supplemental processing to be

used in conjuction with the IVD aluminum coating. The approaches used to

E address the three individual "areas of concern" are presented in Sections 1I1,

IV, and V.

I The performance of barrier-type and sacraficial-type supplemental

protection systems applied to internal surfaces was tested. Data comparing

i' the effect of various bolt finish - nut finish - lubricant 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-alloy evaporants were evaluated.

Finally, a "hands-on" approach that MCAIR has proposed for the Phase III

; I demonstration is presented in Section VII.

I
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SECTION II I

IVD ALUMINUM COATER PROCUREMENT SUPPORT

A. PROCUREMENT SPECIFICATION

The IVO aluminum coating is applied in production coating equipment

called Ivadizerse. The basic equipment consists of a steel vacuum chamber, a

pumping system, fixturir~g to hold the parts, an evaporator power supply, and a

.1 high-voltage power supply (Figure 1).

The IVD processing sequence consists of pumping the vacuum chamber down

to about 10-4 Torr. The chamber is then backfilled with argon gas to about 10
microns, and a high negative potential is applied between 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 ions bombard
the negatively charged surface of the parts and performs a final cleaning,
which contributes to good coating adhesion.

High Voltage
Substrate Holder Cathode Powcr Supply

Negative Glow- Evaporator
V u Power Supply

Wire Feeders ANuminurn Evaporators - II
Figure 1. Schematic of on Ion Vapor Depositlon System
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I Following glow discharge cleaning, aluminum wire is evaporated by being
continuously fed into resistance-heated crucibles. As the aluminum vapor2 ' passes through the glow discharge, a portion of it becomes ionized. This, In
addition to collision with the ionized argon gas, aLcelerates the aluminum

I' vapor toward the part surface, resulting in excellent coating adhesion and
iuniformity.

Coater productivity and reliability have been continuously improved since
* the first unit was installed at the Navy Overhaul Facility at North Island in

1974. There are now approximately 70 Ivadizerso 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

H Z) 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-1psen Industries.

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

Io 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.

I 0 A fixture designed (Reference 3) and fabricated by MCAIR for the

C-130 Barrel Hub. It will be used in conjunction with the rotary parts
I* 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.

_i 
_ _I_.._i



(I

o Additional pumping capability that basically reduces the pumpdown
portion of the IVD aluminum coating cycle by 50 percent or more. A *:yropump
system will be used in conjunction with the conventional mechanical and

diffusion pumping systems. MCAIR has demonstrated that cyropumping I
efficiently removes water vapor during pumpdown. This benefit 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 list of sFare parts to be procured
along with the coater (Reference 2). These spare parts are considered to be m
adequate to prevent any coater inactivity due to replacement part procurement

delays.

Copies of the Reference 2 Procurement Specification and the Reference 3

Fixture Design are available from either WR-ALC/MANEE, W. E. Elmore or
NCAIR.-Dept. 357, V. L. Holmes. i

B. ACCEPTANCF 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 demonstrate compliance with the requirements stipulated in
Reference 2 and in MIL-C-83488. Final acceptance was based on the following
testing:m

0A o Safety - MCAIR simulated failure to demonstrate the proper H

operation of all safety devices and controls.

0 Coating Appearance - The IVO aluminum coating was verified to be

smooth, fine grained, adherent, uniform in 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 or the coating on test coupons was

6
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* removable by glass bead peening. Parts chroinated per MIL-C-5541 had a
I continuous. distinctly colored protective film ranging in color from yellow to

Iridescent bronze.

o Adhesion - The adhesion of the coating to one-inch by four-incii by

0.040-Inch alloy 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 tour diameters
magnification showed no evidence of nonadhesion.

-Bend-to-Break Test - Test strips were clamped in a vise and2' bent back and forth until strip rupture occurred. An examination of the
coating along the break-line at four diameters magnification showed no

evidence of non-adhesion.

- Glass Bead P~ening Test - The coating test showed no sign of

separation from the base metal when glass bead peened witP, 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 inches.

0i Corrosion Resistance Test~ng - MCAIR tested the corrosion

resistance of alloy steel panels coated with the various thickness classes

defined in MIL-C-8.3488C in a five-percent neutral salt fog environment per

ASTM Method B-117. Type 11 (chrornated) parts coated with Class 1, 2, and 31. coatings showed no evidence of corrosion of the basis metal when exposed for
672, 504, and 336 hours, respectively.

0 Reli-abilIty. Test -The reliability of teIV" aiumirum coater was
- demonstrated by performing ten continuous coating cycles without failure of

I the system. Coating adhesion as described above was verified after each
coating cycle.

*10 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 cryopump

~j I engagement and within 30 minutes with cryopump engagement.

1.7



o Pressure Levels - Base pressure and time in minutes to reach

operating pressures for a clean, dry chamber with and without the cryopump I
engaged were established for the following system components: the roughing

pump/blower; the diffusion pump; and the holding pump.

C. PERSONNEL TRAINING

MCAIR pr'ovided training at WR for electronic engineers, electrical

maintenance technicians, and electronic maintenance technicians which included

the following: t

o Review of electrical and electronic systems, including wiring

diagrams and drawings

o Troubleshooting procedures for the current sources and control

systems

o Electrical and electronic equipment servicing and care

o Adjustment procedures (locating components, adjustments to be made, I
values to be measured, equipment required for making adjustments)

o Applicable circuit board repair procedures

0 Recommended motor, switch, relay, solenoid, etc., maintenance

servicing and repair

MCAIR also provided training at WR for operators, mechanical maintenance

technicians, and mechanical engineering technicians which included the follow: I

o A review of mechanical diagrams and drawings

0 Component location and function

'd

I
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0 Troubleshooting procedures and techniques

I o Repair procedures

i o Assembly/disassembly procedures

0 o Adjustments - (how, when and where)

a Preventive maintenance procedures

o Valve locativn and functions

0 Valve adjustment and'maintenance procedures

o System operation

0I Potential operation problems

0 Potential maintenance problems

Personnel from the Ogden (00) ALC also attended the WR training sessions.

<I

'I
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SECTION III

COVERAGE OF INTERNAL SURFACES

A. PROBLEM

Although the IVD aluminum process is not confined to line-of-sight appli-

cation, it does have limitation! regarding the ability to coat into deep

recesses. Generally speaking, the process can be used effectively to coat

into a 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 than 1:1 (or 2:1 if open at both ends), the IVD aluminum coatir'.

coverage on portions of the internal surface may be inadequate. For exampll

the internal surface of the Figure 2 cylinder which is 4-inches in diameter

18-inches long and open at both ends would be r.ated effectively irl

approximately 4-inches from both ends. The remaining 1O-inc;ies of internal

surface in the middle of the cylinder would have a thin coating to no coating
at all.1

Even though techniques may be developed to evaporate aluminum within deep

recesses using an internal anode, this procedure could be prohibitively In

expensive for most applications. Therefore, IVD aluminum by itself cannot be U
a direct cadmium substitute for some ALC parts, sinch as landing gear details

and turbine shafts, because of internal surface mrotection requirements.

However, there are protection systems that are compatible with IVO aluminum

and may qualify as alternatives to cadmium for internal surfaces. Supporting

data for such qualification, however, needs to be developed.

B. SOLUTION/APPROACH I

Combine IVD aluminum with supplemental protection systems to provide I
complete coverage of internal surfaces. Candidate protection systems are

shown in Table 1 and include:

I
I'
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Figure 2. IVD Aluminum Coated4Ic iam rb
on-IncteLoag Cylfnce
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Figure 2. IVD Aluminum Coated 4-Inch Diameter by
S~18-Inch Long Cylinder

0o Aluminum-filled MIL-C-81751 basecodtS- These are aluminum-filled

paint-type materials currently in use by the ALCs. The coatings can be brush-

i or spray-applied to internal surfaces. The coating becomes electrically

conductive when either curtd at high temperature or burnished with glass

beads. The electrically conductive coating provides sacrificial

corrosion-resistance protection to alloy steel subctrates. Alseal ,

Sermetel and Xylar are tradenames of available aluminum-filled coatings

i suitable for this application.

IIthi



o Primer, topcoats, and sealants - Combinations of various primers,
topcoats, and sealants have shown promise in preliminary testing and may
afford acceptable barrier-type corrosion resistance protection to internal
surfaces. Standard materials in use by the ALCs like epoxy primers,
polyurethane toproats, and sprayable sealants are candidates.

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

Supplemental Protection Systemn Applicable Protection Poesr
Material IdentificationO MiI.Speesb Type rcar

Coa' ing5 for Industry: Alseal 518 MIL-C-81751 Sacrif icial MOAIR

Whitford: X(ylar I * MIL 061751 Sacrificial MCAIR

Serrnalech: Sorm~tel CR984-LT MIL-C-81751 Sacrificial Sermnatech

Epoxy Primer MIL-P-23377 Barrier c MCAIRH
Polysuffide Sealant MIL-S-83430 Barrier
Polyurethane Topcoat MIL.C-83286 Barrr

MVCAIR: Epoxy Primer None Barrierc MCAIR.1Polysuffide Sealant MIL-S-83430 Baffler
(Fill and Drain)

Whitford: P-92 Primer None Barrier MC~AlR
WhItford: Xylan 1014 Topcoat None Barrier

Wh~1ord: P-92 Primer None Barrier MCAIR
Whitfurd: Xyian 1010 Topcoat None Barrier

Waterborne Epoxy Primar MIL-P-85582 Barrier cMCAIR3
Polysuff ids Sealant MIL-S-83430 Barrier

Zinc Phosphate MIL-P*16232 Barrier Embes PlatlngI
MCAIR: Epoxy Primer None BarrerU
Polyurethane Topcoat MIL-C-83286 Barrier

MCAIR: Epoxy Primer Nono Baniere DeSotoI
DeSoto: Epoxy Powder Coaling None Barrier

Walorbome Epoxy Primar MIL-P-85582 Barrnerc DeSoto
DaSoto: Epoxy Powder Coaling None BarrierI

NADO Unicoat None Barrerc DeS'oto
DeSoto: Epoxy Powder Coating None Barrier

DeSoto: Epoxy Powdor Coating -None Barrier DeSoto

-- 1I



TABLE 1. CANDIDATE INTERNAL SURFACE PR1OTECTION

SYSTEMS APPLIED TO PANELS (CONCLUDED).

iiSupplemental Protection System Applicable f Protection re o"
Maera ketfcions 11111ISpecalb Type

Zinc Phosphate MItL-P-1 6232 Barrier Sunbeft Coating* iWhitford: P-92 Primer None Barrier
Whftf ord: Xylan 1014 Topcoat None Barrier

Zinc Phosphate RAIL-P-I 6232 Banrier Sunbelt Coating
IWhitford: Xylan 561, 1 Pelmedd None BarrierC

Whhftord: Xylan 5251 Topcoat None Barrier

IManganese Phosphate MIL-P-1 6232 Baffler Embee Plating
*Waterbomei Epoxy PrIrnar MIL-C-B5582 Barriero MCAIR

1-igh-Solids Polyurethant. Topcoat MIL-P-852B5 Barrier Embee Plating*'li a Suppliers:
Coatings for Industry, Inc.; 319 Tomiship Line Road, Souderton, PA 18964, (215) 723-0919

-Whitford Corporation; Box 507, West Chester, PA 1938 1, (215) 296-3200
* - Sermatech International, Inc.; 155 SLuth Limerick~ Road, Umnericlk. PA 19468,.(215) 946-5100

-Naval Air Development Can 4r; Waqrnirister, PA 18974

bi Military Spetiflcations:
- MIL-P-16232 Phosphate Coating, Heavoy, 6Waai eoe or Zinc Buse (for Fe.rous Metals)
- MIL-P-23377 Primewr Coating, Epoxy Poflyamide, Chemiocal and solvent Resistant*Yf -. MIL-C-8 1751 Coating, Metallic Ceramnic
- MIL-C-93286 CaIng, Urethane. Aliphatic Isocyanate. for Aerospace Applications
- MJl.-C.83.430 S@aling Compound, Integral Fuel Tank and Fuel Call Cavities, Intrmittent Use lo

360-F (182-C)I ~- MIL-C-85285 Coating: Polyurethane. High-Solids
-MIL-P-B5582 Primner Coatings: Epoxy, VOC Ccompliaw.1, Chemical Solvent Resistant

c Although these materalrs are designated barrier, they do oontain Ielawtale compounds which~ provide*1I sacrikula ptolectiont.

d Zinc Rich. May Provide Some Swalclaal Protecton.

I a Processors:
- McDonnell Airoraft Company (MCAIR); P.O. Box 516, St. Louls, MO 63166 (314) 233-8643

-Sermatech International, Inc.; 155 SouthLiUmerick~ Road, PA 196468, (215) 945-5100
- Embee Plating; 2136 South Hathaway. Santa An&, CA 92705 (714) 5A6-9542I ~- DeSoto, Inc.; Box 5030, Dos Plaines. IL 60017, (.112) 391 -2365i
- Sunbelt Coating Company, Inc.; 1805 West Detroit Stret Broken Arrow, OK 74012. (918) 258-8007
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Screen candidate protection 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 following sequence:

a. Coat the cylinders with IVD 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 cylinders covering both bare areas and a-as ccated

"with IVD aluminum.

c. 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. 3
C. TEST DATA

1. Tcost Panels I

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 IVD aluminum where the coating transitions fr.'m an acceptable U
thickness to no coating at all. Three different conditions of thin IVD

aluminum coatings were evaluated after being overcoated. They are:

o As coated (not peened) and not chromated (Type I)

14
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o Peened, but not chromated (Type I)

o Peened and chromated (Type II)

The peened and chromated condition is the normal processing mode for
IVD aluminum coating. The other two conditions were evaluated 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. In addition, two bare

I steel panels were processed with each candidate protection system to simulate

internal surfaces coated with a trace to no IVD aluminum. A typical test

I panel set processed with Table I candidate protection systems is shown in

Figure 3.

U a. Processing Parameters - All of the steel test panels were

cleaned using the normal procedures for precleaning alloy steel substrates for

ivD aluminum processing. This entails solvent vapor degreasing followed by

mechanical grit blasting with #220 aluminum oxide grit at 60 psi. The sub-

* sequent processing parameters for each candidate protection system such as

application method, number of coats, thickness, and cure time/temperature are

I 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 is shown in

Table 2. The total protection system thickness and uniformity is shown in

Table 3.i
c. Coating System Adhesion - The adhesion of the candidate coating

* systems was tested as follows:

* o The test panel was cleaned with solvent and wiped dry with

clean cheesecloth before solvent evaporation.

1
!1



II

I Candidate Protection Systen# Over:

* H
,II

"* I

C

j Bar* Steel Panel atM Steel Panel

. .... .( .

.. ooa TyeIPendTp I PendTye1

lb I

H !
•;Unpumned Type I Peened Type I Peened Type II

"IVD Aluminum Coated IVD Aluminum Coated IVD Aluminum Coated
Ste.e Panel Ste.. Panel Ste.e Panel

SI

Figure 3. Typlc3l 4-Inch by 6-Inch 4130 Alloy Steel Test Panel Set Processed With
Candidate Internal Surface Protection Systems.
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TABLE 2. PROCESSING PROCEDURES FOR CANDIDATE PROTECTION
SYSTEMS APPUED TO PANELS.

jI Approximate
Protection System Application Number Comporent Cure

Components Method of Coats Thickness (in.) Time/TemperatureH I -_I~ er.oat _ _ _ _ _

Coatings for Industry: AJseal 518 Spray 2 0.0015 60 rain @ 500'F

Whitford: Xylar 1 Spray 2 0.0015 200 mnn @500"F

Sermatech: Sermetel CF1984-LT Spray 2 0.0008 60 min @ 375OF

Epoxy Primrr Spray 2 0.0070 60 rrnn @ Room Temp
Polysulfids Sealant Brush 1 0.0015 45 rmin @ 1606F
Polyurethane Topcoat Spray 2 0.0015 60 rnin a 1706F

Epoxy Primer Fill and Drain 1 0.0010 30 rmin @ 1600f
Polysuffide Sealant Fill and Drain 1 0.0100 180 rain @ 1609F

* Whitford: P-92 Primer Spray 2 0.0003 10 min @ 350OF
Whitford: Xylan 1014 Topcoat Spray 2 0.0003 10 n'mn @ 450*F

Whitford: P-92 Primer Spray 2 0.0004 10 rain @ 3509F
Whattord: Xylan 1010 Topcoat Spray 2 0.0004 10 rain @ 450*F

Waterbtme Epoxy Primer Spray 1 0.0010 30 min @ 160"F
Polysutfido Sealant Spray 2 0.0015 180 min @ 1606F

Zinc Phosphate Tank Immersion 1 0.0005 Not Required
Epoxy Primer Spray 1 0.0010 60 rmni @ Room Tamp3 Polyurethane Topcoat Spray 2 0.0015 30 rnin @ 2006F

Epoxy Primer Spray 1 0.0010 60 min @ Room Temp
Epoxy Powder Coating Spray 1 0.0030 15 min @ 250OF

Waterbome Epoxy Primer Spray 1 0.0010 60 Mnrn @ Room Tamp
Epoxy Powder Coating Spray 1 0.0030 15 "rn @ 250"F3 NADC Unicoat Spray 1 0.0050 60 rnmm @ Room Temp
Epoxy Powder Coating Spray 1 0.0030 15 nin a 250TF

Epoxy Powder Coating Spray 1 0.0030 15 nln @ 250OF

Zinc Phosphate Tank Immersion 1 0.0002 Not Required
Whitford: P-92 t ,iner Spray 1 0.0002 10 r~ n @ 3506F
Whitford: Xylan 1014 Topcoat Spray 2 0.0002 10 rrin @ 4501F

Zinc Phosphate Tank Irmm7erslon I 0.0001 Not Required
Whitford: Xylan 5611 Puner Spray 1 0.0010 10 rnin @ 4009F
Whitford: Xylan 5251 Spray 1 0.0010 10 rOn @ 4006F

Manganese Phosphate Tank Immersion 1 0.0005 Not Required
Waterbome Epoxy Puimer Spray 1 0.0010 30 nin a- 160OF
High-Solids Polyurethane Topcoat Spray 2 0.0010 30 rnin (P 1606F
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TABLE 3. UNIFORMITY AND AVERAGE THICKNESS OF
CANDIDATE PROTECTION SYSTEMS.

Protection Thicknmu I
Processor: (mils) AveTrbe

Protection System - - - Th(MIs)
A 5 C (ie

MCAIR: Aiseal 518 3.0 3.0 2.9 3.0

MCAIR: Xylar I 3.3 3.4 3.6 3.4

Sermatech: Sermetal CR984-LT 1.5 1.6 1.6 1.6

MCAIR: Epoxy Primer, Polytulfide Sealant, 5.5 5.6 5.9 5.7
Polyurethane Topcoat

MCAIR: Epoxy Primer, Polysulfide Soaiant 11.5 10.: 13.5 11.6
(Fill and Drain)

WAIR- P-92 Primer, Xylan 1014 Topcoat 1.3 1.2 1.3 1.3

MCAIR: P-92 Primer, Xylan 1010 Topcoat 1.7 1.7 1.7 1.7

MCAIR: Waterborne Epoxy Primer, 4.6 4.9 4.8 4.8
Polysulfide Sealant

Embee Plating: Zinc Phosphate, Epoxy Primer, 4.3 4.3 4.3 4.3

Polyurethane Topcoat

"DeSoto: Epoxy Primer, Epoxy Powder Coating 4.8 4.7 4.2 4.6

DeSoto: Waterborne Epoxy Primer, Epoxy 4.4 4.2 4.0 4.2
Powder Coating

DeSoto: NADC Unlcoat, Epoxy Powder Coating 7.5 7.8 8.1 7.8

DeSoto: Epoxy Powder Coating 3.9 3.1 2.8 3.3

- Sunbelt Coating: Zinc Phosphate, P-92 Primer, 0.8 0.7 0.8 0.8
Xylan 1014 Topcoat

, Sunbelt Coting- Zinc Phosphate, Xylan 5611 1.3 1.3 1.4 1.3
Primer, Xyian 5251 Topcoat

MCAIR. Manganese Phosphate, Waterborne 3.2 2.8 2.7 2.9
Epoxy Primer, High-Solids
Polyurethane Topcoat

1I

I
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I o 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, lifting the

loose end of the tape to an angle of 45 degrees to the panel, and removing the
I tape from the panel with one, abrupt motion.

I o A 4- by 4- by 1/8-inch pad of cheesecloth saturated with
tap water was covered with polyethylene 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.

o The tape test was repeated within 2 minutes after removal

of the water-soaked pad.

All of the candidate protection systems passed the dry tape and

u I 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-83488 invokes on a Class 1, Type II IVD aluminum
coating. There are three classes and two types of coatings. Class I coatings

HJ 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 I does
"not receive supplementary ei p sn T Irv
chromate treatment in accordance with MIL-C-5541. Type II coatings are

usually recommended because the chromate conversion coating provides addition-
al corrosion protection and promotes better adhesion of most paint-type

* topcoats.

1
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The majority of the 16 candidate protection systems applied

over bare steel panels not only met but far surpassed the minimum 672 hour I
. corrosion resistance requirement. All of the protection systems aptlied over

a thin YVD aluminum coating (less than 0.0003 inch) met the minimum 672 hour
requirement. Minimum corrosion resistance acceptance as well as 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 I
times and therefore have various periods of exposure. Table 4 lists hours of

exposure to the corrosive environment through April 1990. Many of the panels

remained in test after this d te. Final salt fog duration results will be

Included in the proceedirg5 ftr Phase III of the program.

All 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 I Data[ Base Handbook (Reference 1). However, the most important reason for replacing i
cadmium with IVD aluminum at the ALCs may be in how the two metals and their

respective processing procedures impact the environment.

Aluminum is a non-toxic substance, and the IVO 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

~p. 20Ir•i-,ij•
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I TABLE 4. CORROSION RESISTANCE OF CANDIDATE PROTECTION SYSTEMS
IN A FIVE PERCENT NEUTRAL SALT FOG ENVIRONMENT.

I Alloy Steel Test Panels
ASTM-BI17 Solt Fog Reslsa~nce

Bare Steel Thin IVO Al on Bare Steel67 rDrain 52hr Drto
Processor: Sacrstlcial Protection SystemIIMCAIR: Alseal 518 Passed 6 ,0 4 8 b Passed ue

MCAIR: Xylar I Passe 6 .0 2 4 b Pase 6 .0 2 4 b

Sermatech: Sermetel 0R984.LT Passed 1.704 b Not Tested -

Processor: Barrier Protection System'

. 1MCAIR: Epoxy Primer, Polysuffide Passed 7 .1 7 6b Passed 716
Sealant, Polyurethane Topcoat

MCAIR: Epoxy Primer, Potysulfide Sealant Passed 7 ,152b Passed 7,1 52 b

'FAill Pan2 Praime.ln' 11 oca ald -P e

MCAIR: P-92 Primer, Xyian 1010 Topcoat Failed -Passed 6.192b

MCAIR; Waterborne Epoxy Primer, Polysulfids Passed ¶,g8D Passed 604I Sealant
Embou PlatiNg: Zinc Phosphate, Epoxy Primer. Passed 5 .20 8 b Passed 5 .2 08b

Polyurethane Topcoat

DeSoto: Epoxy Primer, Epoxy Powder Coatig Passed 2,448 Passed4,3b

DeSoto: Walerborne Epoxy Primer, Epoxy Passed 4.632 Passed 4 ,6 3 2bI Powder Coating

DeScito: Navy Unicoat, Epoxy Powder Coating Passed 2,760 Not Tested -

W eowo: Epoxy Powder Coating Passed 4,536b Passed 4 ,5 36b

Sunbelt Coating: Zinc Plh'zaphatv. P-92 Primer, Passed 692 Passed 4,488
Xy'an 1014 Topcoot

Sunbelt Coating:'Ijnc Phosph;-,e, 2'vlan 5611 Passed 1,368 Not Tested -

Ptimer, Xyla 15251 Topcoat

IMCAIR: Maryjanese Phosphate Waterborna Passed 1 ,5 36b Not 'tested-
Epoxy Primer. High-Solidsj

* ~~~~~~Polyurethane TopcoatI ._____ ______

a A~thouvjh M-e"se yslwnsr "r designated banierm, soff* aunj~oemnt milwnish contan leachable con-vourKM whilch
provide sacnrifcial prolection - see Table 1.

b Panels are still in ast.
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Corrosion Resistaencle Spiecimn.

Ba* St~

Il

Bare ~ Ba SttlBaeel"
OvorcoateOvrcote WihAsal58OerotdWth Alseal 51B

1,34 ous SNetrl altFo6721 Hours - 5% Neutral Salt Fog

BArso Steel Barselts.

Ovrcatd it Asul 18OeroaedWih laa2512



Corrosion Resistance Spocimens,

Bare Steel
Ovarcoated With Xylar I

672 Hours - 5% Neutral Salt Fog

IIr

Bars Stoel gare Steel
Overcosetd With Xylar I Overcoated WIth Xylar1

1,344 Hours - 5% Neutral Sat Fog 5,016 Hours - 5% Neutral Salt Fog

I Figure 5. Corrosion Resistance: Xylar I Protection System Applied to Bare
Alloy Steel Panels
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Corrosion Resistance Specimewns

I- Lin- Ji.

.A1

Ac. I"

.A V

Bare Steel
Overcoatsd With Smenntel CR984-LT

6724 Hours - 5% Neutral Salt Fog

Figure 6.CroinRssac:SretlC94L rtcinSseAppled o Rae AloyStee Paels
_ 24



Coroaslon Reslatanoe Specinmens

LIl! all.I

I
!1I

Bare SteelK 'Primer, Sealant and Topcoat
672 Hours - 5% Neutral Salt Fog

~ Bare Steel Bare Steel
Primer, Sealant end Topcoat Primer. Sealant and Topcoat

1,344 Hours - 5% Neutral Salt Fog 4,032 Hours - 5% Neutral Salt Fog

Figure 7. Corrosoon Resistance: Epoxy Primer, Polysulfide Sealant, Polyurethane
Topcoat Protection System Applied to Bare Alloy Steel Panels.
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dI
Corrosion Resistance Speimens

IWOe Steel
Overcoated With MCAIR Fill and Drain

6472 Hours - 3% Ngutral Salt Fog

Bare Steel Bare Steel
Overcotetd With MCAIR Fill and Drain MCAIR Fill and Drain

1,344 Hours - 5% Neutral Salt Fog 4,032 Hours - 5% Neutral Salt Fog

Figure 8. Corrosion Resistance: Epoxy Primer, Polysulfide Sealant "Fill and Drain
Protection System Applied to Bare Alloy Steel P1unels.
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< I Corrosion Resistanov Speciffens

Ba&re Steel
Overcoat -ld Wlth Waterbome Primer and Sealant

672 Hours - 5% Neutral Salt FogQ4
"q .

, 1,34 Hor - 5%Nuta al o

Appled o Bre llo StelBarsntels
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•~Ii
Confoslon Roalatmno. Spocimens

I°+I

Bare steel
Phosphate Coating, Primer and Paint

672 Hours - 5% Neutral Salt Fog

Bare Stool Bare Stool
Phosphate Coating, Primer and Paint Phosphate Coating, Primer and Paint

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

Figure 10. Corrosion Resistance: Zinc Phosphate, Epoxy Primer, Polyurethane Topcoat[ Protection System Applied to Bare Alloy Steel Panels.

2
I

I
I• I
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I
Corrosion Resistance Specimen

I -nmF•

I
ii
I
I

Bare Steel Bamu Steel
Prdmvr and Powder Coating Primer and Powder Coating

672 Hours - 5% Neutral Salt Fog 1,344 Hours - 3% Neutral Salt Fog

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

4M ýII

* " l

] Bare Steel

Waterborne Primer and Powder Coasting
672 Hours - 5% Neutral Salt Fog

lI
S~I

I

K' I

Bare Stool Bare Steel
Waterberne Primer and Powder Coating Waterborne Primer and Powder Coating

1,344 Hours - 5% Neutral Salt Fog 3,624 Hours - 5% Neutral Salt Fog

Figure 12. Corrosion Resistance: Waterbome Epoxy Primer and Epoxy Powder
Coating Applied to Bare Alloy Steel Panels.

30 I
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II

Corrosion Reslstance Speclmens

I

I

Barn Steel

672 Hours - 5% Neutral Silt Fog

.j .... ..

Navy Unicoat and Powder Coating

1,34 Hours - 5% Neutral Salt Fog

I

I

11•

Figure 13. Corrosion Resistance: Navy Unicoat and Epoxy Powder Coating
Protecth,)n System Applied to Bare Alloy Steel Panels.

31
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I
Coffoslon Rmeetanoe Specimno I

i i

I , |

' IBare steel Bare steel
Powder Costing Powder Coating

572 Hours -5% Neutral Salt Fog 134 Hours -5% Neutral Salt Fog

.,3,528 Hours - 5% Neutrl Sal Fog

' i ~ ~~Figure 14. CorroTsionae AloResi~r•esteeance:.Epoxy Powder Coating Protection System Applied

II

S~I

I

32
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Corrosion Resstance Specimens

I

I S,

Bare Steel
Zinc Phosphate, Zinc-Rich Prtnimer and One Coat of Xylsn 5000 Series Coating

1,000 Hours - 5% Neutral Salt Fog

FIGure 15. Corrosion Resistance: Zinc Phosphate, Zinc-Rich Primer, Xylan 5000
Series Topcoat Protection System Applied to Bare Alloy Steel Panels.
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Corrosion Resistanote Specirnw.

J___________8

Bare StI

Proecio Syten ppledtoBare lo St eelPaes

Phap~a. otigPrmad yln3014



,.vI

Co• .fion Re•sa"ne•• Speimen

Phosphate, Waterborns Palmer, High-Sollde Topwo•

672 Hours - 5% Neutaml Salt Fog

Figure 17. Corrosicn Resistance: Manganese Phosphate, Waterborne Epoxy Primer,
I ~ High-Solids Polyurethane Protection System Applied to Bare Alloy

Steel Panels.
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Corrosion Resistant Speckino

7tI
tic`

IVD Aluminum Coated Steel Panel - Peened, Type 11
Overcoated With Waterbome Primer and Saalarrl

672 Hours - 5% Neutral Salt Fo~g 1,344 Hours - 5% Noutrat Salt Fog

-~-.7

IVD Aluminum C~osted Steel Peanl - Peened, Type 11
Overcoaled Wih Waterbome Primer and Sealanth

Z&881 Hours - 5% Noeutral Salt rog 5,424 Hours - 5% NeutraJ SaW Fog

F12ure 18. Corrosion Resistance: Waterborne Epoxy Pririer and Polysutfide
Sealant Protection System Applied to Alloy Steel Panel Coate-d With
TIWn IVD Alumilnum.
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I ~Corrosion Realatsnt Speckwnn

IIk

ji IVD Aluminum Coated Steel Panel - Peenebd, Type 11
U ~Overcoated With Phcoaphate, Primer and Xylan 1014

672 Hours - 5% Neutral Salt Fog 1,344 Hours - 5% Neutral Salt Fog

40 ,5 - 4 I

U IVID Aluminum Coated Steel Pans? Peenod, Typo 11
Overc~oatod With Phosphate, Primer and Xylan 1014

3,g8M Hours - 5% Neutral Salt Fog

Figure 19. Corrosion Resistance: Zinc Phosphate, P-92 Primer, Xyl~an 1014 Topcoat
ProtLection System Applied to Alloy Steel Panel Coated
With Thin IVD Aluminum.

37



of~ as a hazardous waste by approved occupational Safety and Health

Admiinistration (OSHA; and Environmental Protection A62flcy (EPA) procedures.

En addition, electroplatea cadmium processing introduces additioral hazcrdous
materials, such as cyan!Oe in the plating bath, which must be controlled. The

tO-u~t to eliminate cadimiuw processing at the ALCs will reduce hazardous waste

proceuction and improve environmcntal compliance in general.

I t is Importmn therc, V4,r :ulppiezenta*ý processing that is
performed in cconjuncticn with normaia 'iD Ltluminum processing be eelvironmen-

taly compliant. Table o. addresses the environmental coumpliaa'ce of the[1candidate protection systems. MCAIR includ ed barrier-type coatings in the

corrosion inhibitors ý;iich wMY be controlled by a~r-to-ic regulations that
are currently beiig enacted. Tne &-erospace ineustry iS CLrrantly evaluatinq

alt~ernate corrosiun inhibito~s.

2. Siniula4d Prodvct~ioa~ )etails

2 ~c~ui--inch diameter b~y 18-inch longl 4:30 elloy su.el c!'Iinders W~lre
selected to simu'sate production details such as landin~g gear dete~ls. M ' z
'Zeing processed with~ 1VD Aluminum, these detail par'ci waer a~equa-cly codtiod
ý)n exteraal surfaces and ot5 internial ;urfices for a distance at i.bout "oujr

inche!: from each end. Th_- m-ýnir~inq ten *oches :)f Ute,,rW surfdue ;J1 the
middle oft tnCa cylinder received a very t.hioi (lest, ý,hdr -0.00)2 inc~) coý:tilg
whilch transitioi~ed to aro coatiti ia t-All (see FigQiri.' 2). Ten !VD

aluminur~-coated cylinders viere f~irt~her pro'nessed lj'4th tL1c supple~metsl
ioiternal surifAce p-rotect10n SyStMn llstý in Tablu 4. The cylirnoers were
the-n sectLioned len~thiwil-e ýFiqure 20). After thickness ani ukiifora~ity were

~~ '1 pasured, the s~ipplemrtenl protection sy~.tems were Ittstud fohr adrkesi~n an'.1-

1 ~corrosion. resistar-e.
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TABUI S. HEALTH AND LWVRONMENTAL IMPACT Of CANDIDA.TE Prio7rCTION SYSTEMS

VolatikcOrqWbi
CornpowLd (VOC) M P~n~Epmr

Candidate Protection Ss~tsr LitkCana cnmib Uit (PEL) of
ML)~t?) Lmit S~u~

Alaal 513 0 420 Ye

*XyWar1 0 420 Yes

Sermetael CRN844Y~ 0 420 j Y.

Epoxy Primor 578 360 I3 ;
Polysulfide Sialant (Brush) 600' I No 100
Pcl~uethane Topucat 590 420 N

Epoxy Primer 675 4 yes Id00
Polysulfide Sealant (FIJI and 403 Goo No i00

.ylan 1014 Topooat 1 420 NU 10

P-92 P~mer His .ý;S No 10
Xyan 10 10 Topcooa76 20No

WatlrbomeEpoxyPrimer 345 350 Yes 25
Polysulfildi Sealant (,"pray) 403 600 NO 100

Zinc Phnsphate 0 yes
Epoxy Pritnr 575 350 w YOL 100
Povureii-r, Topocni Ego 420 No 25

Epoxy crnmwr 675 360 Yes 100
Epoxy Po*vtir Coatmnj 0 420 NO

Weaorborm. Epoxy Primer 345 &0o Ye.2
Epoxy Powder Coalng 0 420

IADC Unkoat 420 Soo N.. so
&poxy Powdot C-oi;1g 0 4%No

Epory Powd~r Coalng 0 40No

10m Phl:t 0 ye
- XVjan .1., 6 420 No

Zn hoasihate 0 yes

Xyinn S2-.1 583 QOt you

~W1roEpoxy Primar 3" &o 34yes 25
ltgh-Solids Pulyurethanc Topgoatj 415 4ýa No 50

A ýýt Coast Air Qualiry Wataamili RuWa 1124 .. owmnt or' se&duid ro.On
b 'Yas'maloriaW conwln chrurrir oco-.,Won Wiabflori.

c oeiP-'L if rrcQ tuwm am Ktorin
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TABLE 6. SUPPLEMENTAL PROTEC~ION SYSTEMS APPLIED TO THE INTERNAL
SURFACES OF THE 44INCH DIAMETER BY 16-4NCH LONG CYUNDERS.

Processor: Protection System
MCAIR - Alseat 516

* Alseal 518S. Waterbome Primer. Polyurethane Topcoat
- Waterbome Primer, Polysuffide Sealant (Sprayed)
* Waterborme Primer, Polysuifide Sealant (B rushed)I
* Wale rbome Primer, Polysulff ds Sealant (FlU and Drain)
. Epoxy Pimer, Polysutfide Sealant, Polyurethane Topcoat

Embl*o Plating - Manganese Phosphallo, Epoxy Primer, Polyurethane TopcoatI

Embee/MCAIR - Mangan~se Phosphate, Waterborne Primer, High-Solids. Polyurethane Topcoat

DeSoto * Epoxy Primer. Epoxy Powder CoatingI4 *~ Waterbome Primer, Epxy Powder Coating

Cyilader Corrosion Testf Specimens

AU

IQI

M~anganese Phosphate. Waterborne Primer,
High-Solids Polyurathane Enamel Topcoat

Floure 20. 4-Inch Diameter by 18-inch Long Cylinder Sectioned
After Processing For TesIng.
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a. Processing Parameters - The bare steel cylinders were processed

I In the following sequence:

(1) IYD aluminum preclean - Standard precleaning was used

which consists of:

i O Solvent vapor degreasing to remove organic

* contaminants Yrom the part surface such as grease and oil films, cutting

fluids, and corrosion prevention compounds.

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

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

(2) IVD Aluminum Application - The cylinders were coated with

IVD aluminum per NIL-C-83488, Class 1, Type II. Class I requires a minimum of

0.001 inch of coating on the external surfaces of the cylinders. Type II

I [] requires that the aluminum coating be treated with chromate conversation

coating per MIL-C-5541.

QI () IVD aluminum post-coat procedures - The following

procedures were performed on all of the cylinders except for the one that was

further processed with Alseal 518:

o The IVD 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.

0 All of the cylinders were chromated within 24 hours

of peening per the following procedure:

, gImmerse cylinders in Alodine 1200 solution for 30

seconds.

I41
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- Rinse cylinders thoroughly with ambient

temperature tap water to remove all excess Alodine 1200 solution.

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

- Protect the chromated cylinders from contamination I
and Isture.

Note: Peening deoxidizes the IVD aluminum coating and

enables a complete chemical reaction between the IVD aluminum coating and

chromate conversion solution. Repeen the 1VD aluminum coating If chromating

does not occur within 24 hours.

Exception: The cylinder processed with Alseal 518 was

"peened and chromateC after the Alseal 518 was appllod.

(4) Supplemental Protection System Application - The cylinders I
were then further processed with the various Table 6 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 8.

c. Coating System Adhesion - The mil-specs controlling the I

components of the various barrier-type protection systems all impose stringent

coating adhesion testing for material qualiflcation. All barrier-typei

A coatings that were applied to cylinder internal surfaces were qualified

mil-spec materials other than powder coating. The basic requirements for

materials with proven good adhesion chdracteristics is proper substrate

cleaning and application of the material. The internal surfaces were already

basically clean from IVD aluminum processing but were grit-blasted again just

prior to application of the protection system components per Table 7. The

inherent adhesion of Alseal 518 sacrificlal-type coatings is not as good as

42
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TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTION
SYSTEMS APPLIED TO INTERNAL SURFACES

Processor Protection lystamil Peioeuulng P ~oadre

IMCAIR: Alseall 518 Qftd~Ler 2=td - Surtaca Was Grit Blasted With Aluminum
Oxide Grit at 60 psi. One Coat of Asset 518 Was Spray Applied
Using Conventional AW Spray Equipment With a 90* Spray
Extension. The Frst Coast Was Cured at Room Temperature forI 15 Minutes, Thin Baked At 1750F for 45 Minutes. A Second Coat
Was Applied and Baked at 1756F. The Completed Coating Was
Then Cured at SW0F for 60 Minutes. The Cyl~nder Was Cut In
Two Sections. The Aisul 518 Ccating Was Glass Bead Peened at
25 pal to Burnish the Coatng foi ElecrkW Conductivity

Recommendiad Productigo Prcdr - to Production, a N&0
Spray Extension Should Be Used fom Ali Internet Diameiter Spray

A ' Applications.
The Glass Bead Peening Would Be Performed Using a W0
NLozzle. The Aseal 518 Would Be Dvercoatsed With One Coat of
Primer and Two Coats of Polyurethane TopcoatI MCAIR: AMseai 518, Waterborne Primer.,

Polyurethane Topcoat Qd~rPoeua- A Cylinder Procesed With Asset 518 Was
Then Coated With One Coal of MIL-P-85582 Waterborne Primer
and Two Coats of MIL.C-93286 Gloss White Polyurethane'I Enamel. All of the Coatings Were Spray Applied Using Conven-
tional Air Spray Equipment With a 900 Spray Exteinsion. Each
Coat Was Baked tar 30 Minutes at 1600F

I ~ A 3W0 Spraty Extension
Should Be Used for All internal Diameter Spray Applications,

MCAIR- Waterborne Primer, Pollysulfide
Sealant (Sprayed) CyidrPicd Surface Was Grit Blasted Wlth Aluminumii Oxide Grit at 60 psi. One Coat of MIL-P-85582 Waterborne

Primer Was Spray Applied Using Convantlonal Air Spray
Equipment With a DO* Spray Extension. The Primer Was Cured
for 30 Minutes at 1606F. One Coat of MIL5-83430 PolysutfideI ~Sealant Vas Spray Applied and ALlowed to Cure for 24 Hours at
Room Temperature. Class A-4 Sealant Was Thinned 30 Percent
by Volumne With Toluene. A Second Coat of Stalant Was Spray
Applied. Tihe Coating Syttem Was Cured for 7 Days at Room

Tempemrature
B m m~r ur~ -A 3604 Spray Extenslon

* Should Be Uaad for All Intarnel Uiameater Spray Applications,
* ~MCAIR: Waterbarne Primer, Polysutffde

S aiat (Brushed W~l&lumlnuI;:Oxide Grit at 60 lisl. One Coat of MIL-1P-8582 Waterborne
Primer Was Brush Applied and Baked for 30 Minutes at 11604F.I One Coat of MIL-S-3430 Polysulfied Sealant Was Brush
Applied and Allowed to Cure for 24 Hours &t Room Tsmperaumr.
CLass A-112 Sealant Was Thinned 10 Pecrcent by Volume W~h
Toluene. A Second Coat of So~alat Was Brush Applied. The
Coating System Was Cured far 7 Days at Room TemperatureH Iene _ _ _ _ _ _ _ _ __redue Sme as Cyi~ndat

* Procedure

I. IaSee Table 1 for supplila, pssoo ' and U-spac ~Inormakin.
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TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTIONI
SYSTEMS APPLIED TO INTERNAL SURFACES (CONTIINUED).

Processor: Pi'otscton System 5a Procea"tng Procedure

MCAIR. Waterborne Primer, Polysutflde CyinderProcdure -Surface Was GrIt Blasted With Aluminum Oxide
Sealant (FUil and Drain) Grit at 60 psi. The CWinder Wa~s Fill and Drain Coated With

One Coal of MIL-P-85582 Waterborne Primer and Bake for 30
Minutes at 1 600F. The Cylinder Was Fill and Dinin Coated Witb
MIL.S-83430 Polysulfide Sealant and Allowed to Cure for 24 Hours at
Room Temperature. Class A-1/2 Sealant Was ThInned 30
Percent by Volume With Tolune. A Second Coat of Sealant Was and
Drain Applied. The Coating System Was Cured for 7 Days 14 Room
Temperature.I

Recommended Production Procedure - Same as Cylinder Procedure.

MCAIR: Epoxy Prirnei Polysuffide Sealant. Qdne Pogu - Surface Was Grit Blasted With Aluminum Oxide
Polyurethane Topcoat Grit at 60 psi. Two Coats of MIL-P-2,3377 Primer Were Brushed

Applied Wfth a 30 Minute Bake at 1600F After Each Coat. One Coat of
MiL-S-83.430 Potysulfide Was Brush Applied and Allowed to Cure forI
24 Hours at Room Temperature. Ciass A-1/2 Sealant Was Thinntd 10
Percent by Volume With Tolune. Two Coats ol MIL-C-3286 Gloss
White Polyurefthne Enamel Were Brushed Applied. The Costng
System Was Cured for 7 Days at Room Temperature.

Recommended Productlon Procedure -- Bamns As Cylinder Procaidure.

EmbeePlatng: angaese hospate.j1lnr Procedure - Surface Was Grit Blasted Wlth AluminUm QXide
Embe Plting Maganee Posphte, Grit at 60 psi and Manganese Phosphate Coated Per MIL-P-16232.

Epoxy Primer, One Coat oi MIL-P-23377 Primer and Two Costs of MIL-C-43286
Polyjurethane Topcoat Gloss White Polyurethane Enamel Ware Spray Applied Using

CovnioaAr pz Equipment With a 360* Spray Extension.
Each Coat Was Cured at Room Temperature.

Recomnmended Production Procedure F-oila And-rcdrs

Em Ai.Watarbaorne Primer, Grit at 60 psi and Manganese Whspas te Coated Per MIL.P.16232.
Hvh-Solids Polyurethane One Coai of MIL-P-85582 Waterborne Primer Was Spray Applied
Topcoat I.Jking Coivenbonal Air Spray Equipment With a 3600 Spray Extension.

The Primer Was Cured at Room Temperature. 'Iwo Coats of
Spray Applied Using Conventional Air Spray Equipment WIth a 900

a S&~ Tab& 1 ior supM5, procsonw v4 m-ivse iniomisoon.
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I
* TABLE 7. PROCESSING PROCEDURES FOR SUPPLEMENTAL PROTECTION

SYSTEMS APPLIED TO INTERNAL SURFACES (CONCLUDED).

Processor: Protection System' I'Pm ll Proeis

DeSoto: Epoxy Primer, Epoxy Cylinder Procedure - Surface Was Grit Blasted With Aluminum Oxide
Powder Coating Grit at 60 psi. The CyWinder Was RU and Drain Coated With One Coat

of MIL-P-23377 Primer. The Primer Was Cured 9t Room Temperature.
DeSoto Epoxy Powder Coating Was Applied Using a Ruidized Bed. ThePowder Coating Was Cured it 2500F for 15 Mlnutes.

Recommended Production Procedure- -Sams as Cylindr Procedure.

DeSoto: Waterborne Primer, Epoxy Qdlnder Prcdure- Surace Was Grit Blasted With Aluminum Oxide
Powder Coating Grit at 60 psl. The Cylinder Was Fill and Drain Coated With One Coat

of MIL-P-85582 Waterborne Primer, The Primer Was Cured at Room
Temperature. DeSoto Epoxy Powder Coating Was Applied Using a
Fluidlized Bed. The Powder Coating Was Cured at 2500F for
15 Minute s.

Recommended Production Procedure - Same as Cylinder Procedure.

a See Table 1 for suppli, promsor and MWi-s,,c Informaton.

I
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I
TABLE 8. UNiFORMITY AND AVERAGE THICKNESS OF SUPPLEMENTAL

PROTECTION SYSTEMS (CYLINDER INTERNAL SURFACE).

C I

I
A I i ....... m

2I

Protection Thickness (mile)Procluo: ..... Average -
ProeSsor. A C Thicknrm

Protuction sam 1 7 7 T (milk) I

MCAJR: Aseal 518 25 2.8 3.0 2.5 1.3 13 227 .3 3.0 3.6 2.1 24

MCAIR: Alseal 518, Waterborne Primer. 5.0 3.8 4.9 3.6 5.0 3.9 2.6 3.3 3.7 3.3 3.1 3.9 3.9
Polyurethane Topcoat

MCAIR: Waterborne Primer, Polyzufide 4.2 6.8 6.8 9.5 6.5 6.1 5.5 8.2 7.3 4.1 5.7 8.1 6.6
Sealant (Sprayed)

MCAIR: Waterborne Primer, Polysutfide 4.1 4.3 4.4 5.3 4.5 2.8 3.5 3.5 3.0 3.3 2.8 2.6 3.7
Sealant (Brushed) I

MCAIR: Waterborno Primer, Polysuffide 9.5 8.5 9.1 6.2 10.4 9.3 9.7 10.2 10.5 10.1 8.0 10.1 9.3
Sealant (Fill and Drin) I

MCAIRý Epoxy Primer, Polysulfide SoaLant, 5.2 5.8 4.3 4.4 4.3 5.5 5.0 4.0 4.9 5.6 4.8 4.3 4.8
Polyurethane Topcoat

Embee Plating: Vanganese Phosphate, Epoxy 3.2 3.6 3.8 3.3 3.0 3.2 3.0 3.0 3.2 3.8 3.5 3.0 3.3
Primer, Polyurethane Topcoat

EmbeeJMCAIR: Manganese Phosphate, 3.7 3.5 3.3 3.4 4.0 3.7 3.3 3.7 3.7 4.0 3.6 4.1 3.7
Waterbome Primer, High-Solids I
Polyurethane Topc, ot

DeScto: Epoxy Primer. Epoxy Powder Coatlng 2.5 t j Z. *d.2 4.U . 4.1 4.X 41i" ,"i . 1.4

DeSoto:WaterbornePdruer, Epoxy 11.0 3.9 9,9 5.0 11.3 9.6 11.4 8.2 5.4 4,8 5.2 55.5 7.6Powder Coating

-4I
I
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I

that of primers, sealants, and topcoats. The controlling specification,
NIL-C-81751, does require coating adhesion after an alloy steel test coupon is

I bent around a one-inch diameter mandrel. NCAIR has no reservations about the
adhesion adequacy of Alseal 518 type coatings for internal surface

applications.

d. Corrosion Resistance - A minimum corrosion resistance of 672hours in a five-percent neutral salt fog environment was also required for the

various protection systems applied to the cylinders. The 672-hour requirement
was met with eight of the 10 protection systems (Table 9). Similar to the
test panels, most of the salt fog duration times easily surpassed the 67Z 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. FinalI salt fog duration results will be included in the proceedings for Phase III of
the program.

3 The two protection systems that failed showed minute amounts of
red rust in several small 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 so 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.

I D. SUPPORTING DATA

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

0 Alsealc 518 - CAIR had demonstrated that Alseal 518 can be success-
i fully applied to damaged IVD aluminum-coated steel panels. MCAIR also applied

Alseal' 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

4
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AX
TABLIE 9. CORROSION RESISTANCE OF SUPPLEMENTAL PROTECTION

SYSTEMS APPLIED TO INTERNAL. CYLINDER SURFACES IN A FIVEI
PERCENT NEUTRAL SALT FOG ENVIRONMENT.

Alloy Stool Cylinder Internal SurtaceI
ASTM-0117 Salt Fog Rosletanos

Processor: Sacrmficlal Protection System .672 hr Duration

MCAIR: Aiseal 518 Passed 1.7715"

MCAIR: Als~aI 518. Waterbome Primer. Passed ' b
Polyurethane Topcoat

Processor Barrier Type Protection Systems

MCAIR: Waterborna Primer, Polysulk~e Passd 1.776 b
Sealarnt (Sprayed)

MCAIR: Watefbomi Primer, Polysultide Passed 2 ,208 b

Sealant (Brushed)

MCAIR: Waterborne Primer..Polysuillde Passed 2 .208 b

Sealant (Fill and Brain)

MCAiIR: Epoxy Primer, Poiysull$~e Sealant, Passed 2.208 b

Poiyurethane Topcoat

.0Erbes Plating: Manganese Phosphate Passed 1.776b
Epoxy Primer, Poiyurathane Topcoat

Emboe!MC AIR: Manganese Phosphate, C 1.344b
Waterborne Primer. High-Solids
Polyurethane Topcoat

DeSuto; Epoxy Primer, Epoxy Powder Coating Passed 1.3" b

DoSolo: Waterborne Primer, Epoxy Powder Coating C 1 ,3 " bI

a AJliough Vie~e sysionv bre des.1griAld bar-ten, eome cownonnt mabri" cowtain I aieý
compownft ~ti provide eomev ctoemrnlc prr Wcbon - see Tabie I.

b CyIindrxsrare iUW Nt.

cTopcoa± oontalned saveral "rnI or&Wrs vx~rKnljn lo primer cata Pencf-point at-e of red rust hn
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ICflrpd' Cwroakon Ta. 5poobvum,

Ak"sa 5181II~W 672 r No- 5% Neutral $at Fog

1,W4 Hour - 8% N&lru afl UhoR

Figure 21. Corrosion Resistance: Aiseal 518 Protection System Applied to Cylinder
Internal Surface.

I C)I-nd CO? roBIon TasW Speckmw

Aimul 515k Waietborm Primer, Potyur.thane Topc"a'I 72 Hors- 5% Neutral Soft Fog

II
i.E.

II Figure 22. CorroSion Rosistance: Aissal 518, Waterborne Primer, Potyurethana
Topcoat Protection System App~lid to Cylinder rinternai Sur-face.
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Cyunraw Coan~iat Tat SpocbnM

InI
'I Watarbomei Primr, Polysulfd Sealant (Spray ApPF9ed)

7Hours-S% Neutral Salt Fog

Figre23 Coroio Reisane:Water borne Primer. Polysuttlde Sealant (SprayApled)

Protection System Applied to Cylinder Internal Surface.

Cylinde~r Corrosion Test 'SpvcLmen

Waterb~ome Prfrner, Polysulfide sealant (Brush Appl~ed)
672 Hours - 5% Neutra.1 Salt Fog

-'~j rw '

.4 2 l A 2. * %

IA44 Ho..urs -5% Neutral Salt FNg

Figure 24. Corrosion Resistance: Waterborne Priewr, Polysulflde Sealant (Brushed)
Protection System Applied to Cylinder Internal Surface.I
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Cy'Nndpr Corrosion Test Sppaknen

Watorbornu Primer, Polysutfl4. Sealard (FlU and Draln AWpled)II 67n Hours - 5% Neutral Sail rvq

Walarborna Primer, Potysulildd Sealant (Fill and Drain Appiled)
1,344 Hours - 5% Neutrol Baht Fog

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

Cylinder Corrvoaon Test Specimen

Epoxy PrMaw, Pol~ywulfi. S&alard.
Polyrehane ErwrnW Topcoat

672 Hour - 5% Neutral Salt Fog

II Epory Primer, Po~hysutfkl Sealant.

Figure 26. Corrosion Resistance: Epoxry Priner, Polysulfide Soolant, Polyurethane
Topcoat Protection System Applied to Cylimier interral Surface.



Cyffndv ConnflAro T o*t 5~At.r

MaM0ana Psiosphals Epoxy Primer,
> 1 Pclyursthanw Enrwmn Topcooe

67M Hours - % Neutral Sal Pmj

Potyurethaw~uno l~po

Figure Topcot Protectio Sy uste Aple to Cyrline itrna Surac

Fiue2.Corrosion Resistance: Manganese Phosphate, Epoxy Primer, Polyurethane

Cylindr Corro~on Tact Specknae

4..

M~rangann. Phowhats. Walrntorns Pitnat. High-Solids Polyurathawo Enwmnl Topcoat
972 Hours - 5% NwAtra] SAlt Fog

-- 5

j.;.

Mangansri Phoophate, Wflrtome Prk'rw, High-olts Polyurtharu Enarol Topcoa

Figure 28. Corrosion Resistance: Manganese Phosphate, Waler bome Primer, High
Solids Topcoat Protection System Applied to Cyinder internal Surface.I
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I E
Epoxy Prinrw, Epoxy Powder CadingAl ~ ~1,W4 Hourm - 5% Na~arai UNi Fog

Figure 29. Corrosion Resistance: Epoxy Prime4r and Epoxy Powder Coating

A ' Protection System Applied to Cylinder Internal Surface.

CfkvIv Oonfoson T*W SpecffeR

A. -

WwcosPrfrner Epoxy Powder Coating
M Hur*- %,N~nJ SltFog

-- *5= ®r-.-rv

1.3". Ho re' - 1% Metr 0¼

Fig ure 30. Corrosion Resstance: Waterborne Primer and Epoxy Powder Coating
Protection System Applied to Cylinder Internal Surface.
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corrosion (red rust) (Reference 4). MCAIR also has an alloy steel panel

coated with Alseal 518 in an outdoor exposure test in St. Louis. The panel I
has been in test for five years without red rust. I

0 Epoxy primer, polysulfide sealant, polyurathane topcoat - MCAIR

originally tested the corrosion resistance of *the "primer, sealant, and

topcoat" on six 3- by 6-inch 4130 alloy steel panels (Raference 5) as a repair
procedure. The panels had their paint and 1VD aluminum coatings removed from

a 0.5- by 1.0-inch area in the center of the panel and the Oprimer, seal&nt,

and topcoat" repair applied. A diagonal line was scratched in the repair

system on three panels. The panels were then subjected to the Naval Air
Development Center (NADC) S02 salt-fog exposure test for 28 days without red

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

cylinder that was closed on, one end. The cylinder was diso exposed to the

harsh NADC S02 salt fog environment for 56 days (28 days by MCAIR and 28 days

by NADC) withoat substrate corrosion.

o flanganese phosphate, epoxy primer, polyurethane tnpcoat - This

protection system is in production use on the Air Force F-15E Piston Assembly

- Main Landing Gear, P/N 6BA412704. This alloy steel detail part Is protected
with IVD aluminum coating on external surfaces and with the supplemental

"phosphate, primer, topcoat" protection system on internal surfaces. This 1
protpction system has been used since 1986 with rno known problems.

o Waterborne primers - MCAIR has demonstrated in thorough laboratory

testing that the performance of low VOC, environmentally compliant waterborne I
primer per WIL-P-85582 exceeds tiat of currently used exempt solvent and

higher VOC primers per MIL-P-23377..

WCAIR has issued paperwork that allows the use of waterborne primers to 3
meet ibire stringent environmental regulations in such areas as California and

Oklahoma.
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1 o0 High~.-Solids Polyurethane Topcoat - MUA1IR ha's also engaged tn a
thorough evaluation' of environmentally compliant topcoats per NIL-C-85285 that

<r I are now beginning to replaci? higher VOC 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 - M4CAIRt tested a Pratt and Lambert Powder
Coating (Vitrolon 88-1103) to our in-house requirements for fluid resistance,
f lexibility, and corrosion resistance for polyurethane topcoats. The powder

coating passed all the tests except the reverse impact flexibility test at

-6I Rfeec )
E. DISCUSSION

I4CAIR believes that thd'ALCs can curr'ently implament the use of any of
the Table 6 protection systems other than the two systems that include powder

H coatings. MCAIR believes that epoxy powder coatings will eventually be
implemented by the aerospace industry as will as epoxy primers applied byE electrocoating. These processes are conTinonly used on steelI substrates in the
industrial sector. They offer 98 percent transfer ef'ficient and low VOC
emission. MCAIR believes they are the best, prcspects for long-term
environmental compliance.

MCAIR used Alseal 518 on the cylinders to represent all three of the
metallic-ceramic type sacrificial coatings that were tested on panels; namely:

AlsealS 518, Xylarm 1 and SermeteleD CRS48-LT. These MIL-C-81517 aluminum-
filled coatings are used on alloy steel detail by DOD agencies such as the

ALCs cnn en-gine parts. an d the Nowl ..%jaIsea S ys tem onrimand on Fia rane hardwre
MCAIR limited the cure temperature of these coatings to 5000F because of* potential use on higiýstrength steel lancing gear components. Although 500OF
is an adequate cure temperature, it is rnot high enough to produce an

J* electrical conductive, sacrificial coating. The Sjlass bead peening processing
step (see Table 7) is required to azssure a conductive coating.



II

14CAIR tested Alseal 518 by itself to demonstrate the adequacy of

1HIL-C-81751 coatings as stand-alone protection systems. In reality, the IVD

&aluminum - Alseal 518 combination would be painted with a primer and topcoat.

Therefore, MCAIR also included a protection system comprised of Alseal 518,

primer and topcoat.

2 NCAIR included both the commonly used mll-spec epoxy primers and

polyurethane topcoats as well as newer, low VOC versions of epoxy primer and

polyureLhane topcoats. The waterborne epoxy primer meets the current

California and other pending VOC limits of 350 grams/liter (g/l) for primers.

The high-solids po'lyurethene formulation meets pending topcoat regulat-ions of

420 g/l VOCs for topcoats. MCAIR also included both current and low VOC epoxy

, primers in conjunction with polysulfide sealant. Polysulfide sealant applied

by the "brush" procedure easily meets VOC requirements for sealants (see Table

5). Polysulfide sealant applied by the "spray" and "fill & drain" procedures I
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 'm

section. 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 landing gear

"detail is coated with IVD aluminum on external surfaces. MCAIR also included

a version of this protection system with the more environmentally compliant

primer and topcoat.

The question may be asked, EIf a supplemental protection systHn is

I adequate for an internal surface, why not use that system over the entire

component rather than in combination with IVD aluminum, thus eliminating

two-step processing?" The answer is that what may be adequate for internal

-5b, ! "



surfaces may not be adequate for external surfaces. For example, the sacri-
ficial aluminum-filled paint-type coatings provide excellent corrosion resis-
tance and 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 adhesion as external
surfaces. Therefore, the IVD aluminum process is recommended on all external

3 surfaces and on as large a portion of the Internal surfaces as possible. The
reasons are that in addition to corrosion resistance, IVD aluminum provides

U superior coating adhesion and superior uniformity and coverage on part edges.

As an example, the external surfaces of landing gear details and turbine
i shafts are exposed to more harsh conditions than internal surfaces. The

abrasive effects of take-offs and landings require a coating that adheres well

iand is resistant to chipping. The IVD aluminum coating does not chip; it is
required that ZVD coating adhesion pass the stringent bend-to-break coupon

Itest. in contrast, the alimninum-filled paint type coatings are highly sus-
ceptiole to the chipping type of nonadhesion. Typically, these coatings will

I' not meet the bend-to-break adhesion requirement.

IVD aluminum also provides excellent coating uniformity and coverage or
details in the transltion area between external and internal surfaces. These

areas often are threaded and/or contain sharp edges. IVD aluminum does not
build up on or run off oT sharp edges or thread crests/roots regardless of
thickress. The paint and spray-type coatings will run off of edQes and build

up in recesses.

F. CONCLUSION

All of the various protection systems, both sacrificial and barrier type,
that were applied to the internal surfaces of the alloy steel cylindrical
details demonstrated good corrosion resistance characteristics. The

I protection systems also exhibited acceptable adhesion to the alloy steel
substrates, and tVe various application methods provided acceptable thicKneis

I and uniformity.

, -



I Higher rellability, may be obtained with the KIL-C-81751 coatings because
of their sacrificial protection capabilities and with the barrier-type I
protection systems containing polysulfide sealant because of its flexibility.

"Correct processing technique and procedure are critical, especially with
1 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-1SE landing gear detail.

MCAIR believes that a two-step IVO aluminum plus supplement protection

system approach offers an acceptable alternate to processing internal surfaces
,i with cadmium.

I PI
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I SECTION IV
TORQUE-TENSION COMPARISONS

A. PROBLEN

Aluminum has a higher coefficient of friction than cadmium. Therefore, a
higher torque is required to install aluminum-coated fasteners to a given

ii • tension preload than If the fastener was cadmium plated. Fasteners are often
Installed at particular torques that have been determined to give desired
preloads. These torque values are usually required by the overhaul manuals

supplied by the original equipment manufacturers (OEMs). The OEMs are natural-

ly reluctant to approve plating substitutions that do not provide similar

torque-tension characteristics. Although the difference in torque-tension
characteristics between aluminum and cadmium is minimized by the use of
lubricants (Reference 1), much of the data generated to date Is for shear-type

and non-highly loaded tension-type fastener systems. Additionally MCAIR

generally uses IVD aluminum-coated bolts/screws with cadmium-plated nuts end

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 alloy

steel details are designed to be highly loaded - usually In the range of 60 to

75 percent of the ultimate 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 wheel tie-bolts, the torque valves

required by the overhaui manual are based on a hardware system plated with
* cadmium for corrosion resistance, and lubricated with MIL-T-5544 synthetic

graphite - petrolatuea prior ) Installation. There is no corresponding

torque-tension dat,ý for this s1uation when the hlrdware is coated with IVD

"A"lminum.
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Figure 31. IVD Alurninum-Coated Wheel Tie-Bolt and Nut

• I I

The Oklahoma City (OC)-ALC, San Antonio (SA) ALC, and Allison (an OEM)

have also expressed concern about the use of IVD aluminum on threaded

hardware. The SA-ALC had asked Allison for concurrence to use IVD aluminum on

T-56 engine details as a replacement for electroplated cadmium and diffused

nickel-cadmium. Allison, in turn, gave concurrence (Reference 9) with the I
exception of threaded engine hardware. Their reluctance to use IVD aluminum

on threaded hardware is based on a Pratt & Whitney (P&W) document (Reference

0)). P&W reported that considerably more torque is required to load IVD

aluminum-coated engine bolts than to load diffused nickel-cadmium plated bolts

when lubricated with engine oiI. Engine oil is a commonly used lubricant for

engine bolts. The following Allison excerpt exemplifies their concern.

"NA 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, as a result of IVD Aluminum, would be unacceptable since

I I
I.
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I
I production parts would continue to be coated with cadmium. It would be

impractical and confusing to have two sets of torque values in assembly

I nstructions and overhaul manuals. This author recommends that IVD aluminum

not be used on the parts listed in Attachment 1.." (threaded hardware).

U B. SOLUTION/APPROACH

Document that tie difference in torque-tension characteristics between

IVD aluminum and cadmium is minimized by the use of lubricants for ALC wheel

I tie-bolts and threaded engine hardware.

Divide the effort into two tasks:

I. Wheel Tie-Bolts .

Develop a generic torque-tension data base for lubricants 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

I data on actual tie-bolts using both the graphite - petrolatum lubricant now in

use by O0-ALC and candidate lubricants identified as having a positive effect

I by the generic test. Generate data for 15 cycles of reuse which is the

designed work-life before refurbishment of the wheel tie-bolts.

1 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) comparisons1. between IVD aluminum and diffused nickel-cadmium reported that torque-tension

was essentially unaffected by any differences in the two finishes, it was

I decided to rerun the one test (Reference 10) that shows considerable

differences. Several other factors that were considerations included the very

early period of IVD aluminum development in which the Reference 10 data was

generated and the possibility that too thick of an IVD aluminum coating was

I
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tested. Additionally the hardware combination consisted of a diffused

nickel-cadmium plated bolt and cadmium-plated nut rather than two diffused
nickel-cadmium plated components.

C. DATA

1. Generic Torque-Tension Data

NAS1308-10 bolts supplied by Voi-Shan and 47FLW-820 nuts supplied by

SPS were used to generate generic torque-tension data for wheel tie-bolts.

Descriptions of the bolt and nut are shown in Tables 10 and 11, respectively.

TABLE 10. NAS1308-10 BOLT DESCRIPTION.

ont sont Thread Size Boft Longth Corrosion PrevernIve Finish

Description Designation and Grip Total C
Doscrelion (In.) (In.) Cadmium _VD _ _umlnu_ I

Shear, Hexagon Head, NAS1308.10 0.5000-20 0,625 1.360 Per Q0-P-416, Clans 3, Type II
UlhImate Tensile UNJF-3A Type 1, Class 2 Per MIL-..4348
Strength 160 - 180 kal

I
TABLE 11. 47FLW-820 NUT DESCRIPTION.

I•. Threod Size Nu Corrosion Prmverilve Finish
Nut Dscription DIsIgnation and Doc-tion Helght

S(In.) Cadmium IVD Aluminum

Flexioc, Tension Double 47FLW-820 0.5000-20 0.549 Per O0-P-416, Class 3. Type II
Hexagon, Flanged, Self- UNJF-3B Type II, Clas 2 Per MIL-C-83488
Locking, Alloy Steel,
180 ksi, 450-F. Uhtwelght I

Torque-tenslon and other installation data was generated for fifteen

installation cycles of reuse for the various bolt finish - nut finish -

lubricant combinations shown in Table 12. A description of each lubricant is

shown in Table 13. a
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I ~TABLE 12. BDOLT FlaSH - NUT FlUS - LUBRICANT COMBINATIONS EVALUATED DURING
I U GENERATION OF GEN~ERIC TORQUE-TENSION DATA.

Finish Supplemental Lzjbirotlon

Teat son_ Nut___ On lVD On IVD Aksminum
-N.vuAluminum Coated Nut Lbkn

Al0Cam um inmv CadmIUMb W COB"~
Aadmlum Aluminum C~bou Otlisr

1-3 x x 0~w-81S
36X X 0-801-S

7-10 X X 0-601-S
11-13 x x -1S
14-17 X X 0-601-S
18-22 X X X 0-601-SI23-26 x X 0-601-S
27-29 X x X 0401-S
30-36 x X x C-601.S

37 X "01-S
38 X X x 0-601-S

39-41 X xC67
42-44 X x 0-670

45-47 X X, Moty-SO

67 C P-400
52 X X GP-401

65 X X x P-401

66 X x X CP-29
67 X x CP-A2
68 X X x OP-42
69 x x Forrykole T-50
70 X x x Forrnkote T-50

/I xX Lubri-B~ond A
72 x x x LulxfBond A

73-75 X X CP-1 16
76-78 X x X CP- 16
79-61 X X MIL-T-8483
824.4 X XX MI-T-83483
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TABLE 12. BOLT FINISH - NUT FINISH - LUBRICANT COMBINATIONS EVALUATED DURING
GENERATION OF GENERIC TORQUE-TENSION DATA (CONCLUDED).

b-inlsh Suppmiwentul Lubrication

Te" Bolt Nut On IVD On IVD AkJmlnum Lubricant
N Cadmium | b gum Aluminum CoatlKd Nut

NAdmiumi Cadmium_ Aluin _____

____SON B olt Crbowax Other

85 X X omiot T-50 and
86 x x Perma-S~k-S and1

Xyl-601-an

S 88 X XX Xyalan
89 x x x x Xyiarl10 andC-601-S

,9-91 x x X XlEvrlUbland34SS0-801-S

92-93 X X X X /EM-6256 and
94-95 X X X X EM-6286 and
90-97 x x x Evorlub 14 1and I0-601-s

,9.99 x x / EM-6256 andl c-o01.s I-
100- X X x EM-6286 and

¶01 0-601-S

99Th7 data for a1h t found i appendrx A. The 14t nuanbed oorespondz fo -

c The IVD alurlnum-coate d nLtl were coa~d wlti Carbowax by e•w SPS Tecthrlolo cr MCAIR.

II
-I I

C-601 --
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I TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORQUE-TENSION TESTING
- FOR WHEEL TIE-BOLTS.

Appllcableb ,
Lubrican~t Supplier' Description IIIISe' r" a

C-90 I-S Fal-Pro Incorporated Paste. Antlcalz. Thread Corrpound, MIL-T-5544 MOAIRII Containing 50 Percent Synthetic
Graph ite and 50 Percent Pet rolatum

C-670 Fel-Pro Incorporated Paste Containing 65 Percent None IJCAIR
Molybdenum Disu~ffde

Moly-SO Fal-Pro Incorporated Paste, Artiseze Thread Comp~ound, MIL-T-83483 MCAIR
Containing 50 Percent Molybdenum
Disuff Ids and 50 Percent Petrolatum

Royco 61 MS Royal Lubricants C~ompany Lubricating Grease, a Mixture DOD-L-25881 MOAFIIncorporated Basically 50 Percent Molybdenum

Disuffido and 50 Percent Silicon@ Oil
*GP-400 Graphite Products Company Pagte, Antlaoize Lubricant. Noe MIDAIR

Coti~ning Approximrately 50 Percent
Molybdenum DiIslfIde, 5 Percent
Graphite, and 40 Perown Mineral Oil
With a Soap Base Thickener

GP-401 Graphite Products. Company Paste, Antiseize Lubricant, None MCAIRCotiigAprxmtlyn ecn
With a Non Soap Base ThickenerI P-460 Graphite Products Company Paste, AntIsoize Thread Compound. MIL-T.5544 L4CAIR
Containing 50 Percent Synthetic
Graphite and 50 Percent Petrolatum

CP-28 E/M Corporation Paste, Extreme Pressure Assemrbly None MDI
Lubricant. Containing 60 Porcent
Molybdenum Disulfide, an Organic
Badriu Compound, Mineral Oi1, end
Lithium Grease

CP-29 ElM Corporation Paste, Antiselze Lubricating None MCAIR
Compound, Containinog Molybdenum

LJCP-42 E/M Corporation PseCnaigaHghNone MCAIR

Disulflds In a Synthetic
P 1iyalyne Glycol Base
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TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORQUE -TENSION TESTIINGj
FOR WHEEL TIE-BOLTS (CONTINUED).

Lubr~cant Supplier* Description 6Poesr

Forrnkote T-50 EIM Corporation A Dry, Solid Film Lutfic-nt oe CI
Containing a Comp~osition of
One, Suspended In a Modified i-gh

Lubr-Bon A EM Coporaion Terr~*ratijre Rosin Binder
Lubri-Bond~ A / oroaio nAr Drying, Solid Film Lubricarrt MlL-L-233PS MCAIR

Containing Molybdenum Disutflde
and Graphite In a Resin Binder

CP-t .16 E/M Co~porallion Paste, Antiselze Thread Compound, MIL-T-&3483 MCAIR
Containing Molybdenum Disulfide.
Mineral 0i1, and Petroiaturn

MIL-T-&34B3 Armfte Laboratories Paste, Anti-Soize Thread Compound,
Containing 50 Percent Mo~ybdenum MIL-T-83483 MCAIR
Disuffide and SO Percent Petrolatum

Formkota T-60 E/M Corpor-ation See Formkots T-50 Above Nonm MCAIRand G-60', -0 Fel-Pro incorporated Sae C-601 -S Above MIL-T-5544 MCAIR

Containing Mofybdenum Disullida in a
Minimum Amouni of Binder

iud C0-S FlPoIcrtrtd SeC61 -SAoeM IL.T-5S44 M=

InCobinantiFormlae 'With CrmicybdenuIn C-0- Fe-ro Incorporatoi Se -0 - bv MIL-T-554.4

Co ~Lb~n Formulated W itMhydeu Disy~umfd
to Proidue Ion a Rehsin Bne

ad"1S Fel-P5r Incorporatoed Se6 C-601-S Above MIL-T.5544 MCAIR
LM-6256 EA1 Corporationt A Bonde-1 Solid Film Lubricant None EAM Corpf"A Formulated With. Mrolybdenu frisaRoin

an -ý S Faf-Fru Incorporated See C-f boyse MIL-T.554.4 MCAIR
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TABLE 13. LUBRICANTS EVALUATED DURING GENERIC TORQUE-TENSION TESTING
FOR WHEL TIE-BOLTS (CONCLUDED).

-Lubricant F&ipolor0  Desscrtion Mlse r r

riCarbowax Unon Carbie Chernicsis Polyw~nylmne Glcl350 o Dr None~c SPreSs
and M=1=~tc Oorrany Are.; Luh icant (Wax Typ) Applied to enogs

ICadmiumn Plated and IVD Alumi~num MCAIR
Coaled NMAc to Reduos Galling and

a S4IPPWMr

Rwa t UVLO1iwI Comp&MInc, M .O.lhc MIL.,-72398 - Rog* Aymum, AW-C Kwww,~ NJh 07367

GrpePre~odrs 0xpa P.O. B ox~ 240, Sroo kct~Wn, Wetfo t, 4 n"03 7~
E M Ow atoiv P.O.af Boxpli 2MC00, ) 2801 K ox A 5m Wst Lafaet., kdamf 631 068

K1YAmlb The orqtw, Ue-~~optrension diata, gefnerte b9hldnDtebothedfie
antod rwotating th.nO. Wx 507, Wet ncta. Modeyvala 1TBOFstnrFrcMrndue n
Unio Uvsihadened1lý chatmfee wao e wn,&~, xM]ere&Qr Dn intale Detee thie bolhadan

the4 1U -~l Thead Ow a und ii~ st zai e W IM t srw chamfed e -id tow rd he olt hea
prDovdeL2 cLubriante for sny Mfille attehedAdshf ntrae Tets

U ~ ~ ~ ~ ' Kolt finish Wes Luafns lbi ant te combinatin we4 rcoddbyaM6,Ic

Mdeie t33-quDi-taPeakio Idiator waic gencomatidble toldn the bolt henc.xe

an rtain tenu. GEJc.MoelrT50 asenr oreTrrsu6? n

iý+ 12 KI harend, hafeed-aserwer istlle-- twen hebot hada-
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Figure 32. Tet Soup Uzad to Gneorato GarwricTorque-Tension Compari;s,.

transducer. Three torque wrenches were used for the torque rango to assure

the most accurate, mid-range readings. Al1 instrumentation was cilibrated on

a regular basis and is traceable to National Bureau Standards.

The fastener was loaded to 20,000 pounds during each installation"I I
cycle which is 70 percent of its ultimate strength. An example of the typical

data generated for each 15-installation cycle evaluation is shown in Figure 33

and consists of:

0 o Bolt measurements - the shank of each bolt had its diameter and

[ plating or co+ Vig thickness measured in three places prior to testing.

o Nvt measurement - the plating or coating thickness was measured

prior to testing.

o Lubricant information - the name of the lubricant, a brief

* descriptlio and what it was applied to dre listed. I
0 Running torque (loading cycle) - the ffaximum torque required '1

engage the locking feature of the self-locking nut was Rweasured on tht' firsL,

I, I

I I I I --'-i l l lI I I I



fifth, tenth, ana fifteenth loading cycles. The torque just pvior to clampup
of the test assemble was recorded.

- o Torque-tension velatfonship - this relationship was established

1 by reco ;-<ding t ,•e tw !qv required f or the specific range of tensile loads shown

-in 
Figure 33. TOe torque requiý.,o to generate 10,000- and 20,000-pound 

loads

was wnasured for all fifteen cycles. Additional torque amounts were recorded
ot 2,500-pound loid increments for i .Pe first, fifth, tenth, and fifteenth In-

Vt.llation cycles.' 0n Breakawey torque - the torque required to start nut rotation to

relieve thv 20,000-pound tensile bolt load was measured for the first, fifth,

Ii~ tenth, and fifteenth removal cycle.

a Running torque (removal cycle) - the minimum torque required to

S d'iseigage the locking feature of the self-locking nut was measured on the

, first, fifth, tenth, and fifteenth removal cycle. This torque was recordedJ. when a minimum of one and a maximum of two bolt threads extended beyond the

'zu

-unning Torque O0 N ut ( a. -4•) R unningI, Te d C •Is Torque a Load (ib) Torqua (In. -Ib ,

Testr~ 

r 

CycerTrqu
. N •.btO No. (In' .-b. CW -_-- (In.- () CCW

0 fr.m o n ) 2 ,5 0 0 5 ,0 0 0 7 ,5 0 0 I1 I, O 0 1 2 ,5 0 0 1 5 ,6 0 0 1 7,, 2 6 ,0 0 0 1 AI O iru I 0 t)

X x 1 100 190 295 415 555 725 875 1.025 1,225 50 90
2 450 1,250

375 1050

5 30 110 195 285 390 525 725 925 1,175 900 20J ~ I6 30120
8 M 1.050I3 5 5 1.00 0

10 30 85 165 250 345 460 625 S0 975 650 20
11 335 1,000
12 350 975
13 

380 
975 i

14 
W S 

050"1 20 80 155 235 330 460 600 775 900 540 15

a TtA lubecwf nwo oppk 1 I*e fthtads ot th boft wtd nut

bEA.I Corporation CP-42 k.bricm k a psaw wMkr a "),W~U poIskyIne *pyod Su'd ba" ounwai~kvg a Nhh oxtowtasn ofli NA•i 3o e.-1 0 W o,: Avw ,-V * s~hw k d lw-rwlm - 0.,W7 in., rorg oo**V • ti n -- O.OW 5 In.

47FLW-20 nut: Avvr" cong o " - 0.00037 In.

" . Flgure 33. Example of Instilation DaUa Genwra 'ed for Typ4cal 15-Cycle Rouse EvvIuJation.
i |g

- ---- -- - ....---- 
-



Wet lubricants (no cure required) were brush applied to the threaded

areas of the nuts and bolts. Only a thin film of lubricant was applied as any I
excess is squeezed out during tightening of the nut. The wet lubricants were

removed with clean cheesecloth and/or solvent and reapplied for each instal- I
lation. The dry lubricants (cure required) were applied only before the first

installation cycle. 3
The same bolt-nut combination was used for all 15 installation

cycles or until termination of a particular 15-cycle evaluation. The same I
"fastener force transducer was used and its calibration was verified to be

correct throughout the evaluation. Torque-tension and related installation
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-bqlt type hardware is summarized as follows:

a. With MIL-T-5544 synthetic graphite - petrolatum 3
MCAIR generated an extensive amount of data associated with the

use of MIL-T-5544 synthetic graphite - petrolatum lubricants. It is currently I
required to be applied to wheel tie-bolts and nuts by virtually every appli-

cable overhaul manual.

MCAIR obtained the best MIL-T-.5544 lubricant results with the

Fel-Pro, Inc. C-601-S lubricant. Its evaluation was recommended by Bendix (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

load for IVD aluminum and cadmium-finished hardware is compared in Table 14.

This data shows that in order to obtain a ?0,00O-pound load:

o Approximately 30 percent more torque is required to load

the IVD aluminum-coated hardware during the first installation cycle than to

load the cadmium-plated hardware.

770
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o The differ~ence drops to about fifteen percent for the

third cycle.

o The difference drops below 10 percent by the seventh

installation cycle and stays between O~reie and eight percent. through the
fifteenth cycle.h

TABLE 14. TORQUE (WfICH-POUNDS) REQUIRED TO PR~ODUCE 20,000-POUND
LOAD FOR IVO ALUMINUM- AND CADMIUM-FINISHED HARDWARE
USING FEL-PRO C-601-S SYNTHETIC GRAPHITE - PETROLATUM
LUBRICANT (MIL-T-W&4).I

Cd Bcht 1VD Al Bolt % lncroace
Inat' I ntd and Over Cd-Cd

CceCd Nut WVD Al Nut 6hsel1ns

1 645 837 20.8
2 63 809 22.0
3 675 774 14.7
4 675 766 13.5
5 669 767 14.7K6 663 739 11.5I

.7675 727 7.7
8a 675 716 8.1
10 669 713 8.03
90 669 713 7.3

11 663 709 6.9
12 658 889 .

13 650 693 6.6
14 650 673 3.5

15663 703 6.0

KM.AIR evaluated a nurnbel, of variables introduced witfi the use

of the C-601-S lubricant in an attem~pt to lesseii the Table 14 "baseline"I

difference between 1VD aluminum and cadmium. Special attention was given t~o

Vice first several installation cycles where the difference is more pronounced.I

These variables are listed in Table 15 along with a brief result summuary.

L



* ~TABLE 15. VAR~IABLES EXAMINED DURING TORQUE-TENSION TESTS ON GENERIC
U BOLT AND NUT USING FEL-PRO, INC. C-6014S LUBRICANT.

Finish fsuite In Roatison to
Test matEffect of Torque Required to

No.' - -TesM Variableo(s) Generat 20,00 1b
Cd ID All Cd~b IYD Al Load

1-3 X X None Establishedi as Or~lnal Cadmi~um
(ýjB~asline for Coripaufaon.

4-6 x NrioEstablish "e Original M
Aluminum Sasalim for Conmcaison.

7 xLoading Bolt to 20.000 b No Effec* at 20.000 Pounds. The
fin Two Stops, 10,000 and Torque-lonsion Cuive Haid
20,000 Pounds vs 2,500 D~stinc Break at 10,000 Pour4ý
pound slops. When Bolt Was Loadad In Two

Stops. A Smrooth Torque-Tenslon

Steps.ReandPoeuetIII Briefly Stop at Each 2,500 Pound
Load Increment to Rlecord Torque.

8-10 x x Selection of Torque Data Acouracy limproved. Estab-
Wrenches. shad "s Now Cadrrium Baseline.

I11-13 x )( Test Variables Were the Resuft Was the Sameas"rInTests
Same as In Tests 8 - 10. 8 -10. Established as Now IVD

Aluminum Bazalins.

*14-17 x x Different Boftand Nut In-provanomrnOver VD Aluminumi~~1Finishes. Baseline.

18 -21 X X Supplemoantal Lubricat, Improvement Over iVD Aluminum
Carbowax on Nut. Base Une for 1 at Cycle.

22 x X Exces~sAmount of WoApprcable EffouA
C-801 -S Lubdcant ,plIod
to Eiheor the Bolt and/or
Carbowaxod Nut.OL

E23-26 X X Soh Loaded to 2.0,OO No Apprecble Effed.
Pounds With and ihMIt~ Interme~diate Stops.,

27-29 X x Differeni ot and Nut kr~ovemont Over IVD Alumn~iunm
IFinishes. Baseline.

30 X X Luý>rlant Absorptlon into No Apjpcabl Effec
a More Open, NJon-Peanea
Aluminum Coating.

a The data for o"cht W f6lound In Appeodli A. The tecf numbet ooirx.&pNdA l o teT&W numbe.~ (Exanple: Da±u for Te4stI'Nmb*1r1 I IsJoixd b Tate A-I1.).
b The ci~rrwn us rýo supplied with Carbowax (Potyat'iArse Qtyd 3360). a wa "yp kxixcant Catwubitwax lopAe

rx~ncdy Un luhkdcaW csdry~ia pL6d nuts by SPS Tw fogl 0D ie~C OaJWn "Zidmzng.
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TABLE 15. VARIABLES EXAMINED DURING TORQUE-TENSION TESTSJ ON GENERIC
BOLT AND NUT USING FEL-PRO, INC. C-601-S LUEBRiCANT (CONTINUED).

Ji. . -

Finish II Results In Relation to
're Bait kdut J100Mc of j Torque Requlrwd to

Cd PIVDA C 10A Load

31 x x Pol~hd C-oaling on Solt No iAplxciabý Efl.d.
* and Nut.

31- xX Thin Coating on to Bolt. Nb Apprecbiabl EfiwdL

X3 xX Thin Coating on the Boft NoApe~baEflect

and NUltrasnic Uhr.asnl

Nth Soft and Wit.trhot

90-91 X &pp~~~~irtmanlai Luroan Removed AnyHgerTr

Nuthe

Coa6 x ThinE/ Co rpngonrftBont NotAped&Wit N'ffeAumn-

Gieanlg te 136 nBofts C"te Nuts n ut u h
andw NthFist FCy FwWitlatonCcls

Coatingio to thadmltum.

9D-91x Supplumantal Lubr~ant Sk)educad the Higher Torques
Coating, EIM Corpor-ation Noted With ND Aluminum-
EM-(ubu12-6, on o~lts Ctald Bolls and Nuts During tho
and Nujts. irml Ferw Installation Cycles in

- Relation to Cadmium.

92- x Suplemnlwial Lubricant reauoc the Hger Torque&
Coain E- Crpr-alo NoedWh M~ ItAlation Cyces I

EM-256, on Bl'Otsan Coaled Bolts "n Nu~ts Duringth

CotnEM Corporaton Noted With IVD Alurninum-

a The data 1w each t"Iif Son i~pn kwýx The tw ubr .meoprkb O a' ubw Ewpe Dt o
Numbor 1 16 found In Tab~e A-I .).

b The cadrrJum nuts "v~ suod whM C&towax (Polyethyle Gplyc 33~50), a wax typo lvbri~'t Cart~owax a1A i VplL
non-dry 01kn kibricaW~ ca&'um iakl v by SPS TBdT1oiogkr. io reducekg ri ~zn
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TABLE 15. VARIABLES EXAMINED DURING TORQUE-TENSION TESTS ON GENERIC
BOLT AND NUT USING FEL-PRO, INC. C4601-S LUBRICANT (CONCLUDED).

Finish
Results In Relation to

Teot Bolt Nut Etfeot of Torque Required to
No8Test Varlabl.(*) Onvarmte 20,=0 lb

Cd IVD Al cdb 1VD Al Load

96.-97 x X Supiemeontal Lubrlcant Comp~arable to CadmIum-Piated
Coating. EIM Corporation Baseline for the 5-Cycle Test.
Eveilube 1340, Applied
Only to the Nut.

98-99 x X Supplemental Lubricant Com ar-abW to~ CadmIum-Plated
Coating, EIM Corporation Base line, for the 5-Cycle Tes.
EM-6256, Applied Only to

100- x X Supplemental Lubricant Comrparable to Cadmium-Plated

101 Coating, E/M Corporation Base line for 5-Cycle 'Test.
EM-6286. Applied Only to
the Nut.

a Theo data Irv eac t~t is four4 in Appendix A. The test number oorepiond lo d Tato numbor. (Example: Deft kw Test
Number IIsfound in Table A-1 .).H

b The cadinunm nuts we supplWe wftt Carbowax (Pol'oyetyew CGycd 335), a wu ty" lubrkwt~ Corbowax Is aMed 1
rny,-dqy Aim, kibnicAted cadrr~ plaked nub by SPS Tecvxolog1&6 lo rade gaikng and sQLing.

The following var'iables produced the most positive data and are
discussed in more detail:

o Use of a cadmium-plated nut with the 1YD aluminum-coated

bolt

a Use of usupplernental" carbowax lubricant

a Us ofT~spplenenaV'dry-film iupricantsI

The combination of 1VD aluminum-coated bolts and cadmium-platedI

.J nuts is a probability at most of the AICs. Wheel tie-bolt hardware Is
refurbished after so many installations and/or by a maintenance schedule.
During refurbishment, the bolts usually have their protective finish removed

I..to be inspected and are then refinished at the ALC. They would be refinished
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with IVD alumlý'ium assuming the elimination of cadmium processing at the ALCs.

The nuts, however, are usually scrapped due to locking feature wear after

I repeated installations. Replacement nuts ordered to existing drawings will

likely be finished with cadmium for the ilnediate future.

I Table 16 compares the torque-tension relationship of an IVD

aluminum coated bolt - cadmium plated nut combination to the cadmium-plated
I baseline data. In order to obtain a 20,000-pound load:

o Basically the same torque Is required to load both the IVD
aluminum coated bolt - cadmium plated nut combination and the cadmium-plated

J combination for the first installation cycle.

o The difference increases to 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.I

TABLE 16. EFFECT 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 VO Al Bolt % Increas
Cycle and and Over Cd-CdCyClS Cd Nut Cd Nut Baseline

1 45 6~50 0.8
2 663 742 11.9
3 675 750 11.1
4 675 758 12.3
5 669 750 12.1
a 663 725 0.4
7 675 692 2.5
8 675 683 1.2
9 669 675 0.9
10 669 683 2.111 6W3 "7 0.6

•12 656 667 1Y7
13 6-50 667 2.6

S14 &50 &.S8 1.2

15 663 667 0.6

I
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I
MCAIR then determined the effect of applying Carbowax to the

IYD aluminum-coated nut prior to applying 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 lessen the torque required for the IVO

aluminum-coated combination in the first Installat"in 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.

I
TABLE 17. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE

20,000-POUND LOAD WHEN USING CARBOWAX AS A
SUPPLEMENTAL LUBRICANT IN ADDI'iON TO C-601-S. LUBRICANT.

Cd Bolt IVD Al Bolt %,netreb
and Over Cd-CdCycle Cd Nut WD AI Nut Ba•elnr

1 645 782 21.2
"2 683 811 22.3
3 675 782 115.9

4 675 771 14.2
5 669 761 13.8
6 663 750 13.1
7 675 743 10.1
8 675 736 9.0
9 669 725 8.4

10 669 725 8.4
11 663 714 7.7
12 656 704 7.3
13 650 714 9.8
14 6 i 704 8.3i
15 663 711 ... 7.2

Si ICabw x ap le o Wu orgy

A I
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MCAIR obtained good results with a group of three dry-film

supplemental lubricants recommended by the E/M Corp for this type of

application. The lubricants have either a graphite or a molybdenum disulfide

base as described In Table 13. The torque-tension characteristics Of IVD

aluminum-coated hardware that had these lubricants applied and then topcoated

with C-601-S synthetic graphite corpared favorally with the

cadmium-plated-hardware baseline. In general, the most favorafle results

occurred before the dry-film luDricant began to wear off. Torque-tension

differences did incr-ase slightly in the last eigmt installaticn cycles or so

iI' and basically provided the same results for these cycles as IVO aluminum

without the supplemental l•gricant.

", MCAIR also evaluated E/M Corp. supplemental lubricants applied

only to the IVD aluminum-coated nuts for five installation cycles. Once

again, torque-tension charac~eristics compared favorably. The data indicates

that treatment of the nut with only the supplemental lubricant is adequate.I
The comparison of IVD aluminum to cadmium-finished hardware

when using Everlube 1346 as a supplemental 601 is shown in Table 18. It shows

that to obtain a 20,0OO-pound load in the aluminum-coated hardware:

I o About eight percent more torque is required during the

first installation cycle.

o The difference is basically within five percent for the

next 10 cycles.

i o The difference increases to about 7-10 percent for the

last five cycies. This compares with ihe results of C-60i-S only on the IVn

* aluminum-coated hardware (Table 14) and indicates wear removal of the Everlube

1346.

II
I
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S~I
TABLE 18. EFFECT ON TORQUE (INCH-POUNDS) REQUIRED TO PRODUCE 20,000-

POUND LOAD WHEN USING EVERLUBE 1346 AS A SUPPLEMENTAL
LUBRICANT IN ADDrTION TO C-601-S LUBRICANT.

inst'i Cd Bott a IV A] Boft b % Increase IM Al Bot % IncreeI
and and Over Cd-Cd and Over Cd-Cd

y Cd Nut IVD Al Nut Baelin IVD Al Nut Baseline
1 645 700 e.5 750 16.3 [
2 663 e50 (2.0) 675 1.8
3 675 650 (3.7) W5 (3.7)I
4 675 650 (3-7) 650 (3.7)

5 669 675 0.9 663 (0.9)
663 713 6.0

7 675 675 -

6 675 675 -
9 669 675 0.910 669 700 4.6

11 663 700 4.6
12 656 700 6.7 I
13 650 700 7.7
14 650 713 9.7
I5 663 713 7.5

a LUk.catod witl C-601-S only.
b IVD bolt awd IVO nut boh Lbrlcawd with E/M Corp. Everdube EM-1346 prior to

appkOlao of C-60i-S.
c IVD nut on, khbicaked wtth E/M Corp. Everiube EM-1346 prior to

appýcaon (0-601-S.

I-
•I-I

The comparison of IVD aluminum- to cadmium-finished hardware 3
when using Everlube EM-6256 as a supplemental lubricant is shown in Table 19.

It shows that to obtain a 20,000-pound load in the IVO aluminum-coated

hardware;

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

o The differences increases to a maximum of about 15 percent

in the thirteenth cycle before decreasing to about 11 percent for the

fifteenth cycle.

I
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II 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.

Irat'! CdBoha 8 DAtSBoftb %IncrMae IVDAIBohtc %incrCycle fand and Over Cd-Cd and Over Cd-Cd
Cd Nut IVD A[ Nut Baseline IVD Al Nut Baseline

1 645 63 2.7 688 6.6
2 883 675 1.8 625 (5.6)
3 675 675 - 605 (11.6)
4 675 675 - 565 (11.9)

a675 725 7.4

9 669 725 6.4
"10 669 725 6.4
11 663 763 13.1
12 656 750 14.6
"13 650 750 15.4
14 650 725 11.0
is 1 663 738 1 t1.3

a Lutricatod wt C-601-S only.
, • b 1VD boll and IVD nut both lbtic• with EN/ Corp. Emrkbe EWM-6 prior t1o

appkatkm of C-601-S.
c IVD nuJt only lbricated wft LIJM Corp. Evediube EM-62196 prior lo

app•.-,n of C.-&.01-S.

II

The comparison of IVD aluminum- to cadmium-plated hardware when

using EM-6286 as a supplemental lubricant is shown in Table 20. It shows that
to obtain a 20,000-pound load in the ]VD aluminum-coated hardware:

0 o About eight percent more torque is required in the first

installation cycle.

o The difference is basically less than five percent for the

second through the tenth cycle.

o The difference increases to a maximum of 10 percent during
the last 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.

iI ! 79
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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 I
LUBRICANT IN ADDITION TO C-601-S LUBRICANT.

IrWr' CdSBoft IVDAIBoltb %Irmmabe PVDAIBolt %Increas.
and and Over CcICd and OverCd-CdCycle Cd Nut IVD Al Nut Baseline IVD Al Nut Baseline

1 645 700 7.9 650 0.8
2 6M3 663 - 625 (5.7)
3 675 675 - 613 (9.2)
4 675 688 1.2 613 (9.2)
5 669 700 4.6 613 (8.4) I
6 663 763 13.1
7 675 713 5.6
8 675 700 3.7
9 669 700 4.6 I

10 669 700 4.6
11 663 700 5.6
12 656 700 6.7
13 650 713 9.7
14 650 713 9.7
15 663 725 9.4 _ _

a Lubricatd wtU C-601*6,on~y.I
b IVD boJ* and IVD nut both klbricawd wtth E/M orp Evgrluik EM-886 pr io

apoication of C-601.S.
c IVD nut owýy ubri•td wtft E/M Corp Evedrube EM-6286 prior to

apoic~atin of C- 1-S.S

Similar patterns were observed for all three supplemental U
lubricants when applying them to the IVD aluminum-coated nuts only. The

initial torque ranged from 1-16 percent higher in relation to the

cadmium-plated-hardware baseline but dropped to values ranging from two
S....... iA .... .. for thv , , e next four cycles.

Figure 34 presents an overview of the torque-tension

characteristics associated with the various factors tested with the use of

C-601-S lubricant. It shows:

o The basic difference bet....en IVD aluminum- and

cadmiua-finished hardware. %

so



I
o A positive effect In relation to cadmium-finished baseline

when using either of the following:

- Cadmium-plated nut with IVD aluminum-coated bolt

ii - Everlube 1346 applied to the IVD aluminum-coated bolt

and nut as a supplement to C-601-S

Torque 73 iE m0 0 iLh.b 80 o jj i * m 00 0 o

I~ 0•-I 6O0 '

Toqu *800 - c NcdIi 0 0A -
"". Tonque 70 0 * A I-

a 00 000 03 0
SOO - I I I.

0 0 12 14 16
InstaaIon OycI

Figure 34. Torque Required to Generate 20,O00-Pound Axial Load.

b. With NIL-T-83483 molybdenum disulfide - petrolatum

I 4CAIR generated data for three different MIL-T-83483
I lubricants. Although not widely used by the ALCs, its usage is allowed as an

option to MIL-T-5544 by OEMs like Bendix for some wheel tie-bolts.. The

combined torque-tension characteristics are shown in Table 21. The torque
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TABLE 21. TORQUE (NCH-POUNDS) REQUIRED TO PROVIDE 20,000-POUND
LOAD FOR IVD ALUMINUM- AND CADMIUM-FINISHED HARDWAREUSING MIL-T-63483 MOLYDENUM DISULFIDE - PETROLATUM WLURICANT.

- -I

I0w Cd Bo Ml 1W O rNlt

cycle wd mid IVD A Nut Over Cd-Cd

1 668 628 20.7
2 681 Big 20.3
3 £78 6am 19.2
4 672 783 16.5
5 683 785 15.4
6 664 767 15.5
7 667 731 10.0
a 659 722 9.6
o 359 703 6.7
10 L68 6oo 8.2
11 649 681 4.9
12 64" 680 5.4
13 636 675 6.1
14 626 672 7.3
15 920 666 7.4

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 Instillation cycle is the average of nine data points for each finish and

combines the various MIL-T-83483 lubricants. In order to obtain a

20,000-pound load:

o Approximately 21 percent more torque is required to load

the XYD aluminum-coated hardware during the first installation cycle than to

load the cadmium-plated hardware.

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

o The difference is below 10 percent for the eighth through

fifteenth cycles.

The data generated for the Fel-Pro Inc., Noly-50 and E/M Corp.,

CP-116 MIL-T-83483 lubricants was similar. Both the IVD aluminum and

cadmium-finished hardware lubricated with Armite Laboratories MIL-T-83483

require torque amounts ranging up to 10 percent higher than that required for
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the other two. Individual data sheets are located In Appendix A. The Table

I 21 data compares very closely to the data generated with the MIL-T-5544
lubricant shown In Table 14.

I c. With other lubricants

1MCAIR did not find any other lubrication that performed as well

by Itself as the baseline MIL-T-5544 synthetic graphite - petrolatum lubricant

I other than the MIL-T-83483 molybdenum disulfide - petrolatum lubricant. There
was no intention to recommend a change from the basic lubricants in use unlessr required. Therefore, the performance of the additional lubricants that were

tested is not discussed here. However, torque-tension and other installation
data is located in Appendix A for all the bolt finish - nut finish - lubricant

I combinations that are listed .in Table 12.

3 2. Wheel Tie-Bolt Torque-Tension Data

3 The O0-ALC/MMILBE (F. 0. Zvech) provided MCAIR with information on

four ALC wheel tie-bolt and nut applications to generate data. After
I obtaining the hardware, MCAIR replaced the cadmium finish on half of it with

IVD aluminum. A description of the bolts and nuts is given in Tables 22 and

I 23, respectively.

MCAIR recorded torque-tension characteristics to establish a

3 baseline consisting of cadmium-plated bolts and nuts lubricated with C-601-S

MIL-T-5544 syntheti, graphite. MCAIR %hen compared IVD aluminum-coated hard-

I ware to the cadmium-plated baseline. Additional comparisons were generated

"for combinations consisting of:

0 IVD aluminum-coated bolts and cadinium-plated nuts. This

combination not only compared favorably in relation to the cadmium-plated
baseline in the generic test but Is also the most probable ALC combination.

0 IVO aluminum-coated bolt and IVD aluminum-coated nut with the
nut treated with a supplemental lubricant prior to the application of the

183



TABLE. V-DSCRIPTION OF WfIUF.L TIE-BOLTS.

ICcoso f2oveTJ -F__ __a_

TwlePoint 'NASM3-18 0.7500-16 1.125 2.1IS Fkioboqate Plate Goesa 3. Type 11,
S~ m Wrenchin - UNJF-4A Per NAS872 Per MIL-C483488

MWeel, Tension, GY1I8IO-38 0.625-18 2.250 3.19 Floborate Plate Clase 3, Type 11,I
Flanged. Stoel, (Goodyear) UNJF-4A Per NAS672 Per MIL..C-8348
190 kul, Fj, 450-F,
ExternaJ Wrenching

MWeel. Tension, MS14163.. 0.594M.18 3.000 4.0M5 Vaouum Deposited Clas" 3, Type Ii.
Flanged, Stool, 09M4 UNJF-3A Per MIL-C43837 Per MIL.C43.48
220 kal.Fw, 450-F. Typoe11, Classa23
External WroncNng,
Spline Drive

TorsionStool, M$21 M-- Q.3125-24 1.000 1.645 Plte PerOM.-P.4 IS C4&"a3. Typel1l.
External WroeNtng, 05016 UONJF4A Type 11, Vasse 2 Per MIL-C-83488
Flanged, 12 Point,
180 kel, 450 F ____

*TABLE 23. DESCRIPTION OF WHEEL TIE-BOLT NUTS.I

Tteed Size 4Cromelori Preventtve FWs~Jh3

Desciption Designation MK Height~nu

Flexioc, Tension, Double 47FLW- 1216 0.75M0 -,6 O.75f~ it j-aPer OO-P.416, Class 3, ypo II
Hexagon, Rlanged. Self- (SPS Tech) UNJF-3U Typ f, Class 2 Per MIL.G.63488
Lordcing. Aloy Steel.

180 W.J 450-=, Liftelght

Flexioc. Tension. Dourble 47FLW-1018 0.62M0-18 0.650 Plate PerO00-P4166. Class 3. Type 11.
HeagnRagdSaf- (PSTeh) UNF3BTye 1 C" PrMIL-C-&3408

180 ksi, 450-F, L.hjtWeight

Spline Drive, Flanlged, M902-91 8 0%-8 ow-6oP cr46 Class 3. Type 11.
*afLcig lo toUJ-B GW Tp 1 ls Per MIL-C-83488

Flexfoc, Tension, Doube 42 -W524 0.3125-24 0.363 Plat Per 00-P-41 6, CMae 3. Type 11. .
Hexagon, Flanged, Self- (SI'S Tech) UNJF4B8 Type 1. CMass 3 Per MIL-C-.83488
Locking, Ao Stol
180 kai, 450-F. UV*wslghtA_________
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* C-501-S lubricant. This combination lessened torque-tension differences
between IVD aluminum and cadmium in the generic test for the first several
I nstallation cycles where differences are most pronounced.

The test set-up is the same as thet described for Figure 32 except

spacers were used as required to compensate for bolt length. Figure 35
I exemplifies spacer use. A GSE, Inc. Model FT-312 Fastener Force Transducer

was used for the 6/16-inch diameter bolts and a Model FT-750 transducer was

used for the 9/16-, 5/8-, and 3/4-inch diameter bolts. Additional 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
3 of the data and their calibration was verified to be correct throughout the

evaluation.

I The data generated for each set of wheel tie-bolt hardware is
located in Appendix 8 and consists of the same information outlined in Figure
33 except the torque-tenrion relationship was established by recording the
load generated by the required installation torque for each of the four

different size bolts.

SI1a. For the 3/4-inch diameter hardware

* mThe torque-tension comparisons generated for the 3/4-inch

� diameter tie-bolt show that the load generated by a torque of 2100 inch-pounds
I decreases for IVD aluminum-coated hardware by 10-17 percent in relation to the

cadmium-plated baseline (Table 24).

.,I The use of a cadmium-plated nut with the IVO aluminum-coated

bolt falls within nine percent of the cadmium baseline. The difference isI within five percent for 11 of the 15 installation cycles as shown In Table 24.

. •The use of a supplemental, dry-film lubricant on the IVD
i* aluminum-coated nut prior to application of HIL-T-5544 lessens the difference

between IVD aluminum- and cadmium-finished hardware as shown in Table 25.
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The best results were obtained using EM-6286. Differences were less than

three percent for the first five installations and no more thnn 11 percent for

the 15 cycles.

.I l

I
I

Figure 35. Use of Spacers to Compensate for Bolt Length

TABLE 24. AXIAL LOAD (POUNDS) GENERATED IN 314 INCH DIAAMETER i
WHEEL TIE-BOLTS BY 2,100 INCH-POUNDS OF TOROUE.Y

kis1 Cd Bolt' YD Al Bolt' Prcent Change ND lJ BOA*' Percen Change

Cycle and Cd Nut and IV Al Kut from Cd.Cd Bauelne md Cd Nut Fto C-Cd._Baline
34.,543 N3, 800 .c40,3,•I 0•1,

2 39,310 35,270 03 2.657 +81.6
3 S,083 33.837 -13.4 42,537 48.8

4 40,M2 35,240 -12.0 42,463 48.1
5 40,32 35.537 -11.9 42,097 44.4
6 42,627 36.423 -14.6 43.437 01.9 i
7 42.200 36,460 -13.6 4,t,617 456.7
8 43,053 36,280 -,15.7 44,370 43.1

9 42,960 37,080 -13.7 44,467 43.5
1 43,740 36,B47 -15.0 43,287 -1.0

11 44,937 37,200 -17.2 43.050 -4.0
2 44,660 37,903 -15.1 42,860 -4.2

13 44,323 37.373 -16.7 43,653 -1.5 H
14 43,887 36,880 -16.0 43,667 '-0.5 l

15 43,123 38,137 -11.6 43.,37 +1.1
* 9iB41 aWd Ne "b*d wlhi CWO1 -S artok graphN b.$te .oah kI•uakIon.
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ITABLE 25. EFFECT ON AXIAL LOAD (OUND)GEEAEDI 34ICH
DIAMETER WHEELTIE-BOLTS BY 2,100 INCH-POUNDS OF3 TORQUE WHEN SUPPLEMENTAL LUBRICANT IS APPLUED TO
WVD ALUMINUM-COATED NUT.

kwa~' Cd Bono N WD AlDong 1111wuuI Change
CYCle and Cd Nutad ND Al Nut Fmm Cd-Cd Dlaine

I U.543 31,850  3. 84 0  4 0 .070 ' -10.4 ' -6.8 9 +11.3d
2 39,310 37,630 37,080 39,160 -4.3 -6.7 -0.4
3 39,083 3I,590 37,320 38,580 -.. 4 -4.5 -1.3
4 40,023 37,040 39,910 38,940 -7.5 -4.3 -- 7
5 40,326 38,920 33,690 38,350 -3.5 -16.5 -2.4
6 42,627 36,900 35,950 39,850 -13.4 -15.6 -6.5
7 42,200 36,520 36,310 39,600 -13.5 -14.0 -6.2
8 43.053 36.310 35,510 38,300 -15.7 -17.5 -11.0
9 42,960 36,670 36,040 39,460 -14.6 -16.1 -111.1
10 43,740 36,820 36,700 39,640 -15.8 -16.1 -0.4I'1 44,937 36,280 37,480 39,990 -19.3 -16.6 -11.0
12 44,660 35,870 37,010 39,980 -10.7 -17.1 -10.5
13 44,323 J5,760 36.890 40.340 -19.3 -16.8 -0.0
14 43,881 34,900 38,670 39,540 -20.5 -11.9 -0.0
15 43,123 133,840 37,210 40,640 -2.5 -13.7 -8.6
a Bali and nut lubricated with 001 -S arttietic graphite Wawoa each k~a~ation. -
b Nut kibricatd wWt EvaduJbe 1346 dry-film lubrimni before appiation of C-801-8.
, iA lukjý v EM-45M dr-4Im kn•inbbre Xpkskn at C4-0 ,Id MA t d wW D,-42,, ,i, , "Im qb alim. of.0-001-.

The torque-tension comparison for the four bolt finish - nut

finish - lubricant combinations described above are plotted In Figure 36.

so [3Cd-Cd

Axdal 413 [3 0 0 0 E3

I 35 w -

Axial 40 - o3 E3o03Load 000
1,000 b 35 - 0 0 0 0 00C0Cd

000 C dVcd
0 CAJ-AJ

30 1 , I ,1 I -

0 2 4 6 8 10 12 14 16
knstallon Cyces

Figure 36. Axial Load Generated In 314 Inch Diameter Wheel Tie-Bolt by 2,100
i , b-Psel•• Tuue.



I
b. For the 5/8-inch diameter hardware

The torque-tension comparisons generated for the 5/8-Inch I
diameter tie-bolt show that the load generated by a torque of 1620 Inch-pounds
decreases for the IVD aluminum-coated hardware by 10-27 percent in relation to

the cadmium-plated hardware (Table 26). The decrease generally drops below 20

percent after the second cycle.

WHEEL TIE-BOLTS BY 1,620 INCH-POUNDS OF TORQUE.

Int OCR of' wD ju sol Pmemt Change NO Al Baht' amen! Change
Cycle and Cd Mut and VO A Nut From Cd-ad Bstllne td Cd Nut From Cd-C o Budnes

1 35,390 25,767 27.2 38,214 4.0 I
2 33,693 26,213 22.2 34,083 +3.8
3 33,213 27,853 16.0 34,693 +4.5
4 34,093 28,730 15.7 35,017 +2.7
5 34,230 28,893, 15.6 35,330 43.2 I
6 34,057 29,847 12.4 35,033 +2.9
7 34,580 27,533 20.4 34,813 +0.7
8 34,477 28.170 18.3 35,477 +2.9
9 34,357 28,907 15.0 35,090 .2.1 I
10 34,080 28,903 15.2 35,333 43.7
11 32,910 29,437 10.6 35,600 4.2
12 32,790 28.977 11.6 35,767 +0.1
13 33,720 29.103 13.7 36,000 +6.7
14 32.790 29,327 10.6 35,043 +0.6
15 32,813 29,313 10.7 35,620 .3.6

a la •d nJ kibrlcd wWh 04 04 ortookc grpNe "km odhi bud on.

The decrease transitioned to an increase in generated load when

using a cadmium-plated nut with the IVD aluminum-coated bolt (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 lubricant on the IVD

aluminum-coated nut prior to the application of NIL-T-5544 lessen the

difference between IVN 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 Installation cycles and no more than

10 percent for the 15 cycles.
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I
TABLE 27. EFFECT ON AXIAL LOAD (POUNDS) GENERATED IN 5/8 INCH

DIAMETER WHEEL TIE-BOLTS BY 1,620 INCH-POUNDS OF
TORQUE WHEN SUPPLEMENTAL LUBRICANT IS APPLIED TO
IVD ALUMINUM-COATED NUT.

A'L cioaft Mu Ai tee Ptenwt Change
Cycle and Cd Nut and riO A] Nut Fr.. Cd-Cd Basuelae

1 35,390 33,475' 34 ,905 c 34,615 ' -64 1 0C _22 d
2 33,693 32,115 32,455 31.410 -4.7 -3.7 -6.8
3 33,213 32,265 31,825 31,675 -2.9 -4.2 -4.6
4 34,093 29,555 33,330 29,635 -13.3 -2.2 -13.1
5 34,230 30,475 32,060 29,025 -11.0 -6.3 -15.2
6 34,057 29,300 32,200 30,520 -14.0 -5.5 -10.4

34,580 29,455 30,980 30.810 -14.8 -10.4 -10.9I 34,477 29,655 31,900 29,460 -14.0 -7.8 -14.69 34,357 29,200 31,630 29,940 -15.0 -4.2 -12.9
i 10 34,080 29,235 31.150 28,985 -14.2 -8.6 -15.0
11l 32,910 29.575 30.695 28,770 -10.1 -6.7 -12.6
12 32,790 28,900 30,950 29,075 -11.9 -5.6 -11.3

13 33,720 28,980 31,000 29,170 -14.0 -8.1 -13.5
14 1 2,790 28,575 30,315 28,830 -12.9 -7.5 -12.1
15 32:813 ,29,975 30,655 ,28,390, -4.6 -6.6 -13.5
a Bof and nut lubrioawd MM C-WI-S snfttk gral betoreach IrMMUon.:I ~~~b Nut lubricaW v•t Ewltube 1346 dr'y-fsn lubricant heron a~pl:tomb on d .,-0.S.

S€~~~ Nut iubri:aledl with EM •2.• dry-Nmkrim tcni baboe aMkslc=on of C,-M0-8.
d Nut kksae whh EM..628 dry--•n lubrkanutl befom appoaon of' C-M0-6.

* The torque-tension comparisons for the four bolt finish - nut

finish - lubricant combinations described above are plotted in Figure 37.

I 40
N* N.A;- wil EM4256 APp•db NutI~ 2 ~ 35 131Ld -0 0 3 E [3 13 0 1

1,000 t 30

25 I I I I

~~40 OC)-Cd_____j. AXS ,., -:: E38
• ON-cd

iow
?I 1,W ltb 30O 0 O 0 O O O O O O O

0 2 4 6 a 10 1 2 m" 14 Ise

Figure 37. AxL.DLoad Generated In 6/ Inch Dianter Wheel Tie-Soft by
1,62 Inch-Pounds Torque.
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I
c. For the 9/16-inch diameter hardware

The torque-tension comparisons :generated for the 9/16-inch

diameter tie-bolts show that the load generated by a torque of 1860

inch-pounds decreases for the IVD aluminum-coated hardware by 7-34 percent in

relation to the vacuum cadmium-coated bolt and cadmium-plated nut (Table 28). N
The difference was less than 10 percent only in the first installation cycle. I

TABLE 28. AXIAL LOAD (POUNDS) GENERATED IN 9/16 INCH DIAMETER 3
WHEEL TIE-BOLTS BY 1,880 INCH-POUNDS OF TORQUE.

Inst'l Vat Cd Boft' OVD Al Boll' Percent Change WDI Blofl' Percent Chang,

Cycl, and Cd Nut and ND Al Nut From Cd-Cd Iaseline nd Cd Nut From Cd-Cd Baseline

1 37.283 34,820 -6.6 39,910 +7.0
2 37,803 29,"30 -21.8 40,700 .7.713 39,000 27,190 4-0.3 40,110 *2.8

4 39,803 30,450 -23.5 40,620 +2.1
5 41,230 31,340 -24.0 40,070 -2.8
6 42,317 29,740 -29.7 40,140 -6.1
7 42,567 29,500 -30.1 39,760 -6.6
a 42,173 29,430 -30.2 40,080 -6.0
9 42,270 29,540 -30.1 40,000 -6.4
10 42,407 29,800 -29.7 41,070 -3.2
11 43,887 29,580 -32.6 41,390 -6.7
12 44,570 29,170 -34.5 40,880 -3.3
13 43,820 29,200 -33.4 40,630 -7.3
14 44,467 29,360 -34.0 39,770 -10.6
15 4.4,353 29,550 -33.4 38,520 -13.2

a Bolutb•tbicaled wih C-0014-S syndtiuc graphil beforo e ku-aaioan, I

The decrease transitions to an increase in generated load for

the first four cycles when using a cadmium-plated nut with the IVD

aluminum-coated bolt (Table 28) in relation to the cadmium baseline.

Differences were less than 10 percent for the first 13 cycles. .
The torque-tension comparisoi,; for the bolt finish - nut finish

- lubricant combinations described above are plotted in Figure 38.
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Figure 38. Axial Load Generated In 9/16 Inch Diamoter Wheel Tie-Bolt byi 1,860 Inch-Pounds of Torque.

I d. For the 5/,6-1nch dlaeter 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 aluminlm- and cadmium-finlshed hardware
i (Table 29).

TABLE 29. AXIAL LOAD (POUNDS) GENERATED IN 6/16 INCH DIAMETER
WHEEL TIE-BOLTS BY 250 INCH.POUNDS OF TOROUE.

Cad'l cd Boft* D Iu olI Percent MColgl A BMe Percent Cianoe

Cycle and Cd Nut fid IVD A Nut From Cd-Cd Bassin id Cd Nut Frim Cd-C4 Baseline

S1 8,378 8,112 -3.2 9,267 +10.6
2 7,897 7,995 +1.2 9,086 .15.1

v , 77 8,w- I .5.0 8,524 . -.
4 ,229 8,897 44.1 6,652 +5-1

5 8,294 8,222 -0.5 6,742 o5.4
6 8,492 6,552 40.7 9,011 .4.1
7 8,543 8,750 *2.4 9,004 +6.4
I 6,773 1,840 +0.8 9,093 43.6
O 8,571 8,823 +2.9 9,292 +8.4
10 8,885 8,748 -1.5 0,404 .5.8
11 8,720 1,729 40.1 9,328 +7.0
12 8,827 3,797 -0.3 0,614 .8.9
13 8,798 8,923 +1.4 9,691 +10.3
14 8,910 8.748 .1.8 9.809 +10.1
15 8,757 1 8,813 +0.6 9,762 411.5

a •1o • nul lubdlcs@d wM C-W01-S sntmok graphhe beftore **h In~lfatn.

I
,i1.•__.. d _ _• .... ... .. :• : _ : ,,



The use of a cadmium-plated nut with the IYD aluminum-coated
bolt increased the load generated in the IVD aluminum-coated bolt in relation

A,+ to the cadmium baseline (Table 29). The increase is generally within 11
• +, percent for 14 of the 15 installation cycles.

The use of a supplemental, dry film lubricant on the IVD

aluminum-coated nut prior to application of MIL-T-5544 also increased the load

generated in the IVD aluminum-coated bolt In relation to cadium 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 A5 cycles.

S~I

TABLE 30. EFFECT ON AXIAL LOAD (POUNDS) GENERATED IN 5116
INCH DIAMETER WHEEL TIE-BOLTS BY 250 INCH-POUNDS
OF TORQUE WIEN SUPPLEMENTAL LUBRICANT IS APPLIF')
TO IVD ALUMINUM-COATED NUT. 1

kW.'Inl Cd Bchi S VD Al B01113 Percent Change
"Cycle and Cd Nut and NVD Al Nut Flom Cd Ci Dasalne

I i.378 8. 1 9 2 b ,518, 9, 332d - 2,2 b +13.6' +1 1 .4"
2 7,897 8,373 8,806 8,542 +6.0 .11.5 .8.2' '3 8,.177 8.540 8,017 8,440 *4.4 +5.4 4*3.2

4 8,229 8,598 8,772 8,851 44.5 +6.6 +7.6+.i5 0,294 8.429 8,461 8,774 +1.6 +2.0 45.6
6 8,472 8,624 8.556 8,974 +1.6 4.8 +5.7

S•7 8.543 0.102 I8,077 9,199 +.6.5 45.1 0..7
8 8773 8,066 9,046 9,202 +2.2 43.1 +4.9
9 8,571 8'990 8,985 0,328 .4.9 +4.8 4.8.8
10 8,885 8,956 0,178 0,518 +0.8 +3.3 7.1
11 8,720 9,250 9,128 9,538 .8.1 44.7 .9.4
12 8,827 9,118 9,180 0,634 3.3 +4.0 .9.1
13 8,798 9,180 9,299 9,509 +4.3 +5.7 07.3
14 8,010 0,462 9,374 9,734 462 +5.2 +0.2
15 8,57 9,120 9,087 9,878 +4.1 3.8 +12.8

W a Bondu kbioaW Wf C-00 I0-S h erttc • graphhe boab WhaWU'00on. INu••;t wi'ý W-no. L',,vkjb "•.,? (ý •-,.'-'a W 'txx.r o ap" %o Of'• C¢-M-S;. _

c Nut •,•brkasd wNh EM-625• dy-fkluicnt bbom aPPikbaSo of a1e0-8.
d Nut kbricw. with EM-em dry-rm iuber:nt bebre apPlwof G ,-S0-8.0.

I
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[I
The torque-tension comparisons for the four bolt finish - nut

finish - lubricant combinations described above are plotted In Figure 39.I
10

AXISl 9 1
Load [3 0 0 13

1.01,0 b 8 10 Cd-d
M AAI-DNJh EvVrft 1346 I Nut

I 7  !._ ... I I I ,. I I

10 .

0 ýA

3 0 2 4 6 a 10 12 14 16
lnsta~Iatlon Cyclas

I, Figur 39. Axial Load Generated In 5116 Inch DLnaeter Wheel Tie-Boll by 250 Inch-Pounds of Torque.

3. Engine Bolt Torque-Tension Data

MCAIR coordinated a test program with the OC-ALC (References 15, 16,

I 17) in which torque-tension comDarisons were established for the following

TF30 engine hardware:

* o n The OC-ALC/.MPRA (D. L. Evans sulI ied .S92,,fused
nickel-cadmium plated bolts and Pratt & Whitney (P&W) 564706 cadmium-plated

I nuts that are used on the TF30 assembly. The 1/4-inch diameter hardware is

lubricated wJ1h MIL-L-23699 engine oil before installation.

i o NCAIR obtained NS9210-25 diffused nickel-cadmium plated bolts

"and P&W 767709 cadmium-plated nuts to repeat a P&W test (Reference 10). The

i PAW test showed significantly lower loads developed with the IVO

i
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I
aluminum-coated hardware In relation to diffused nickel-cadlium plated bolt

and cadmium-plated nut hardware combinations at similar torque values. P&W

tested the 5/16-inch diameter hardware lubricated with MIL-L-23699 engine oil.

1CAIR removed the diffused nickel-cadmium and cadmium platings from

half of the hardware. These nuts and bolts were then coated with an IVD
aluminum, Class 3, Type 11 coating per MIL-C-83488 to meet the design
requirement for thickness which Is 0.0003-0.0005 inches. Descriptions of the

bolt and nut are shown In Tables 31 and 32, respectively.
I I

TABLE 31. DESCRIPTION OF TF30 ENGINE BOLTS.

SBolt Corroason Preventive Finishr

Bolt Bol Thread Size Legh

Description Designation Grip TotalDescription Gip (otal cadmium IVD Aluminum
o. o

Machine.Steel, AMS 6304, MS9210-25 0.3125-24 0.940 - 1.875 Diffused Niokul- Class 3. Type Ii,
Diffused Nickel-Cadrrium UNJF-3A Cadriurn Plate Per MIL-C43488
Plated, Double Hexagon Per AMS 2416
Extended Washer Head,
0.3125-24 UNJF-3A

Machine-Stool, AMS 6304, MS9209-13 0.2500.28 0.128 - 0.938 Diffused Nickel- Class 3, Ty"e i1,
Diffused Nickel -Cadrnum UNJF-3A 0.188 Cadrium Plate Per MIL-C4-34
Plated, Double Hexagon Per AMS 2416
Extended Washer Head,
0250-28 UNJF-3A

TABLE 32. DESCRIPTION OF TF3 EGINE NUTS.

N S CoDrotn Provnan e F'ah

IcripDion Imoam In ,,s.0W, I .....

Floxkoc. Teorion, Double 42FLW-524 0.3125-24 O.3 Plade Per Claw, 3. Ty"e h1,
Hexagon, Flanged. Sell- (SPS Tech) UNJF-33 00-P-416, Per MIL-C-83418
Locking, Alloy St"el Type 1, Class 3
180 kal, 45F F~I.Wftogh IU

Double Hexagon, Self- 5•4706 02500-29 0.363 Plae Per Class 3. Type i1.
Lolnrig. A•oy Steel (P&W) UNJFB3 00-P-416. Pm MIL-L.C-34 I

_______________ - - Type I1, Ckw. 2 ______
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1 i The torque-tension data was generated by holding the bolt head fixed

and rotating the nut. The test set-up was the same as that described for

Figure 32 except a SSE, Inc. Model FT-250 Fastener Force Transducer 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

calibration was verified to be correct, throughout the evaluation.

I a. For TF-30 engine hardware

I 1CAIR generated torque-tension data for six-sets of MS9209-13

bolts and P&W 564706 nuts with the following bolt finish - nut finish -

lubricant combinations:

o Three-sets had the bolts and nuts coated with IVD aluminum
and were lubricated with MIL-L-23699 engine oil.

o Three-sets had the bolts plated with diffused

I nickel-cadmium and the nuts plated with cadmium and were lubricated with

MIL-L-23699 engine oil.

A thin film of engine oil lubricant was brush applied to the
i threaded areas of the nuts and bolts. The lubricant was removed and reapplied

between 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:

Running o ,,ieft Aoa.., ...... , breakw torque, and

running torque (removal cycle) - were measured on the first and fifth

loading/eremoval cycles.

o Torque-tension relationship - 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

<I
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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 IVO 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 - I
cadmium plated nut conbinatton. The torque-tension relationship transitioned
during the second, third, and fourth cycles from being slightly more
lubricious with IND aluminum plus oil to being slightly moý'e Ilbricious with [

diffused nickel-cadmium and cadmium plus oil. The load generated In the IVD

aluminum-coated hardware ranges from 41 percent higher to 13 percent lower

using the load generated in diffused nickel-cailium plated hardware as the

baseline. The items to be considered include: I
0 The higher load generated by 85 inch-pounds of torque for

the IVO aluminum-coated condition during the first installation cycle does not

"overload" the fastener. The average generated load of 2493 pounds Is only

33 percent of the ultimate strength of the bolt.

o The total "scatter" between the highest and lowest IVD I
aluminum loads and the highest and lowest diffused nickel-cadmium loads is

only 14 percent at the high end and 6 percent at the low end. In other words,

the highest loaded IVD 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 a 6 percent improvement

over the lowest loaded diffused nickel-cadmium cycle (first). See Figure 40.

b. For repeat of test

1CAIR generated torque-tension data for 14-sets of NS9210-25

bolts and SPS 4ZFLW-524 nuts with the following bolt finish - nut finish - -

lubricant combinations to repeat the PAW test (Reference 10):

I

IL
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I
I TABLE 33. COMPARISON OF LOADS GENERATED FOR IVD

ALUMINUM-COATED AND DIFFUSED NICKEL-CADMIUM
PLATED HARDWARE LUBRICATED WITH OIL:
MS9209-13 BOLTS AND P&W 564706 NUTS.

Irntallation Axial Load (Ib) Generated Peroent Change
Cycle by 85 (In.4b) of Torque From Cadmium' Baseline

Cadmium! IVD Aluminum

I 1 1109 1785 461
5 1560 1476 -6

Axial Load (1b) Gesriv~ed
by 85 (Ir.4b) of Torque

1 1767 2493 _412 1899 2M +10
3 2017 1919 -5

2178 ,86-13
!B5 2142 1879 1-12

aI hadmknwAftss a cdffu~d nhkkdmii ~m d otv at

1b WVD alurhni•dicata an WD aknjmnfum omld bt and nu

2,50K'
2.50 0 U pahdbob, Cdpldnf

Tensile
Load 2,000-

02 3 4 5 6
Cycle

, Figure 40. Tensile Load Generated by 85 Inch-Pounds of Torque:
MS9209-13 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.

co0 Six-sets had the bolts finished with diffused -

nIckel-cadium and the nuts with cadmium. Three sets were lubriLated with
NIL-L-2369g engine oil. The other three-sets were not lubricated. i

0 Two-sets had the bolts finished with 1VD aluminum and the

nuts finished with cadmium. One set was lubricated with MIL-L-23699 engine I
oil. The other set was not lubricated.<I I

For the lubricated hardwart, a thin film of engine oil was

brush applied to thp threaded areas of the nuts and bolts. The lubricant was 3
removed and reapplied between 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:

o Running torque (loading cycle), breakaway torque, and U
running torque (removal cycle) - were recorded on the first and fifth

loading/removal cycles (first only for non-lubricated hardware). I

o 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 a repeat of the

P&W test procedure (Reference 10).

The torque-tension comparisons (Table 34) generated during this i
test show a decrease in axial load generated by the lubricated IVD

aluminum-coated hardware in relation to the lubricated diffused nickel-cadmium

I baseline. The decrease, however, is in the area of 20 percent and may fall

into an acceptable installation range. In contrast, the P&W data showed

decreases in the amount of load generated by aluminum-coated hardware in the

* area of 70 percent.

II
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TABLE 34. COMPARISON OF AXIAL LOADS GENERATED FOR
IVD ALUMINUM COATED AND DIFFUSED

NICKEL-CADMIUM - CADMIUM PLATED HARDWARE
LUBRICATED WITH OIL: MS9210-25 BOLTS AND
SPS 42FLW-524 NUTS.

Installation Axial Load (Ib) Gerwrated Peroent Deoarae
Cycle by 100 (In.-Ib) of Torque From Cedmium Baselin

Cadmlume IVD Aluminumb

1 2452 2013 17.9
5 x ia2017 1571 22.1

AilLoad (lb) Generated
by 200 (In.-tb) of Torque

ca ML @ V lu Cadmlrm

5 4039 370 16.6i
Axial Load (Qb) Generated
by 300 (ln..b) of Torque

' Cadmium' IVD Alumlnumb

1 8289 6366 23.0
5 6300 4705 25.0

a Caclmnkam rkdcaws~ a diffused nld~.kadmium piwasd bolt "n a cadmium

II bi~ lV irm rkfsa V sunnmcae otW u

i} I Figure 41 shows the original data generated by P&W p~otted

against the newly generated MCAIR data. The P&W data was unique in that it IsK i the only entry in the MCAIR test data library that shows such wide differences
in torque-tension characteristics between IVD aluminum and cadmium when using

Im lubrication.

The value of lubricating IVD aluminum-coated hardware Is

exempl fied by comparing the decrease in generated loads when comparing

non-lubricated IVD aluminum to non-lubricated diffused nickel-cadmium. In

i l this situation, there is a decrease in generated load of 50 percent and more

l * (Table 35) with IVD aluminum.
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300

2W 0

Torque

100
o v Itakwum aum ~- P&W
* MWlue nb.*Si=Vwit + all - PAW

I I.i I '
V ~ C 1V [] i• ,,wm= + oil - 1,CM14I

0 ,fso I W-"wlrmu+ ON•u "- PW I

2,000 4,000 6,000 a,0o0 10,000
Axial Load -I

Figure 41. Comparison of Torque va Axial Load for Data Generated I
by P&W and by MCAIR for Diffused Nickel-Camium
and IVD Aluminum-Finlahed Hardware. p

I

TABLE 35. COMPARISON OF AXIAL LOADS GENERATED FOR VARIOUS
BOLT FINISH - NUT FINISH COMBINATIONS THAT ARE NOT
LUBRICATED WITH OIL: MS9210-25 BOLTS AND
SPS 42FLW-524 NUTS.

I -Axial Load Ib) Generated Penrtnt DeIma"

TLo. uI b, I,, ina.-. ; . T-us u FroIm Cdmiums Baeiine
(In.- l) c dc+ WO Al4VO Alb IVID AI.Cdc I,. .WD Alb W11, 1 A0

+* 100 2,919 .107 2.76 162.1 1.5 '

200 6.33 2.005 5,52 6,.4 14.9
300 9,091 4.719 7,886 48.1 13.2

a Cd.Cd kIdica1.s a dffi~sd rh* mkxfl p~d bol• aM ca ftu pkId nut
b IVD AH-lVD A] hdicata an IVD akiukum coald bolt WW nut.
v IVO Al-Cd Idicaslm a IVD Iwtlmi-cowaýd boft &4 a cadmnm'npdad nuI
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1NCAIR projects that the combination of IVD aluminum-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 in the first cycle. This transitions to a

E substantial increase in axial load generated in the fifth cycle.

II
TABLE 36. COMPARISON OF AXIAL LOADS GENERATED FOR

IVD ALUMINUM-COATED BOLT - CADMIUM-PLATED
NUT AND DIFFUSED NICKEL-CADMIUM-PLATED
BOLT - CADMIUM-PLATED NUT WHEN LUBRICATED
WITH OIL: MS9210-25 BOLTS AND SPS 42FLW-624 NUT

""F Ui.,lon. AI Lx-ad,'(b).Generated Percent Change
Cycle by 100 In.-.b of Torque From Cd-Cd Baeline

CdLCdb 1VD Al-Cd

1 I 2452 2.624 .7.0
/9 2,017 3,01 .53.2

Cd-Cd [VDl Al-Cd
1 5,465 1 5,145 -5.9
/ 5L / 6,08O +50.5

by 300 InIb of Torque

Cd-Cd IVD Al-Cd
1 8,269 8,785 +6.2
5 8,61&8 8,933 43.4
3 7.666 9,678 +26.2
4 6,987 9,189 4315.
5 6.3oo 85.2 +36.0

l6 0"d kndcab a dA ro"-*km*r plood bok "n o&rw" m&
a NO AA k~kin anW &x*%noWd ba md w~A~ -p~wwd w

* D. SUPPORTING TORQUE/TENSION DATA

I The following torque-tension data was compiled during Phase I of this

I program (Reference 1).

HCAIR stated in Reference I that aluminum has a higher coefficient of

I friction than cadmium. Therefore, a higher torquex is required to install

aluminum-coated fasteners to a given tension preload than if the fastener was

1. 101
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I
cadmium plated. It was also reported that the use of a 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 IVO aluminum, cadmium, and diffused nickel-cadmium I
finished fasteners with and without the use of lubricants.

SPS Technologies (Reference 18) generated torque-tension data for IWD

aluminum-coated and cadmium-plated alloy steel hardware; H-il EBW22-4-22 bolts
and F22 locknuts. When both the bolt and nut were coated with IVO 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 IVO aluminum-coated bolt reduced the difference to approximately

15 percent. When the IVD-coated nuts and bolts were lubricated with cetyl I
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 test, therefore,
the effect of the lower lubricity of the IVD 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
alternative 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 various
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 K
j cadmium when the torque was applied to cadmium-plated, nonlockIng, nonlubri-

cated nuts.

o An 8 percent higher torque was required using IYD aluminum versus

cadmium when the torque was applied to cadmium-plated, dry-film-lubricated,

self-locking nuts.
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0 The same torque was required using 1VD aluminum- and cadmium-

finished bolts when the torque was applied to the bolts with cadmium-plated,

I dry-film-lubricated, self-locking nuts,

0 A 36 percent higher torque was required using IVD aluminum versus
cadmium when the torque was applied to the bolts with cadmium-plated,

I dry-film-lubricated, self-locking gang channel nuts.

In the second series of tests, the initial torque required to induce a

* specific tension load in 3/16-Inch diameter, IVD aluminum-coated or
cadmium-plated bolts was measured. Some of the bolts were lubricated and the

I torque was applied to cadmium-plated, dry-film-lubricated, self-locking nuts.

The test results are as follow:

0 A 10 percent high6r torque was required using IVD aluminum versus
i cadmium to attain a 560-pound load in a nonlubricated bolt.

o An 8 percent higher torque was required using IVD aluminum versus
* cadmium to attain a 560-pound load in a lubricated bolt.

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

Boeing conducted torque-tension tests comparing IVD aluminum and diffused
nickel-cidmium on nonlubricated H-i1 steel bolts (Reference 11). 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

I using diffused nickel-cadmium.

The Hi-Shear Company also evaluated torque-tension using IVD aluminum and
diffused nickel-cadmium on lubricated H-11 pin and collar type fasteners

Iy(Reference 12). They reported that torque-tension was essentially unaffected

by any differences in the two finishes.
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I
In contrast however, P&W reported that a considerably higher torque was

required with IVD aluminum in comparison to diffused nickel-cadmium (Reference

10). Axial load versus applied torque for 30 bolts (MS921O-21) finished with

IVD aluminum and diffused nickel-cadmium was evaluated. The effect on engine

oil on the bolts was also measured since it was comon practice to dip the
bolt in oil before assembly. In all cases, the IVD aluminum-finished bolts

required a higher torque to produce the same axial load than did the diffused I
nickel-cadmium-finished bolts. For example, 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. KCAIR repeated

this test earlier In this section and reported torque-tension differences of

about 20 percent between IVD aluminum and diffused nickel-cadmium.

A review of production operations involving the use of 1VD aluminum as 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 ongoing for the past 14 years. For the most part, they have

been accomplished with no more than the use of a lubricant and without I
significant changes to installation 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 I
with various bolt finish - nut finish - lubricant combinations. This activity
was directed at wheel tie-bolts and threaded engine hardware. These

applications were identified as being areas of concern when replacing cadmium

processing with IVD aluminum at the ALCs.

Torque-tension data was generated to: I

o Establish a baseline for the cadmium finishes and lubricants now in

use at the ALCs..
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I
0 Directly compare IVO aluminum-coated bolts and nuts to the

cadmium-plated baseline.

I Directly compare the combination of IVD aluminum-coated bolts and

' cadmium-plated nuts to the cadmium-plated baseline.

o Establish procedures/lubricants which will lessen the basic

difference between IVD aluminum and cadmium without Impacting existing ALC

procedures.

1. Wheel-Tie Bolts

SI 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 lubricant for

some wheel tie-bolts but Its use is minimal in comparison to NIL-T-5544 at the

ALCs. Therefore, the baseline for the actual cadmium-plated wheel tie-bolts

SI was also established with HIL-T-5544.

Direct comparisons between IVD aluminum- and cadmium-finished wheel

I tie-bolts lubricated with MIL-T-5544 established that more torque is required

to generate a specific load in the IVO aluminum-coated hardware. The

difference Is generally most pronounced for the first Installation or two and

is In the general area of 20 percent. This difference lessens with

/ installations as the 1V aluminum coating Is broken In". There was no

indication of galling or seizing during the 15-cycle installation. in 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 installation.

I
I
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AI
The combination of mVD aluminum-coated bolts and cadmium-plated nuts

compared very favorably in all cases with the cadmium-finished baseline for I
both the generic evaluation and testing of actual wheel tie-bolt hardware.

This combination is the most probable at the ALCs. Nuts are 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 cadmium finish. There are no current plans to change the

finish on vendor-supplied hardware.

The use of a supplemental cry-film lubricant 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 worn, this comDination basically 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

.0-• use of a supplemental lubricant on IVD aluminum-coated nuts should have little

impact on the AL.Cs as lubricated nuts would be vendor supplied. A finish

change to IVD for vendor-supplied hardware would include a requirement for the

AM dry film lubricant.

2. Engine Bolts

The torque-tension baseline for the threaded engine hardware was I
L established for the actual ALC practice; namely, diffused nickel-cadmium

plated bolts and cadmium-plated nuts lubricated with MIL-L-23699 engine oil.

4 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 loaded for the

10I
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MS9210-25 bolts and SPS 42FLW-524 nuts. Toroue-tension characteristics for

both aluminum and cadmium varied significantly during a five-cycle evaluation.

There was more consistency with IVD aluminum as generated loads dropped for

subsequent installations during both tests. Generated loads 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.

I The use of a c~drium-plated nut with the IVD aluminum-coated bolt

resulted in significantly A.gher loads generate( in the IVD aluminum - cadmium

combinations when compa;-irv relative installation cycles. This difference

once again was greatly reduced when compaing perspective highest loads.

MCAIR suggests that the only sigpificant concern may be with the use

of a combination consisting, of an IVD a;lriiumi-coated bolt and nut with no

lubrication. Even without lubrication, the difference is greatly alleviated

I* with the use of a cadmium-plated nut.

* F. CONCLUSION

MCAIR concludes that both wheel tie-bolts and engine bolts can be

refurbished by the ALCs with IVD aluminum in place of both cadmium and

diffused nickel-cadmium without torque-tension concerns when used with either
cadmium-plated or IVD 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 a supplemental dry-film lubricant plus the standardi MIL-T-5544 lubricant on the nuts when using 1VD aluminum-coated wheel
tie-bolts and nuts.

I
I
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SECTION V I
EROSION RESISTANCE CHARACTERISTICS

A. PROBLEM I
IVD aluminum is relatively soft, as is cadmium. Neither is well suited

for applications requiri% a high degree of erosion resistance. Diffused

nickel-cedmium is more erosion resistant than cadmium by Itself and is I
- commonly used by the ALCs on engine details. IVD aluminum can easily be

applied thicker than what is normal for nickel-cadmium, and this advantage may

result in comparable erosion resistance or even improved erosion/corrosion

resistance. Thicker IVO aluminum coatings may not always be possible,

however, because of tolerance limitations. Therefore, an improvement in

erosion resistance Is desired when there is a requirement to use thinner JVD

aluminum coatings.

B. SOLUTION/APPROACH

Preliminary erosion resistance testing of an IVO aluminum basecoat

,1 enhanced by an erosion resistant topcoat was encouraging. It is proposed that

.Al this work be continued. Work by Chromalloy Compressor Technologies, for

example, demonstrated the erosion-resistant characteristics of an IVO aluminum

basecoat with their specially formulated conversion topcoat (Reference 20).

Although the comparison was not with a cadmium process, it does indicate the

potential for such conbination coatings.

Another area that may be investigated is the erosion resistance of
various aluminum alloys applied by the IVD process. An aluminum alloy I

U
different than the soft, basical!y pure, 1100 aluminum alloy that is normally
used may well provide improved erosion resistance.

I
I
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Si C C. DATA

$1 NCAIR initially generated comparative erosion resistance data between IVN

aluminum coating and diffused nickel-caduium. After establishing baselines
Ewith these two protective finishes, NCAIR evaluated the effect of different

seal coat s/topcoat s, additional aluminum alloys as the IND evaporant, as well
as ceramic-metallic paint-type coatings in relation to the baseline values.

II The various finishes were applied to 4-Inch by 6-inch alloy steel panels.

All of the comparative data was generated by glass bead peening. BT-10 glass
beads were used at peen pressures of 40 and/or 60 psi. The peener nozzle was

.. ; held six-inches above the finished panel in such a manner as to provide a
* 90-degree-limpingement angle. The erosion resistance test stand is shown In

Figure 42.

AMU Fig ure 42. Eroslon Reaistance Test Stand.
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Erosion rates'are based on the first Indication of penetration through

the protective finish to the substrate. It is 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-cadlium, on the other hand, eroded more evenly with virtually no

protective finish remaining in the erosion-pattern area. I
Erosion-resistance baselines are shown in Table 37 for IVD aluminum

coating usltig 1100 aluminum and for diffused nickel-cadrium. The 1100 alloy
aluminum wire is the standard evaporant used with the IVC process and Is 99
percent pure aluminum at a minimum. The baseline data indicates that the
erosion rate for 1100 alloy IVD aluminum coating is 3.5-4.0 times faster than

that for diffused nickel-cadmium.

I ITABLE 37. EROSION RESISTANCE BASEUINE:
1VD ALUMINUM AND DIFFUSED

NICKEL-CADMIUM.

Er*Won Rate (mile per second)
PratectIva Finislaba 0 e

IVo NAuninum 0.0048 0.0087 1
Diffused Nickei-Cmdndum 0.0012 0.0025

These differences can be readily ^ ufor wst appilcatLions involving -

refurbished engine details with a thicker IVD aluminum coating that can be
easily applied without functional degradation.

I4CAIR, however, did evaluate the effect of various sealcoats/topcoats and

aluminum-alloy evaporants for those applications where coating thickness may

AI
II0
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'I
i be a factor. The best results were obtained with an aluminumi-alloy evaporant

that conteined 12-percent silicon. This finish, which can be deposited with
I standard IVD aluminu.n coating equipment, showed an improvement of 40-percent

over the standard 1100 aluminum alloy when peened at 40 PSI (Table 38).

S! TABLE 38. EROSION RESISTANCE COMPARISON
OF ALUMINUM ALLOY EVAPORANTS.

Aluminum Alloy Eroolon Ratt (rnlls per acond)
Evapomnt 40 PSI so pal

1100AJ a 0.0048 0.0087

Ap-f% SI b 0.0040 0.0071I
Al-1 2% Sc C 0.0029 0.0072

a AJoV oontns amppro)dlmadiy 99% igkm
b Aloy oontains approxdmate* y4% *Iunkwm - 6% uicban
c Aoy oontaIu mpudrmn&,Wy 88% auhmum - 12% shcon

Ii

Approximately 54 panels were tested with the varicis finishes shown In

I Table 39. Erosion-resistance data generated by NCAIR and also shown in Table

29 indicates that none of the finishes perforned better than the IVD aluminum-

j baseline finish. Additionally, most of the Table 39 protection finishes

resulted in thicknesses that may be too thick for applications where a thinner

2 * (0.005-0.007 inch) finish is desired.

The application of the Zylan 1010 topcoat did improve the erosion

resistance of the IVD aluminum basecoat. Although the topcoat material itself
was removed readily by the glass beads, Table 29 shows that the erosion rate

m of the sealed-aluminum basecoat was improved in relation to the Table 37

baseline ra .e at both 40 and 60 psi.

'I
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TABLE 39. EROSION RESISTANCE OF TOPCOATED IVD AWUMII'UM
AND METALUIC-CERAMIC TYPE COATING.

Erosion Rate (milas/secnd) Based On
ProoctveTotal Coating Thickness IVD LIuminum Thickness

___ _4___ 4pal 8peW 40 80 Spal

Topcoosted 1VD Aluminum

Whitford Corporation
Xylan 1010 0.0066 0.0130 0.0028 0.0056
Xytan 1331 0.0150 0.0355 0.0052 0.0132
Xylan 1840 0.0067 0.0239 0,0035 0.01214

Meta~ilo.COMMIC Coatings

Whtiord CorporationI
Xylar 1 1.4808 1.90=

Sermatoch international.jnc.
Senmelel CR 962 0.0459 0.1600
Sormwetl CR 984LT 0.4955 0.8571
Sarmatech XP 901213 0.0460 0.0574

jCoatings for Industry0.45 .70U

D. SUPPORTING EROSION RESISTANCE DATA

Pratt & Whitney (M~) compared the erosion resistance of lYD aluminum and

diffused nickel-cadmium finished compressor vanes by measuring the thickness

of the two finishes atrexposing tevanes to a liquid abrasive (Referen~ceI

21). '
Erosion testing was performed at room temperature using a silicon oxide

abrasive at an impingement angle of 90 degrees for 1 minute intervals. Tile

pressure was held at 80 psi at a target distance of six inches.

The IVD aluminum coating eroded faster than the diffused nickel-cadmium

plating. Table 40 tabulates the results of the test.
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h TABLE 40. IVO ALUMINUM AND DIFFUSED
NICKEL.CADMIUM FINISH
THICKNESS AFTER ABRASVE
EXPOSURE.

' I on Thickneu (mila)
Omrn Imm 2nmn

IVD A 1.0 0.9 022 1.7 1.6 1.5
C 1.8 1.8 1.4
D 0.4 0.3 0
EF 0.7 0.7 0.4
F 0.4 0.4 0.1
0 1.3 12 0.6
H 2.0 1.9 1.7

NiOd A 0.3 0.2 02
a 0.6 0.5 0.5
C 0.7 0.6 0.6
D 0.1 0.1 0
E 02 0.1 0.1
F 0.2 0.1 40.1
a 0.5 0.3 0.5
H 0.7 0.7 0.6
J 0.6 0.7 0.6

I

In other tests conducted by P&W (Reference 22), IVD aluminum with a
standard chromate conversion coating was shown to erode faster 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 1VD aluminum remaining at the conclusion of the test. More
importantly, 1VD aluminum provided better protection to the substrate as the

erosion process occurred. With diffused nickel-cadmium, the cadmium erodes

E very rapidly, leaving only the nickel coating which offers no anodic

protection to the substrate. In fact, the Reference 22 testing by P&W showed
iVD aluminum to be tt0 best coating tested on 410-alloy steel. Specifically,

1VD aluminum outperformed both diffused nickel-cadiium and Emplate nickel-

422/cadmium in an erosion/corrosion environment. This Vas true for JVD

aluminum samples supplied both with and without a standard chromate conversion

coating, and a sample supplied with a Chromalloy proprietary conversion

coating.
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. DISCUSSION I
The data generated by MCAIR once again verified 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 is usually limited to D.0005-0.0007 inch.

Additionally, supporting data indicates that IVD aluminum is superior to

diffused nickel-cadmium In the critical areas of corrosion 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 Allison to substitute aluminum for cadmium on non-threaded

T-56 engine details (Reference 9).

Although the various topcoats/sealcoats evaluated by MCAIR did not

improve erosion resistance, an IVD aluminum alloy evaporant containing 12

percent silicon did improve the baseline when subjected to a peen pressure of i
40 psi.

There were some abnormalities in the data generated by MCAIR particularly

in relation to existing data for the metallic ceramic paint-type coatings. It

is 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. all have

different effects on erosion resistance of the various protection systems.

I
I
U
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F. CONCLUSION

The erosion resistance difference between IVD aluminum and diffused
Snickel-cadmium finishes is minimized by the capability of applying a thicker

finish with the IVD process.

Where finish thickness tolerance is critical, the use of an aluminum

evaporant containing 12 percent silicon improves performance over the 110
aluminum alloy evaporant.

I

I
I
I
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SECTION VI

C LI

Phase I of this progrem reviewed detail parts processed with cadmium at I
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 1I addressed those areas of concern. Both barrier- and

Al sacraficlal-type protection systems that can be used to supplement the use of

JVD aluminum for applicatio~s involving internal surfaces are identified in I
this report. Torque-tension data generated for such ALC concerns as wheel

tie-bolts and engine bolts can also be found In this report. The data

indicates that these bolts can be refurbished with IVD aluminum by the ALCs I
with little to no concern. For applications that now require diffused

nickel-cadmium for erosion resistance, it Is suggested that a thick 1VD I
aluminum coating (0.0015-0.0026 inch) be used to compensate for differences in

erosion rates.

The contents of the Phase I database handbook (Reference 1) and of this
Sreport indicate t"at IVD aluiinum can replace c•,ium processing at the ALCS. U

Although this substitution may involve additional processing steps and/or

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

1 NCAIR believes that the overall benefit far exceeds the few limitations. 3
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:1
IYD aluminum coating has successfully undergone extensive laboratory and

In-service testing as 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

I applications. Because the IVD aluminum operation Is clean, simple, and

rIn-labor intensive, and because facility and space requirements are minimal

and require no special pollution-related systems, it is a cost-competitive

process. Cadmium costs are increasing because of environmental and health

related laws and regulations. At the same time, IVD aluminum costs are

decreasing because of productivity advances associated with Its increased

usage. Most importantly, aluminum is nontoxic, and the IVD process is

environmentally clean.

MCAIR looks forward to the Phase III demonstration of the IVD aluminum

S, m process at the WR-ALC. It will be conducted with a state-of-the-art coating

system procured during Phase I1. It is projected that the Phase III

demonstration will strongly support the elimination of hazardous waste

producing cadmium processing at WR.

nilII
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"UiI1



/ ~I-

SECTION VII

PHASE III DEMONSTRATION

MCAIR will demonstrate the applicability of IVO aluminum at WR during

Phase III of the program as an across-the-board, replacement for all detail I
parts that are now processed by WR with cadmium. U

1CAIR has proposed that a "hands-on" strategy be employed at the WR-ALC

to implement the usage of IVD aluminum. "Hands-on* coordination with
responsible departments was used t.uccessfully to implement the usage of the[

then new process at NCAIR. During Phase III:

o Supplemental processing needs such as part preclean processing

equipment, special coater hools and fixtures to increase throughput, post-coatI
processing equipment, and supplemental processing equipment will be reviewed

and coordinated with Industrial Engineering at WR.

0 Activities such as reviewing drawings/parts, defining coating

thickness classes, identifying supplemental processing needs, and reviewing I
process specifications will be coordinated with WR Material Management.

o Quality Assurance guidelines will be coordinated with WR by

reviewing and defining acceptance performance requirements, test procedures

and equipment needs. I
o 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 a four month period of time. This time period -

should provide adequate part selection, maximum training, and verification of

coating conformance to MIL-C-83488. This effort will include establishment ofm
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

also be established.

mlie I-



o Environmental compliance progress will be verified with WR
Environmental Engineering.

1 MCAIR believes that the effort at WR will Justify elimination of cadmium
processing at that facility.

While it is 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
areas, ICAIR also recommends that the other four ALCs be given some individual
atttention to help meet the ultimate goal of the elimination of cadmium
processing at all of the ALCs.

MCAIR has proposed that applicable supplemental processing be reviewed1 with the other four ALCs. ,.This effort would include recomimendations for
specific applications and a review of environmental compliance considerations.
A program would also be coordinated with each of the other four ALCs in whL1h
procedures developed during Phase II of the program and/or those demonstrated

'* at WR will be demonstrated on a minimum of five mutually acceptable detail
parts for each of the ALCs. An acceptable demonstration site will be

I coordinated with each of the ALCs. This task will also include as much
"hands-on" coordination as the budget allows.

,19I
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I iAPPENDIX A

TORQUE-TENSION DATA FOR GENERIC BOLT-NUT

WITH DIFFERENT BOLT FINISH - NUT FINISH -

EUBRICANT COMBI NATIONS
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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-601-S.

- T Torque oas Nut (I" hIt-Rimhn

Tet Cyle, TMe. hRk Led (b) Torus (i.-D,

Noe~.e•. No. (I .-mb.c _ _ _ T Ua.- ) C( W
Oir___n) 2,500 b.100 7,0 13,300 12,503 16,800 17,58 HADO Okeslon)

1 1 38 96 180 250 335 445 530 600 660 480 332 290 660

3 300 660
4 265 600
5 33 96 144 190 275 360 430 580 600 360 35
6 275 600
- 2 6oo
.9 265 Goo

10 35 108 168 2 300 395 520 540 660 385 3811 275 Soo
•12 300 660

S13 26 600

14 290 660
15 34 108 168 230 310 410 530 540 660 410 37

- ~~ __L0 - I IL - - - - - _

a Nut supplkd with wax kutiWkni (Carbowax Potyethylimr G" 3350) apped.
b Fe-Pm hioxrpu&wd C,401- -5lubru•cn W a pa. mnuki V. 50% eynthelc g,-phh: wd 50% pelrolatum 1kmiA&d to meet

'MIL.T-5544. The C-01-S lubric•m ws appied to 9we ihroad of Ohe boh and nut.
c NAS1 306-10 bolt: Avera, pin*V Okirpo- 0.4967 M.. am"ia plating thoid,- 0.00030 in. I

47FLW-820 nut: Avernge ptaig tUkhijes - 0.00041 in.

A Twqlu Inorwmentz of 60 i..b -&I muxhum bol klad is larger thai norma iorwnents of 25 in.-b

TABLE A-2. TORQUE-TENS;ON TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-6014-.

Runnlng Torque On Nut (Ia.-lb)? Runng
Tod Cycle Tot is BTru (- T brqueTop-. No., Ter.b CW Boll Load (b) Torque (i.-lb,

Ored'on) 2.500 5.000 7.600 18,000 12,500 15,000 17,500 20,100 Diection)
- . - -i - -I

53 120 180 265 335 410 480 540 660 395 432310 660 _

3 300 660
4 290 660
5 42 108 156 230 290 370 540 660 395 45
6 290 660

2 290 66010 246 10$160

13 900 660
14 300 660

15 43 108 168 230 300 US 470 540 660 395 44 I
a NLII supplt.d with wax hjb~1cat (Cabowax PolyoUi)49rw G"yo U350) appled.
b Fel-Pm lncoworwated C-301-6 kkemmm is a pmionlu inaing W0% orutiec grpwhm wad 50 peoroatum to~bwaAc to mmml

MI.-T-5644". Th" Cr01-S lubebct wasmi~ d b Vi* Umad& of Vie bo" and nut. Ic NAI3.8- S130 btO x. Aver" bw d kznl W dlm•- C.AW In.. ovW pwa, V p Vi,-w, t'~ - 0.0004, in.
4,7FLW.M nut Averw" plhng a - 0.00039 in.

ITo"ii kicreiwtjo 80 hin-b at mmukrim boft bad k kger tw i rmi kiaenfwfe of 25 hinb.
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TABLE A-3. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED SOLT AND
CADMIUM-PLAT7ED NUT LUBRICATED WITH FEL-PRO INC. C4601-S.

Rummag . ~ h.-)~ rombws Tequm
(ed Cy lbe Toqu Bak Lad (b) - - Torque Qh-lb,

Ckf"""O) 2,580 5,308 7,100 13,510 12,181 15,308 17.100 21,088 - Uhiadln)

3 1 33 101 158 240 325 370 480 600 720 430 31
2 290 660I3 240 600
4 240 600
5 29 96 144 205 240 350 430 480 600 350 32
6 250 600
7 240 600

103865 240 600
11 240 600S1296 16 0 2650 30 43 600 30 3
13 250 600
12 250 600

1115 1 42 1120 1180 1240 1300 1395 1470 540 1660 1370 137

47FLW4=2 nut.' Avoeage platirg ViOkkr - 0.0D038 In.
d Torqu ki~ncr nts of 60 kin.t at rmlxhvnu Will bad Is bulw~ Ow nonral k'iawndmn of25 kt4b.

TABLE A-4. TOROUE-TENSION TEST DATA FOR IVD ALUM IMUM-COATED BOLT AND IYD
ALUMINUM-COATED NUT LUBRICATED WmIT FEL-PRO INC. C-GOI -S.

To"~w 0. Kud h-44b)' -WW

Togt Cycle Towque NtLd(b ~~

1 2 2 3O 30 4301530 600 so0 97
2 ~42LIM
3 ~340 8
4 1 1360 78

ii M 22 360 470 60(1 60 '78 50 41 A
320 70f

7300 720
8 00 720

9 W0 720 X
10 35 06 1 U 216 290 420 500 $40 r201470 3

I I M'72V
12 310 720
Is 3(X) IWO
14 280 460

Nidnl 15 U 96 1158 1228 1300 1420 520H 600 ?20 430

I IL-T-6544. The C,-eo -5 kjtibr1 WIS OPPl6d 10V) tv*& V Of WIS btA nW nutA.
NAUSI 306 10 baft: Aver"Q mha* cktwrmi - OAM8 in. avemw ooakv Vi~owm"e -0 000o6 hin

M7LW-820 nut: Aww" OOG*i ftkmea - 0.O0047 hi.
id Torque kxiwarnitv of 00 hIn-b at maxtiiucm bolt lod Is larger #wi nortAl kcmnenki d 25 hI-b.
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TABLE A-5. TORQUE-TENSION TEST DATA FOR IYD ALUMIMUM-COATED DOLT AND VYD
ALUMINUM-COATED NUT LUBRICATED WiTh FEL-PRO INCORPORATED C-mO1S.

TrWe Do ~I& (b.46? mh
Todt cycl TsrqueU (b ksswqu Tsrque,
map- me. (18.4b. CW __ - sIsdb s.qus (h-b

- - ~- f T- ,81 IWI 7602 1IN1 12011 16.1m 17,N 162 ,N k4mM1.)I

5 1 127 228 276 340 410 410 540 600 720 52 124
2 360 720
3 350 720
4 340 720I
6 52 120 192 252 320 430 530 600 720 430 11
6 310 720
7 310 660

320 660
10 45 96 156 204 20 370 47 540 "0 400 55

13 200 660U
12 250 660
14 280 660
Is_____ 1 43 96 168 240 290 400 480 540 "60 410 so

a Nut cid not 1w,', wax kbhdcaml (0Ctiowax P(olhys3,. G."co 3350) SAppedi
6 Pei-Pro woarpoialed C-401-8 kjbtlcwt Is a -.m o~n~Jnln 5D% mjnrAhe IWW arid 50% paboasum Immd In "No

MIL-T-6W44 The C4101 -S lubrioazn wu appbd lo Ow 1hr~hda of Via bok arid nut.
c NA SI3OS-10boft: A~"ag sihwk diwwirb- 0.49W6 ki., avemag ooalkV t~dowaa-.0=049 i.

47FLW-020 nut: Avevcoag o*Vg U***no" - C.O0046 in.I
d Toeiua fr~yrwmnt of 60 hinlb atfmlwxbmw boll besd Is bI& then notnui hiarmnk ft &25 hIn..

TABLE A-G. TORQUE-TENSION TEST DATA FOR IVD ALUMIMUIM-COATED SOLT AND rIID
ALUMINUM-COATED NUT LUBRICATED WrMl FEL-PRO INC. C-601-S.

Toot Cycle Tou o Lead (b) abs Tw qus(I.-b
____. Me.~u (h-bCWcc

L)t~t)2,600 5,000 7,500 11,M6 12.651015,600 17,580121,100 OWntlen)

6 7 l 216 3W0 3Wo 460 5401SW 720 'II' 9 0
3 300 6S670

10 30 1208 1602 320 400 470 140 660 410 47

11 3D0 720I
12 296 660
13 200 660

10 33 108 18 20 300 410 480 640 160 4010 39

a IWo .de not tdws wax Ltkdwl (C~fbovx PetW1eYie W)'0o1 I=6) APPa~d.
b Ne4 P'ro kvwoposid C-401 -9 kpb~wi-at is a paM. oonhk*Vn 50% "Gi.c Whas umd 6% paelbAisi khmfiid 10 mee

MiL.-T-W 4. Tfhe C-01-S LibriceaN van p &99 toe ft rec t ciaoft bok atdnu~t
* ~~c NASIM1o-l 0oh. Aver"~ uiw* uaW. - 0.49W hin., ineywge ooakig U#*iew- 0.00055 in.I

c~7FLW ý0 utn: A.vwrag coakgV tkkww 0.0005 hi-Kd To."u hu~wneb of 0 hi-lb &I nuwx*,m boll bad Is WrarVm #n.omne hicyanuimb @125 hi



TABLE A-7. TORQUE-TENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-N1 -S.

Rumh~ IToruq On MW (ki.4) Emm1iag
Ted, Cycle TOM"a Ikreau (b) Torqe (.41110~s No. (16.4k, CW -1.h Sa id b - TW6 ~

okokilo"n 6.80 f i.U0 N1,50 11.900 12,W00 15,100 17.5W8 21,100 Direction)

5 34 8d 141 22 30 5 2740 5030 345

6 250 675

10 34 91 1413200270 345 450 575 6 380 33
11 25067
12 26570
13 260 700

__ __ 1 260 700

____ 1__ 15 1 31 6 4 1 .36 200 1265 1355 455 1575 1700 1 400 37
a Nut suppWie wtth wax lubrkmit (Carbowax Pcltys~y1w G~Ycxg.%35) 4Ape,

MAIL-T-SM44, The C401 -S lubrkant Wa applied b fte tiiuads of w bobl and nut.
0 NASI 308-10 boft: Averageshakdismbi- - .49N in., average ou*~kingUlI"a- 0.00030 in.

47FLW-a20 nut: Average Co. ilg V**rom.u - 1,00049 In.
d Thmwe was one stwap t 10.000 lb kul~ad of ea h $Dad kiaemsit, m nowffily done L %r cDYc0e 1,51 1 C'and 15.

TABLE A-8. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INC. C-601 -S.

RunnIng Torque On Nut (In.-b)'unin
*Test Cycle Torque 3n ed(b erquakiy (Tt-qb.

N.beU No. (in .-tb, CW - i(In-tb) CCW
0ido 2.&CO 5,000 7.500 10.0001 12,500 15,000 17.W00 20.000 DirectIon)

2 12.40 675
35 260 675

I.5 33 81 12 190 265 355 450 590 675 320 31
6 275 650
7 320 675
8 325 675
9 285 675

10 36 64 136 250 305 395 460 565 650 29 S5
11 305 650
12 305 650
13 315 650

* ~upId 14 310 650 30- 3

b Fs'-Pio ino~rapoatd C-001-S kjbicant is a Pasla cowtakn~ 50% vynr*%ec gr&phlW and 50% p&Voka=u brrumAsed lo nuet
MIL-T.5544. The C-01-80 kjbaric was appied lo Vw. 1hread of fte boil "n nut.

c NASI 3W0-1 0 bolt. Averag shak di&ame~r --0 4068 hn.. averagi. cooing Vicknoss - 0.000N4 in.
*7LI-2 nu4t: Averge coaing Extnu* -O000 In.

d Ts c arepeat of tes I with ogirTknId prooodurm r4d sQJrnani.
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TABLE A-9. TOROUE-TENSION TEST DATA FOR CADMIUM-PLATED SOLT AND

CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C401-S.

, -, Teru On * (b.-4) tmTaia & TeulmyoM* ToqueTed icytIf Twk', iMl Lod () Tamius (0.-4,.NaOXI.A No. (Im.-b, -W ,- (a-b)
Direction) 2,M01 5.100 7,O0 11,600 12,500 15,100 17,1111 11 ,000 Dlrdleon)

9 1 51 106 175 245 320 400 475 W0 650 355 47
2 255 625

" 3 245 625
4 240 625
5 41 90 145 205 275 340 425 620 625 320 46
6 255 "0
7 250 650
8 250 650
9 255 625
10 51 102 150 200 255 330 430 640 650 335 51
11 270 625
12 255 625
13 265 600
14 250 600
15 46 75 150 215 275 350 435 520 625 325 58

a NuL supplied with w• x jbrlcanl (C4aowua Poiyesth)yWe GtfWyO 3350) ppli~ed.
b Fe-Pm khcwpomrd 0C-01-S iubdibcn is a k• ot onrng 50% eynthbc ~111ol Mid 50% POVOW n a mxnd 1to rnmet I

MIL-T-S544. The C-WO I-S klbdriant was applied lid fte threads of te boll and nut.
c NAG1306-10 oLl Average sanuk d~wnsefr - 0.4967 in., average ooa*vg til*vmw -0.03 In.

47FLW-a20 nut: Average wOaing Uilrna - 0.0037 in.
d Tail was a repeal of lest 2 with opapmed proneduced &Wq eWoril.

TABLEI A-10. TORQUE-17ENSION TEST DATA FOR CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH FEL-PRO INC. C-601-S. I

STmrl OD NiA (l.-Ib) IHomng

Ted y Toque b-I ka Totqu.
NO-.1.A N*. (a.4•, CW - L ( - - - i,,.-) CCW

Ok"Ua) 2500 5,.00 7,1o5 WHO 120VA 150,0 17.5 20 2l,800 I1e4I)n)

10 1 54 113 175 250 320 405 490 59 700 405 I
2 305 700
3 300 700

41296 700
5 4 115 170 240 310 390 485 60M 700 420 51

6 '285 1

9 280i;a
10 58 107 155 210 285 370 475 5n0 675 am 59
"11 275 67512 m7 $50[13 275 650 1
14 275 650

15 55 112 165 225 300 380 490 $00 675 360 61"" - - - a - -

a Nut mjppled wlit wax hibrlcmi (CatbCwu P~kOYt .,W1WiaIeGyl 33) N~Pe~d.
b F,4 Pro lrv~ormsed 04-01-8 bdk:ewl i a peat• owWrikr 50% up .-vk grepbU anid 90% pe*vlatum 11iUMed to nvet

MIL-T-6544. The 0-001-6 iubdrcal appled i l'e fwvmk o l ie bol and nut.
c NAS1306-10 bolt Akvmga *i miuer-0.49Q0 I averge pl& i~jknee-0.0QO351n.

47FLW-20 nut: Average plain Vkknm -0.00042 in.
d Tem *is a e I ora, 3 l%% pmed procdue ad NO 4quiaonfI

S|I I2I I



TABLE A-11. TORQUE-TENSION DATA FOR IVO ALUMINUM-COATED BOLT AND WVD ALUMINUM-
"COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C4)01-S.

--- -mu
TTwq. Do e (k.-b) Roug

Ted Cyule Taque *~ ()Ua~Wy Tiu
... No. ( .Ieb.us (k.-

*- RiUD0 7 ,510D 7•0 i10,00 12.50 15,00 17.,0 21,000 01mcdion)

11 1 03 180 250 335 435 530 650 775 000 625 is
2 405 850
3 385 350
4 340 625
5 37 123 205 290 370 475 600 725 175 600 42
6 340 875
7 325 ISOi8 300 425
9 305 125

10 31 111 160 225 31t 405 515 650 800 475 33
11 30)5 111

|. m-12 300 75.13U', 290 750
14 ,275 7'00
15 1 33 1 3 1139 205 1275 1335 1490 1 50 1750 1 440 1 27

#A] Nut (Ad rno( ha wax Wk-m•4• (C•bw P*lh• GkV &W) bd

ilmi
h ~MIL-T-65U4. Th C-601 -S lubrkat wa mp(ied lo 1he •twa, od f Nlo bonl md nut.

c NAS13W•- 0 boh: Averarm saink dwmbf ~-0.4980 in., avwaers ooling Ohkkmeei-0.00045 In.
n 47FLW-420 nut: Averae o=WVk Vihckruess- 0.00047 in.

d Tetml was a repeA of lasi 4 wh opWTnod lpromKrm anlHd •~oflmWL~

TABLE A-12. TORQIE-TENSION DATA FOR WVD ALUMINUM-COATED BOLT AND MVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

I iiTorque Om Nut (h.-I.) Koni

TW Cycle Torq-e - Sreabw Ts'qus
T,,a• e Cy (-rh, • - 5h. Lead (6) Tuque (i0.4h.
No8.9-,', No. (11W.-4, CW -- (i4.4b) CCW

12Dldimon) 2,500 5.600 7.500 11,30f 12.500 15.00 17.500 26,vd0on)

12 650 75 850 950 700 141 !
2 390 •

3 360 750i4 330 725
b: a 4b III IgO 250 330 ,i465- 525 -0 -1Z 'a 440 d

6 285 700
7 280 700
5 285 700

9 280 ?D010 36 06 185 25 325 415 505 625 725 450 446

11 285 725
12 275 700

S13 275 700
14 275 675

15 38 103 185 225 290 385 485 505 700 410 33

a Nul cid not Nre wax uxme! (Cabowax Po*h9t1yo n Gly"ol ,,01) apphled.I FeIo-Pro bqcaxp1aed G-W1 -8 Ukdct is a pmle ooninkV 50% orth&t- WNgb and 50% pobablnlrn bmv d bi eet
MIL-T-5544. The 0-401-S lubiktAim was appFd to Ibe #vwods W Vw boll and nu.

c NASi 306 10 boh. Av~" sank dl6alew - 0.4967 iln., srooa oo~ag lhklmm - 0.00047 in.
47FLW-820 nut: AveA, s coa*i f, s- 0.00044 In.

d Tom was a reast of •t 5 wvi op*dlz4d promore anid equtme.
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TABLE A-13. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND WD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S. I

Rming Teru 0. h (ha.4) torqgu
Tet Lytle Tetqui lol Lil (b) Torque (i.b,
pjs,.8A N8. (1.e46, CW ..... (ha.-b) CCW

Dkudlon) 2,5001,2190 7,15110 1,00 12,1_8 1soo3 17,1 26,141 0

13 1 113 185 265 325 425 510 125 700 825 W0 118I
2 370 8oo
3 340 3000
4 370 800
5 63 121 175 250 335 425 645 650 r/5 485 52
6 310 ?50
7 340 750

.8 345 750
0 320 700

10 52 107 155 250 315 400 490 600 700 415 4511 320 725
12 S05 700

13 300 700
14 295 700
15 34 W1 ., 155 220 295 380 480 S00 , 00 410 43

a Nut did ,'A hre wax h :cmit (Cbowax Po•ftyne Gý 3W60) app•led.
b F*et-ro wporu& C-4014- hkkr1mi Is a pule con~W*hi 50% msmgw* graphb &Wd 50% pobituarm bwtmled i rvet

MIL-T.&44. The C-401-S iubd•,'ml was t ie OVweed of #w bIft and nut.
c NXSA1306-1a bolt: AvwQ.r ashk diw•isr -0.4U7 in.. avecage ooiir tiAs -0,00041 In. ,

47FLW-420 nut: Ammye comang Nhucnm - 0.0006 in.

el To wse a mpat of bw U wi• h qap**ed pawoamid e&W o n"

TABU• A-1 4. TOROUK-TEI4SM DATA 40 IYD AL M0fr OTED K2LT AND CAD LJU4-LAWED
NUT LUBRICATED W"i' FEL-PRO INCORPORATED C-801-S.3

Rwea~ag Teqe 0W Nit (10.4h) RmminmIS~M r Torque
Tod Cycle Teiqum Toqum" iuTa.• 1 N~o. ib ewq SON Ladl (b) "lae~ue (WIA.-o
No.'-,'c hU. (I.-l, _.-4b) C-cw;

oh~ir, ) 2,z51 5,ol0 7,501 I1.4i1 12,S01 15,318 17,511 21•4,30 k a)

14 1 44 101 160 215 2'5 355 440 505 575 305 so
2 300 675
3 330 7004 320 7'00-
5 61 121 195 270 335 410 510 625 725 425 so
6 315 700 I
7 W0S 700
8 300 I '675 _
9 300 675
10 36 114 185 255 330 410 495 W0 ,75 390 48 -
11 305 650

12 300 I675
14 305 67513 I 0 67L•

15 _41 103 175 240 310 385 490 Q00 700 410 46
a Nu( ,upp~d wth wax lubrkait (CAitowax PoiY w Ghool 36W) appld.
b F-el Pro kwooporaed C-o014 - Wcat is a pmla oonutak*g W0% ayge gr:phib and 50% pbkLm m d 1 mom

MIL-T45"44. The 0401 -3 k'An(= w% appled to to h wemh at Im baX i d nut"
c AS i3oa -10 bolt: Av&sa.. rAg g diuik~i r - 0.4007 hIn, wruv cuiaig*V Wk am- 0. 0In~.I
47FLW-420 nut: Awy*"g 0meL- I*ki -- 0.00042 bi.

d Tooaas ani evakmianki at iftkrm bolt and Wu *imhshe and Owe btqaig ptix*&um. Thwe*mea one 0V Id 10000 pounds bvwmW
e whdi •oad kxxwrn( as nurmwdy done, kw cycle , 1. G 0, and 15.

12|
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TABLE A-15. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WinH FEL-PRO INCORPORATED C-M01-S.

Tempse O *M (b.-4b) RuuslSRmlal mic" Towue
Ted Cycle Torque aKR Lind (b) TTauo (W.4

okb.bAA Me. (i-.4b, CW (la.-B) CCW2ir , 5.) 80 10,50 12o " 0 1 151,33 1?" 21,3 DslI.GN)
15 1 34 95 1620 310 3Ws 465 &50 675 N60 332 320 775

S3 220 800
:.4 325 WOO

I 51 107 170 250 MO 425 52 65 775 455 62
7290 700

a 280 675
9 275 675

10 39 89 133 205 275 355 460 560 675 360 41S11 265 650
g12 260 $50

13 265 650
14 255 650

S15 36 184 130 200 265 1 360 455 550 650 350 31

a Nut ,;ppi"dwtui wax lhbricul (CArbowax " yPod .me Qyol 33W50) aplied.
b FI-Pra kwpor-0red C..l -S Wiwi is a peal ocnibkf 50% synwc gramiW and " % petro4lum bmulluw d b mes

MIL.T.544. The C0401-S lukbiawo was apoind i Im t4•rad of ft bIdl mrd rwL
r NAS1308-I0 bolt: Aveage uiwnkdlarrwber-O.4986 in., av'g oo tg hdckw-O.0(. iD3In.

47"FLW-820 nut. Avwrag •a•tg thic$wnm - 0.00060 in.
d T wu was avnuluak l ol dtareni bolg mWd nut Rnlaheo wtlh op6TXiad pro0o and equoment.

TABLE A-16. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATEDi INUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

R•,lng ~ ~Torque On Nut(n4) unn7Wd Cycle Torque Soft Load'(lb) B__br__ Torque

Na.,td Ne.. "Torqu (Im.-In*
-- " (a.-C,) -CCW

Di""OcUo) 2.--'W5 .000 7A500 10.1100 12,500 15.000 17,501 20.00 Dhchioa)

16 1 64 1231 19b~ 255 315 390 460~ 530 625 315 473 5m++ m m m " ' m +. ++ +
2 3 25 675

3. 335 725
4 2525
"D 74 139 I'U "7*- 34U 420 Z 0 U -a- W- 2 420 69
6 330 700
7 310 675
1 300 675
9 295 650

10 49 106 180 230 305 3.0 470 555 675 365 47
11 290 650
12 285 650
13 285 65014 285 650
15 46 101 165 220 1290 1 35 1460 1545 1650 1 350 41

a Nut suplio•,d w.ith ax b ubxl~t (Cu_,axt> Po,9tvyWe " •Coý 3W)0 applied,
b Fel- Pio inoorow.~:od C-601 -S Wtw',,t is a pessa omiakg 50'% ,,.nrthic waph~lt "m 50% pev'o~laum bi•1.t~id to fm

MIL-T-55.4. The G-601-S lubricant was AppkNed lo thw tr,-ads of fth bolt vWi nut

c R NAS1308-10 nu, Abof g ose, t•nk dxc.mn1• - 0.49W i. r4t mo*ýg tidtm - 0.00046 In47FLW-8•20 nut: Av,'ruV 0ooa*V tick-*" - 0.00044 in.
d TW• was an evautto of an boh1 nr ut kiho whlh op~~dw pmoQK~ro W",d ff upn'tL
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TABLE A-17. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WIT FEL-PRO INCORPORATED C401-S.

RhTei u- (-b• mg•gidD

Ted Cycle TwM ult Loud (a) Toqua (im.4b,
&.WAXI.A Me. (h.4b. CW - (Ia.-b) CCW

Dokieea) 2,01 6BIND 7,511 110,10 12,53 ,11011 17.111 ZnI.I Miohin)

17 1 53 111 165 235 310 380 465 65 0 3O 59
2 33 7-75
3 380 725
4 350 750I
5 63 128 196 285 350 430 630 I650 7 440 79
6 320 750
7 300 700
8 25 700
9 285 700
10 46 97 150 210 275 350 450 555 700 415 62
11 265 700
12 275 700
13 270 700
14 2m 5"75
14 45 98,150 205 2 30,4701 5.85 76.sm 4

________.-a I5 ___7 30 0
a NMA ms.p. d with w" kibrct (Caz-owax Pctly.th, G" 3150) appid.
b F*I-Pm kmx"od C-0-S •xfc•w i a pule oombki 50% sr•tk gpibs m4 5• % pekvkkm hffmtod ID MW

MiIL-T-544. The C01-S kibrkuMl mu apple•d to 9w dvrai" of to bolh ama nut.
c; NS1306-10 bolt: Average hak6L~r-0.4907hi.,aerageow&gVtikrm.-o.oo043ht.

47FLW-820 not: Average eo V idnae• - 0.0003. bt.
TABLE A-18. TORQUE-TENSION DATA FOR TVD ALUMMNUM-COATED BOLT AND ND ALUMINUM-

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

_________Toe__ DO Nut (I __-_) Awning
amok" Toquled Cycle Torque Bak Lod (i) Touque (11.45,

Nela., No. (Im.-Ib, CW (im.-I) CCW(.
<*M09.9n) 2,500 5.900 7,W0 11.40 12,51 15111 17,M0 20,11411 ( M lion)

18 1 103 190 265 335 415 510 625 700 O00 490 92
2 350 875
3 3s 875
4 410 1755 48 116 1910 270 345 445 550 67'5 826 510 61 .

6 350 625

7 325 boo
8 340 8o0
9 340 T75 " --

10 48 110 170 245 340 435 491 650 775 470 47
11 345 750 i
12 V.5 72513 320 725 i
14 310 725r--

1____4 96 155 ,235 320, 3Z95 14851,251,7251, 420 j41
4 Nut hod wexbrt~an1 (Caftwam PoolathYP9e CdYocd 33W0) %Vlld.
b fls-Pro kho•-aled C-01-S W ixkwt s a pmw onwLk*g 50% aptwk4tc g-ap.hi &Md 50% paebolzm bmu•Amd 10 nm

MIL.t-5.544 The 0-01-S iubricant was ap.d to ft tvoad of Vt bolg ad nut
471LW-820 nut: Ava•g• oosQ tkWci4r - 0.00040 i.

d Teot wau an ,LkA.laon oi an •vt1 akirownlnu r-tA w.d " l p .Th w, on* d 10,00
pouvI, Istead of e&ch Iked lmentt m nrmfaly d&, 0ir cyc*s 1, 5 10, and 15.

132
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I "TABLE A-19. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND MV ALUMINUM-

COATED NUT LUBRICATED WITH FELPRO INCORPORATED C-4011-S.

_T___ Do _ (__.__) Amin

TRuao.o Lol (h.) T luoTq
Ted Cycle Torque 0lL (bTq (To4,

WI8 ,,AU No. (11.4b, CW .- (114 11) CTW
Dieto) 27f5 18,10 1 o iS 10 17O ZUo2 DUrnatloa)

119 1 73 12 25 25 30 40 45 60 50 40 719 2 35 oo

8 45 775
5 30 113 165 27 355 460 560 675 S00 496 29

I0
6 315 775
7 310 750
6 305 775
9 305 750
10 21 95 ISO 240 330 410 515 625 750 445 20
11 300 725
12 255 700
13 260 70
14 255 675
15 18 82 j'134 1200 1285 1380 1485 1600 177050 1400 1

a NuL had wax hjbrkanI (0w6owax P**MY1rAn Glycod 3350) epWled.
b Fei-Pro kxwonod Co401-S hk:dast is a pasis oo=rk*g 50% asptiec gap• and 5w0% povolakim unbmuxaWd io fW

MIL-T-544. The C-W0I-S uibr1wyt was ap to t•t hvie-s of Ue boVw And u•1t
c NAS1306-10 boll. Average ohank diunwer-0,4987 In,, arye o"zng U*mkv-0.C;047bk.

47FLW.,20 nut: Amr"go ooa~g t*crww - 0.00044 in.
d Tom was an eviua1ka of aWD an iVuriwm and carbowax-awid ntX whh opdlffed promdura wd aw•np L

TABLE A-20. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND 1VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-501-S.

Torque 0a KW (Is.4-) Running

Tog Cycle To'que It Loadl (Ib) lTonou (IusUNo.0t,11 No. (l.-l4, CW __ - - (()-Iru
olv in 2 ..... .. 

(Is.4b) CCW

foe A 1,0•2.J 001 15.110 17,W 2,11.00 irldlon)

20 1 64 132 190- 27 3.401440 520 650W 725 440 91
3335 800

*4 315 77S
5 39 100 155 230 320 420 525 65W 775 475 42

S315 725
7 290 725
3 300 725
9 265 700
10 36 96 150 230 2 380 475 670 700 405 36

12 310 7n0
13 270 700
14 270 700
15 34 87 145 215 295 370 460 555 675 375 34

a Nul had wax kjbrsa (C.'bowax Po"fehWyl, G"yn 3350) app&Wd.
b Fe;-Piv khoied 0401-6 k&ril bI aa pai oon•Wk* 50% srnvitk phue a*Md 50% pk-olarut tKm d to mee

M IL-T45S44. The 0-601 -S lubric"wytm appke~d so Vie two"d o~ Vi boll "n nut
W NA1306-10 bo.t: AvaQ' iiank da•neleb- - 0.497 ki., averar cosig t*mes - 0.00043 in.

47FLW-820 nut: Average ooaln• Vtikkw -- 0.C0001 in.
d Tom wa an evauAlUo of an IVD akxT ume nd ca-owaicoa•jd rnx• wt OPTzed PmOodt,* w1d equoonL
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JTABLE A-21. TOROUE-TENSION DATA FOA IVD ALUMINUM-COATED SOLT AND WVD ALUMINUM.

Ter"s On3 Ld (I)Ab noming Tqu
Tedt Cycle Tquu UK Lm (h.b) ~e" o

____9 No. 56.40 CCW I au 1.
Dli'tAI04) 2LUC 5,800 7.5Cc 13,W 120W 16,01 17.530 20,300 Dh'.-bi n)

21 1 77 133 190 255 335 415 500 600 700 425 68
720315 I6

3315 7SO
4300 750

5 42 104 142 210 295 3, *mt S80 700 425 21
6 290 725

7 285 700I
8 3o0 700
0 280 700

10 45 93 147 205 295 365 465 570 700 415 17
11 265 675I
12 260 675
13 255 875
14 285 650

______ 15 34 15 V. 149 1200 1265 345 5435 1530 8 50 am2~... 13
a Nut had wax lbricrant (Cinbowax Poiethylene G~yoo 3350) apped.
b Fet-ro kcorpoealad C-801 -S kjbriceni isa posts oon Wik* 50% syntiefc graphtm% md so% porcialum bimietd to meet

MIL-'-M".T*C-80-S~br~i~ntn-of io* vva e 1 bohtmidnut.
c NS 106-0 btt:Averae sonkdiaralr -GAN i.,a age" ooasg Vf'tmrws- 0.0004 In.

47FLW-MO nut: Average coasng tidaimm - 000D040 in.
d T"t was an evakiation of an WVD srinumftmi-ad cmbowux-oae nLA wil op*nzad ptmoedw and equimemi

TABLE A-22. TORQUE-TENSION DATA FOR WYD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

Terqw Do Ndt (M.43) Ra
* ~Ted Cycle Trqueaa Ls b knmka y Teequi

Me.&AAA We (hm.-b. CW - - - - ccw
Dhfle*n) 2.500 5.100 7.W01 110300 12.500 15.100 17.503 21,3001 ohdifln)

22 1 110 175 205 270 3M5 440 555 675 775 496 15I
2 345 j 000
4 I 335 I15Li 45 115 175 23 325 2 515 62 7250 40 4

6275 700
7 275 725
8 240 700
9 270 7?0O

11270 700
12260 70013 255 725I

'14 245 725U
L115 1 35 100 145 191Z5 270 1355 1460 15801 750 1 440 M5

a Nut Wn wa lbrian1 (C~ebowax P elytene/ G1oo 3350) SPPled.
bF*-Pw knorzpocale C-W1 -S kbrimet is a poie oon~k*og W0% uynti~ec grapNw id 50% pedaburn bimvWtod ".5"

NIL-T-654A. The 0-601-S hjbricnt wm applied bo Vie two"d of Mie boh mid nut.
c NAS3I3Oe-bolt: Aoerwealtwi ohm eW -0.4W5 in.,.avar" C**Q *kkwWi~-0.00= in.

47F1.W 820 nut: Avoroge omfkg tiddoes - 0,0W044 in.
A Test win lo @wvexx~ tw prooodwix bx ~ap"Ng Vi kbAc*~ oft ti boa &-W cobowawx-aomd rAL
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TA13LE A-23. TOROUE-TENSION DATA FOR NVD ALUMINUM-COATED BOLT AND fVD ALUMINUM-
COATED NUT LUBRICATED W~flI FEL-PRO INCORPORATED 0-601-S.

Nub ~Tewo" 06 Mi (-IM.) R
Ted We bwW Tew"

11.91. o C M.4. Terq Bak Lead (b)TqI .b

Dsiru"a) --2,500 001 7A50 11,11,0812501 15,102 17.51'w 03Dw~a

23 1 02 19 20 35 435 1250 650 750 150 a 1
2 775
3 700

ii 67
767

.9 5
10 33 63 125 110 250 330 435 $60 675 296 3
12 2

14 0
I Is____ 15 31 168 ['127 10`15 t255 1325 1485 1535 1650 1390 133

aN dWhave wax hkricant (Cwbowaxc P**lyferi4nIwJ G3Z45W) applWd
* S~~ Fei-Pr khcopowte 04014. Ukioant W a peal owisirkg 50% orUied qrsftm wid 50% perolaSum bimimld bc met~

*MIL-T644. The 04601 -S lubdo" ast applhed so toe fteaf of he boll and nut
c NAS130e-loboit: Avomga stin a or-Qsla-. n.agsooe nbp o@*V1hvwe - 0.004G1n.

47F'LW-620 nuit: Average cclng tkkrooss- 0.00M~1 in.
d Toot wasn "Lout~io of b~qWNa procudue. There was a Mop w10,000 poisdi Icreord torq.e ppkad Ic mA krtoycke 1.5,10,

TAL -4 TO QUE-TENSION DATA FOR IVD ALU)JW4UM-COATED BOLT AND N`D ALUMINUM-
COATED NUT LUBRICATED WIT11 FEL-PRO INCORPORATED 0-601-S.

Tsore Do Ndi 00.4b) namiang
Teal C~d - mkalou Torue

Nes! Cycle~ Torque 841 Lead (1b) Torque (Im.-b.NAP-1A~ ~ ~ ~ ~1 us- - --1'Cw(44b ~
O~tO~ea 2,00 ,100 7.500 10.600 12.10 15.51" 17.58 26.3"o Direction)

2 1 825'U2 i? 15 25 2 0 825 54 1
4 I 25in5 5 11 170 In 2251 41i 5241 0 sn i 6w 775 470 52

* 725
10 4 2 15 20 9 8 7 6 720 4054
* 725

12 675

14I614
_ _ _ 15 39 184 134 ,200 ,280 1355 1450 1540 875, 365 41

a Wu cMd mo hae wax kicant (Caboweu yetiylere G~yco 3=5) appled.HMIL-T-6544. The C401-S kAb4.Ant mes applWe w tie Vvvca. of tie boR stid nut.

c NAS 1 308-10 bolit Avw@serakeStn diarnoWle - 0.49W in., evws ooe*v t~wwkes - 0.00050 In.
47FLW-a2O nut: Ave" age~fIN tkkrwe - 0.00056 In.

d Te" wMeasut~ ofWd Icquing proceduas Theit was a s" ad each load kiorwneit 10 recoord lionita appkd to nut for qeciee 1, 5,I tO~1. and 15 aid no "sto 1i 0,000 pourx Icr al otwe Vqxue-teneton cycle..

U 1i
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TABLE A-25. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM- I
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C.601-S.

uinnnTo Thlque n NMl Os.4b1) RI lItunli- sm~kavy Torque

let Cy0le Torque kit Lmi (Ib) Torque %4b.
k e?.ba A W eI . (In.4b, CW - ( . 46)

lroilon) 2.6 57,M60 7,500 10,00 12,5W .000 17,100 20,600 Dro.sm)

25 1 107 175 245 330 410 510 625 725 W50 570 96
2 5W
4 775
5 42 114 170 260 345 435 40 650 800 25 43
6 750
7 750
a 750

10 37 100 155 230 310 400 510 650 750 475 39
*I1 925
12 a0m
13 750
14 72515 1 33 1103 1165 1230 1 15 1410 520 I1 .Wrr~~~r• 750 1 4M5 1 33

a Nut d4d not have vax k.b•ixint ((atcwaax Polyetly.na Glycol 3350) appl•ed.
b Fet-Pro kncorporated C,0 1-S hJbrkM Is a pe, rcotaining 50% tnetic: gr rm &W 50% poeroum trmkwabd br wool

MIL-T-5544. The C-4i -S kjxbimnt was &Wpd io the threds of tde bolt and nut
c NASI308-10 bolt A diasor - 0.4086 In., svr•4 coain thikness- 0.00041 in.

47FLW420 nut Avarn4 coaing thicknaes - 0.00051 in.
d Test was ewaluson of 1rquft prccudurs. There was a mv ad eac load Incmnt to rmcodloequ. b•r 1w kw l cyce 1.6.

90.uwd 16 end no lp &I 10,000 pcub ixeml oter 10rqje4%M~n w~bI

TABLE A-28. TRU-TESO DATA FOR IVD AUPN -C TESOTAND IVD ALUMINUM-COATED NUT LUBRICATED WTTH FtEL-PBO INCORPORATI=D C-I-S.

Tlrqum Onm -u -.- I) l

RRwin~ng Iaukiwam Toluuo
Ttd Cycle Torque MR Load (1k) Torue (IN-Ilb,
No.r,b.,A No. on.-lb, CW ,1 L (i).-,b)

Diretion) 2,500 5,000 7,5W 10,00 12,500 15,0O0 C,)

26 1 96 160 2'35 310 400 505 54 W5 775 495 103
2 7"75

3 775
4 750
5 25 106 165 235 315 410 525 650 T/5 4% 37
6 1775

9 7
10 U 96 155 220 305 415 515 50 SW 450 34
11

12700 1
13

15 32 92 145 20 275 35 475 58 2 420 34

a MAt6%1othwev wax kkwtcant (C~tw Polfi e GIOL I39)apd
b r-.-Pro IrKorqPrtd C-601 - lubr*ict Is a Pute nnhQ W% PPsbc grap d 5O%^ pevof.2as1 bivm A 10 f.fe I

WIL-T-55.44. The C-WO1. -Subnoea't wm mapp:iad to " tteds of IfA boll aro nut

c NAS-tobolt Av hank iem•,ar-
4"FLW-8' nut Avrgg co"-ýg h•v,*,,s - O.(D0.49 ,.

dTa m; vauation of Wquing procedjra. Th"t was a sb t eachb cmato bruerlo appl5.d toYA for cydle 1. 5,
10, " 15 and rno sop at 10,000 pounds v mal odw lo-tonabio)i cWc.
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TABLE A-27. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND NM, ALUMINUM-4rLATE.0
NUT LUBRICATED WfTh FEL-PRO INCORPORATED 04Ml-8.

Tell____ Tsilel 17eu Wv-Ld (6.4) T k4

Il27 1 40 95 11121 2 15 365 411 "15 015 3

5 25 W0125 17V 2O 30 4W0 490i 65G 340 210
6 230 576

U7 2 30 Soo
9 254 So0
10 30 WJ 140 160 250 320 410 495 600 320 3

_ _ _ 14 2_ 625

a Wt had wa uiai(hbwx"h"G64 =3S) agp~ed.syiecgaibad5%p~ai n~~
MIL-T-6544. The C-01-S iubrkant was applied lo the Vv~ado ot " bok aid nut

c NAS1306-1 0 bolt Avera" ahmik daiur 0.4967 in.. nverage on~ig Wwa .a
47FLW-820 nut: Averag omIS-yj t~cldeam - 0.00040D ki.

* ~~d Te4WM was e1uu1aor oE diemnVl frinh on UVi baU Lrd nut w~ti op~nked isoe " ond jovwn

TABLE A-28. TORQUE-TENSION DATA FOR CiODIUMiA-PLATED DOLT AND PIVO ALMI~NUM40LAITWI ~NUT LUBRICATED WITH FEL-PRO INCOR4PORATED C-6W14.

Routin Twq 0 R (hk.b)____

He. lon ((.-Ib, CW - ULa' ib
____ -~2,50 6,800 7,W30 11 61 ~~l~ ~ kdo'

28 1 60 120 1801240 W7 396 47-0 570 75 40j
2 I245 j j1
3 m2701

5 50 105 165 225 305 3&5 470 W&, 650 36S 5
£ 300 675
7 280 675

I27065

1ut Aveag 1 cn 60 1 115 1 0170 1 2k SM 1 8 _Z 1 0 0fwu a axUia Oww oyth ~ol330HpW



AI .
TABLE A-29. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND WD ALUMINUM-PLATED

NUT LUBRICATED WITH FEL-PRO INCORPORATED C-b01.S.

-n Terque Oii Wut (Ia.-b) RMunningu
Tedt Cycle Torque s Lud (6 roslabw Torque

IN0.1,.4A No. (It.4b.CW •Tque (io.-b.
Directi) (I.-) CCW

DIrnilen) 2,S80 5,000 7,500 lUh00 12,500 1ss00 17,500 20,3015 DIrecion)

29 1 45 95 150 200 265 300 415 495 580 315
2 225 550
3 230 5704 220 545

:5 35 85 135 190 245 325 405 485 575 300 30
6 265 u5
*~ 7 230 5758 275 6O0
6 285 625
10 40 100 165 230 280 360 440 530 650 335 3511 275 650
.2 290 650
13 275 675

14 290 675
15 40 105 165 215 200 365 460 555 650 360 45_ I

i; t"'tj &d w-u iub~lcant (Cabowax Potyothykwe Glycol 3350) appi.
be FII.4•, o'Wcratad ,-01-s kajial is a paste wotwgmNt -50% synthetic graphile and perolalum birmulated to meel

j •lIL-'rot.,. "£110 "•,4i-u lbrkmnt wa .ap•o•id to f'e th.eads of the boh ind nut
r I•AS 1 W ,6beh Avcage shank di"n-int - 0.4O0 in., average omalng tWhcess - 0.00035 in.

4TFLV-'-.L nut: Av'%p' car.alia thickneos - 0.00,4 ii
d "7ast wait &,i -,,vJu,•,x o4 dL•rr, fln •has on Ito boll and nut wbt opnin:od procedure and *qu0pminL

"TAdXLE 9,- YtOn CUE-TENSION DATA FOR 1VD ALUMINUM-COATED SOLT AND IVD ALUM!NUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

RunlnITorque Cn Nut (in.-Ib) Running
nithyBreaikowaly To~rque

(w.l b, orque -olt Load (ib) Torque (In.-Ib,No..h,'• No. (in.-Ib. C V .. (In.-h) CCW

0 5 1 1 20 128 0 355 140 530 650 750 850 665 100
210 415 825{" 2.00 310?5

4 200 750•!
S 55 120 1765 230 310 395 510 650 7r5 480 s0

II
1 295 7"5

13 290 075
8 305' 760

19285 750
10 40 105 165 220 310 400 515 6500 750 480 40

A 13 2601 725

15ul4h1951d502121 265 1 39 09 25 1750, 460 } 40-
m Nul had wx lubdicant (Carbcwax Po•'eo•eno Glyco0 3350) pplWed.
b Fe,-Pro lncoxoaeld C-801 -S lubricant Is a paste containing 50% synthettc grp•ptaw and 50% ,vtomiirm ,$":ýNltWd to meet

MIL-T-5544. The C-601 -S lubc;cant was applied to tie Ithreads of the bohl and nUL
c NAS 1300-10 bolt. Average shank dia"rwtor - 0.4988 In., average ooating tOgcln,,ss - O.0(Xi34 N1.

47FLW-820 nut: Average comating tlickness - 0.00046 in.
d Test was an evaluatkon of the fD aJurnnum coadng ampplad to the boft BRoi was tested as ,:aMUKl Nomany .9 botls and nuts

ware glass bead peened and chen4cal conversion coated.
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TABLE A-31. TORQUE-TENSION DA7A FOR IVP ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-801,•.

I uh. g Torqle Oa NIA (1i.41I) RuInIng
Rm~ng reoklmly Torque

ledi Cycle Twqms UK3 Lind (1b) Torque (wn-Ib,Io.....A .. .is.4, --- (14.4h) ccw
.I......) 2,700 f,00 7.00 11,000i12.M10 sm.Us 17.m0 2QD00 Direction)

* 31 1 120 170 255 350 445 545 650 760 675 625 11t

3 365 750
4 295 72S
5 45 110 160 225 S05 39D 480 600 725 490 5
6 340 750

7320 725

9I 26•0 700

10 45 5 15 : 200 !265 3 470 5so n00 470 40
11 •270 / 72512 I I 270 I I1 09

a Nul had wax lubrirant (Carbowax Polyethylene Glyc*l 3350) apipl•d.
b FaI-Pro Incorporated C-601-4 liublcani Ia paste co raInIng 50% syntheotIc graphlki and 50% pat(cialwun wrulat•td to ma•t

MIL-T-5544. The C-601-S lubricnt wms applied tho threads of the boil aW nut.L
c NAS1308-10bolt. Aveora•lia nk d4ametor .- 0.497 n., arvrg aooaing thca .-O- 00031 1.

47IFLW-920 nut. Average ooslng thckness - 0.00040 in.

d Tstwastoevaluate Ow. *fleet a! a polishd lYD alumlnumn coaling con 1he tmnLmt-tanzion darw~ltk*ai-oc~o the botl uidd naA

I
TABLE A-32. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT ANW IVD ALUMINUM-

COATED NUT LUBRICATED WITH FEL-PnO INCORPORATED C-601-S,

I I HuningTorque On Nut (In.~b - Running
*Tedt Cycle Torque Bc Lan (b)Tuu

rI i.. ___,,____o,_____..It.II-.

No.,,-MA".. NI. . . . .- - - , • C - cW
I-I DI�d'on) 2,. -l05 o,00ooo1 ,2  ,oj 01 - -

3 5 t55 220 280 355 440 635 650 1750 440 9
2310 1 I725
3290 725

4 340 "p51
6 40 110 190 260 330 425 525 650 750 455 so

a Nut had wax lubt'..ant (Carbowax Polyethytona Glycol 3350) applied.
b F*I-Pro Incopated C-601 -9S lubrk.ant Is a pasite containing 50% syfretic grah!,e and 50% perolablurn omrituted t meet

MIL-T-5544. The C-601-s habdrcan was applied to Ihe threads of the boll and nUL
C NASI 306-10 botlt Avegq shnk dima)mer - 0.4982 in., averag omating thicknvas - 0.00015 In.

47FLW-820 nut: Average coating thicness - 0.00045 in.
d Test w"s an evalua•ton of a very tim 1VD ajrninum coating on the boht and a nornal thickinees of IVD alurN'num coating •vi

the nut.
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TABULE A-33. TORQUE-TE NSION DATA FOR WVD ALUM INU M-COATED BOLT AND 1VD ALUMINUM.
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-GO1-S.

Runn Torque On Not (Iin.-b) Running
yu Cycle (itaqum I reabwty Torque

N i.j. (InfI. Cb, Bak Lined (16) - - Torque (IN.-Ib,
,50,1H7,500 10.000 12,B00 15,000 17.500 20,4000 Drchtion)

I o 40 200 270 365 440 535 650 750 45 a
2385 1825

~.T31 P95 5 goo~oSi 2~
4355 825

mNut had wax lubricant (abmxPolyethyieno CiGvl330 applid.-
MI--5 .The "Ji -S iubrkbkn-, w~a &V'd to t4VveadOKs of th boft mW' nut.

o NASI308-10Wh~: Avoragk Owiak dlTQtor - 0.4M6 fIn., average ooaalng fticimos - 0.00015 in.
47FLW-320 nut: AvorsCii uting Uikhm'.4 -0.00046 hin

d Ul w an*vauatxi,,4 wr Wn= aurnnumooalngontheboh and a nonnl Vnicknasa of lVD almurnnu ooalng on the

TABLL A-34. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-Gal -S.

I Running
Rur.ng - oruO Nucl Torque) Hroaknway Torque

Fw5cdfNo. Torqueb *WBc Loag (lb) Torque (Inb.-b
0irectiln) - - -r-(In.-ib) CCWI

" "o5,000j7.5O00 io,0o: 12,6011 15,000 11,500 20,000 Direction)
85 125 190 265 350 440 535 650 750 450D 8

3310 7501

b Testwxs o e~Iupaled C-Ie -Sff brcat ismt~l a piast@ ons f alnrg 5a syton graphoite'u to'~-end 50% pctiroabim lonc thed 11arbwa

was apV l!ed to tho bol and mnu.
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II TABLE A-35. TORQUE-TENSION DATA FOR 1VD ALUMINUM-COATED BOLT AND WYD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-O1.IIS.

Ruonbg -- Tsrquo Do NWt (Iin.-6) -Running

Tedt Cycle Torque ukk Lu. (b) Tru 1.b
NO.XaIA Me. (Inh.IhCW - - -.- - - - (Im.-Ut) COW

Dlrection) 2,500 5.000 7,500 10,300 12,500115.100 17.500120,100 Dkuction)

35 1 90 140 210 285 370 460 555 650 750 480 35
2350 So0

4 340 750
5 Be 1105 165 1245 1320 405 510 1625 750 450 45

a Nul had wax lubrirant (Cwrbeax Polyethylene QWycal 3350) dppiiscl.
b, Fet-Pro Incorporated C,-WG 1- hbrlcan Isa paste containing 5o% synthekc graphhs and 50% pelrdalum IonWL~ed loee

MIL-T-5W4. The C-601-S kjbdc~ant was &Wpied to fte threads of the boll and nut.I c NAS1300-10 bolt. Averag saNmk diameler - 0 4880 In. average coating Ithcknesa - 0.00013 I.,
47FLW-820 nut: Average coating thuknemwA- 0.00028 fin.

d Test was an evaluatw of at very tan 1VO aluriJnum oasting on fte bolt and nut. In satlori, any mnetal partilet oontarnhauokm in
toe lubr1wat was removed by ultrasonically cleaning the bolt "n nu Caftr VIe firt torcle-tenaion cyole.

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

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

Tes Cyl Toqu grvakbw Torque
NO61 * o (inn-lb, CW Bol Load (ln-b) ~ io Torque Runin.-b

2,501)_____ __,000_ 7,50 10,000 12,5"D01 15,000 17502.00 OiraL-1ion)
Tes1t5 110 175 260 35o~ (b) 650 750 460 60.-b

I4 36 850 a,6
*1 40 15200 J285 13601 4 J 600 750 850 62 4

a Nut had wax $ubrkcant (Cakbowax Potyothytisne G"yo 3350) apol~ed.
b Fei-Pro Inoorporatod C-60i Slu~kbriC5J Is a paste contaningv 50% sritheic gra~phhum and 50% peimlaium irmulated w meet

WMlL-T-5544 The 04601 -S kibi~kant was appied to The threads of the bolt and nUt
* ~~c: RAS 1 308-10 bolt. Average shaik diameter - 0.484 in., average w~ating tticlnms - 0.00017 In.K 47FLW-820 nut: Average moating thicknms~ - 0.00031 In.

dTest was an evaiu-W anc a very Min, PMt alucinuifl ooafir-g on to bali eM nut. In addtion, any metal particle contamnaflin in

Vw ubdcajit was rumovvd by utk asuioncalty cleaning the boll and nut aftur the first torque tension cce
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TABLE A-37. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

I unnn torque 0Do Nut (In.-IbI RunningTunnin Trmekaway TorqueTomt 40,l Torque kol .Lead (III) Torque (16.-1,111f
No.1,tAAd No. (In,-Ib, CW - (in.-Ib) CCW

Ditction) 2,50] .000 7,500 10,W00 12,500 15.N0 17,500 206-11 DLrecion)

37 1 s0 110185265 360 460 555 675 600 610 60
2 295 725
3 290 775- 4 28M0
5 40 85 140 200 270 350 475 595 725 470 40
6 270 600I
7 270 600
S 265 a0
9 270 350
10 30 115 190 265 355 480 625 77 90 0 600 30
11 295 850
12 260 600
13 260 775
14 260 '50
15 20 80 120 9 , 255 , 350 465 625 750 445 25 1

a Nut duld not have wax ltubcemnl (Carbowax Polyethyler Glyol 3350) appled.
tb Fel.Prp In orporate C-601 -5 lubKalnt is a pasta conmining 50% ay.lh'ebc graphilt and SM p.•olbertrmuawe to Mtatd leet

MIL.T-55,4. The C-601-S lubrvani was aplped to "e 0uada of the bolt and unuL
c NASI3011-10lbolt. Avarag. shank u$n"tt' -0 4035in., avwrae oating thicknac - 0.00042

47FLW-B20 nut Average oating thickneso- 00004W In
d Test was an evaluaton of an IVO a!uminun.zinc c.4itbg romn aim aurnnurm alioy containing 20% zrnc The hiirnurmw,-zinc.coelad

bolt and nut ware gtlas beod peened and chemfially conversito 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.

-unni Torque Oil Nut (In.4b) Running

Tait -To - Breakaway TorqueTest,1111 No fnle .Toqu hill Load (Ib) Torque (nln.Ib

Oirectlon) (1.t.-Ib) CCW
2,500 1.000 7,5010 10.000 12,500 ¶5,000 17.500 2000 Olfaction)

38 1 100 175 240 330 415 505 625 725 !25 560 s0
2 335 600
3 305 S00
4 300 500
5 40 05 155 215 295 390 515 650 800 520 40
6 295 825
7 300 a5m
a20 8W 50
9 290 Am0
10 30 85 135 200 270 370 500 625 775 480 30111 270 I 750

112 M6 750
113 250 I700
114 250 700

15 30_0 15_WW_5 1 465 500 725I 410 30
a Nut had w&x kibricarl (Caebowao Polyethyola Glycol 3350) apoed_
b Fel.Pro incorpo'aisd C-601. lubr;cant is a pafl containing 50% synthetic gu.$uitse nd w % pekolatum tofmullated timet

MIL.T-5544 The C-601.S lubricant was appoTd to the tt)riad of the bolt and nut.
c NA-S30i O IQ;,olt: Avarage Ilna da.rnater - 0.4087 in., average coabng thickness - 000044 In.

47FLW-820 nut: Aveago Coating Sirckkuess -- 0 00047 I.
d Test was an evaluation of a IWD aluin-num-zinc ccebng from an aluminum $

t
loy containing ?0% zinc The aluminum-zinc-,Coctd"

boll and nut ware glass bead peened and chem.cally convervon coead In adithon, car+ b rx was, aiW4,ed so V4 Flu.nmnurnzow.
c,,tald nut.
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I TABLE A-39. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-470.

Torque Os Nat (Ii.4) nmI ngRunning -_.._n_ om

Test Cycl. Torquo UK Lied (1h) Toque (W.4,
UNoh.. No. (In..Ib. CW '04 - -I ) CCW

tion) 2,00 ,800 7,500 10.040 12,500 16,300 1,00 21,0; Directdlon)

39 1 66 113 180 260 335 455 525 650 775 565 52
2 360 950

12 315 800

• /4 370 I 75
i 5 43 9 170 255 37 0 5 70 5 0 0 825 625 700 so6 I360 1 ,000

7 I350 I I7;5
e8 35 I 75

iU ~tu hed of th l and nut.5

1o 29 105 110 25 335 I450 6 25 725 875 600 38
'11 320 85 a0

13 305 I /850
14 325 i 50s
15 31 [93 1170 1255 138D 1 465 | 575 1 00 825 1 25 3__6_

a Nut supplied with wax lubrkcait (Calrbowax Polyethylene Glycol 3350) applied.

applied lo then threads of fth boh1 and nut.

c, NAS1308-10 boh. Averaga shank dlarnslr - 0.4W68 in.. average cooing l•t , esu - 0.00040 In.
47FLW-42.0 nut. Average Coaling thickness - 0.00043 ln,

TABLE A-40. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WnTH FEL-PRO INCORPORATED C-670.

t Running Torque On Nut (11.-b) Running
Torqumtk.awsy Torque

Ted Cycl Tso rque-b ~___ Boch Load (Ib) Torque (In-lb.N0.,.1,, No. I(I,.-b. CW i " !./ lb ;,." • I ; •"
Diucin 6.0 07.50010,00 12.500 15,000 17.5001 20,000 Direction)

Direcdlon) 2.01 I~oj7.0 (In.-Ib) ,

40 1 53 109 '160 255 325 415 525 650 o 725 550 39
2 375 925
3 355 975
4 375 975
5 43 Ill 180 270 380 510 675 850 1,000 75O 43

I 3 345 95 l 5502 III

I10 I 36 1102 '166 235 330 455 550 750 850 I 625 3 2 i
S11 3 15 e5o 0
S12 320 8251

13 375 825I14 22I 5 B oo!
j 5 I 3 9 5 1170 255 1330 !425 j500 1 25 1750 ! 5"75 I 27

K Nut supplied with WLX [Jltt.cC:t (C:r-owax Potyethyke G" &M) applk'.bFel-Pro Inw~poraltad C -670 kJ~ricant ;ontains 65% wolyturn dkiLAe supenckded• In a ort paste. The C-670 kibrk'A~nt was

aAied lo the threads of the bofl and nut.
4; NASI306-1 0 bolt: AveageK shank di, ler - 0.497 in., average costirg thic'ness - 0.00041 in.S47FLW a20 nut. Am,•avge coirig thlcJknoss - 0.00042 in.
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TABLE A-41. TORQOUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-670.

Termue Oa Ni (I.-Ib) RunninI
Running . usab"ry Torque

TNo Cycle O. rqu, gW l Load (1h) Torque (In.-b,
No. - - - (In.-b) CCW

D0i'ecion) 2,500 5,100 7,5C 1.000 12,500 15,000 17,500 21.100 Diredlon) I
41 1 67 131 205 295 390 485 S00 725 875 625 52

2 325 950
3 345 1,000 1
4 355 1,000
5 61 121 19,, 280 375 535 675 825 975 700 57
6 360 9507 335 g0oo

O 330 8509 330 900
10 45 93 155 225 320 425 625 750 875 650 39
11 300 850 I
12 295 825
13 280 800
14 270 775

_ 15 37 196 155 215 285 385 575 650 800 550 31

a Nut upplled wilth wax lubrlcant (Carbowax Polyethyimam Glyool 3350) applied.
b FeI-Pro Incowpa Wled 0-670 kubriant uonans 65% molybwum disulfide mupended In a soft pasl. The C-470 kwicant wat

apopliod Io ihe threads of ftw bon1 and nut. l

c NAS130-10 boll: Avago shank dtar'ln r - 0.4990 bn., overage oming idnea - 0.00037 in. I
47FLW-820 nut: Average coating Qkcl~nes - 0.00043 in.

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

iTorque On Nut (In.-Ib) RunningRunning I N (.6) Breakwmay Torque
Tod Cycle Torque lch Lead (1h) Torque (In..Ib,
No00. No. (In.-ItCW - -. (In.-Ib) CCW

V~~lo)2S .l6000 7,500 10,000 12,15011 15,000 17,500 20,I)00 L~cldion)
42 1 59 190 270 350 460 675 750 950 1,075 Il 25 69

2 450 1.050

3 410 1.050
4 360 975
5 39 123 215 280 370 495 650 825 975 725 43
6 485 1.150
If 4i 1.050
a 375 1,000
a 345 V)00 l

10 32 104 185 250 355 480 625 800 975 700 3111 355 950
12 325 950
13 340 925
14 3'2D D900[I

1 15 .1 27 104 1155 1230 1335 1460 j600 1800 1925 1 675 1 27 I

a Nut did not have wax libdcanit (Ctbowa~x Poý,vt•i•ene Glycol 3W50) applied. a7
b Fol-Pro Inco:porated C-670 . il ciosntaJns 65% r i.n ur db.uffki suswdod In a " pasm. The C-670 ltbr t Wl was

11plk1d io !he thread..s of thw Wl and nut.
c NAS 130,8-1 0 bolt: Averagei stunk d~sier .--0.4W In., average coating thickjress - 0.00051 in.

47FLW-820 nut: Aveagn coali1ng thi';knes - 0.00045 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 04670.

T.r.. Do Nut (I.-) Running
Teat yctea breaay Torque

NTost Nb, .Cy..ce .Tor q -e hl Lead (1b) Torque (In.-Ib,.. mev No. (inla., Cw• l t.I) CCW
D on.) 505000 7,N00o,0oo 12,500 1-,1o0 17,500 21,U0

43 1 79 185 2715 30 455 550 700 875 1,050 850 82
2 4n0 1.100

II

3 445I 1.125
4 320 1,05oi5 36 Ioo 185 300 420 $05 I7oo INo 1,000 775 3
6 310 I75
7 3_5 8_75
9 325 850

10 29 91 170 280 425 J4BO0 625 725 875 600 30
11 315 I 25
`12 325 J 25

g 1, 310 760
1 15 29 84 160 240 330 1 450 1 550 650 800 525 24

a Nut did not have wax kjbrtca4i (CwbowaLx Polyethylene Glyool 3M50) applIed.
b Fel-Pro Incorporated C-670 kibrk:ant contains 65% rmoybdenum disulfide eupendaO In so paule. The C-670 hubricant waI e~ppied bo the t•hreads of the boll and nut.
c NAS1306-10 bol.t Aveage thank dla"nWlt -0 4949 in., eavrage oating tt04c -0.00051 in.

47FLW-20 nut: Average ooeW4"g thcluies - 0.00063 In.

I TABLE A-44. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUW INUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-670.

Run in Torque On Nut (In.-b) hunningi
Tor Cycl Torque - rtakawsy Torque

"n , ,•irection) - (IBrAab) CCWI . . .. . 2,1590 5,t010 7.500 10,000 12,5001 15,000 17.600 20 ,000 Direction)

544 1 0 195 305 450 545 650 775 25 1.175 850 85
2 450 1,050
3 430 1.000S4 415 975

5 5 26 107 195 260 345 460 625 700 900 650 24
6 325 650

310 825
9 295 825II 10 22 88 155 225 305 425 535 650 775 500 21

11 315 825
12 310 800
1s 300 800
114 300 c00
15 20 84 150 220 305 410 525 725 800 525 19

a Nul did not have wax lubrki.ent (Carbowax Potyeloyiene Giyco! 3350) applied.
b FeI. Pro Incorpoxaled C-670 kibr'kant contains 65% rmybdenum dtsuIfid suspandod In a soft paste. The C -670 iubri,,ant was

applW,,d to the threads of the bolt and nut.
c NAS1308-10 boll: Average shawk dLamer -. 0.4968 k, average ooatng thkkia - 0.00040kv.

47FLW-820 nut: Average cooatr'g thIckness - 0.00048 in.
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TABLE A-45. TORQUE-1 ENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

"* 1 NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

Torque On Nut (1a.-) Running

Yost Cycle Torque he Lead (Ib) Torque (inAT ..IN019, No. (n.-b CW .... (InAb) CCWDirection) ,Direction)

45 1 41 102 165 230 300 365 455 525 650 355 31
2 260 650
3 280 650
A 270 650
5 35 88 140 215 200 340 415 510 625 325 386 275 625
7 270 625

31 0265 625
10 31 78 137 210 290 375 455 525 600 310 28

11 275 600
12 275 600
13 270 60S
14 270 575
15 27 81 144 205 290 350 440 530 600 290 26

a Nut muppiled with wax lubricant (Carbowax Polyethy~ene Glyool 3350) applied.b Fol.Pro Incoporated Moly.50 tubrioomnt Is a i..sle containing 50% mol),br.num ditgufie aind 5,o% petrolartum tor"muL,,ted to rn"Io ["MIL-T-I3483. The Ml)y.50 lubricanl was applied to the threads of the bol and nut.

c NASI 308.10 boit. Average shank diajrneer - 0.4g8 In., av'erage mating thiclinoca - 0.00031 In.
47FLW-820 nut: Avarage coating thicknlies - 0.00040 i.

TABLE A-46. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50. I

nTorque On Nut (in.-Ib) RunningRunning BrolaUrway Torque E
Tost Cycle Torque Soft Load (Ib) Torque (in,-Iba

W , No. (In.-lb, CW -• - •(in_-b) CCWTI
Dirction) 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 DirectIon)

46 1 47 Ill 170 245 310 395 475 575 650 375 43
2 245 600
3 2 3 255 650
4 260 650
5 33 78 130 190 260 320 420 510 625 320 37

6 240 625
• 7 245 650

S650V
9 245 650

10 31 87 115 180 255 335 435 520 650 345 38
11 245 650
12 250 650
13 250 650 U
14 230 600
15 31 81 139 1_95 1 270 350 440 530 625 325 34

a Nul quppliod with wax lublicant (Carbowax Polyethylene Glycol 3350) appted.

b FeI.Pro Incoroatlod Mo•-50 lubri=at is a paste containing 50% rrm ub duM fida and 50% pLovtaum t orrAated to meet

MIL-T 13483. Tho MNy-50 lubricant was applIud to the thfo-ds of the boti and rut
c .S1308-10 bolt: Average shank diamler- 0.46 in., average coating thick-ness -000033 in.

47FLW-820 nut. Averagv coaling thckne"s - 0.001 in.
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I TABLE A-47. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

Running Torque On Nut (i.unnin
3risaaway Torque

Test Cycle Torque Boll Lod (lb) Torque (in.-Ib.
No:,b,' No. (in.-b, CW (In.-•b) CCW

DIrlLiion) 2,500 1,000 7,500 10,000 12,500 15,000 17,500 20,000 Direction)

47 1 41 92 160 230 310 395 480 600 700 435 41
2 250 625
3 245 600
4 240 600
5 31 87 140 195 240 315 395 490 590 303 35
6 250 600
7 250 575
a 245 585
9 245 585I.10 32 84 132 190 245 315 400 490 560 310 34

11 230 590
12 240 575
13 20 555

I14 225 560

15 32 77 124 180 235 305 380 475 570 265 .29

a Nut mspplied with wax lubricant (Carbowax 14"1yethytans Glyool 3350) applied.
b Fel-Pro Inco"porated MoJy-50 lubrint L& a plte oontaining 50% .molybdenum dsulfide and 50% petrolatutm fownvlated to meet

MIL-T-S34.83. The Moly-SO lubric.anl was applied to the threads of the boh and nult
c NAS1308-10 bolt: Aveage shank diameter - 0.4987 In., average coating thlcbaes• - 0.00031 in.

47FLW-820 nut. Average cating thickness - 0.00037 in.

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

Torque On Nut (Ini.-b) Running
Running -Breakaway Tcrque

Test Cycle Torque Bohl Load (Ib) Torque (in.-Ib,
No., No. (in.-ib. CW (Irt.-Ib) CCW

Dirt 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 Diresclion)

48 1 118 210 300 375 460 550 650 750 875 575 88
2 395 875
3 370 8H0
4 355 825

5 51 124 195 295 375 480 525 600 750 475 48
S6 333O 775
7 320 750
a! 310 750

9 305 725
I 10 36 98 155 240 325 435 540 65 725 440 34

11 3`15 750

12 305 775
13 300 725
14 295 750
15 32 91 1155 230 313 415 525 850 725 420 29

a Nut cid not have wax lubrkcan! (Carbowax Polyetylhore GVycol 33W0) applied.

bFl-Pro Incorporated Moty-so kJbricant is a paste oontaining 50% rmlybdenum crsultide and 50% peWrolatun forrmrAted lo moet

iiMIL-T-3483 The Moly-50 lubric147 was applied to th thrt idis of th boh and nut
€ NAS1 308-10 bolt: Ave-rap• shank d=•rr'l~er - 0.49W0 in, average Coating thickn~ss - 0.0D056 In.

47FLW-620 nut. Average coating thickness - 0.005 in.
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TABLE A-49. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND WD ALUMINUM- i
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED MOLY-50.

Running Torque On Nut (Im.4b) Running

T Cycle Torque Breakaway Torque
N-.' No. (In-b, Bak-Sil Lead (Ib) - Torque (in.-tb,In.-ib, | (In.-lb) CCWD ,500 6,0001 7,500 111,600 12,500 15,008 17,U00 20,000 Direction)49 1 66 155 220 295 360 425 520 625 T700 425 78

324 325 375

5 43 115 160 220 290 375 460 585 675 30 41
6 290 700
7 265 650
a 260 650 I9 265 650

[ 10 27 81 138 195 270 335 420 525 650 360 28
11 255 650

" .... 12 250 625|13 250 650 /
14 250 650
15 23 71 122 185 250 340 415 530 650 1 335 26

a Nut did not have wax lubricant (Carbowax Poyehylone Glycol 3350) applied.
Fet-F P 'ncoporated Moly-50 lubricant is a paste oontalning 50% nolybdenum rsutfad anid 50% petrolatum formuiated to meet

MIL-T-83483. The Moly-50 lubficant was applied to tVs threadi; of the boll and nuL
c NASi308-10 bolt: Average sha'k dianeer - 0.4990 In., average oabng ttVck.,as - 0.00043 in.

47FLW-820 nut: Average coaing thickness - 0.00O53 in. I
TABLE A-50. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND hVD ALUMINUM-

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

Runimng Torque On Nut (In.-i) RunningRubiing - rmlonvq Torque
Tesl Cyche Torque Ball Laid (Ib) Torque (In.-Ib,N O.X.I, N o. {n -tCW -(In.-b) CCW

Direction) 2,500 5,000 7,500 10,l000 12,500 15.000 17,500 20,000 Direction)

1 101 180 255 315 395 475 545 650 1-50 455 83
2 355 750

5 320 700
4 300 65025 43 113 165 240 310 3,5 500 65027 7 2 700 75 420 46

6 275 725
7 270 1 675
8 265 650
0 245 SOV,
10 34 83 135 180 240 3U5 400 485 580 315 3611{ 230 570

12 240 57,
13 235 595
14 235 17 -
15 31 86 142 _ 175 235 305 395 455 56 2X0 32

a Nul did not ýave wax klbricant (Carbowax Polyethylene Glycol 3350) applied.
b Fe9-Pro Incoqx:at.1d Moty-50 h.dcant Is a paste containing 50% irolybnum dsulfide • n• 5.04 pgt2ro.tum lorulated to nmet

MIL-T-83483. The Moy.50 lubricant wab applied to the treads of the bolt and nuLt
c NAS1308-10 bolt. Ave-age ,hank diael•r - 0.4988 hn,. average coarig nth;ies•t - 0.00052 in. I

47FLW-820 nut: Avurage coalng tVicliises -0.00051 in.
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TABLE A-51. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 01MS.

RunnIng Torque On r ul (b.-Ib Running

Text Cycle Torque Brwash Torque
No.. l No. (in.-.b,..loft Lo-d (-b) - Torque (in.-Ib,

J Drection) (I,-.'-I C
on 2,5002 5.000 7,500 10,000 12,500 115110 17,500 20.000 Direction)

J 51 1 81 170 235 315 4`15 510 625 725 925 525 77
2 470 1,075
3 675 I-.1,200
4 650 1,350
5 135 ?"5 4V 445 585 750 900 1.100 1,325 1,050 135
6 1 575 '1,275
7 550 1.200
8 480 1,075
9 390 975I10 90 175 245 325 420 I 40 700 800 950 650 110I 11 380 950
12 / 380 925i | 13 - 370 9 25•
14 405 925

15 85 160 240 325 425 1 560 700 825 950 1 67b 90
A Nut supplied with wax lubricant (Carbowax Polyethylene Glycol 3350) applied.
b Royal Lubricants Company, Inc. Royco S1MS lubricant is a mixture basically 50% monlydmnum diiJulide and 50% 9ilklcorw oil

formulated to met MIL-L-25681. The Royco 8IMS lubricaint was applied to the the ,ds of the bolt and nut.
C NAS1 308-10 bolt: Average shank diameter - 0,487 in., average coating tMicknes -0.00034 In.

47FLW-820 nut. Average coaling Vikns- 0.0041 in.

TABLE A-52. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS.

Running Torque On Nut (In,-b) Running
Tetd Cycle Torque t -( Brealaway Torque

No.Ihbs No. (in.lb, W -of Lea -(--) Torque (In.-Ib,
e 0. ction) I (I..b) CCW

2,500 5.000 7,500 10,000 12,500 15,000 17.500 20,000 Direction)

52 1 55 125 210 305 405 525 700 800 925 775 55
2 540 11.300
3 565 1.200
4 625 1,275
5 80 195 330 475 625 750 950 1,150 1,375 1.200 85
6 525 1,250

415 975

15 35 1215 V 295 395 470 580 750 675 650 40

4FLW.-820 nut: Average 2oat5g thickness - 0.00040 in.
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TABLE A-53. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT ANrI CADM!UM-PLATED

NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY. INC. ROYCO SIMS.

Running Torque On Nut (-n.-b) Running

Teat Cycle Torque Bot Load (lb) Torque (In.-Ib,
N1o.'.' No. (In.-Ib, CW._ (ln.-Ib) CCW

Direction) 2,500 5,000 7,509 10,000 12,500 15,000 17.00 20,000 Direction)

53 1 50 135 240 335 465 600 725 800 925 750 45 I
2 510 1,150
3 575 1,250
4 625 1,350
5 75 200 340 475 625 800 1,025 1,225 1,450 1,225 70
6 550 1,350
7 510 1,275
8 480 1,150
9 420 1,025

10 45 105 185 280 385 515 675 800 925 700 4011 350 950

12 345 900
13 315 875 I
14 315 875
15 35 95 180 300 415 540 625 750 850 575 40

a Nut supplied with wax lubrica.nl (Carbowax Polyethylene Glyo0l 3350) •pplied.
b RoyaJ Lubricants Company, Inc. Royoo 81MS'iubricant is a rixture bruically 50% morybdnum disuttlde and 50% silioone oN I

fomrulaited to meet MIL-L-25681. The Royoo 01MS lubricant was a>plied to the threads of the boll and nut.

c NAS1308-10 bolt: Average shank diameter - 0.4967 in., average oiating thickn - 0.00042 in.
47FLW-820 nut: Aveiage coaung thickness - 0.00040 in.

TABLE A-54. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND lVD ALUMINUM-
COATED NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO SIMS.

Torque On Nut (in.-b) Running
Running Breakaway Torque

Test Cycle Torque Soft Load (Ib) Torque (In.-b,No P -gt, No. (In.-II), CW - (in..Ib) CeW

Direction) 2,500 5,000 7,500 10,000 12,500 15,000 17.500 20,1100 Direction)

54 1 160 290 405 535 675 850 1,025 1.175 - 875 200
2 700 1,225
3 700 1,400
4 825 1,575
5 55 200 300 525 725 900 1,125 1,3V50 1,425 1,100 55
6 650 1,300-

7 600 1,=00
8 530 1.150

I •51,125ii -
10 38 131 220 320 440 600 825 950 1,025I 725 40 U
11 455 1,100
12 490 1,15013 435 1,175mI
14 45D 1,200

'15 38 140 230 350 485 650 825 50 1,125, 825

a Nut had wax lubricant (Carbowax Po1yethytene Glyol 3350) applied.
b Royal Lubricants CorTrany, Inc. Royco 81 MS lubricant i6 a rrixture basically 50% rlytbdenum disullde wad 50% sion ol

fonmulated Io nmt MIL-L-25681. The Royoo 81MS klbricant was appid Io the three& of Ohe bolt and nut.
c NASI308.10 bot: Avea," shank d&"rreer- 0.497 In., vyerage coatng Vickknes- 0.00041 In.

47FLW-820 nut: Average oDoang th•kkesa - 0.00050 in.
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TABLE A-55. TORQUE-TENSION DATA FOR 1VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO SIMS.

,Runniq - TenT.ue On Nut (4.-Ib) Running

row Cycle Torque Greakaway Torque
i iNo ,sh¢ No. (in.-Ib, CWBolt L-ad (- ) Torque (in.-ib,

-' No..... (in.-b) CCW
O ldnecin 2,500 5,000 7,500 14,01 12,500 15,000 17,500 29,000 Direction)

2 775 1,475

3 600 I,30
4 560 1,350
5 40 170 290 390 495 650 825 1,050 1.250 1.025 45
6 520 1,20
7 480 1,200

8 5051,M.09435 1.075

10 30 125 200 295 400 500 725 875 1,025 750 30!11 435 976
S12 425 225

13 440 975
14 395 875
i5 30 145 230 320 400 490 595 725 9oo0 625 25

S"a Nut had wax lubricant (Carbowax Pofyethyterie Glyoo 3350) appN:d.
b Royal Lubricants Cormpany, Inc. Royco 81MS lubrkant is a rrixture bacaJdy 50% no'bdenum diuifide a 50% sllkcr oiI ormulated to m'et MIL-L.2568¶ . The Royoo 31MS lubricant was , liad to the Viruada o Ihe boh and no.
c NAS1308.1 0 boht Average shank dian'vtor -049A0 In., average wating tOknm-D..4'4i.00050 in.

47FLW-820 nut. Averag coatrng thickness - 0.00045 in.

TABLE A-56. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND ND ALUMINUM-
COATED NUT LUBRICATED WITH ROYAL LUBRICANTS COMPANY, INC. ROYCO 81MS.

Running Torque On MIA (It.-b) Running
Test Cycle Torque nlrlakaway Torque

140.T9,0 t No. T eCW Bh Load (b) Torque (in-lb.
- - --- Vn.-W) COWDirection) 12,500 5.000 7,500 10,000 12,500 15.000 17,500 20,000 D1reclion)

56 1 95 205 295 375 475 570 700 850 950 750 155
2 525 1,100
3 600 1,300
4 g0o 1.350
5 27 165 305 475 545 675 850 1,050 1,325 1,050 35
6 530 1,200
7 585 "no.,
8 560 1,175

i9 510 1,100
10 20 120 230 375 465 545 675 000 050 700 25

11 415 950
12 420 925
13 410 875
14 420 900
15 20 110 210 310 455 510 600 725 650 550 20

a Nut had wax lubrc&ant (Carbowax Poethylene Glycod 3350) appl, d.
* b Royal Lubicants Cotrpany, Inc. Royco 81 MS lubricant Is a rrixturs Laskacy ". mi.ydt,,um disul5e md 50% asoone or,

formuLated to meet MIL-L-25681. The Royco 1 MS Wubricant was appol•d to * 1hrW&. of twe boll and nut.
C NAS1308-10 bolt: Avarwv, shank disuw ter - 0.4%7 in., ery o cora l ro thi negf s - 0.00046 In.

47FLW-820 nut: Average coaling ticlkness - 0.0004 in
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TABLE A-,Y;. ,TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-400. I

Torque On Nut (ia.-Ib) RunningRunning lldlmry T rurTed Cclea TTrrqu
T No3 I~ We. (VnT-b, C Bell Lead (1h) Toque (In.-lb.(Im.4b) CCW

Dhcilon) 2,500 .000 7,U0 11,000 12,500 11,100 17,U0 20,100 Direction)

57 1 55 130 200 285 390 520 675 800 900 675 5W
2 405 050
3 420 906
4 400 g00
5 50 115 190 290 425 540 675 775 925 675 50
6 420 925
7 365 925.,8 355 900
g 340 875-

• .T10 40 110 190 260 340 430 555 725 875 600 40
11 n310 825-
12 370 600
13 k 360 800 -
14 310 750
15 40 105 165 25, 365 455 540 675 775 485 50

a Nut aupplied with wax lubricant (Carbcowax Polyethylve Glycol 3350) aoplpd. I
b Graphite Products Companiy GP-400 lubnicani Is a pase oontainLng approximalty 50% moybdmnum dbtfide, 5% grapNte, and

40% rmineral oil with a soap ba rr. The GP-400 lubricant was appli•d to the threads of the boll and nut.
c NAS1306.10 bolt Avergwe shank diarnelr - 0.4967 In., aveira coaltng thlckMee - 0.00032 in.

47FLW-620 nut: Average ooating tlc~nssa -0.00043 Mt.

TABLE A-58, TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-400.

Runn in TRuqun On Nut (in,-Ib) RunningTrqunni- Broakawly Torque b

No.'l.6 No. (in.-lb, CW (Ir- -ab) CCW
Direction) 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 ( Ib ction)

58 1 125 200 285 365 470 570 725 875 1.025 750 110
2 455 1.075
3 410 1.100 I
4 425 1,050
5 45 115 195 280 390 510 675 825 950 700 40
6 370 950
7 360 900

1o j 0 i00 170 240 325 4 555700 fll0 0 40
11 310 f50l--
12 3152 Soo
13 300 80014 305 Soo
16 35 1100 1165 1230 315 .1410 1525 1650 1800 1 510 1 40

a Nut had w m, lubric nt (C arubowax Pol),ethylone Giycoo 3350) applied. m

b Graphite Products Company GP-400 kJicnt is a paste containing iapproxlrnatey 50% ,"oiybderwun dis•ulfide, 5% graphie, snod
40% rNlneral ~il wi;th a soap ba-w thickener. The GP-400 Wubrk-ant was applied to the thro"d of the Ibo1 nr =ut.

c NAS13063-10 bolt: Avafage shank duqor - 0.4Wq In., -verage Coating thwwkes-,s -0.00034 lr. --

47FLW-820 nut: Average co:ating thianens - 0.00048 iii. [
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I iTABLE A-59. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-401.

Runn Torque On Nut (Wa.4I) Running
Running______ '"______B____________y__To__Ruuin

Tot Cycle Torque Breakway Torque
Torqe Utoft Load (Ib) Torque (In.-b.

No.b." No. (In..b, CW __ - - - - - -- (in..tb) CCW
Direction) 000 7,500110,000 12,500115,000 17,50 20,000 Direction)

59 1 75 135 210 300 400 535 70o 800 950 725 60
2 295 750
3 290 Soo4 285l 775
5 so 110 170 230 310 420 530 675 800 570 456 Sool Soo
e 290 775

10 30 90 145 210 290 380 490 625 800 550 35
11 275 8o0
12 275 77513 270 775

14 265 775
1 15 30 95 145 205 275 1,360 , 455 1 40 750 485 , 35I Nut supplied with wax lubricatD (Cartowax Polyethylene Glycol 33PU) CpApNiP.

b Graphite Products Comnpany GP-401 lubic,•nt Is a paste oontanlmng appro,,irmmtely 5;0% moýýmuonrn dfimlfide, 5% giraohile, and
4%rronsral oil with a nor, *oap ba1s lhkcl*n*r. The ,P-4.01 lubric~u' was a~ppl*e to thW 0replK of "' bolt a,"4 nut,

i ~c NAS1 308-10 bolt: Average sh~ank dineaetr - 0.4AW In., average coating fthin/os -0.00032 In.

47FLW-820 nut. A,•*rage coabng thickness - 0.0003MI in.

I ~TABLE A-60. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED B•OLT AND IVD ALUMINUM-

COATED NUT LUBRICATED W"T GRAPHrTE PRODUCTS COMPANY GP-401.

_unin .Torque On Nut (.N.-M) Running
ornkaw~y TorqueTed Cycle Torque Bc Lod,

No0.1. No. (In.-lb, CW ____ -D..lt. L (T
Diredion) ..0 - - n.-Ib) CCw2.500 5,000 7.600 1 0,000 12,500 15,000 17,500 20,000 Diriction)

60 1 115 170 260 365 480 600 725 875 1,025 825 11o
2 395 950
3 360 K25
4 90 I 0 415 65 2
1 30 75 130 2300 30 415 535 675 825 875 40
i 285 825

71 290 7257 • I II2
12IaI 280 1 I 1009 ! 275 ! 2s

i10 30 75 135 1200 270 380 380 675 825 545 30

13 275 I I 775
14 I_ 255 1750
15 20 70 125 185 265 360 360 650 775 450 25

b Graphite Products Co* GP-401 lubric, =t Is • pa contW~n aipor:knlaway 50% r'noF/ybdrnum disume'K, 5% graillie,

4i% rin-n ol1 with a noc soap be" V tckar.r. The GP-401 k.b"act was an! iod to t thro" of * b a nut.
c NA51308-10 bohl: AveraOge sak diwn9r r -0.4W7 ki.. avera•gooa•ng ai s -0.00035 in.

47FLW-820 nut: Average coang thikkness - 0 00040 In.

I
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TABLE A-61. TOROL)F.,TrUr S1ON DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

NUT LU.RiCATEDv WIh GRAPHITE PRODUCTS COMPANY OP-460.

STorque Oml Nut (In.-ib) Running Tru
Tn CyI Tmnnii Irakmaw TorqueTo•led Cycl (erin.Is Bak Lead (1b) Torque (in.4b,N 0 .11 . N o .. . ..C ( I n . 4 b ) C C WDire "Aon) ,00 S 00 7,5C0 10,000 12,500 15 .000 17,600 20,000 ODircton) L

61 1 45 95 160 245 355 465 570 650 750 465 35
2 315 70D
3 245 625
4 250 6255 30 85 135 190 265 355 445 550 650 375 30

6 255 650
7 270 675
8 285 700
0 270 700
10 40 95 140 200 275 385 480 585 700 410 40
11 265 650
12 260 650
13 270 650
14 255 65015 40 90 135 190 260 350 455 565 700 395 40

a Nut sIpplied with wax lubricast (C-arbowax Polyethylene Glycl 3350) applied.
b Graphite Products Cormany GP-4n0 lubricant is a paste DonLaninlg 50% synthetic grapN ane d 50% petrolatumn rnmulad to

nat MIL-T-5544. The G1P24 lubricant wa IpplIed to w hrSoa, oi ~te boft a•d nut.
c NAS1Xa8-10 boio: Average a kdlar- 4g68 kn.o zrage coatng Uhickniae-0.003, i.

47FLW-820 nut: Average waling fticm4e - 000036 in.

TABLE A-62. TOR.UETENSION DATA FOR rVD ALUMINUM-COATED BOLT AND IVD-ALUMINUM
COATED KUYT .L.UBRICATED WITH GRAPHITE PRODUCTS COMPANY GP-460.

Running Torque On Nut (nJ.b)d Running

Test CyclI Torquu loll Lead (1b) Torque Tin-ub
NoU ,..' No. (In..Ib, CVI -_ _ (Inorb) q CCW .b

Dirtetion) t2!0 . - ___ ______ -~ n-h C2,&00 5,000 7,500 10,000 12,5001 15,000 17,500 20,000 Direction)

62 1 125 205 295 380 485 800 700 800 925 700 120
2 420 850
3 375 800
4 315 750
5 45 110 165 235 315 410 505 650 750 480 so
6 3`10 750
7 300 7500285 750

I280 775
11 40 105 so 230 305 405 515 675 825 545 so

12 285 750
' 13 270 750

"1 ! 4 265 75015 3_ 100 155 115 2951 385 50 650 750 465 40

az Nut jupplil with wax lubdkwari (Carbowax POyethyane Gtycol ,3350) ai•vkod.
b Graphite products conoany GP-460 lubricanl Is a paSltt c, LatnIng 5M s8y1nTu', graphl* and 50% palrolam I

6xinulated to moot MIL-T-5544. The GP-460 lubricant was a"lid to tl, thwcad otft Wt and nut
c NAS1308-10 bott: Avoago shank diametbr - 0.4t5 In.., avago otiAng t6cikn - 00036 ein.

41FLW-820 nut: Average coxýag thV, ass - 0.0004$ n.

"7 ---.
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I TABLE A-63. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITh jM CORPORATION CP-26.

Terque Do Mat (IA..lb~ Running
Rimig - reokawo Toque

Told Cy to Torque log Levi (Ib)Tru
D0iecton) 200O 5,000 ¶1.000 112,15180 15.100 17,501 60 Q 28,800dlron)

63 1 70 125 200 296 405 520 650 800 950 700 50
32 325 825

5 0 1105 170 240 315 425 555 725 0 600 50
6 285 $0017 280 80D
a 290) too
9 275 775

10 40 95 160 235 315 415 520 675 800 560 45
11 290 775

12280 775
13235 775

14) 280 750
151 35 90 'L145 1210 1285 1380 1480 650 1775 480 40_

a Nt sppledwtlii wax kibricwt (Oarbowax Polysthylona GtyooI 'S350) a~ppied.
b E/M corporation CP-28 kibnrarl isa upaste oLnjnirg W0% rnol~bdum disuffde, win onjanh barium r~orpownd, rr~noraI oll,

oIdl~u grae h P28kbi~iws applied to tolreadks of the boll and nut.

47FLW-820 rnut. Average oosing thadkness -- 0.00037 An.

TABLE A-64. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IYD-ALUMINUM
COATED NUT LUBRICATED WITH ElM CORtPORATION CP-28.

Runnng -Torique On Nut (ht.-hb)? Running
Test Cycle Torque lolLad~b aw"y (n-b

___Led_1b Torque (n-bN0.6.1 No. (ln..b, CW ___- - -- (lNA.-) CCW
Direction) 2.,00 5,090 7,00 10,000 12.500 15,0001 17,50 20.000 Direction)

-4 1 10 20 8 0 5 -0 -2 ~ ' ~1 ,00 .20 25 11
2 450 1,025

134 0 1 380 2 5 0 8DO 3r5 4 80 r925 1,5 1,00 95 10
,6 375 950 5 4

7 375 950

11i 350 goo
12 300 900

3 14 I.850
U15 1 30 11 1 80 25 3_1 475 1625 750 6 50 1 550 1 30

Nut upp[ wih wa Ibeikvl (Cwrtwax PolytyAU1no Gilycol SO') applied-
b D orpcmation CP-2 lubricant is ak pa-to wnAtasirnWv 80% my bwrtum dijtf6de, on wp-ani bariumorn cound, wnwera oii,

an YEut rao Too CP-26' lubib.Iunt w"~ applod soto W.thtore.s of Owe boll and nut
C NS138-1bott: Avefa~n shankcdiarnwWr* 0.4W Lv, .avvraguaooabng th~icees-000034 in

f/LW-I ut. Avriocoating thik~ifts - 0.00CN3 in.
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TABLE A-65. TORQUE-TENSION DATA FOR IVD CADMIUM-PLATED BOLT AND CADMIUM-PLATED
T A NUT LUBRICATED WITH EIM CORPORATION CP-29.

Running Torque On Nut (ia.-t) Running; ~ Running .. ... . rsaloinvy Torque

Test Cycle Torque Bob Lead (IS) Torque (In,.b.
No..4 No. (In,-b. CW - - - 12.500 1 - - (IA.-tW) CcW

4 D~~~Oection) 2,50051 0711 O0 0  2.0 50017102,0 Direction)

65 1 50 170 245 315 390 470 ES5 650 750 430 45
2 415 900
3 400 875
4 370 850 I
5 30 150 210 285 365 450 555 700 850 535 30
6 360 850
7 350 850
8 360 850
9 335 825

10 35 145 260 385 360 425 550 700 850 540 35
11 340 850
12 355 85013 330 80D] '=
14 325 800

15 40 125 200 260 335 415 520 660 800 515 35
a Nut mupplked with wax lubriat (Carbowax P,*9'thylen* Glycol 3350) applied.

b EM Cotporatlon CP-2g lubricant In a oon"ix mixtJre containing molybdenum dslutide, Inely d$iMk copper metal par6leam,

*elica, and r•neral oil. The CP-29 lubricant was applied to the thread of the boll and nuL

c NAS1308-10 bolt: Avere shank dmler-0.4985 In., average ooaing thicknea -0 00031 in.
47FLW-820 nut. Average coating thlckneu - 000043 i.&

TABLE A-66. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND 1YD ALUMINUM-
COATED NUT LUBRICATED wrrH EIM CORPORATION CP29.I

nTorque On Nut (i.-Ib) RunningRunning -I
Test Cycle Torque Dolt Load (IS) Tre Torque

No1 ,b0s No. (in ,- b. CW - - -L.- (lb) Torque (in -tb-

Doirctlan) - - (irt.-1b) CCW
2,500 5.000 7.500 10.000 12,500 15,000 17.,500 20,000 Direction)

66 1 75 210 370 480 625 775 925 1,050 1.200 925 75
2 650 1,300
3 500 1,025
4 470 975
5 35 160 260 350 445 535 675 800 950 650 30

6 445 1,000
7 410 975
9 390 925

10 30 155 270 390 540 500 625 700 900 580 30
11 350 825
12 365 850 i
13 370 875 i
14 365 850
15 30 150 265 380 500 625 750 850 1,000 675 30

Nut had wax lubnriant (Carbowax Polyethylene Glycox 3350) applied. I
b E/M Corpoalion CP.2g lubricant Is a conplex rixture conWtaning nolybdenum disuitfd, I/y -M.Aded copper rrTal p:•-"ies,

elica, and minoral oil The CP-20 lubn.canl was applied to the threacs of tt boll and nut.

C NASI3O8-10 bolt: Avwawe shank dlareler -0.4 W5 In., average owaIng thic-knem -O. 03a. f _

47FLW-120 nut: Average coaling thcWess - 0.00045 i. I.
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TABLE A-67. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E/M CORPORATION CP-42.

Rufinn Torque 10 Nut (iN.-b) Running

Ted Cycle Torque Daft Ld (b)Br way Toriue

N o . 6. 0,¢ N o . (In .-Ib , C W - - - -o r-, - (I m.-Ih) C OW
DIr5rIifl) 2,500 5.000 7,500 10,000 12,500 15,000 17,600 20,000 DIrecion)

67 1 85 150 220 310 410 525 675 775 900 600 75
2 430 1.050
3 390 1,075
4 395 1,075
5 65 130 210 290 395 530 725 900 1,100 825 70
6 375 I,050
7 350 1,0008 230 075
9 310 12510 40 105 170 235 330 455 650 600 950 650 45

11 330 925

12 330 950
13 345 950
14 340 925

_.... 15 35 110 180 260 340 445 575 775 950 650 35

a Nul supplied with wax lubricant (Carbowax "cyethylane Glyool 3350) applied.
b E/" Corpcralion CP-42 lubnca4nt I a pasta with a synthetic polyalkylene glyool bam oontadnlng a high comoeWatlion of

* molybdenum disutfide. The CP-42 lubricant was applied to the Uvesac of Mhe boll and nut.
c NAS•1306-10 boh. Averae shank dlatiam r - 0.49% In., sw age g - 0.00031 in.

47FLWo820 nut: Average coating tAcws& - 0.00040 in.

TABLE A-68. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION CP-42.

i. I__ _ _ _ _ _ _ _

Running Torque On Nut (In.-b) RunningTest Cyc ToqueBreakaway Torque

TNo-b' Wo. (IC y l, T W lolt Load (Ib) Torque (in.b.No" N. ire.-ibC (in.-Ib) CCW
Direction) 2.500 5.000 7,500 10,000 12,500 15,000 17,500 20,000 Direction)

68 1 100 190 295 415 555 725 875 1,025 1,225 950 90
2 450 1,250
3 400 1150
4 375 1,050
5 30 110 195 235 390 525 725 925 1,175 900 20
36 350 17200

* 1 380 1.1508 365 1'060
Sm9 355 1,000|10 30 85 165 250 345 460 625 800 075 650 20

11 335 1.000
12 35m 975
13 380 275S14 350 950

1 15 20 80 155 235 330 460 600 775 900 540 115
a Nut had wax lubricant (Caitbowax Polyethylene Glycol 3350) applid.
b EN4 Corporalk)n CP-42 lubricant is a paste wth a isynthetk polyatkyWrn g,'ycol base oonitaJnkVg a hglh onoi.itration of

molybdenum disutlide. The CP-42 lubr6ican was applpfd to the threads of the bolt and nut.
c NAS 1308-10 boll. Average shank dLanlsliner - 0.498N in., averge coatng thic-ness -0.0038 in.

47FLW-820 nut. Average colng thickness - 0.00047 in.

I
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TABLE A-69. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH ElM CORPORATION FORMKOTE T-50.

Running Torque On Nu (1.Torque
Test Cycle Torque log Lead (1b) Torque (Inlb,
Nor', No. (Ii.-ib, CW -. (i-.-b) CCWDiraetion) 2,500 5.000 7,500 10,000 12,500 15.00 17,500 20.000 Direction)

2l - -irect-o I
69 1 85 190 295 385 480 585 700 ON 875 600 85

2 550 8503 575 875
4 600 900
5 9I 250 400 560 700 800 850 900 975 750 110 I
6 675 1,000
7 725 11,000
8 700 1,025
9 725 1,075

10 100 340 575 725 900 975 1,025 1,100 1,200 850 110
11 750 1,100
12 750 1,125
13 1 1 775 1 dj

a Nut supplied with wax lubricawt (Cart>owax Polyethylene Glycol M50) applied.
b EAM Corporation Fon'nkolT.50 Is a dry uim lubricmn containing graphite shspended in a high Wemperature r"sn binder. T

Formkota T.50 lubricant was il:d to the thirds of the bolt and nut.
c NASI 308-10 bolt: Average shank dia•elte; - 0.4986 in, average plating thicknes - 0.00030 in., average plating and lubricant

thicknessl - O.00047 in.
47FLW-820 nut: Avarage plating thickness - 0.00044 hI., average plantig and lubricant lthickess - 0.0=75 in.

d Since the nut was starling to bind on the boh due to Ikm, of lubrcatlion, the tust was trmrirald.

I
TABLE A-70. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVO ALUMINUM-

COATED NUT LUBRICATED W"lI E/M CORPORATION FORMKOTE T-50.

Torque On Nut (In.-I) Running
Tea Ccl IuinnIng I Broakaway TorqueTert Cycle Torqu Boflt Load (Ib) Torque (In.Ib,

NoP,, No. (inIII CW . (In,.b) CCW
. c 2,5 5,000 7,500 10,000 12,500 15,000 17,500 20,000 Direction)

70 1 90 200 315 410 510 600 725 800 900 625 105

2 600 1.075
3 700 1.375 1 1 00 d I

a Nut supplted with wax lubrican (Caibowax P.tAyoU1i,. GYoAI 3=50) aW,,u.i
b EAU Cororation Fom*olo T-50 I a dry fim lubricant containhng graphile suspended In a high temperature msin blrnder. Tho

Fornkote T-50 lubricant was applied lo the 1hreads of the bot and nut.
C NAS1308.10 bolt; Aveiage shnk dLartler - 0.4i86 In,, everep•. oong Vitcknesa - 0.00035 in. average coating and lubricnt

thicknes - 0.00044 in.

47FLW-820 nut: Average coating thickness - 0.00045 In.. Average coalng and lubricant fftikru. - 0.00059 in,
d Since a N',,i breakaway torque indicated the nut was saUrting to bind, test was torrknal.ad.
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TABLE A-71. TOROUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH E/M CORPORATION LUBRI-BOND A.

runn Torque Do mig (18.4i) Running
Running OBNdlrealoiway Torque

., • Test Cyle Toique t Leui (11) Torque
11110.11,1 No. (14.-lb. CW -f Loa -(-b-) Torque (Ia.-lb.01111:1 (Inalf) CCW

-on) 2 .500 5,00 7.,50 10,000 12,500 15,000 17,50 2,,D Direction)

71 1 90 225 370 515 600 675 750 850 025 650 s0
2 600 1,075
3 600 1,125
4 600 1,100
5 50 210 355 405 650 775 925 1,025 1,150 850 55
6 500 900
7 455 950

8 445 8259 410 goo
10 40 125 220 320 425 530 650 750 825 W5 35
11 455 850
12 "45 850

•13 4515 850
i14 480 875

Is5 40 145 250 370 510 650 750 SDO 900 600 40

a Nut supplid wih wa-x briacat (CarbowPclyethyien Glyool 3 a) applied.
b EM Corpoatiaon Lubrilond A n an air drying, said film lubricant containing molybdenum dsulflod and graolis Inh a resn in•dle.

The Lubr-9ond A lubrant was applied to m thr'&a of ttia bolt and nmA.
c NASi308-10 boll: Avra"e shank dýhwmer - 0.4967 I., average coalng thlcm - 0.00035 kn, aivrage "hank diarnTar with

iubricant - 0.4994 In, average plating and lubicant tlc*nss - 0.00058 in.

,47FLW-20 nut: Average coaling thklc'eua - 0.00042 M., Averge plating v-nd ibrkat tk*hckn - 0.00129 in.

TABLE A-72. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH EJM CORPORATION LUBR-BOND A.

RuningT,,rque On Nut (In.-b) Running
Running 81,1 TorqueTest N.ycle Torque Bolt Load (ib) Torque (In.-Ib,

N,,, N.(In,-lb, CW -- (n.-Ib) CCW
DIresd'on) 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 Direction)

72 1 80 190310410 480 570 650 775 900 600 70

2 4 750 1,275

r * i 5 33 200 380 570 800 1,000 1r150 1,250 1,475 1,225 285"_L...........J..... - _ m L,_1.2 1
NO supplied with wax lubricant (Cabo:wax Polyethylonk •4yol 3350) appli4d.

* E/M Corporation Lubi-BoDnd A is an air drying, sol film lubricant oortaning rolybdenum di•*fide ar.1 graplie in a resn bhideq.
* Lubri-Bond A k .brimnt was applied tom 1 e"ads of Ow bot "d m1t.3 c NAS1 308-10 bot. Avw.:ý; shank diaTrar - 0.4986 in., average moaling thl*zos - 0.00033 In., average shmnk diarnelr w•d

lubricant - 0.4995 in., asvrage coating and lkbricant ilcknefn - 000069 in.
47FLW-820 nut. Average coatng tfikwss - 0.00047 in.. Average coafing aiod t.Wricent tAhrcknes.- 0.0159 in.

d Since inorea.ng torques WiNW iom oC kuricAtion, les. was Ism•i•,aed.
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TABLE A-73. TOROUE-TENSiON TEST DATA FOR AN 1VD ALUMINUM-COATED BOLT AND ND

ALUMINUM-COATED NUT LUBRICATED WITH EJM CORPORATION CP-42.

rI TeRustn srque On Nut (il.-) Runningi ~t Cyle TR~unnn - rmalcm Tor.que

NoP., No. (in.-Ib, CW -ien Led (Ib) Torque (In.-lb
Directon) 2.5001 5,000 7,500 10,000 12,1580 15,000 17,W0 20,000 Direction)

73 1 100 190 295 415 555 725 875 1,025 1,225 950 90
2 450 1,250
3 400 1,150

4375 1,050
5 30 11C 195 265 390 525 725 925 1,175 900 20
6 350 1,200
7 380 1.150
8 365 1,050
9 355 1,00010 30 85 165 250 345 460 625 $00 975 650 20
S11 335 1,000
12 350 975
13 380 975
14 350 950 1
15 20 50 155 235 330 460 600 775 900 540 15

a The lubc a=n was appl4d to the troad of,tho boh and nut.
b E/I4 Corporation CP-42 lubricant is paste With a synthetic po"tk4ne glýycol fluid base oontaiilng a hig ooDoenonaton of

rnoeybdo um isuffde.
c NAI306-1 0 bolt, Shnk dtnelr - 0.4967 in., co, lleug U*t•ýa - 0.00035 In.

47FLW-920 nut: coaling thk*iea - 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 Torque On Nut (in,-b) Running I
eBreakway Torque

Ts Cycle Torque Ht Load (Ib) Torque (In.-Ib,I
No.•'§ No. (in.-ib, CW (in,-b) CCW

Direction) 2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 DlrectIon)

74 1 40 120 170 250 335 445 495 570) 700 420. 35
2 280 700
3 270 675
4 265 650
5 40 100 150 220 275 370 455 550 650 365 40 -
6 275 675
7 280 700
8 280 675
9 275 675

10 38 90 145 205 265 350 425 520 625 330 38
11 260 650
12 260 650
13 255 625
14 1 250 62525
15 35 55 2.135 250 315 405 500 600 300 35

a Nut supplkid with wax lubricant (Carbowax Polyothylene Gtyool 3350) appl4J.
• ; ~~b E.JM Corporation CP-1 16 Ws a cornVx r, ixtur oors~sting of rodytbdwwm dis~ulf'da, rnnerai oil, arnd petrolatum. 1bq CP-116ilubricant was applied to the threads of the bolt and nut, I

c NAS1308-10 bolt. Avofaga shank d"Wl'r-0.4986 In., avorage coatng thickness -0.00038 in.
47FLW-820 nut: Average coating thickness - 0.00046 In.
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TABLE A-75. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH EIM CORPORATION CP-116.

Temps O. t Running
Running LIboad( Torque

No.1.' No. (In.-lb, CW (-1.4b)) CCW
DirTc ion) u00 7,500 10.000 12.500 15,100 17.500 20.000 Direction)

75 1 45 110 175 235 315 395 490 590 700 405 35
2 260 675
3 260 650
4 270 6756 40 90 140 205 270 350 440 545 650 375 35

6 270 650
7 270 675
1 270 67590 270 675

10 35 05 1 55 215 280 360 465 660 676 380 35
11 270 675
12 280 675
13 280 675

i14 265 650
15 35 90 145 205 265 345 450 545 650 330

a Nul suppl*i with wax _l__canl (Crboe__ Polysthyie__ Glycol 3350) applied.

b EM orpocato CP-1 16 is a cor•plex mixture corm,1ng of nwydoWnum disulfds, rmnvBJ oil, a p.olatum. The C.P-116
d7ubFtca wa appllod- to t• w r t ids of iebt* W " nOt.

c NAS.1308.l 0bolh Averogshank dia, rrur - 0.4987 in., avw*9b cogling Vncn"- 0.00W4 In.

47FLW-.020 nut- A~razgo omatig thk*,ma~ - 0.OOO39 in.

TABLE A-76. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED NUT LUBRICATED WITH EJM CORPORATION CP-116.

Tl Running Torque On Nut (In.-lb) RunningRunning eru kaway TorqueTedt Cy cle Torque 8il o d(b oq e (,-b

No.b.t No. (In.-Ib, CW (ln.-Ib CCW
Direction) I .. (Iff.-Ib) CCW

i2,500 5,000 7,500 10,000 12.500 15,000 17.500 20,000 Direction)

I 76 1 90 160 230 310 400 500 625 725 850 550 80
2 390 850
3 370 8504 345 850

5 45 140 215 305 400 505 650 750 850 550 406 3 ,0,,

7 325 750
8 320 750
9 310 700

10 30 90 165 240 335 405 490 590 700 390 30
11 315 700
12 295 700
13 295 675
14 290 650
15 30 80 150 210 300 365 450 540 650 345 30

a Nut had wax lubr"rMt (Cwbo*ax Piyel•hytne Glycol 3350) applied.
b D.M Coporat~rn CP-I 16 Is a oonVex nnxture orns.ing of motionurn d ..uhfie. n-inoral oa, arnd peLolalum. The CP-116

j lkjbrýcant was applied to tt tireads of the bolt and nut.
c NAS 1308-10 bolt. Avrwage shank dlairnelr - 0 4084 In.. av'erag •atng thick*no. - 0 00035 in.

47FLW-820 nut. Avorage coating thckn'ss - 0 00045 in.
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j •TABLE A-77. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD

ALUMINUM-COATED NUT LURRICATED WITH ElM CORPORATION CP-116.

Running T-orque Oo-4Rn

Test Cycle I Torqnue Nio t ead (eqbrw i , Torqjv
No.P ', No. (in -lb., CW _-Boil Load (1 bl- rq'ira ( . ,

D~rwt~o~ - - tI.-lb CCWi or 2,500 5000 7,500 1,00 12,500 14.000 ýi7,c0g 20,000 Diruction)

77 1 go 155 235 325 430 500 625 700 800 49o oI
?2 ,25 700i10 700

A 295 1 675
5 45 95 150 210 280 350 445 535 650 375 40 i
6 280 675
7 275 650
8 275 650
9 270 650

10 35 80 130 190 2C.0 350 430 525 650 355 35
11260 625

250 625 I13250 626
11,255 650

15______ 30 0 _bi_____4 LI5 535 . 650 . 355 3.0

a Nut had wax lubriant (Caoowmax Polyethylene G'ycol 33.50) applied.
b EA.M Corporation CP-1 16 is a oomplex -mriurv nrst.ing of moiybdenum fsutfidle. rninerma oil, and petrotatum. The CP-1 1I

lubricant %.as &pplod to the 1hreads of tie boll "nO nut.
C N,"1,1308-10 boll: Aver" shwk disnwr- 0.495 in., veyea, coaling thicgea-O0.00030 in.

4 i LW-2C nut: Average oo•bng tN~cins - e.0O041 in.

'44 TA7 LE A.4'r. TORQUE-TENSION DATA FOR IND ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION CP-116.

Cyle Running Torud On Nut (in,-b) ,_Running

i C Toriue BolIed(b Breskaway Torque
-o'T., No. (in.-% CW Bh -Lo-d (b Torque (In..Ib,F, , in , - r,00n.-1b w I

1Dir•ion) 2,500 5,0001 7,500 10,000 12,500 15,000 1 1 0, Dlrecto0)

1 110 181 265 3.40 420 5101 625 70180 490 92 350 750
330 775"•/•4 330 775

so 100 1 225 310 400 500 625 750 410 50
LI 305 750
7 4 290 700

1 1 290 700 -
S, 85 135 195 270 345 430 540 650 345 35

"il 270 675I : 2 6 5 I 6 0o
12 260 650 -

15s 3005 35 44 650 314 i 260 550

a Nut htd wax lub,.wi jCa. -x Pxjetvione Glycol 3350) applied. I
b EiM Corporaticn CP-116s arteox rnixitjrs consisting of rnooybdonurn (isu•d•. minejr] oil, "nd petroiaturn. The CP-' 16 U

ubr6c.int was appled to Ow throadsol tho hIN and nut.
c NAS1308.10i"bc , ' ,w d .O.ap. .-0. 4 98N hl., average coating ta ngsw- 0l.ooo45 in.

47FLW-020 nut: A.. " v- ir,, V` %ne -0."1.045 in.
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SI ABLE A-72. YOROUE-TENOiON DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
i NUT LUBRICATED WITH ARMITE LABORATORIE6 MIL-T-83483.

Running -Trque CA kut (In.-b) Running
Test Cycle Torque NBeiakaw(y Torque
•I0 •• No. (le.-lb, CW - i Lad (Ib -e True (In,-D,

_ _2,0 5.0001 7.500 10,000 12.500 15,000r17,500 20,000 Direcion)

"I 79 1 0 120 195 270 355 425 505 625 700 390 40
2 0350 I5
3 350 7o0

5 30 120 195 260 320 395 480 575 700 370 30
i 7 S oo I !700I

14 300 700
15 30 110 185 245 310 460 475 555 675 3•0 30

II Ia Nut supplied with wax lubricant (Carbowax P•lyethylene Glycol 3350) applied.

b Aidle Laboralorios MIL-T-834S3 lubricant ls a paste containlng 50% motybdenum dtsutfide and 50% petrolatum. The ML-T-63483
lubri.ant was applied to Uh• threacs o( t bolt and nut.

c; NAS1306-10 bo: Average shank did'uler-0.49U ai.,awrogocaing f tnm-0.00037 i.
47FLW-.20 nut: Av-.age coaling toicioess - 0.00044 In.

TABLE A-80. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
, NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

R unnig Turqu.

Test Cycle unn ____ Torque Toqu Nu(II)Rnin.-b(N, I No. (in.b, CW -.- Ib) CCW
Drection) 2,500 6,000 7,500 10,000 12.500 15,000 17,0J0 40,0001 Direction)

80 1 35 1 n0 175 240 320 395 I470 U40 650 3,50 3102 1 310 700I* i",25 I
4 3 750

30 105 180 250 32 405 480 570 700 390 30
6 I 1330 700l

I7 10700
305 7003 700

10 30 100 170 235 310 00 490 590 725 415 30
, •11 300 725
S12 295 700

i' l13 300 700
'14 m 09 75

15 25 80 1i1.0 200 270 350 430 530 650 345 25
', Nut ,.jppliod with wax kibricat (Carbowax Poyehylane Gtyool 3350) applied.
b Axmlte Lab c.•qs MiL-T-8.343 kjbrkia•n lt 3 pas oonta ntr,, 50% molyti•dý,iu d4•lsode and 50% p•btinatum. The MIL.T-34.83

kiricani was apptl<d .. Lhe thrnads o4 tihu boll arn nut.
c NAS1308-10 boll Avcfav -'ankdIwml&uir-0.4987 i', ove-r cKAang • hi nue~s- 0.00035In.

, 47FLW-820 nu;: A,•n'ga ootir.j Ui8,Junoss - 0.00042 in.
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TABLE A-81. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED I
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-&34B3.

Te Running Torque On Nut (In.-lb) RunningRunnng -Breakaway Torq,,e
Test Cycle Torque Bul Load (Ib) Torque (In-lb.No(I'. No. (,n.lioCW - (iN.-Gb) CCW

Direction) 2.500 5.000 7,500 10,000 17.500 15,000 17,500 20,00 Direction)

81 1 45 120 210 280 360 450 555 675 750 455 40
2 365 750
3 330 725 I
4 320 700
5 40 100 170 235 3o 390 490 600 725 415 40
6 310 725
7 300 725I
8 295 725
9 300 725

10 40 90 150 215 285 360 450 560 675 385 40
11 280 675I
12 285 700
13 270 650
14 265 650
15 35 85 140 205 270 340 440 535 650 340 40

a Nut aupplied with wax lubrkant (Carbowax AýAyethylene Glyco 3350) ippled.
b Arrlye Laboratories MIL-Tl83483 lubricant is a paste oontaining 50% m'o~lybdenum dsulfide and 50% petrolatum. The MIL-T-W343

kjbrtcart was applied to the threack of the bolt and nut.
c NAS 1308-10 bolt: Aveag e wik diameter - 0.4967 in., average ooaing blktkeea - 0.00032 in.

47FLW-820 nut: Average ooasng tcknesm -0.00041 i.

TABLE A-82. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED AND IVD ALUMINUM-COATED
NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

. unning Torque On Nut (in.-lb) Running

Test Cycle Torque ol Led (Ib)Breakawy Torque
No.?b,t No. (In.-lb, CW -ch -o (b) Torque (In)lb.

DirectIon) 2.500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 Direcllon) -

82 1 90 180 265 350 440 540 675 750 875 570 702 435 900I .-

3 375 875
4 350 800
5 55 145 220 290 375 465 560 675 800 510 50
6 360 o800 1
g 315 75010 40 120 190 ý50 320 405 510 650 750 455 ,10

1 I305 700 0
12 310 700
13 295 700
14 295 675is15 35 1100 165 1220 1290 1380 4, 50 7 1! LE !H _365 35 I

a Nut had wax lubricant (Cabowax Poy.ethylene Glycol 3350) applied.
b Arnite Laboratories MIL-T4-3483 klbricant L% a paste oontaining 50% rmotydenum dsufhdo and 50% petolatum. The MIL-T43483

lubricant was appliod to Uth threads of iho bolt and nut.
c NA")1308-10 bolt. Average shanzk diame ter .- 0. 4 SW In., avo rage ooati'ng thiL,,nas~s - 0.00037 in.

Uz ,~47FLW-820 nut: Average coating thicineoss- 0.0004.3 ki.
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TABLE A-83. TORQUE-TENSION rGATA FORt IVD ALUMINUM-COATED AND IVD ALUMINUM-COATED

NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-83483.

Ij f - Rvati~n( ~Torque On Nut (ka.-t4h 1)IJ~lllr TlilUIOn N~ (bL-ig1 roakmMt Torque

Ts4 Cycle Tariuo 11-1#11 Lsd (tb - Torque 41n.-Ibi
wo-,c,' No. (Iu.-Ib,CW - - - ' CW
- Drct'on) 2,5003 5.1011 7,500 10.N00 112.500 15.000 17,5001 20,000 Dirwction)

- 3 1 85 175280 375 450 540 650 775 875 600 80
2 400 875

"" 3 405 900
"* '4 405 900

5 40 125 220 310 400 510 650 775 960 S00 35
6 390 l675

57 35 825
8 355 g00' 9 355 go0
10 35 100 165 245 340 430 530 650 750 420 35
11 315 725

12325 725- I23 310 725
"315 725

is 30 75 150 225 315 420 505 625 725 390 _2 30
ii a Nut had wax lulri.ant (Carbowax Polyethylene GIyroi 3350) applied.

b A-rmte Laboratories MIL-T-83483 lubrc•at Is'& paxte containln 50% n*tdonum disullde and 50% petiotatum. The L-.'-&34,3
,brlcant was applied to the threadrs of 1th bolt aid nut.

c .NASI 306-10 bolt: Avera ashink diamlar - 0.49M In.- e oorage ooing U'kkrme - 0O.038 In.
47FLW-820 nut: Average oo•iang V*Mee - 0.00043 in.

I TABLE A-84. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED AND IVD ALUMINUM-COATED

IN NUT LUBRICATED WITH ARMITE LABORATORIES MIL-T-3483.

Running Torque On Nut (l,.-Ib) Running+ ''" reakmway Torque

-ic. (in.- CW . . - (In..Ib) CCW
IDirecilon) 2,500 5,000 7,500 10,000 12,500 5,,000 17,600 20,050 0irection)

84 1 135 240 330 420 515 625 725 800 925 675 100
2 420 875i3 455 No0

4 420 850
5 50 155 231 310 395 480 600 725 825 575 50
6 365 800

. 7 370 800
u 0I 60 r#7510 40: 12 110 270 350 435 535 650 75U 420 40

i11 335 725
12 335 750
13 i320 725
141 32572

S15 1 0 115 1 15 1250 1 315 1 JD 95 585 700 35 4
I _ _ _, _,91 Nut had wax lubtcant (Cart>owax Poj•ht'm•a Glyod 3350) apptld.

b Axr~ie Labloatori,,s MIL-T-34.83 Lmbric't IW a ps1v containing 50 n'v.,'bdonum c•.,di and W% potrotetumn. The ML-T-83483
lubricant was applied to the thrdac of *'c bolt and mul.

c NAS1308.10bolt: Averagoa-'a, di,.49tn.,aa-ecng L;-c...C.oc3 .
47FLW-820 nut: Averag, coating ,k'io. - 0.00'043 In.
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TA13LE A-85. TORQUE-TENSION DATA FOR 1VD ALUMINUM-COATED BOLT AND IVID
ALUMINUM-COATED NUT LUBRICATDWIT w L/M CORPORATION FORMKOTEI
T-50 AND FEL-PRO INCORPORATED) C-601 -S.

~iunnmuo T On Hat Os-b) R~unningI
Test Cycig Torque W~ Load (W) Torqeakwy Tr
No P..' INo. Ch.IbC ___- - - (in.4b) CC

Direction) 2.500 IiC02 7.500 ii9,000112,508 15.100 17.580 n8.000 Direction)

as 1' 110 175 240 335 440 520 625 725 800 525 100
2 ~390 0

AII1ŽiIn 23 SO 1220.2 65 25 775 490 45.- L LI
b LM Corporation Fornrols T-50 Is a dry film fr.iL~ni contaning graptille suspended In a hijh larnporare resinl binder. Fel-Pro

incorporated C-601 -S t.abricant Is a paMt om~alNlng 50 perrstid synthatic graphrmanwd 50 percent pietoAmturn, ioITTlJate to meet
MIL-T-.5M4 The 0401-S lub&-Aant w~.s appild over Owe Fon~ole T -50 kWbrk-4anl. Both iubrlants ware applied ID the Uireads of the
bolt and nut.

cNAS1306-10 "Al: Avorago Mmink diarnwtor - 0.4m8 kn., avarago coaing fihk~esa - 0.00038 In., average hwik diameter withI
Formkolst 7-50 -0.4W9 ia., averagQ coating arid Famfotiwt T-50 t~kletees - 0.00042 in., 47F1.W-820 nut: Average ocallng thicimesa -.

0.00046 In.. ave-agQ owaling and Fomniote T-50 0.00046 In,
d The FornkVota T-50 was removad after the tirst 1&uitrt*.1rin cycle during uhrasonic cleanig.

TABLE A-86. TORQUE-Y N SION DATA F~OR WVDi ALUMINUM-COATED BOLT A1`D IVD ALUMINUM-
COATED NUT LUBRICATED WITH ELM1 CORPOPATION PERIMA-SLIK S AND FEL-PROI
INCORPORATED C-601-3

unigTorque On Nut (Ifl..b)g Running
Thu~~~~~r Gy ~ if~U -- -~ ~knway Torque

W-kj'." No. (In.-Ib. CW a.~ ~ . - - I.b C
Directimi') J425Ib 561 CO ____

86 1 10 15 20 35 45 545 650 7501850 565 110
_______ 15! 355 800

a Nut did not hzav wax lubriwan (saitowax P *tyefny (Cxot ~3M) appliod.

V E corporzatlcm Pir-ma I S k; gn Z!,C16d * =W ftlm kj~ cx cntktning n euincfiktfid-$ne erit*iw rm-n -fL
Fal-Pro 1noorporatd 001i -S k&AcWin Is a pls.iq ooniv~ning %0% synioVk graphitto and 5VO% p~loalu~m )3rniuLalad lo meeot
MIL-T-5544. 'The G-S01-S ktubrc~ant tm% ApPliad ,',VW the Ram'-Sil S kutxr-ant. "ot kybricants meOI appi.G to toe threads of fte boll
&nd nut.

cNAS -130-'bott. Avtadgo thank e~iveT*1r -AO In.m. mverage conflng thkcinms - 0.000~37 Lnaverage shank d4"aawr wit
PerntA.Skk S - 0.4989 in., Wavh~o.{Oa iuung bMkitno -. D.U00M3 1C.

47FLW-620 nut: A.vtrugo cwo~ng. ticnn% - 000041 in., average moating and Penna-Slik S thW*sse -. 0.00074 in.
d Parrna-Stik G wcvuh 11t thZhi~adt .t, tho boto md nutmia$r throo tvow-tonsion cycigs.
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TABLE A-87. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IYD ALUMINUM-
COATED NUT OVERCOATED WITH WHITFORD CORPORATION XYLAR 101 AND
LUBRICATED WITH FEL-PRO INCORPORATED C-60I-S.

mmI .,,.•.0 ..... .;: -n,.,

ToRunin Sml oru ralw" TorqueTest Cycle Torque WEl L. (1b) Toque (in.-4,SNo. (In".I CW __"1__,_ . - - i . - Im.b) CCW
1 254101) 2, 000! 7.600 10,000.12U01 1S'. c 17,500 20.100 Diretion)

87 2 410 825
3 385 800
4 320 800
5 30 95 150 225 310 410 520 650 750 460 25

a Nut did noi have wax lubriant (Carbowax Polytoieblnc Glycol 3350) appmd.
b Whitford Corporation Xylta 101 coating contains nonmetallc ilers in oumbination witii csankk.ý m•utwa,- to oxwnd tag prbmomn

of aJiLninum coatingsp Fa5.Pro Incorporatd C-W0-S ibanw paste o oontna;g 654 yvynirc graphile and 50% peo-atum
Jornulated Io meet MIL-T-5544. The C-401-S lub•ieant was aaplied ovat to Xylar 101 o;Atng ilx Vireadb of the boWl and rut.

c NAS1308•.0 boft Average Chank itam•nter - 0.4985 in., aovrage coating thlcknc.o - 0.03,2 in.. overage ,tnnk dta Or wil11
* Xylar 101 -0.4W0 in., average coating and Xy•l 101 tickness -0.00053 In.

47FLW-420 nut: Average coatng thicknes - 0.00041 in., average oabng aind Xyta: . 101 1.jces - 0.00060 In.

TABLE A-88. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATEr ROLT AND F-OR r.II
ALUMINUM-COATED NUT OVERCOATEC WITH WHITFO.RD COPPORATION XYLA.
101 AND THEN BOTH PARTS LUBRICATEr. WinT FEL-PALO INCORPORATED C-8 -S.

Running Torque On Nut a tinirg
Test Cycle Torque of Load ( Tr e (in.Torque
N0.6.1 No. (Inr.-b, CW -l Ld ( T-rq ( ue.-Ibb CCW

""Oirecon) 2,500 5,000 7,500 10,000 12,500 15,100 17,500 20,000 Uirection)

88 1 110 225 315 420 525 650 725 825 950 700 120I 2 $451C

3 360 724
4 315 - -55 40 110 1170 1235 1310 1400 1510 1600 700 440 4

a Nut cid not have wax lubricant (Cartowvx PotyBGrytene Glycol 3350) applied.*I b Whiltford Corporation Xylar 101 coating contains nonrnetalc fliers in combination with cer-sn* w Tkaedta.s to artitd tfe per:ar.,,rcof aiurrinum co~atir. F.-Pto Incorporated C-601-S lubr&atl Is a pasta containing 50% synthetc graphite and 50% petrolathrr.

Iormulaled tl moot MIL-T-6544. The C401-S iubricant was applied over Ihe Xyiar 101 oaalng on threads of I* bolt a nut.
c NAS 1308-10 bolt: Average sIhank diar'etor -0.4986 in., avarage coalng tclmens- 0.00U0 in.

47FLW-820 nut: Average ooafng thickness - 0.00046 in., mvurage coating and Xytar IM0 thicknoem -0.00067 on.

1I
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TABLE A-89. TORQUE-TENSION DATA FOR JYD ALUMINUM-COArED DOLT OVERCOATED WITH
WHITFORD CORPORATION XVLAR 101 AND FOR ND ALUAINUM-COATED NUT AND
THEN BOTH PARTS LUEZASCATLr. WiMh FEL-PRO INCORPORATED 0-801 -S.

I wrta Oi uta ______ Running
Tg Cycle Torque 8a11ma(r4) Tsqe Torque

jfao.s- No, (in 1b CW Oa Le-ad- (A Torq(ue-B (I.-J ~, JDirectiLnU0-T17.600 20,1000Deti)
10 1 5 .250 ?'0 7O.Q 12750109 im ln

420302M 620 700 000 525 115
3S 290j 100

41 1280 7n0

Nu 40 hINv wa0 2101 EL 470 575 1700 420 40

formulateod to rnet MiL.T-13544 The C-N&3 -S iubicant wax aippoao over tie Xytar 1 01 mating an lh-isadc of tie bot wid nut.
Kylut 101 - 0.4098 In., mt-y onaWmting and Xytar It0 1 diýtk%n - 0.C052 in.

47FLW-820 nui. tA.z.-ae coabog fth-okrv -0 0004I5 ~in

TABLIE A-90. YOROUJE-TENS10ON DATA FOR NVD ALUMINUM-COATED eou'r AND IVD
ALUMINUM-COATED NUT LUBRICATED wrmH E/M CORPORAMlN *K -r VERLUBE 13-46 AND FEL-PRO INCORPORATED C4601 -8.

I~L11II1 -Teriju On WNil Runb FwningK7 8 ii Cce orqeSfLed()Bre akaway Torque
Yos (ycle b (oquIBhL-dIb))or I COW-lb

''IDirection) 2.0 ,0 ,0 15,00012,50 15,900 17,200 20,000Dialn

00 1 s0 105 160 230 310 400 470 570 700 390 55
2 305 675
4 270 650
3 285 650
5 40 105 160 225 305 395 500 600 700 400 45

j'6 305 7007 i00 700I
d .300 7no

FN9 I290 700
10 30 35 1145 2115 285 370 475 590 700 420 s0o

MV 725
tclioI12prikaat wi~l Mg 700

I j 3 265 7 00
1s 25 75 130 190 260 350 450 570 g00 400 30

a Nt no. hvewax hibricani (Carbowax Fob'. theiw Glyco 1,W) aptlvnd.
b, MA Corpcxau~on Evcruba I4 W.hI an &Jr-cuxod, bcvided uobd Aln kkdcanl $omrula%.d *1it rrdtdngm auiffide in a resin bir-de.Ki -0- C4.fkw l& k~hdvtsEolb 36kb&i.Bt ~iatww lubriIDcant~scu lo b:g r: hidu.

c A M00 ot vr Wm dw.tr-04 6i. vrg caigtkn s-0002I. ~ ~ rkda wtrwl
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* TABLE A-91. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD

ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION
EVERLUBE 1346 AND FEL-PRO INCORPORATED C-601-S.

L I .............
Turque On Nut (IiA.-Ih) R unning

R u n ni n Br ooka w y T orq u e
Test Cycle Torque Batt Load 0ib) Torqu Ten~lle

No.1,,.1 No. (In.Ib, CW - n.-Ib) CCW
Directon) 2,5001 5, 7500 7 ,5M 10 2,500 15,C00 117.5 0 Direction)

70 115 185 250 330 5 m 7 390 60
20 I ~ 650

4 27n 650 35 55 45 95 145 2m5 270 360 455 560 650W 5 5"6 3302 725

7 270 650
8270 650
9 26 650

10 40 1[6 155 215 2V 375 465 565 700 405 40
11 265 675
12 270 700
13 265 700
14 270 725
15 35 j8- 130 11R5 260 1350 450 570 725 420 35

* Nut dId not have wai luiricant (Car,,,x Polvifthylonu Glyc 3350) •PPI<6
'I b M Corportiton EvVliube 1346 is an/ e.curelr:. bonded aIfid fim lubricant formMuil-d wit vritbdm•urn dmlmJmde in a rfl brinder.

FeI-Pro Inoort•,,ted C-W0;-S lubricnt Its pao c•u,-aning 50% sy)rlwtic graphite and 50% pebotalum finjfllad 1 miii MIL-T-SfiI.
The C-.60"i- lubricant woo •apowd ove •ih Evd'ube 1046 !ublorar,.4 B.W1t k•bu nts were appied ID ft~ Ithruads of Ith bol wd nut.

f NAS130.-10 boil: Average "nk darlor - O.4,67 in., average •mbngV tvcesa -O.O003 in., average shwk dian'islor wilh
Evweiube 1346 - 0.4M•8 in.. avenrag oing adr EvenLdube 1348 thickniuu - 0.00073 in.

47FLW-E.0 nut .'erage coaet,' fwtnu• - 00046 In., mue c'ulng u EverluJd 13,4 fItmua - 0.IOX5 in.

TABLE A-s2. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256
AND FEL.PRO INCORPORATED C...l-S.

Runnln Torque rn NKu (I.-Ib) RunninglIkonskway Torque
'ieU• C ycle 10mor, a t Load (11r) / To rq ue (In b.- .

0115No.',, | n-h, Cw- (l.-) W

lii I Iictun) 2 500.100 7,500 1..000 12,500M 1,000 17.500 2.900 Directlun)

I2 65 40 110 6 245 ~330 Q8 9 %0 65 30 N
7 l2 0  700

5, ,4 0 11 l 212 '1 311 41W IA 75 415 40
7 20 !7w., 027 1wi

it' 35 190 145 205 275 36 47 58 WI0 3
I 12 270 700

15 &St nOUU5 145x 200C 20 360n 1 n 50 M 1 40 3'•'i I~ N ut -M not halvo w l., lubr;ic nt ýC w ho 'v .x Poiy*V )'•r , Gl ycol 33 50;. arq'• if . E

Ai b E,,A Corp:>orutaon EM 'c is a b.vhi d &Iprrrn pb fiulmsn irmolnwd wu th rnoy n jrp , C.6isuWo i a ta ln b nr.ta .lu Prodn ,,

50% synthh'c graph. anWed 5,% p•eb.Jatum formulaltd W rn *t MUL-T-554W. The C.-6 i-S lu. lnt wa m wpeite, O h. 'EM-625'
lubt•A.t Both lubricant w6oe spp.Qd to th, thr",Uý of 0m boli and nut.

c NAS13D608.bolt: Avora~j rhank 6 "n.ter - 0. 498C in.. a-wago coatrg ttricirnes - 0.00031 in., Uviruge s.hank dernatow wilh
W E)4.&25,6 -- 0 A9 3 -n., Gvso. oastr'g Mtnd EU-6i N-d5.,ne6-. 0 00072 in.

4 ?F'LW-Lk"0 ht• $owk-4 oo4b• thickncaa -- .0OiJ4 in., ieve ~ge coeng rr.'n EM-n•.6 th•.k•v •.0 -- (¢'1. in.
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TABLE A-93. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256 I
AND FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (In.-b) Running
Tesl Cycle! Tque I Broakway TorqueNoT.est No. (in.-Bb CW lolLoad (Ib) Torque (ln.-tb,

N.. No nllC -_Direction) - T 00 7.01.002,015007.02.00 (in.-Ib) CCW
2,50. 00750¶.001,0 500500 0 2.00Direction)

93 1 55 115 175 250 230 410 490 560 650 335 so
2 290 650
3 280 625
4 270 650
5 35 90 150 205 275 370 470 570 675 370 35
6 350 750
7 305 700
a 320 750
9 300 75010 30 85 135 200 285 390 510 625 750 455 35 r

11 330 825
12 290 800
13 275 800
14 270 750

L 15 30 80 135 200 275 375 495 650 775 460 30
e Nut did not have wax lubricant (Cwrbowax Polyestiylne Glycol 3350) ,ppliad.
b EM Corpocallon EM-6256 Is a bonded a"id film lubricant •otnulaled wrih molybdenum disulifde in a rosn binder lo produc, e

lorqu.e-tenJon chavlacterislica skiLar to c bdrlurnoleictroplali plus wax. FOl-Pro Incorporaled C0401-5 lubrkcanl is a peale con•ainilng
50% synthetc graphile and 50% pelrolalum lo,•naled lo meet MIL.r.5544. The C-601-5 lubricant was applied over Iho EM-625,
*abrlcanl Both lubrkcaIi were applied to the thi6cde of the boll anr nut.

c NASI30,6-10 boll. Average shank dharnelr -0.4083 In.. average cooling Ihicknata - 0.00034 In., avoeag shanlLanwlr wI i
EM,.6258 - 0.4957 in.. e',•rage noxwvng and EM-42586 IhWuse - 0.000M0 In.

47FLW-820 nut: Averapg uoaing Ilclineu - 0.00047 in., oerap waling and EM.6256 lhticeah - 0.00080 In.

TABLE A-94. TORDUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286
AND FEL-PRO INCORPORATED C-601-S.

S Running Torque On Nut (In.-Ib) RunningToilRuningBroakaway Toriul

NTes Cycle Torque Boll Load (Ib) Torque (In,-fb,0 ND. 3n2-Ib5CW (In.Ib) 05CW0IS2,500 5,000 7.500 10.000 12,500 16,000 17,500 20.000 (n I re C n
964 1 0 I140 1 V- 250 325 405 500 600 70030 2 405 85I

2 300 50625 45 8
255 625 U

4 255 650
5 40 100 150 240 280 365 470 580 675 380 50
6 335 775
7 325 721;
8 285t 700I N 0

S 27 700100 3 00 155 220 290 370 475 590 700 420 35

11lI 285 700
)12 290 700
13 ,290 700
14_ J 270 5 6 700 0 3

1 5 0 1,0 V0 3'5 3 500 625 725 430 35
a Nul dd nor have w,.' lu%,L"-nt {(.arlwa Poly•iilre Glycol 3350) ikpl'.le.'.
b E/N Corpo•li,.i EM-6,8,0 i. a,•"xmcdd wo1ki flrn lubtk.Ant 1orrl Inelaw witlh.tqjhllo In•h ia rln binder. Fel.Pro Incowoled C-601.5

lubricA'rt Ie a paste conth:nig W'% syrnthe•, . gVphlia and 501/ prtolalurn kfonrn.lili:l to maol ilIL-T,5544.
T(x G 60-S LiL.rkan: -).•Jd upýAkd ovor Uw EM.62•& ljbjcent Bogi lubricants wore appliud IW he thrtwads ol the boll and nut.

c ..S1306.10 Wlt A.•.' wi. ehavk d1&-rater - 0 4&IU in. arage oo, ctnp thick,-'a - 0 0026 ýn., nr•rags .hank din'iewr with
Et 42.6 -0 49W, In , oY*,K ý,atllng and EM V,2W5 lcknoee -0 0011 I, II

47FLW.20 nut: Avra-, c•,liNg 1hk:ljiav -- -0,047 In., v•teag. co•arg and EM-4?U ? hkiemu -0 03161 in.
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I TABLE A-95. TORQUE-TENSIION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICATED W"~ E/M CORPORATION EM-6286
AND FEL-PRO INCORPORATED C-601-S.

RUMINI Torque On Nut (in.-4) Running
Tet Cce TRqunnn Breskmiry TorqueTe T.st. Cc.le Trqu Bell Lad (b) Torque (In.-Ih,

N0 No--. (in.b, CW (lm.-Ib) CCW
Direion).. 2,500 5,000 7.151 0,000 12,500 15,000 17,500 220,800 Direction)

95 1 75 125 180 250 335 425 510 600 700 415 80
2 325 700
13 300 725
4 310 725

S5 40 110 170 235 315 410 515 625 725 445 40
6 320 750
7 310 700
a 280 700

---9 275 700

11 280 700
12 270 700
13 280 725

15 1 35 . 90 1,. 150 1215 20 395 .515 1625 1725 1 440 35

a Nut did not have wax kbricant (Carbowax Polyeityklna Gtyool 3350) applIed.

* b Et Corporation EM-6286 Is a bonded solid film lubricant Jorrnulaied with graphile in a re6n binder. Fel-Pro Incorporaled C.-601-S

lubrcant is a paste oontlaning 50% ,yniheotc graphi,, and 50% peiowturm imnnmu ,la io reet MIL-T-54,4.

The C-601-S lubricant was applied over the EM-628 lubrl=nt. Both kibiolnte were applied to 1he trads of to boll and Wut.

c NAS1130-10 bolt: Average shanlk diarneker - 0.4982 In., average coafing thickn"sa - 0.00030 in., avor"e "n, diameter with

EI-6U84 - 0DA95 in., average coaling and EM-2.M 1ilduie"s - 0.00105 in.

47FLW.a20 nut. Averawg oning tvioknsw - 0.00047 in., averWoe aluling ad E11-428 ihlixelea - 0.00112 in.

TABLE A-96. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EVERLUBE 1346
AND THEN BOTH PARTS LUBRICATED W-TH FEL-PRO INCORPORATED C-601-S.

Ta Running Torque On Nut (In.-!b) Runninr

T ..... Drs a wIy TorqueTe~ Cyle orqeSoft Load (lb) Torque (In.-b,

No' No. (Dirction)CW " J 05001  0.000 - - - (In.-lb) CCWD2 7, 0 10,000 12,500 15,000 17,500 2,000 Direct•on)
96 1 70 135 200 270 345 440 530 650 750 ou25 75

2 320 j 700

3 330 700
4 315 700
5 30 95 165 245 320 405 505 625 725 420 30

a Nut did not havo wax lubricant (Carbowax Polyethylene Gyo1 33)50) appied.

! b ClM Corporation Everlube 134f; is an sit-curod. bonded sod film iubncnlt lorTnulaied with molybdenum dlisulfde In a resin binder.

Fel-Pro Incorporated C-601-S lubricant is a paste oontai,'ng 50% synthemic graphite and 50% petrolatum formolated tO meet MIL-T-5544.

The C-601-S lubricant was applied over the Evorlube 1346 lubrcant. Both lubricants wo4 app•od to the threads of the boll "nd nut.

c NASI 308-10 bolt. Average shank diameter - 0.4A in., average coabng thickness - 0.00034 In.

47FLW-820 nut. Avorago ioaling thickness - 0 0D047 In., average coating and Eveorube 1346 thickrýa - 0.00091 in.
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TABLE A-97. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD

ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EVERLUBE 1346

AND THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-,601S.

Running Torque Om Nut (h..b) Running
Ru n ,, Irobway, Torque

Test Cycle Torlue laft Load (Ib) Torque (In.-Ib,
N0.1e, No. (In.-lb, CW -- -- (iN.-Ib) CCW

Direction) 72,500 5,00 7.500 10,000 12,500 15,00 17,500 20.000 Direction)

97 1 100 165 220 290 360 450 575 650 750 510 110
2 290 650

260 600
4 240 600
5 35 75 130 1205 275 330 405 500 600 360 40

a Nul id not have wax lubricant (Cerbowx Polyethylene Glyoot 3350) applied.
b EM Corporation Evedube 1346 Is anrCnt kornulale with y mn tIn a r sin IK-.

i FelPr incorporalad C-601-S lubriani Is a pasl aontalniN 50% synthotic gaphit and S0% p, trolati fvloaued lo meet MIL-T-M.55

The C401-S lubricant was applied over " Evrtbo 1346 lubricant. Both lubricants war* appli id i dwead of Vw bolb id nut.
c NASI 308.10 bolt. Ave,-age thanmk diamneter - 0.4987 In., averge ooat5ng ohlckne" - 0=•X39 In.

47FLW-820 nut. Average ooatng thicknes - 0.00047 In., average coolng and Evertube 1346 lhokidntes - 0.00079 in.

I
I

TABLE A-98. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED .IOLT AND FOR IVD
ALUMINUM-COATED NUT LUBRICANT WITH E.M CORPORATION EM-6256 AND I
THEN BOTH PARTS LUBRICATED W"T FEL-PRO INCORPORATED C-.601-S.

Running Torque On Nut (In.-lb) Running I

Test Cycle Tnrque Doll Load (Ib) Torque (ln,-Ib,

NoA"l No. (i. lb, CW - - -a-- -. - (in.-eI) CCW
DirectIon) 2,500 5,000 7,500 10,000 12,500 15,000 17.500 20,000 Dirictiun)

9W 1 70 130 190 250 320 410 510 600 700 435 s0
2 315 650

275 650
4 270 6255 35 80 135 195 265 330 430 480 625 370 35

a Nut id not have wax lubricant (Cartowax Polyewhyiene Glycol 3350) applied.
b EJM Corporatlon EM.--256 is an air-cured. bonded 904d Arn lubr•cWat formulated with rntybdenum disulfide in a resin binder.

Fei Pro Incorporated C-601-S kjbri-cnt I a paste oontnlng 50% synthetc graphite and W0% petrolatum irnmuatad to m'eet MIL-T.5544.

The C-601 -S lubricant was applied over the EM-6256 lubricant Both lubricants wore applied io hhe threads of the bolt and nut.

NA,5i308-10 bott: Averg shank diamneter - 0.4967 in., average ooating thickness - 0.00041 in.
47FLW-120 nut: Averag cowalin tlickness - 0.00040 In., aver"a~ coatng and EM-8256 lhicknes .-0.00064 In.

I
'1
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TABLE A-99. TORQUE-TENSION DATA FOR 1VD ALUMINUlMi--COATED BOLT AND FOR ITD

ALUMINUM-COATED NUT LUBRICANT Wrm4 ELM CORPORAlN IEM-6256 AND

THEN BOTH PARTS LUBRICATED WrT4 FEL-PRO INCORPORATED C4-W-S.

eNo.C.l. No. (ki --6. CV, TOM , 111.

Directio) I 7I(bo -by, c
2,500 1,604 7,6,1 16.114 ,.'.U1111 *l .i t .iM 14.9" 10t1.1 r

, 5 I 9C 6s i

3 5 11C 14Z K 75 W 1
S!1 •~~ No did not have waxi P.'.- '3wlo,,=. imm Gorw~,• &W so~Ib

b. E/W Uepoauw EkU4216 a ar aw .mp ea wia mo.9be "ft" lie-Amd w1 -a4m*- &e4 r a vw&v

Fl- PFO NoorPolte( C 4C 5 kjbrMW'V1 a Pee =mUWW% pW-k r%44K g~r~'e W14 SC% >0VOWMOTA' kW-kAh.oIC -aw W, 50 ¶

The C,41K S ILibr~ncw IGaPked Ovwe to EL- GiO BO b 6tC'% VVW 40w 1 I 0`4 WOM Vo 1 "M bWNW

c NASI 304 1 bar, AýGffbg SN~ dWm-00 - C 4W% ill 4.01g ZOV'g Vueawil - C OD.1 IM

CYFLW420 nj Au g asgtl-ChCh.a' ~ u ~4~ ov-00C

i-I

TABLE A-IDO. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR [VD

ALUMINUM-COATED NUT LUBRICANT WITH ElM CORPORATION EM-6286 AND
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

I Torque On Nut (In.-t) RunningRunning SBrsakay Torque
Tod Cycle Torque Boh Load (ib) Torque (in..Ib,
No.",1 ¢ No. (In.-lb, CW -- - (ln.-Ib) CCW

* Dlracion) 2.500 5,000 7.500 10.00012,500 15.000 17.5001 20.000 Direction)

2 280 625
.00 3 25 05 625 30

I 4 270 600

Nu5 35 80 14 2 7025 1 5 600 34
a• Nu,,, no, have wax bubricant (Carbowax Polythyerne Glyco 350%.) applied.
b EM Corporation EM-6286 is an air-cured, bo:-rded solid film kabrdcant formulated with nvyb:eum disultde in a rmin bindar.

Fel-Pro Incorporated C-601-S kJbrient is a paste ontaJnlng 50% nithetic graphlte amd 50% pebolalum loamulaled to rr!i MIL-T-5544.
The C0-01-S lubricant was applied over the EV-6286 lubticant. Both lub6icants were apph•d to to twhads of the bolt " nut.

c NASI 308-10 boll, Average shank dJ;vrsler - 0.4.8• in., ever-age coatng thlcknoss - 0.00039 in.
47FLW-6"20 nut* Avoerge cang thckns -0 00043 n., aenrage caling and EM-6286 1hi,•sa - 0.0012e in.
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TABLE A-101. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IVD

ALUMINUM-COATED NUT LUBRICANT WITH E/M CORPORATION EM-6286 AND
THEN BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-01-5.

Running Torque 0* Nui (Im.-b) Running

T irCycle rue 10Nre-iakway Torque
TNoh No. (Tore -lb Lead (1b) Torque (in.-lb,iOp..t NO. - W - (IN.-b) CCW )

Direflon) 2,500 5,000 7,500 10,000 12,500 15,300 1,5o0 20,000 Iirecton)
101 1 110 165 220 280 335 390 475 560 675 395 110

2 280 625
3 270 625 14 290 625

_ ,50 o 90 150 220 200 360 425 510 625 360 40

a Nut did not hav,, wax lubricant (abowax Polyot nere Glycol 3350) applie.
b EN Corporation EM-62,6 is n air-cured, bonddl solid Aim lkubc,4nt formmtod wilh rnolybdnum sutfide in & resin birder.

F.,-Pro Incorporaued C0601-S kJbeicant i a pasla containing 50% synlttlic graphlit and 50% pet~natrn tomuwTnated to m•e• M'L--5544.
The C-601-S lubnca.it wa" appld over tie EM-6286 lubrk:ant. Boti klibcants ware applied lo Ihe threads of dte b and nut.

C NA.I30-10 bolt Averag thank diameter - 0.4985 In., average coaing tkkns -0.00035 In.
47FIW-820 nut Average ooating thickness - 0.00046 n., averaige oasing and EM-62556 Dhik•e - 0.00150 in.

I
, I

I
I

I

I
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APPENDIX B

TORQUE-TENSION DATA FOR ALC WHEEL TIE-BOLTS

FINISHED WITH IVD ALUMINUM OR CADMIUM AND

LUBRICATED WTTH MIL-T-5544 GRAPHITE-PETROLATUM

i'1I
II|

ii!
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TABLE B-1. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601 -S.I

IRunning Torque On Nut (Inll RuInningI'Tedt Cycle Torque Direakaway Torque
Na''' Na. (I-lb ~_______loft Lead (1h) Torque (ln-Ib,

Drco N o 8 1.000 1.580 1.300 2.100 Directimn)

1 1 185 8,100 17,770 27,530 31,520 36,340 1,550 110
2 37,460

3 37,070
4 37.290I
S 140 11,120 21,130 30.250 33,810 38,280 1,500 100
6 42,150
7 43,190
6 43,920
9 44,560I

12 46,970I
13 46.840
14 45,100
15 130 12,500 24,070 34,260 39,480 44,710 1,400 100

aNut war supplied with a wax lubricant (Carbqwax Polyathylone Glycol 3350) applied. I
b FeI-Pro Incorporated 0.601-S lubricant Isa paste containing 50% synthetic graphite and 50% petrolatum fortuialed ID meet
MI--544. The C-601-S lubricant was applied to the threads offth bol and nut

c NA63218:Average shank diarroter-0.7486 in., aveage plating U*~cAnesa-0.00038 in.
47FLW-1216 nut: Average plating thickness 0.001>43 in.

TABLE B-2. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-6O1 -S.I

Test, Cycle Toqu ToqeB10 ,1 roakaway Drc:)oruBotLd(b)Torque (n-b

2 8 090 23,330 33,640 38,110 42,640 1,450 160

5 170 0,690 21,720 31,920 36,430 40,940 1,500 180I 43,5107 I 42,660I
43,160
42,780

10 44,020
11 45,730
12 44,220
13 43,700I
14 42,900
15 1 150 1 10,780 1 21,170 1 30,740 1 35,600 _ 41,430 1,1450 1 160 1

aNut was supplied with a wax lubricant (Carbowax Polyectylene Glycol 3350) applied.I
b Fel-Pro Incorporated C-601 -S lubricant Is a pasts oontainitV 500% synthetic graphite and 50% potiolatum ktimuitated lo meet

MIL-T-5544. The C-601-S lubricant was applied to the threads of the bolt and nut
c NAS632-16: Average shnk dSarnter - 0.7482 in., svsra, 4ting thiilcns - 0.00030 lit.

47FLW-1 216 nut: Average plating thckness - 0.00D41 In.I
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TABLE B-3. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

___ __ Torque ____Nut______RunningRun g O Nut (in.-Ib)re way Torque
Test Cycla TorqueBcLod()Trqe In .N01' Wo. (In.b, I ( In- lb.

Direction) M 1,000 1,500 1,110 2,100 Diectlon)

3 1 190 9.770 20,800 30640 34,590 39,650 1,i00 165~39.010
3 40.08D

I 1 42,0805 ISO 11,000 21,420 132,140 136,940 41,760 1.500 185

42,2207 40,750
8 42,080
9 41.540SI .1O0 42,09

11 43,55012 i42,790I 13 42,430

14 43,660
S15 150 11,050 22,040 32,440 36,380 43,230 1,450 170

a Nut was supplied with a wax lubricant (CartQwax Polyethytene Glycol 3350) app1i~d.
b Fel-Pro Incorporated C-601-S lubricant is a peste oontailt ag 50% synthetic graphite and 60' petrotabim lonn'lated 'A meet

MIL-T-5544. The C-01-S hbrcant was applied to tIe .thr•e" of tt" ýet and nuLt
c NASWi2-18: Average sihank dianeter - 0.7483 in., aversagiepung •• bvnu - 0.00031 bi.

47FLW-12t6 nut: Ave("ge plating fickness-=JO 50 in.
QI

yi TABLE B-4. TORQUE-TENSION DATA FOR 1VD ALUMINUM-CC4&TED BOLT AND IND ALUMINUM-
COATED NUT LUBRICATED W iTH rEL-PRO iNCORPr)RAFED C-a01-S.

R unn ing .. ..ue 0. Nut (I..-.) R unning

Test .... nCn __e _,T ._-_ _ ...... Bra. Torque
NouhS Na. Toruu oft L.oad (1b) Torque (In.-Ib.

i Direction) 501 1,000 1.500 2,100 Direti)on)

4 1 270 5,920 14.650 23,480 28,000 33,030 1.600 260
2 35,200
3 32,680
4 35,340
5 120 10,790 19,620 27.180 3.049 34,790 1,600 130
6 36,410
7 37,14036,9201[]II10 37,17011 38,370

12 39.780
13 38.760
14 .37.820

• i15 !10 .14,210 23 ,A 0 31,450 35,790 39,740 1.600 120

a Nut had a wax lubricant (Carbowax Pol'yothyiene Wyvol 3350) applIed.
b Fot-Pro Incomporated C-601-S hjbricAnt Is a past@ containing 50% synihetic granqhh and 50% peolaium bnTUlated Io meot

MIL-T-5544. The C-401 S lubricant was appld to the threads of the bon and nut
c NASS'12.18; Average shank tiarro "-0.7484 In., everlgo oaft thlkr~m -0.00038 in.47FLW-1216 nut. Average ca-ting thlcknls&-0.00.3M in.
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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-601-S.

Running Torque On Nut (InTb) Running
Test Cyele Torque oor uek n .Torque
wNoae, No. (in,-Ib, CW loftLead (In.-Ib) CTW

Direction) b80 1,000 1,500 1,100 2,100 Direction)

5 1 360 4.600 14,990 24.190 28.070 32.480 1,700 315
2 34,880
3 34,820
4 34,530
5 130 10,430 20,160 28,060 31,990 35,790 1,600 140
6 35,870
"1 35,960
8 36,860
9 37,580

10 37,080
11 36,070
S12 37,570
13 36,720
14 37,020

""'1 15 90 13,650 22,520 31,540 35,150 39,210 1,550 100
a Nut had a wax lubricant (Carbowax Potyathyfene Glycol 3350) applied.
b FeT-Pro Incorporsatod C-601 -S lubricant Is a pUlte containing 50% synthetic grakhlw and W1. p.trolum foanuiated L raw1

MIL-T-SS44. The 0-601-S lubr..ant was appfiod t1o 1e threads of ft boll and nut.
c NAS632-t8: Averagoe snk dimno - 0.7460 In., avrage ooatWV fk*nm - 0.00041 in.

47FLW-1216 nut: Avoerge maoting thickne - 0.00038 in.OD

TABLE B-6. TORQUE-TENSION DATA FOR WYD ALUMINUM-COATED BOLT AND WD ALUMINUM-
COATED NLrT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (In-h) Running I
Test Cycle Torque Bort Lond (Ib) Torque (In.-Ib,

No , No.(n.-Ib, CW Bolt (a_ lnTru-I_)booiretion) O0 1,000 1.500 1.800 2,100 (lrocilon)CW

1 320 5,340 17.420 27,580 31,940 35,890 1,600 330
2 35,730
3 34,010
4 35,850
6 130 a,360 18,830 27,630 31,400 36,030 1,650 120
6 36,990

736,280
35,ESO

V 36,740
10 36,290
11 36,260
12 36,36013 36,640
14 35.800* 15 100 11.760 20,560 28,640 31,650 35460 1,550 1i0o

a Nut was supplied with a wax lubr•iwnt (Carbowa2x Polyethf4ene Glycol 3350) app'ed.
b Fel-Pro Incorporated C-601-S lubr•cnl is a pasle con.raining 5W synthetic graphli, and 50% petoLatum bO•niLatad b meet

MIL-T-5544. The C4601-S lubricant was applied to the threads of the bol and nuL
c NAS, 2-1 8: Average hank • a•u••w - 0.7482 in., avwage coating Ncr*n - 0.000M in.

47FLW.1216 nut: Average ooa*g lhuieaa - D.00039 in.
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I TABLE B-7. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (In.-Ib) Running
Test Cycle Torque ot Lud (Ib) Terquo (in.-Ib.

No.b,' No. (In.-lb, CW left (i,.-eb) CCW
Dire1ion) 500 1,000 1,500 1,800 2,100 Direction)

7 1 320 7.650 18.660 28.430 32,550 38.920 1100 220•• I2 43,770
3 43,160
4 42,1705 140 10,350 20,770 31,400 35,950 42,130 11400 130
6 43.200
7 44,0108 45,680
9 46,090

10 45,250

S11 42,860
12 42,990
13 43,320
14 43,360

i 15 100 13,290 23,590 34,190 38.920 44,470 1,400 130
a Nut was supplied with a wax lubricant (Ca"bowax Polyethylrne Glycol 3350) applIed.S1 b Fel-Pro incorporated 0-601 -S lubricanut is at paste containing 501/ synth, tilc graphte arnd 509/ petrolatum formnulated Jo mneet

•, um MIL.-r-5544. "The C..601.S lubricant was applied to the threads of the bolt aind nut.

" NI NA7 2-18: Average shlank diameter -0.7485 In,, average coating tftckrc m -0.00041 In.S47FLW-1216 nut: Average plating lh'na -0.00039 in.

S,, I TABLE B-8. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH FEL-PRO INCORPORATED C-01-S.

Running Torque On NWt (In.-,b) RunningJIrsebkaway Torque,•lTest Cycle Torque Boft Load (Ib) Torque (In.-Ib," / I ~TorqueNoyOn, No. (in.-lb2 CW,100b Rnn

Direction) 500 1.000 1,500 1.80 2.100 Direction)

6 1 260 6,930 18,630 30,320 35,370 42,110 1,450 3101 2 43,250
3 42,360
4 43,080
5 160 10,250 21,750 32,130 37,650 42,360 1,450 180
6 43,480
7 42,550S~4Z~b/U

43,540
10 41,650U11 43,910
12 42,960
13 43,420
14 44,680
15 135 .14,090 24,420 33,850 38,450 44,140 1,450 140

a Nut wa suppliod with a wax lubricanl (Catrbowax Polyethyien Glycol 3350) applied.
b Fat-Pro Incorepatod C-601-S lubricant i a paste containing 50% Iynthet graphlt. and 50% petrolatum fomiLated W meet

MIL-T-5544. The C-601-S lubricant was appled to the threads of the bolt and nut
"' NAS632-18: Average arnk dlame tor - 0.7482 in., average coatng thicinýe - 0.00039 in.

47FLW-1216 nut: Averege pla•,ig til:knu -0.00030 in.
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TABLE B-9. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED I
NUT LUBRICATED WITH FEL-PRO INCORPORATED C,40"-S.

nin- - ... Torque Ot Nut (ia.-i) RunningR lunningl BroalaMy Torque
lest Cycle Torque Bol Loa (0) Torqea y (1e.4b.
1.b's No. (In.-l, CW ,In,. , C(wai

I ° 111180 I-D -.- 1.-- 2,110 D... io ,n)

2 280 9.290 20,420 30,610 34,700 39,00 1,450 310
2 40,750

3 42,090 I
4 42,140
5 140 10,290 20,580 31,120 35.430 40,8010 1,400 190
6 43,630
7 47,M8
9 44,770
8 43,770

10 42,960
11 42,300 I
12 42,830
13 41,980
14 42,960
15 110 13,810 23.,170 32.0 37.3•,0 43,2 1 ,400 130

a Nul was supoJid with a wax lubricant (CWoW*ax Polyethylene Glyol 33=5) applied.

b Fol-Pro Incorporated C-01-S lubricant is a paste containing 50% synthetic graphite and 50% pelrowtum obr'nulatid k meet
* iMIL-T-O544. The C-01i-S klubricant was applied to the threads of the bolt and nut.

• ~ ~ .A 62-108: Avttrr sagaJlnk dwnW - 0.74W 11.ivn..averg oatin Mtjlk.'dwn- 0.00O38m in
47FLW-1210 nut: Average platlng tln - 0.00042 1i.

STABLE B-10. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM- IT B .COATED NUT LUBRICATED WITH EIM CORPORATION EVERLUBE 1346 AND THEN

"BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Runni1g I Torque On Nui (In.•b) Running
Ted Cycle Torque Brakawy Torque

" No. (in.- . .... _ Load (II) Torque (In(.

* IOleciej 00 1,I2 j 1,500 1,800 2,100 Direction)

0 1 370 2,160 ,43o10 23,380 27,600 31850 1,700 430
2 37,630 36,590I

4 37,040
5 170 12,770 22,580 30,530 34,520 38,920 1,600 190

36,3110
9 36,670

10 368620
11 36,280
12 35,870
13 35,760
14 34,900

_ _ 15 130 8,960 17,640 25,430 28,860 133,840 1,600 150

a Nut d• d not have a wax lubricant (Carbowax Poiyelhyte Glycot 3350) appld.
b E/M Corporation Evedube 1346 ks an air-cured, bonded sold flm klbrcanI iormulated whli mnoytdnm dautftde in a rein bine

apocifkc'ly for high termperature applic-stons andran isn4e capabilities. Fel-Pro IS -orpoated C-601 -S kirrrlowt ia paste Oortainkg 50% I
SyUnthetc graphite and 50% po'olaturm ionanulated to imot MIL-T-5,44. The C-601-S lubricant wm appWd over •e Everlube 1344
lubricart on the threads of the nul and ID the threads of the IVD alurnnum-coaled boll.

c NAS632.18: Awvrage shank diareter - 0.7483 In., average oating thikneu - C00041 in.
47FLW-1216 urut: Avereg • oo*iV ticdkness -0 0.0oo in., evee o" ' am, Evo•rb 134 thicasa - 0.00067 in.
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ITABLE 9-11. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND 1VD ALUMINUM-
COATED NUT LUBRICATED WITHr EM CORPORATION EM-6256 AND THEN BOTH<3 PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

i) . ..... Terque On Nut (In.*b) Runningi •~unnlng .... reakbnay Torque _
Test Cycle Torque Soft Led (b) Torque (InTr.e
No.bht No. (In.-lb, CW _________ T e .AD__ --- --- --- --- --- --- ------- oW

Direcion) 11 1.000 1,50 1,800 2,100 Dir-ction)._

11 1 340 3.050 13,170 24,470 29,200 36,840 1.600 375S2 37.080
3 37,320

S4 39,910

5 130 7,690 17.050 24,910 28,750 33,690 1.550 1506 35,950

7 36,310
18 35,6109i 36,040

10 36.700
11 37,480
12 37,010

/ I []13 36,890| 14 38,670
15 100 10,270 21,220 29,530 33,060 37,210 1,600 100

a Nut did no, havesa w" lubric..nt (arbowa Polyethylene Glyoo13350) applied.
b EM Corporation EM-6256 Is a bonded moaid film lubrlicnt lormutled with molybdenum disutfide in a resin bnder to producelorquo-lension chaiactais5¢s smirila, so ca~dmiurn •'olempltt plus wax. Fel.Pro Inorporated C-01 -S lubric.ant is a paste oontakinng

50% snthet grapite ad 50% petrollum formulato. lo meet MIL-T-54. The C-601-$ lubriant was appie av" the EM4256
lubicant on tihe ive"s of the nut and to the threads of fht IVD akn*wiumr•ooad bolt.

c NAS•32-1 bol: Average sihnki dameter - 0.7482 in., average coating tilk.neas - 0.00039 in.
47FLW-1216 nut: Averar g thicknem- 0.00041 in., average otng and EM-62568 Vinea - 0.CK 6I in.

TABLE B-12. TOROUE-TENSION DATA FOR 1VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
* COATED NUT LUBRICATED WMTH E/M CORPORATION EM-6286 AND THEN BOTH

"PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (In.-Ib) Running
Tes! Cycle Torque Breakaway Torqued
N o0 .b, . N o. (In.-Ib, CW ( .- )ol Load (Wb) Torque (I .

ilirsction) 500 1,000 1,500 1,800 2,100 DirenliobCC

12 1 330 5,250 16,810 27,30 32,370 40,070 1,600 320
2 39,160
3 I38,580
4I 38,9405 170 10,550 20,810 30,2_0 34,250 39,n50 1,550 150
6 39.850
7 39,600
8 38,300
9 39.460H: __39,640

•!11 39,990
I12 39,980

13 40,340

14 39,540
1 15 120 12,510 23,890 32,160 36,470 40,640 1,500 110

, Nut did not have a wax lubricant (Cartbcwax Polyeunyl•n• Gtycol 3350) applied.
b E-A Corporation EM-6286 is a bonded sclkJ film lubricant tornmlated with graphite In a reSin binder. Fed.Pro Incoporaled CW-01-

lubricant is a paste containing 50% syn)hotic graphite and 50% ptrolat•am fornmuald to meal MIL-T.55.4. The 0-601-S klbricant w&;
applied over the EM-6286 Ubxicant on the trreads of ,ha nut and lo •th threads of the IVD sJurnnunviooated boh.

c NAS632-18 bolt: Average shank darnete -0.7485 in., avewage woating thicness -000042 In.
), I- 47FLW-1216 nut: Averae coratlg thlkriss - 0.00044 in., avera"g osatwg •and El-e286 -hkJnMQs - 0,O0096h•i.
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TABLE 8-13. TOROUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATEDI
NUT LUBRICATED Wfll4 FFEL-PRO INCORPORATED 046014S.

RunningTorque Oa Nz (IaAb) NRunning
Togt Cycle Tsnkuo Bch Lud (1h)Torque(8.b
NOA..- No. (ln..Ib, CW _____ _____ fLed()Trq l.t,

Direction) ( l.I) CCW1
________ - - 410 710 1,000 1.300 1,V29 Direction)

13 1 100 7,340 14.890 23,300 30,830 38,550 1,000 100
2 35,970

343.8 33,250I
5 SO 8,050 14,530 22,340 26,010 33,410 1,025 75
6 33,260
7 34,830I
a 34,380
9 33,860

10 I418
11 3,2
12 31,730
13 32,900
14 31,680
15 820 18,770 114,210 121,010 121,020 131,510 11,050 1 0

a Nut vvas supplied WAth a wax lubriwan (Carbowax Polyethylene GIfcoI 3M5) applied.
b Fel-Pro lnoorp~aled 04014S iubftant Is a paute containing 50% sy~htioc graphlti anid 50% petrolatum bIrmoualod to eet

MIL-T.5544- The C-401-S lubricant was applied to the fteads of Vie bolt oncid a
c GY1 410-35 boll: Aver"san 'uk diaenter -. 0.6236 in., vven~go piatkig V**nvuae -0,00040 in.

47F17.W.10t& nul: Aveir"ale otet cirig ioa - 0.00037 in.

TABLE 0-14. TORQUE-TEHS160ý fATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATEDI
NUT LUBRICATED WITH FEL-PRO INCORPORATED 0-601-S.

- Torque On Nut (In2.-t) RunningH

Test Cycle Torque Bc edRl)Trquew (orque
wob.'~. No. (in.-Ib, CW______ LdI)Toqe (n-b

.1 ~~Direction) 40 10 190 130 169 (InA..) %0CW
400 oo 1000 1,30 1.60 1Direction)

14 1 115 7,450 14,660 23,070 27.780 34,430 975 110
2 32,450

13 32,740
4 33.9W0
5 to 7,900 13,810 22,100O 28.170 34,310 1,000 65
6 34,480
7 521 ISM

,1 34,480
9 33,770
10 32,030
11 31,190I

12 31,030
13 32,480

*114 31,570

15 70 8,690 14,220 21,060 25,300 32,040 1,050 70
* ~~~a Nut was supplid with a wax lubrican (Carbowax Potý*"tne Gylyt 3350) applied.

b Fot-Pro Incor;porated 0-401 -6 luricant Is a paste containing 50% bynfthoc graprittt a" 5o% potolabm blrmutaled IDrr*

MtL-T-5544. The C-601 -S lubricant was applied to tie threadis of Mae bo,4 and nuL

47FLW-W08 nut: Averag pLating tildiuvess-0 0038 hin.
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TABLE B-15. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-4I1-S.

"Torque ......... Nut (Running
Running B treak(away Torque

Tod Cycl Torque Soll Loud (tb) Torque (•.-b,
Xi0o8 No. (in -1b, CW (I.-b) CCW

Direction) 400 780 1,0 1 0 1.120 Direction)

15 1 115 7.490 14.190 21.400 26,550 33,190 1,000 95
S2 32,660

3 32,920
j4 35,040

5 t0 8,400 14,100 22,040 28,920 34,970 1,050 00
6 34,430
7 34,620

8 34,570
.9 35,440

'• i10 36,030

11 35,320
1 .12 35,610

13 35,780
4 " U [14 35,120

_ _ __ 15 70 9,98, 15,160 22,550 28,360 34,80 1,050 75

a Nut was supplied with a wax lJbr~clt (Carbowax PotM14.ene GIyooI 3350) appied,
b Fel-Pro Ine•orated C-601 -S kbricant i a paste ooonlrhng 50% syntheUtc g•apole and 50% pebOLAlkm kbnmjlatd ID rmet

MIL-T-5544. The C-601-S lubrIant was applied to the thruads of •w bon and nuLu GYI810-36 bo.t: Aveag s•nk diameoer - 0.6237 In., average pLaing 0thice - 0.00040 in.
47FLW-1018 nut: Averag plaling thsikne - 0.00036 in.

TABLE B-18. TORDUE-TENSION DATA FOR PVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running To.qus On Nut (n.,4b) NanningTo ereasaway Torque
Tat Cycle Torque Soo Load (y) Torque (InIbu

N'1' No. (In..b, CW I____ (1__4.__) 3.1La (b oqu I-bDioction) 400 7130 1.o00 1.300 1,620 Diction)

16 1 150 5,790 11,670 i7,10 23,430 28,530 1,150 130
26.290
28,870

4 28,6.40
i 70 6,200 12,260 19,800 24,770 29,520 1.050 75
6 30,520

2S,240
S I I26,570

10I 27,670
I I 27,09011 28,060

12 27,980" ,,,,13 27,76014 28,120
15 GO 7,420 13,590 20,020 24,300 28,450 1.100 60

a Nut was suppod with ia wax kobrictnt (Cerbowax Polyethylene Glyoot l..2) &poled.
b Fel-Pro Incorporated CWt -S lubrcant k a paste contalInig W% a)cihec graphite and 50% L a~SDrnulsmiteled to meet

MIL-T-5544, The C-601-S lubricnt was apolid to the týread of t& bof a•,d nut
c GY1810-36 boW; Average shank d riamotr-0.6233 in, -vetape coaing lVhlsck -0.00036 in.

47FLW.1o01 nut: Average cwtngl hcknsm -0.00034*i.
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TABLE B-17. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND 1VD ALUMINUM.
COATED NUT LUBRICATED WIThI FEL-PRO INCORPORATED C-601-31.

Running Torque On Nut (1n.-b) Running
Tesl Cycle Torque orl d w)y Torque

No.b,., No. (In.-Ib, CW loft Lead (h) Torque ((-I)b. WI
Direction) 40 700 1.500 1,200 1,20 (In I) CCWn)

17 1 200 3,620 9,680 16,210 21,200 26,980 1,100 195
2 28,4003 2S.5704 27,400

5 110 6,600 13,110 19,090 23,050 27,910 1,'50 100
6 28,890
7 27,410
B 29,170
9 29,470

10 29,900
11 2D,710
12 29,010
13 29,790
14 29,.40
15 70 8,14Q 14,110 20,090 24,930 29,340 1,050 75

a Nut was suppJrid with a wax Iubrinct (Carbowax Polye•yUens Glycot 3350) aIppld.
b Fel-Prr, Incorporated C-W01-S lubrical it a paste oonlainng 50% synthetic graphite and 50% pe'olaturn T•orulawtd o rmoot

MIL.T-5S4. The C.601 .S lubricant was applied to the threads of the boll tnd aMLu
c GY,1610-36 bolt: Average ahak dirnmer -0.6234 in., svra• ,cel g •ck•~M -0.00040 in.

47FLW-1018 nut: Ave coating lhvwnm -0,00037 in.

TABLE B-18. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

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

Running Torqub On Nut (In.-Ib) RunningBremlaaway, •orqus
Tatl Cy (if Torque Solt Load (Ib) Torque (In.-Ib,111.0 4k No. (in.-lb, CW .. (In.-ll) C CW

DIrection) 400 700 1,000 (.300 1,I20 Direction)

18 1 170 3,310 8,230 13,200 17,060 21,790 1,050 180
2 23,950
3 29,210
4 30,150
5 70 9,200 15,170 21,100 25,230 29,250 1,100 75
6 30,130
7 29,950
8 128,770
9 29,580
10 29,120
11 30,540 !
12 29,900
13 29,76014 30,320

15 60- 9100 15,370 j21,320 25,290 30,140 1,100 55 h

a Nut was supplied with a wax kit ,ican (CarboWaX Po'eene Glycol 3350) aplied.
b Fel-Pro Incorporated C-801 -S k.orkit is a paste containing 50% synthetic graphilo and 50% petrolatm ormnulatod 1o moot

MIL-T-5544. The C-601 -S lubricant was applied to lhe threads of the boll and nut.
C GYi 810-ýP bolt: Average hak diarnetor -- 0.6231 In., averag o*abN te -O.OOam in.

47FLW-018 nul: Averae platg Ihresz--0.00030 in.
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Ji TABLE B-19. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATEDNUT LUBRICATED WIrh FEL-PRO INCORPORATED C-O1 -8.

RunnvtgTorque Ont Nut (Im.46) Running
Teot Cycle Torqua 1. ed()Trqeaka Torque

Directon) 400 780 1.600 1.300 1,620 Olfaction)

19 1 70 10.050 18.060 27,160 38,810 40,320 660 to
2 37,810
3 37,470
4 38,290

5 so 9,640 16,330 24,380 33,110 38,140 1,050 to

7 37,120
8 37,050
9 37,260

10 37,270
11 36,550
12 3,6

14 37,250
is______ 1 45 11,000 17,200 24,530 31,780 36,590 1,050 50

a Nut was supplied with a w&% lubricarit (Carbwax Polysthylene Glycol 335) applied.
b Fel-Pro Inopowated 04014- kubnicant is a paste conitaining so% syntheti graphite and 50% petroilabm *imutatsd to meavi

MIL-T-5544. The C-601 -S lubricant was applied to Mhe thrdee of tOe bot and nut
cGY 8 10-36 budl: Aveage shank dimi~ter -0.6234 In., avoverao oa~ng Vikk*e- 0.00035 in.

47FLW-1 0 18nut; Average plating tlhk~nw - 0 00040 in.

TABLE B-20. TORQUE-TENS~ON DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WIrh FEL-PRO INCORPORATED C-601-S.

Runn~ngTorque On Nut (In,-fl) Running
Test Cycle Torque Bah Lod (1b Torque I.b

Noapbs4 No. (In.-Ib, CW __________ll od(b oqe (n-b
Diretio) 40 70 1,00 1200 ,62 (.-lb) CCW,1 _Direction) ilon

20 1 70 8.2110 14,960 23,900 32,060 37,250 1.000 75
2 3.4,640
3 33.490

_ _ 33.630
5 60 9,120 14,320 21,800 29.480 34.4820 1,050 60

12 36,580

Is______ 1 60 9,990 16,450 24,230 3120 36,580 1,050I ~~ aNut was supplied wlth a wax kobrkcan (Carbowax Polyben.e Gtyol 3450) appliet!L
b Fat-Pro Inoorporated C-601 -S lubricant 6 a past@ contalning 50% synthetic graphite and 50% petrolalum bmuiated to meal

M MIL-T-5544. The 046014- llbretan was appled 10 VWe troad of fte boil ud nut.
c GYil 1-36 boft: Average *iank dm.e-O0.6231 hi., mvirage, ooa*V tik~en~a - 0.00037 lin.

47FLW-1018 nut: Averallge lailcng eakm- 0.00041bin.
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TABLE B-21. TORQUE-TENSION DATA FOR NVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-5.

Running Torque On KW (.4.•) Running
yet Cycle Torque IcBruaikwy Torque

No.M.6.' No. (ln.-Ib, CW lolt Lead (l) Torque (Inlb.Dietin (10,.1.b) CCW
Drct~on) 400 700 1,600 1,300 1,620 Di(rection)C

21 1 120 6,910 14,.50 22,390 30.980 37,070 1.100 130
2 3,250
3 33,1204 33,130
5 80 8,100 13,800 20,880 28,340 33,030 1,150 85
6 32,410 3
7 32,590
8 32,760
9 32,030
10 33,060
11 33,510
12 33,76013 33,490

14 33,63- - -

1 1 15 1 60 9,000 14,610 21770 29,50 __ 33,690 1,100 65

a Nut wa suppled with a wax kubrncant (Carbowax Polyethylene Glycol 3350) applied.
b Fol-Pro Incorporated C..l -S lubric.ant is a paste oontaining 50% synthetic graphite and 50% petrolatum ormu•ated to meet

MIL-T-5544. The C-601 -S lubricant was applied to Vie thywads of the bolt and nut.
c GY1I10-35 bolt: Av•-eQ shank diiarter -0.6236 in,, aver•e omling thMk'aa- 0.00041 t. in

47FLW-1018 iut: Average plating hickMns-0.00034 ki.

TABLE 5-22. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EVERLUBE 1346 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Runnlng Torque On Nut (in.-Ib) RunningRnigBrilnkMn Torque I
Test Cycle Torque Bolt Lud (Ib) Torque (kIa.ay ou

No.b,, No. (in.-Ib, CW (in.-Tb) C(W .i
Diredion) 400 700 1,000 1,300 1,620 Direction)

22 1 260 3,320 11,130 18,750 26,150 31,260 1,150 220
2 29,100 I3 29,340

4 24,960
5 95 7,770 12,750 15,410 23,700 27,300 1,200 go
6 26,770 I
7 28,020
8 29,060
9 28,690
10 28,840
11 28,330
12 27,920
13 28,240
14 27.950
15 60 6,810 13,010 18,570 24,480 28,400 1.200 65

a Nut dd not have a wax ktbricat (Carbowax Polye,,yiene Glycol 3350) appted.
b E/M Corporation Evedube 1*46 is an ar-cured, bonded sold Almn lu•r•c•t forr•mt.d with moybdenum disulfl d In a roan bInde"

specifically for high Wrporature applca6ons w4 antis~ele capabilities. Fol.Pro Incorporated C-.1 -S lubr'icat i a paste containg 50% U
Ssynthetic graphite and 50% petrotatuni orriouLatld to Meot Mi .-T.5544. The C-601 -S lubricant was applied over the Everlub. 1346

lubricant on the threads of the nut wn to the threads of t•e IVD alurrnnum,-ooted boln.
c GY1810-36 bolt: Average aink diameter-O.68231 In.,vage coaling thk*me s-0.00041 in.

47FLW-1018 nut: Average coDaing thi•-e,, - 0.00037 In., ar,,rage ooatng and Evedube 134" th•lunes - 0.00061 i. 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 1346 AND THEN
BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Ito" Ing Tojqu TU On Nut (n.4b) Running

Test Cyclo Torque kh Load (lb) Torque (la.-lb,^• INO,1A No. (In..ll, CW fill.4b) CCW
Direction) 400 ?00 1,000 1,.W0 1,1120 Direction)

• 23 1 ISO 8,370 15,340 21,700 29,360 35,960 1,150 20D

2 35,1303 35,190

4 34,510

5 50 9,600 16,590 23,040 29,060 33,650 1,250 90
6 31,&10

• • is7 301,890Si |a 30,250
9 29,110

11 3,820
12 20,380
13 2,7o
14 29200
15 65 9,670 16,E:. 22,710 28,270 31550 1,200 60

-6 Nut did rot have a wax lub;cant (Cearbowax Polyethylene Gryco 3350) mppli.e
b EV Coporat.on Evdlube 1346 is eon air-curecL bonded solpd flm lubricant IotnuMtisd with roirybdonurm diauftde In a res•n binder

specifically for high toamipturs a•pp/ltion arid knte4* ae.i•bbes. FIr-Pm Inofoptad C-60-S lujbricant is a po cotir'ng 50%
sIynrihbc grapite and 50% petroLi,,m lonrnlated to mast MIL-T-5544. The C401 -,L6k. ."at wag uppied over Whe Evoerubl 13"4
lubicant on the thract4 of the nut aind to the mr&ads of the IVU aluminum--notoed bolt.

C GYIS10-36 bolt: Avor•-• shanik diarnutar -0.6231 in., ever"ag coang Ohiken¶e* - 0.00033 in.i 47FLW-1010 nut Ayerage eoating 1hickn• - 0.00034 In.. wvernsa coabtng and Evedubs 1346 thi*nea - 0.000 in.

TABLE B-24. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND rVD 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 Nut (in.-I) Running
Test Cycle Torque Soft Lead (III) rToakay Torque
No.'•.' No. (In.-Ib, CW Torque ((n,) I b.

Direction)- (111.-b) CeW

, ,r econ) 406 70 C I .l _ 1.3 00 1,620 -Direction)

24 1 190 4,690 13,010 20,880 29,810 36,100 1,100 225
2 34,920
3 33,700
"4 34,130

8 9,140 15,500 21,310 27,310 32,540 1.150 100

•2 30,130
13 33,20

14ja

a Nut did not hiave a wa.x lubricant (Ca.rtoowax P yef•h)4eo GtycoJ 33501 ap:pid.
• ,•b E• Corporation EMA-6256 i• I bonded aoB~d tirn kl!brkant brrm'j~fted wit, mofybdru'nt d~mfl~d it a resin btnd•r t produoc

i I lorqu~~e-tenslon chaiactorislic:s adrTlIa~r to cadr'mum Oledtrc, :ate plus wax. Fat-Pro incorporatod 0401i -S kubri,.,,r! k a pasti a .ontaining

:j 50% sy'nthetc •ap•1I e~nd 50% potrotafum fo, mvJtald to rret MIL-T-5544 The C.401.S lubrk:nt wa applied over tte Ef.-425,
hilbricart 0(n U~Q titmdS of the nut aimd to the throod.s o• the IVD ualuminurr-coatsd b~oll.

c GY181 0-3,5 bolt. Avera~go sitark diameter - 0.6231 In., average coalng triickcness - 0.00040 in.
''J i ~ ~47FLW" 1018 nut: Avraoge coa'tingi rwm:•=- 0.003'•' in" aweragO coaki ad EL4"256 tti:rresa-0.Oi.J053k•"

= 187

I31,800

10 3157



TABLE 8-25. TOR OUE-TEM"JSION DATA FOR IVID ALUMINUM-COATED BOLT AND 1VD ALUMINUM-

COATED NUT LUBRICATED WITH E/M CCRIPORATION EM-6256 AND THEN BOTH
PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

- - Torque On Nut (ia..ib) RunningI
Test Cycle Torque Smakawav Torque

-o - - I -- oi"
Direction) Va.0b %ircton

25 1 200 5,560 11,950 20,520 26,470 33,710 1,20 180
2 29,990

5 85 8,540 15,040 21,100 I 26,840 S1:580 1,20( 901
6 X0,780

31;m6
10 30,730
11 31,'W
12 31,770
13 31,580

_ _ _ _ 55 19,490 115,510 120,960 26,660 30,8M 1 1,200 1 65U
a Nut did not have a wri lubcant (Carboweic Polyethrylenea Glycoo 3350) moold.
b EAA Crporabon EM-4256 is a bonided solid film lubricant foyrmuilatd with molydnufn disuffide In a rosin WNWle 20 produos

lorque-Isns~on, cMracl~ristics s~ilrr~ ID camiurrelectropalate plus wax. Fel-Pro iorpoealed C-(01-6 lubricant is a partio wnsiningI
50% synthetc graphite and 50% peirootsbm formulatetd to meal MlL-T-554A The C-601 -S lubriant was &ppl*,i over the EM-6256
lubricat on the fireads of the nut and to the threads of the WDO alumiinum-csewd hoftL

c GY181D.36bolt Average shank darreter -0.6= i.,e~,v.'ae Meting 1hiknee - 0.=40 in.-

TABLE B-26. TOROUE.TENSIION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH E/IM CORPORATION EM-6286 AND THEN BOTHI

PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-401 -S.

Running Torque On Nut (In..ib) RunningI
Test Cycle Torque Bcll Lead (Ib) T reakw ay Torqu
Na i We. (in.-lb, CW ___________ _____ Tru:i-b

Direction) 40 a~(n.-Ib) CCW
400-7-0--------------------"Direction)

26 1 180 5,880 13,570 21M 29,680 31,920 1,000 20
2 29,590

3 30,430
4 28,830
5 80 8,700 15,230 21,040 26,630 28,570 1,050 110I

6 28,840
7 29,810
8 29,100

10 27,870 2,4
11 27,0-40
12 27,030

is 75 7,020 12,860 860 24, 43 26,290 1,100 g0

a Nut d~d not havesa wax lubriocant (C-arbowax Pt'yethylerre Gyool 3350) appiod.
b EMA Gorporaboii EM-6296 is aboended solid film lubricant forrnuajted with gr~pito in a main binoder. Fol-Pro hoorporstod 046014

lurcn sapasta, cvntsining 50% synfiietc Grahite, and W0% pstrolatum fuvloeadtodD rro*1 MIL-T-5544. The 046014- lubricant wasI
apfiid over the EM4-6286 lubricant onm the threads of r4 nut and to the threads of the IVD aluminum-coated bolt.

c Gf 1810-36 bolt: Average shank diamneter - 0.6232 in., averae coating hickrsts -0000D40 in.
47FLW-1018 nut: Average costing thickess -0 00033 in., average coefing anid EM-6286 thicknes -000D065 in.
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TABLE B-27. TOROUE-TENSION DATA FOR PMi ALUMINUM-COATED BOLT AND 1VD ALUMINUM-
COATED NUT LUBRICATED WITH EIM CORPORATION EM-6286 AND THEN BOTH
PARTS LUBRIC~ATED WITH FEL-PRO INCORPORATED C-6O1-S.

Torque on Nut (10.4) Running

Tedt Cycle Torque iLd(1)Trqueba Torque
________ No.___ Tetqus, (Iui.-lb,

Dietin 40 79 1,011 1110 1,620 Direction)

27 1 190 7.090 16.110 24,010 31.560 3731 (I:40 210

12 32,120

Nu o 5 700 8,800 14,500 20,330 2S,360 20,480 1,200 i0
a 3a2.200n CrbwxPtyUeeGlcl350 ~pd

b / oprto1~-26~abne oi il7jn~tIrmltdwt aht iarl 31de.814r lcrorldC-0-K~ aplid o6~ te E428 b~ari~lt n t~ I~~ad oftte ut nd o th Uiead of e ID aun~nm2oa,8bol
kjblcii ~ pst oo~anlg 0% ~te~ grphe nd50%peo~lt~ lmilaed o ee MI-T554.TheC-otS0,rla40w

o YSO3 ol v1 g ink0mtr0633I. vrg ngo- 0 3 0 h 0.113050

aUil Tuorntqaeawxuura (abwxpoytye e Glon 335t apilaib) uni
b TEACroatin111= iabodd9Wfl lubrican Torque ~ raht i rsnbidr FalPoakmewuyoirauedC61-

appled o sfO EM- e.8 (lubrican ontetrad fv u and__ to LOwtrads f1h (Ib) Tlrium lod q (inlb

Dire106ut Aw cagti6on) OOGi.awMo and E7-20 1000o 1-0 1,6210 5 Dcin. )

TABL -28. TOQETESO DAT 9,13 15,6 23UINU0 COTE 30,42 36N19 1,05 ALMIUM

2E-R INOPOAE C-0,Olf

a lu In 2oqu5nu6Wn)Rnnn

261 5 7,660 13,37 1,10 2 2,673,40 25,820 I1,100 go

3 25870

o 25,760 1. 00 S
10 25,570

11 26,680
13 27,540

___ 14 - 27,690 -

_______ 15 25 8,450 14,230 19,650 24,590 27,0W0 1,150 30
a Nut did niot have R wax lubricant (C~arbowiur Polyethyiene r~yooi 3350) mppled.
b ENM Corporabon Eveilube 1346 is an air-cured. bonded soid hilm kiuicaM 11orrrlated Will) m110ybdonun fudisMe In a resin binder

epec~fically For hIgh taioe.TCurae applications and antsiuzaz cageabiIoet. F41-PrO InO~rporated C-GWt-S lubriowt is a Peast* containing 5^%
syntheti graphite and 50% Petrolatum fomnvilewd to meet MIL-T.5544. rhe C-601-S kjbricantwVMS apolwd over I.* Evorlube 1346
lubricunt. Both~ lubrcants were appbd to ie threow& of the bolt and nut

c CY1810-36 bolt. Average shank disnutar - 0.6235 In.. avera" coalng W'cltneSS - 0.0(C3 int.. ea~vea shank daerntar wfth
Everlub 1346- 0.624A in.. avoeage =oattr an~dEvedi~be 13M4 thielkrnaul-0.0D07 in.

4771LW-1011S nut Average oabrng lj,*~.s-000001 In., average o~atng and Ever1ube13.4$ Vkkruu *-0.00066in.



TABLE B-29. TORQUE-TENSION DATA FOR IVD ALUNNUM-COATED BOLT AND IYD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6256 AND FEL-PROU
INCORPORATED C-601-S.

Running Torque On Nut (In..I) Running
TOi Cycle Torque i od(1 Toruewu TIAIqu
*0SAhA No. (I~l cw (I.b Cad(k)Tru (1-b

Direction) 400.l~ 70 .il 130 160DrccW

29 1 170 7,150 15,26 24,730 34,010 39,100 1,000 185
2 35,820

5 95 8,29 14,460 20,090 25,520 I9nn 1,5 0

7 27,340
a 28,840
9 29,080

__10_ 24,,0105

12 23,740
_ _ _ 14 2861
_______ 15 so 8,100 14,080 19,370 2 70 ,27,940 1,150 9

a Nut did not have a wax lubricant (Carbowax Polysthylen3 Glycol 9350) S"QiId.
b E/)M Corporation EU4285 Is a bonded bolid Aim tubncant fom~uisted w~ r niolybdenum dasuttde in a resin binder It peodwo

lorqua-tansion charace~ristics similar t~ adnbumreieacoplai. plus %wx. Fel-Pro, kIceoponrebd C401 -S Iubariwt Isa past* cwntailift

lubicat Both lubricants were applied w the threeds of the boll and nut

e G10N-38 boit Average shenk diame w .- .6233 in., arverage coall ho.ain - 0.00034 In., oftniaselak "trarwwr with
EM-6256 - 0.6237 ein, average, cooling and EM4255 thricknes - 0.00515 fin.

471FLW-11011S nut: Average coaling 11ikiwias - 0.00040 in., average cooint; &-4 EM-6256 Vriukneua - 0.000I51 in.

TABLE B-30. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALU~rNUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286 AND FEL-PRO I '
INCORPORATED C-601-4.

I RunningTorque On Nut (In.h Riawy Tunnin
Tannin j Csebwa TToruu

No.SiA No.(c lbe Toqu _____ oh Load (111) Torque lin,-Ib,
1110.66 No.(Inn.. iw ccw

30 ¶ 130 8,120 14,930 23,480 30,880 35,460 1,050 150

3 3

5 65 9,660 15,246 20,790 25,M4 30,120 1,100 75
a 29,390
7 2g,390
a 28.400
9 I27,830n
10 28,'450I

I'l 28,230
1121 28,340

1328,560

15 4 ,7 510 20,320 25,430 28,380 1,10 50
a Nut did not have apapubiatlieDWX `6110M YI35)11110d.
b E/M Corpotution EM-6286 I% a bwondd bolid film lubricant fomwisld Wth ranplhile n a resin binoder. F&l-Pro 'pcorWmd C4014.

kubioant is a posts cntaning W0% syntheb graphite and 50% Petrolatumn formulated to moot MIL-T-55.441. The C0¶41- hjbrc.ant was

appld over the EMLI.C2111 lubricant Bothl ubricants were spplied tD the trreerli of the boll 6nd nut
e GYliOM -36 boft: Averagre shankl diameter-0.6233 In., average coating thovI~sts - 0=039 in., average diwiitetr with

EM-628 - 0.6245 in., average wcatng and EM-6286 thictri~s" - 0.00092 in.
471FLW.-1 ci nut Manaer. ookbng thicknesas -0 00033 in., average conling and EM-6286 thicloeus - 0.00100 in.
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TABLE B-31. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque Da Nut (W1.-b) Running
Test Cycle Torque I.,b La-d (bl•.,Iw Torque

S"No:.1  No. (In.-b, CW ........ ebsrquo (Iu,.W-b
Direction) MG 11111 1,200 1,168 I,36 Direction)

31 1 40 13,150 19,700 25,630 30,040 34,940 1.200 20
2 36,54C4.; I 33,120
4 I38.420
5 20 13,560 19,270 26,250 33,•18 39,680 1,2 20II 6 II40,650
7 41,700• sI8 40.770
9 41.ooo
10 41,300A I1 I41,200
12 41,35M
13 41,150
14 42:100
15 20 14.230 21,280 27,790 37,090 42,750 1.150 15

a It Is not known If the nut had a wax kibricatt(Carbowax Polyethyene Glycol 3350) applied.
b Fel-Pro Incoporaled 0.01M S lubricat i, a past* contsining 50% ythetUc graphlim and 50% pelrotalum nmwited I nleel

MIL-T-5544. The C-01-S lubricant was pplied to t1h threads ot the boll d nut.
o MS14 1 53-0048 bolt: Average shank darntew - 0.5611 in., verage coa0ing htkndee -0.00048 in.

79=46~- nut: Averago plating thicknam - 0.00050 in.

"'ABLE B-32. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-014-8.

Tea..Cycl RunnIng ___Torque On Nut (in.-I) Running

NTest. No.l Torque B(In..Iborqu
No02 N.(In.-b, CW Soh Lsad (III) Torque (nb

DIrtellon) -0 0 ,0 ,6 (IsA b) CCW

32 1 30 13,540 20,170 27,290 33,30o 37,110 1,o0 30
2 37,530
3 I39,0104 !III140,310
5 20 16.220 24,200 30,560 38,420 42,750 1,050 20

44 ,20
7 44,350

44,350
-47,3.850

10 I 45.200
112 I I 47.95012 IIIII49.150
13 I 47,950
14 I I 48,350
15 15__ 117,010 1 24,510 1 32,.690 41,350 L_47,800 950 15"a It i not known If the nut had w~ x ;ubrant (Carbow-,, Polyhyi Gfo3 3)ppoe3 pplied.

i b F al-Pro Inoo rpo rated C- 01 -S Iubri wm t is a paste oon tining 50% sy ndutic gr aphite and 50% pe v-otsa urm fo rrnu tted to m mit

MIL-T-5544. The C-601-S lubricant was applied to the O ds of the bat and nut.
; €~~ ~ M S141 &3-0904 holt: A vHiv, )" ,stw* d ewr sler -0.5 81l1 in.,Ib av os p o • thk kn m --O.- D0 3 In•l .9 .02-918 nut. Avea pWV nthic -0o00047i n.

MS4 300 ot vrQ lJ~n~r~0581i. vrg oln t4iu. 0~ n
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TABLE B-33, TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PL4TLt)
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

- - Terqua 0. Nut (11.-b) - unningRunning eru
Teat Cycle Torque Bolt Lead (Tb) uerque (in.-b,

N_____s No. (In_. CW (,I.b) CCW

SDldie0on) Bob M1 1.200 1.18U 1,318 Direction)

33 1 30 14.220 22,160 29,040 35,3m 39,800 1,250 25
2 39,340
3 39,870
4 40,680
5 15 14,900 21,530 28,370 35,940 41,260 1,200 15
6 42,100
7 41,750
8 41.400
9 40,960
10 40,720
11 42,610
12 43,210
13 42,360
14 42,950
is1 10 16,300 22,510 29,240 36,260 42,510 1,200 10

a It Is not known If Mi nut had a wax lubricart,(Carbowax Polytlene Gt1yol 335) applIed. i
b Fel-Pro Incorporated C-601-S jbricant is a paste oonfaIning 50% lytheUc graph•ie and 50% pe•rolatum liormulated to meet

"* MIL-T-5544. The C-601-S lubricant was applied to the threads of the bolt and nut.

c MS 14163-09•boft: Average h* damer - 0.5 15 in.. Average ohaS e r - 0.00072 in.
79602-O1l nui: Averae pat•n thickness - 0.000 i.n

TABLE B-34. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-

COATED NUT LUBRICATED Will FEL-PRO INCORPORATED C-601-5.

- -
• Running Torque On Nut (In-.) Running
Rennicl uieakeWay Torque

""4Test Cycle Torque Dolt Load (Ib) Torque (in-Ib,
Diroto No. (n )b, CW (InA..Ib) CCW
Direction) 600 $100 1,200 1,51o 1,516 Direction)

34 1 30 11,910 17,620 22,720 27,610 31,330 1,400 25
2 25,040
3 23,540

I r4 28,150 I
5 10 11,640 17,400 21,340 25.210 28,070 1,450 10
6 26,870
7 27,520
8O 28,290

- • 1 2.8,780ii

10 28,580
11 29,140 t
12 29,210
13 29,420
14 29.560

1 15 5 12,410 17,620 22,380 26,780 29,750 1,400 1 5

a Nut had wa x ýlbrlcant (Carbowax Polyothylerne Glyoo 3350) aPplied.
b FoI-Pro Incorporated 0-301 S lubricant is a paste conlalnlin 30% synthetic graphlle and 50% pehotablm n mulmated to meet

MIL-T-5544. The C401-S lubricant was applied to the threads of the Nl and nut
c MS14163-09048 bolt: Average ihank dameter - 0.5610 in., average coatng tfl s - 0.D0050 in.

79502-918 nut: Averago w>ating thickrvms - .O-OD44 in.I
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I TABLE B-35. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND rVD ALUMINUM.
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

- ---

Torque On Nut (In.-I) Running
Running rkaway Trus

Text Cycle Torque lrqeb Torque
SNo .'.' No. (I.-Ib, CW Sofl Lead (b) Torque (-b,

O1r1di0n) @ SODD 1,200 1,560 ON Direction)

35 1 40 12,220 18,980 25.690 32.180 38,090 1.350 35
2 33,310
3 30,380

S4 32,300
5 15 13.110 19,310 24,050 29,440 33,680 1,400 15
6 31,240
7 30,410
8 30,500
9 30,710

10 30,050
11 29,380
12 28,290
13 28,340
"14 29,090

* 15 10 13.010 17,630 22,450 26,690 20,810 1,400 10
a Nut had a wax lubricant (Carbowax Polyethy4ene Glycol 3350) applied.
b Fol-Pro Incorporatd C-001 -S kibncant Is a pas. conlaining 50% synthetic graphite and 50% petrolatum ihrmulated Wr meet

"! MIL-T-5544. The C-601-S lubricant was applied to t,e threads of the bolt anc; nut.
c MS14163-09040 bolt: Average shank dianeter - 0.5608 in., averagv coaing Viclnns -Q0.00044 in.

79502-918 nut: Average coating tkdu*u - 0.00045 in.

S ITABLE 0-36. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND WD ALUMINUM-
COATED NUT LUBRICATED WTH FEL-PRO INCORPORATED C-601-S.

Running Torque On Nut (in.-I) Running
'Test Cycle Torque TorqueTest No (~l t Toqu Boct Load (Ib) Torque (in.-Ib,

i i No,.irNcti(n)-b W. (In.-Ib) ceW
• ieto) 600 son 1,200 1,U50 1.Sul I Direction)

36 1 30 11,610 17,770 24,640 30.960 35,040 1,400 30
2 30,250

3 27,660
• "4 30,010

5 15 13,200 18,740 23,800 2.849 32.260 1,400 isi6 31,110
7 -3.057

S8 29,500
9 29,140
10 30.760

•11 30.210
12 30,020
13 29,840
14 29,420
15 10 11,430 17,170 21 640 26,240 29,090 1,400 10

a Nut had a wa lubricant (Caruowax Polyethylans Glycol 3350) applied.
b Fol-Pro •noporatd C-01 -S kibrici•at isa paste containing 50% synthetic graphlle and 50% petolatum bmiouated ID meet

* I MIL-T-5544. The C-601-S lubricant wa apsld& to tihe threads of t" bol and nutr
* o MS1 4163-09048 bolt. Averag* snk diater - 0.04 in., average ocoaLtn #**ckn - 0.00034 I.

79502-918 nut: Avsge coeting tlckneu - 000047 in.

I
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TABLE B-37. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED I
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

TorqueI C Nu0 (In.4b) RunningRunning ToqeC:_u_(.)I eroaakmr Torque

Tet Cyclo Terque Re Lod (lb) Torque (aT.4b,
110.-4,- No. (In-lb. CW _ _ _,-(T ) C(I -

IDirection) no se 1.200 I'm 1. 65 DIroction)

37 1 30 12,440 19,410 27,980 34,510 39,020 1,300 25
2 40,120
3 38,870
4 40,620
5 15 14.350 19,940 28,010 34,810 40,480 1,350 106 40,940
7 40,370
a 39,200
9 38,660
10 40,480i

11 42,280
12 42,720
13 42,360
14 40,79'
15 1 114.310 20,3501 27,480 1 33,900 383,850 1,300 5

a It Is not known If the nut had a wax lubruiant'(Carbowax Polyethyteien G"yol 3,M50) appled.

b Fel-Pro Inc•porated C-401-S kubrioant is a paste contaIning 50% syfhUtic grap•ilt and 50% pekrolam hrnmulated 10 meet
MIL-T-S544. The 0401-S lubricant was appied to nhe Vhrads of to boll and nvL

cMS14163-090., bo48 : Awhto &Nu dia"lt -0,5e10 in., avera orathg #t*ik me -0.00041 In, I
'/9502-9l nut: Anervge pla•ing thrw - 0.00046 In.

TABLE B.38. TORQUE-TENSION DATA FOR tVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED i
NUT LUBRICATED W"T FEL-PRO INCORPORATED C-601-$.

Torque On Nut (in,4b) Running I
Running .riskaway TorqueTods Cycle Torque Bch Load (th) Torque (i..-It,

No0.11-0 No. (In.-Ib, CW _ _-o (in.-_oT CCW(l
Direction) too 000 1.200 IAN -,m Direction)

38 1 35 12,450 19,590 27,120 34,380 40,280 1,3001 40
2 42,100
3 43,950
4 42,180
5 20 15,420 22,500 29,440 36,820 42,190 1,300 20
6 41,880
7 41,7308 •~4,260

g 42,560
10 42,510
11 42,930
12 41,800
13 42,260
14 41,170
15 . 15 114,950 21,600 ,,27,730 34,600 39,840 1,250 10 _

a it is not known If the nut had a wax lubricant (Cariowax Potyithyiene Glycol 350) applied.
b Fel-Pro Inoo•rkaled C-601-S lubricant Is a paste oontalnlng 50% syntivoc graphite and 50% petolatum ormulatd 10 me1t

MIL-T-55J4. The C-601-S lubricant was &Wiad to the thrada of the bolt and nut.
c MS14163-09048 bolt: Average ahank daurl -- 0.530W In., Averaog ooatingfknfes - 0.00041 in.

79502.918 nut: Aversge platng tk:omes -0 000055 in.
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TABLE B-39. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

, - Runino
Tele Rinsng .. ,Terque a NAt (b.4b) finningay Tssque

Te. Cycle Torque Bk L-ad ( -) Torque (1.4b,N(.l8 No, Lea.d b, CW (I&.4b) CWDirectin) 0 goo 111"8 .04 I.S. Diretio)

39 1 5 1"3.100 20970 27.970 3.0 40.,30 1; 32 32,88O
3 37,510

SIs15 13,780 19,690 26.230 32,050 37,3W0 1=300 15
6 37,610

37,180
a 37.760

":10 39,72011 38,806

12 38.120
13 37.28014 37,3n

15 10 13,060 19,080 25,770 31,640 36,880 1,300 10

a It k not known If the nut had a wax k "brcant'(C~rbowax Potyethylene Gyol 3350) appldid
b Fil-Pro Incorporated 04-01 -S lubricant is aputsl oontpining 50% synLheatb graphite and 50% pkolalum r 'bmulated Io nwee

MIL-T-5544. The C401 -6 lubricant was applied lo Vw threada of the bIlt and nut
C MS14163-O904 boni: Aorageshar.k5daot0• 7- ,. in.,aergoo.Un tkk•g U - -0.0043in.

725M-0 18 nut: Average pain thkinhss - OA042 in.

TABLE B-40. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601,S.

Torque On Nut (In.I•b) RunningRtunning . .. irvakImli Tor'que

Test Cycle Torque loft Lead (lb) Torqiuew Torque
W No. (In.-Ib, cw - I_ _Tq i.-,o

58 100 151 220 25zuiin

40 1 20 N ,4 .2 ,5 8.030 15 2

12 7.280ol3 7.976
4 8.011

i 8,550

8.02410 8.,30

12 8.260

13 9.054
14 8,780
15 10 1,914 3,969 5,83 7,415 8,550 140 10 -j

a Nut was supplied vAth a wax krica•t (Carbowa Polyetiyiens Glycol 3350) a•p:lid.
b Fol-Pro Incorporated C-,01-S hJbricarit Is a paste containing 50% synthetic waphte and 50% posrolalim iu mliated to n',e

MIL-T-5544. The C-001-S iub•-ka~n was appid So VMs threads of the bolt and nuL
"I c MS21250-0,0i6 Iboi: Average shank (di"it"r-0.3115 ln., ave, ge cx:•t• In , dcknow -0.00040 ir.

42FLW-524 nut: Average pLating tlcknes -0.00041 in.
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TABLE B-41. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Running Torque O. Nut (i..Ib) RuaningWlunlngBraaeaway TorqueTedl Cycle Torque Bo ea ob orque Torqueb

W:.,b'a No. (In.-lb, CW loft Lead (tb Torque (In-b.
Direction) 50 100 150 (Ia. DirCoW

41 1 20 1,707 3,500 6,555 7,267 8,825 145 15
2 8.125
3 7,996
4 7,905
5 10 2,077 3.794 5,292 6,877 8.290 140 10
6 8,700
7 8,510*8 8,880

9 8,840
10 9.02511 8.00

12 8,00
13 8,990
14 8,800
15 10 2,261 4,317 6.177 7,520 8,770 125 10

a Nut was supplied with a wax klbricart (Carlpwax Polyehylene Glycol 3350 applied. i
b Fal-Pro Incorporated 0-601-S lubricant is a paste contaiNng 50% synthUc graphlt and 50% pelvolorum lourjlated l meetki

MIL.T-5544. The C-01-S lubricant was applied to the threads of the blt and rwL
c MS21250-0501 6 bolt: Average shank darrwtew - 0.3112 In., average coating Viicl - 0.00043 in.

42FLW-524 nut: Average plating tck'in - 0.00040 In.

TABLE B-42. TORQUE-TENSION DATA FOR CADMIUM-PLATED BOLT AND CADMIUM-PLATED
NUT LUBRICATED WITH FEL-PRO INCORPORATED C-01-S. i

- Running Torque On Nut (In.-Ib) RunningImokaa~wy Torque
Test Cycle Torque loft Load (Ib) Torqu e (In.
Nw.8i No. (In.-Ib, CW (In.-_b) CCWDirection) 50 100 150 200 25 Direction)

42 1 20 1,735 3.806 5,423 6,912 8,340 145 20
2 8,280
3 8,560
4 8 ,T70
5 10 2.507 4.484 6,049 7,406 8,540 140 10

7 8,640

8 8,6901,850I

10 I.100
11 9,060
12 9,420
13 9.350F_______ 9 , 647 ____ ,95015 10 2.571 4,667 1 _6.417 7,820 8.950 '125 10

a Nut was supplied with a wax lubricant (Carbowa, Polyetyen. Glyool 3350) apr"ied.
b Fel-Pro Incorporated C001-S lubticant is a paste containing 50% syntheUc grap1te and 50% pevol.arm ormulated io mt

MIL.T.5544. The C-601 S lubricant was applied to mh threads of the boll and nut.
c MS21250-05016 boh: Average shank dianWter - 0.3113 in.. average coalting thir,.e•a - 000035 In.

42FLW-524 nut: Average plating thickness - 0.00039 in.
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TAB3LE B-43. TORQUE-TENSION DATA FOR PM~ ALUMINUM-COATED BOLT AND 1VD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-401-S.

S-I

rueTorque Do Nut (I.) Running
TedT Cycle Torque aIreshm Torque

Nof.l.9 No. (in.-4b, CW loft Lead (Ib) Torque (m.-4b,
Dei '(Im.-Ib) CCWsoclc) 6 100 ISO noG 260 Directon)

43 I 30 1,208 3.048 4,776 6,737 9,320 140 32 8,5703 9 ,250
4 9,6405 20 1,583 3,M8 6.054 6,7"16 8,440 140 20I6 8,910

7 9,100
S9 9.450I10 9,220

11 9.375
1 2 0,570
13 9,540S14 9,500

,,_15 10 2,284 4,347 6,417 8,074 9,460 120 10" Nul had a wax kubrlcant (Carbowv Polyothyiýnv Glyooi 3350) ap;Jied. -b Fol-Pvc InC;rporated 4-01-S lbricant is a paslte oontAirling 50% synthettc graphile and 50% pelrolAtum imn'auled ID me
MIL-T-!5A.4. The C-601-S kJbicarnt was appliod to ft. Vreads of eve bol aid nut

C MS21250-05016 boft Ar•mage • iLnk ll€- 0.3•1tIn., lrg oooar9 • -0.0003 In.
42FLW-524 nut: Ave-,rage oo g tdkc*m --O.D047,7.

TABLE B-44. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND WVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPOFW'TED C-,6O1-S.

Running Torque On Nut (In.-Ib) RunningThat Cycle Torqun *roanwy TorqueNT.e NC. (in.-Tb, cw Bct Load (Ib) Torque (hn.-Ib,o. Inb " ) 
(In.-Ib) CCW

) 50 l0g I SO 200 250 Direction)

44 1 40 1,291 3,137 4,792 6,438 7,847 130 30S2 7,780
3 8,3404 

8.,505 15 2,237 3,937 5,379 6,951 8,300 135 15
6 8,800
7 8,790
U '18.440O 3.740~1 8 al ,720o

' !11 11,600
12 8,750
13 8,870
14. 8,600

- 15 10 2,089 4.018 5,704 7,151 .5• 110 10
a NUt had a wax lubricanit (Carbowax Polyethylene Glycol 3350) applied.
b Fat-Pro Incorporatod 0-001 S lubricant is a pasle contahnng 50% syntetitc graplititi and S0KI patiWIaWjn1 kYmjls*eeJ ID rvwoMi MIL-T-5544. The C-01 .S lubricant was applied to "ie throas of tNe bict and nut
C MS21250"05016 bolt: Average ahank cla•relmor - 0.3110 In. average co•aInr thl'kJ4a - Ofx)3 W,, .

42FLW-524 oul. Average ooiing thicle - 000048 in.
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TABLE B-45. TORQUE-TENSION DATA FOR 1VD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH FEL-PRO INCORPORATED C-0-S.01

Running Terquw On NW (i.-b) RunningTest Cyl ltinI Iriaway Torque

No.I No. (In-tb, CW _oR Lug (b) T4u (n"
Diecion) 0(la.b) CCW

U10 IO to 258 Direction)

45 1 35 940 3,077 5.180 6,647 8.170 140 40
2 7.704
3 8,165
4 8,400
5 15 1,972 3,867 5,404 6,765 7,927 150 15
6 7,857
7 8,360
8 8,480
9 8,280
10 8,305
11 8,011
12 8,070

13 8,360_
14 8,143
15 10 2,056 3,894 5,399 6.888 8,480 135 10__

a Nul had a wax lubricant (Carbowax Polyethylee Glycl 3350) apolied.
b Foe-Pro Inc-poraled C-01-S lubrcant Is a pasie coontalning 50% sycnthetic qpile and 50% pefrolalum lonmiuald to meet

MIL-T-3544. The C-601 .S lubriannt was app•ed to the Vveads of the bolt and nut.
c MS-M2050-05 bolt: Average shadarmeeor-0.3111 In.,verageioating tk~lnem-000033=In.

42FLW-524 nut: Average moaing thc*IMe - 0.00049 in.

TABLE B-46. TOROUE-TENSION DATA FOR IVD ALUMIFUM.-COATED BOLT AND CADMIUM-PLATED

NUT LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.I

Running Torque On Nut (In,,b) Running IkrllkIWly Torqlue

Test Cycle Torqlue Bo Load (Ib) Torque (InTqb.u
Nop.ll, No. (In.-Ib, CW (I,,.-,) (inCw

Direction) 50 100 IN1 200 2W Direction)iI
46 1 30 1,342 3,15V 4,907 6,534 8,250 140 35

2 8,048
3 7,9314 8.700
5 15 1,375 3,457 5,122 6.693 8,320 135 1l
6 8,360
7 8,420
8 8,810
10 i 0156
11i 9,010!
12 9,340
13 1,035
14 I9,430

1_15 110 2,037 1 4,376 1 6,327 7,994 9,470 105 10i

aNut was supplied with a wax lubricat (Cartowax Poly.Vylene Gfycci 3350) applied.I
b FaI-Pro Incorporaled C-601 -S lubricant is a puste contawning 50% synttic graph•te and 50% psiroltalm fomw4ted lo meet

MIL-T-5544. The C-601 -S lubricant was applied to the 11tweado of the boll and nuL
c MS2i250-05016 bolt: Average shank clanter - 0.3111 in., averago uating thicumem - 0.00032 ki.

42FLW-520 nut: Average plaling thiclutass -- 0.00045 in.
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TABLE B-47. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND CADMJIUM-PLATraD'I NUT LUBRICATED WrM FEL-PRO INCORPORATED C401.S.

D (I) -
Tom~oru Cycl ToqeuatLa (1h.l)<1 ~Np~. 71 111 1.43 3.8 576I i

Direction) Igo IS 2W8 2111

2 1 ,2
- - I uan22llh ,•

4 $,00
5 10 2,053 7..87 5,156 I ,137 s1o890 13&1 10

'1 7 9,320

11 a,9,00

12 I
14 j8 1,O

a ] Nut was suplkVd wih a wax lubricant (Ca,'1wa Polyehyen Gt~x• ! ITV.; aV,,4.

"b FeI-Pro lnowilpoi'd C01 -S bub.lcat •i a pats containing 50% SynIieeUc gra.ik,% nd 1.1 pXb &rm ' •vmlxd o mnet
MIL-T-5544. The 0C401S lubricant was applied W the thrads of Ow bolt W nut.

c_______ bb Ae sak irnlo -__ 0.312 in.. Y a7,O1n*,B3 1119V 0XV042.. i FLW-520 nuJt: Ave pltn V m - 0.• in. '

I li• TABLE S-Q. TORQUE-TENSION DATA FOR l`D ALUMINUM-COAV. OL AND VAX'• ;,W• IUM'-PLJ••D

NUT LUBRICATED WITH FEL-PRO INCORPORATED V-W X.•,

I ] !I _ _ T,_o_ ,,.mi ,
Teat Cycle TorqueTorque On Nut I.-bRunnit Luiay (I) qrq, ~ ~ Ts Cyl . .. or"qI, ue .. loft Lead (Ih) , ,'l (l•,IMA ,

N0..1 No. l.I ,. ---'-- CWli .|,\ i W10'•'"" so 10I 150 2,- baI• '+o,,,)
03 ,356 5I449 8.632 K271 12 2:I

2

4 9.116''1

"5 15 2,218 4,085 5,605 7,312 9,01, 120 10

10 t9,596
11 9.524

13 10.178I" [] •121 1 1I - - • -.. ,214 09M78
_______15 10 2,011 4.15SG 5,982 8.224 10,437 120 10I ~ ~~a N~ut was suppliod with &wax iubricant (Carbowaic Po~yvthylmer GI-yol 335) appl~ed.

b FvI-Po Inr Afporoted 0-001-S lubricant is a pust. containing 50% ayntwfitc graphite mni, 50% p•,"o um kiTrla.ated t nMe

MIL-T-5544. The C-601-S lubricant wa-s appWlid to thea Vteads o1 te bolf and nut/ - € MS21250-C5016 boll: Average shank l"Ika te" - 0.3110 ki., average coating thV~ickne - .0003W in.
42FLW.520 nut: Avaege platng diicless -0.00042 In.
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TABE B49.TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND FOR IYD ALUMINUM-
TABE B49.COATED NUT LUBRICATED WiTH E/M CORPORATION EVERLUBE 1346 AND THEN

BOTH PARTS LUBRICATED WITH FEL-PRO INCORPORATED C-401-5.

Runn~n Terfluo On Nut (I1N.4b) -IekwyRunning

7M Cycle Torque lol Load (Ib) 'Torqu (in.-Ib,
Wdk No. (ln.-Ib, CW (ln.b) tCW

Direction) 52 10 10 2 20!rCIl n

i 25 1,438 3,2n1 5,123 6,686 8,316 140 25 80

4 8,228
5 1 7,698 3,voU 5,3 6,971 8,3812 145 1O

7' 8,940
3 8,859
9 8,718

10 8,759I

'14 10 2,108 3,9135 5,755 7.498 ,8,904 140 10
ocNu idlo have vAnt lubricant (Carbowax NOiyotyerv GfyooI 3350) ajpphod.

b E/M Corporsio Evorlube 1346 is an air-cured, bonded soid flim kjbricart Ifrmuljated w~thl rnolybdenur diautfido in a resin~ binder
asiicikiAIly for hb~h iamparature &Wpcmtions and antiseiz. capabilities-. Fel-Pro Inuorponetod C-601,. lubriceant Is a posale contaning
60% syntheie rphl end50 perltmfrrdaetoratMLT S4.Te4W Slbiat;iosapidvr hEirls13

TABE 850.TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT ADFOR IVO ALUMINUM-

TAB~ 3-0.COATED NL'T LUBRICATED W[TH E/M CORPORATION EVERLUBE 1346 AND THEN

BOTH P'ARTS LUBRIC:ATED WITH FEL-PRO INCORPORATED C-501-S.

q unn Torque On Nut (In.-ib) Running
031t Cycle Torqus 11olt Land (lb) Torquo (In.-lb,No-11.1 No. (ln..Ib, CW T -(hn..b) CCW

Direction) 12 15220 20Diolarwtlo)
50 1 35 832 2,780 4,427 6,178 8,069 '145 315

2 8,3.45
8,596

a~ecIyt rgt e~raw pc~oean nieio~e5Ile. 15tPi 2.252ite 3,889- 5,405 6,91 8,7 140t wnis

6, 8,%611~cOadi~ ad~O rt.u onui~d~ne t--54 heCGtStbin 'aaple vrOeEelb 3

01 CIE



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-801-S.

Ruining Torque On Nal (Ia.-ib) Running

TIet CySle Torque grsswqU ( Torque
I~u.~ N. In -b,~ ______BON Load (Ib) Torque I-bi o XIk. No. (In.4 l, CW ... (IR-4b) CCW

Direction) s o a 15 50o Direction)

51 1 30 1,232 3,474 5,.205 7,368 10,053 130 40

4 875 1 0 2,2 ,31 585 7,9",75 15 1
6 9,159
7 9,475
8 9,046
9 9,172
10 I9,555011 9,082
12 9,233
13 9,386
14 9 357
15 10 1,927 4,148 5,969i 7,916 9,2C,6 140 10

a Nut dd not have wam lubricant (Cerbowax Polyethylene Glyool 3350) mappied.
b E/t Cotporabon EM-256 is i bOnded O1d Aim lub'cant fo'•willad wth molybdenum diutfhde kin a reeln b•nder to peodume

orque-temsion characteristic sihmhi to I drniun• ocf"tospWt plus wax. F.l-Pro Inrporated C401-S -lurbrint ia a peol. cantsnling'0% synthetic graphite and 50% peitolatum fornulaltad to meet MIL-T-5544. Th C601-S lubrlwnt was aplad over lhe EM-9256
luboant on the threads of Me nut and to Ow threads of the IVD ujummnum-rcoad boll

c MS21250-05016 boll: Avwapge hlnak diamveter - 0.3113 in., average oftting tnicknoe - 0.00038 k.
42FLW.524 nuL Aveage ooDing lthNr.A -0.00034 i., average• mibng wd EM42' thic & - 0.00057 in.

TABLE 0-52. 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.

"NRunning Torque On Nut (It.4b) RunningRunnig , rsoakswy Tequre
Te.t Cycle Torqu gaolt Load (ib) l7rquo (Inlab.S B o .1e10,s No. (In.-Ib, CW -- (In.4 l) COWDirectin) so 100 I50 200 250 Direction)

52 i 20 1643 3,M 5527 72w ,983 140 n
2 8,2453 8,3602

5 10 1,289 3,347 5,053 6,6%8 8:047 140 10

6 7,953
S7 8,479

8 9,045

I10 I,805 O.

I11 9,175
I 12 9,127

' 13 9,21214 9,392

15 5 2,276 4,376 6,206 7,688 8,96%8 130 10

11 Nut rid not have wax kitvicsnt (Carbowex Polyethylene Giycol 3350) spp1wie
6b E/ Corwao'tlon EL*-6256 isabonded pid film klbrcaint fonm'ulatd vw't molybdenum disullod in a rosin binder to produce

kxquo-tanuion IcI&Tcjnstic6 skimrie t cadmi~um viectoplete plus wax Fel-Pro ino~rporvild C-601-S lutxicant ins a past containlng
50% tyntheteC graphite and 50% petrek~tum formutted to ri*eG MIL-T.5544. "w C-601-S tubri.nt was opaod over tiw EM-6256
kIb,-csnl on the threads of the nut end to the threeds of tie tVD aluninum-coated boll

c MS21 250-05016 bolt: Average ,tank diarnster - 0.3110 in., average coeibng thcknest - 0.0033 in.i m 42FLW.524 nut: Average cowabng ti'.cknsll - 0.00035 in.. average coatiNg a•rd EM-6256 thc •is.res -0.00051 in.
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TABLE B-53. TORQUE-TENSION DATA FOR WD ALUMINUM-COATED BOLT AND FOR IVD ALUMINUM-
COATED NUT LUBRICATED WITH EFM CORPORATION EM-6286 AND THEN BOTH PARTS I
LUBRICATED WITH FEL-PRO INCORPORATED C-601-S.

Runn Torque O Nut (inAb) Running
Tes Ccle Runin sBrehay TorqueTod ... -a. Cy n-.l .... Bak Lead (Il) TeTor4ue (hi.-,

Direction) 0 r 18,012•-4 CCW

53 1 25 1,624 3,635 5,421 7,140 9,261 130 30
2 8,303
3 8i.20o

6 20 1.64/ 3,526 5,142 6,932 8.451 145 Is
6 8,599
7 8,779
9 , ' ' °" H8 8.712

10 0.012
11017
12 /9,16
13 a 1 9092 Ii•" 4 I L,41 D

15 5 2,529 4508 6.,456 8,164 0,557 140 4-1,1

a Nut did not have wax lubricant (Carbcwax Potyethene Gtyool 3350) app4ied.
b EI/ Corporation EM-6286 is I bonded solid film lubrint fornulated with graphite in a resin binder. Fel-Pro Incoporated i

lubricant is a paste contiining 50% synthetic grphile and 50% petrolatum innrmulated to meet MIL-T 5544. The C-401-S lubric•.
applied over th EM-6286 lubricant on the threade of ft nut and lto th threads of th IVD aiuniumrooae.d bolt.

SMS2120-.050i bott: Average eahank dameler-0.31 10 in, average oatv' tf' o -0.000311n. !1
4.FLW-524 nut: Average coaling Uillqi•em - 0.OM3O In.. average ooallng "d EM-4Z5 Ul*m -0.01"n.

TABLE B-54. TORQUE-TENSION DATA FOR ND ALUMINUM-COATED BOLT AND FOR WVD ALUMINUM-
COATED NUT LUBRICATED WITH E/M CORPORATION EM-6286 AND THEN DOTH PARTS
LUBRICATED WITH FEL-PHO INCORPORATED C-601-S.

_ _ _ _ - -O - •3 .

Running~ Torque O u i.& unn
Tedt Cycle Torque Osnarway Rorui

0o,1.8. No. (InICW loft Load (Ib) Torque (In.-ib,

Direction) 0 1018 2025 n.I) CCW
r,50 100 50 00 250 " Directlon)

54 1 25 1,514 3,754 5,792 7,681 9,403 140 35
2 8,780
3 8,6704 9.204
5 10 1.913 4.143 5,873 7,590 9.098 140 15
6 9,349
7 9.619

- 9~,692 U
A 9 9,754I

10 I0,024
•11 9,918

1312 10,072 113 0,926
'14 10,057 1 01

A 15 10 2.73 4,837 6,34 8,500 J 03 9
a Nut dcd not have wax lubricant (Carbowax Polye.Uylone GIwl'f 3350) applIed,
b EM Corpor'lion EM-6286 I a bonrde solid film lubricant lomulated wiLh graphite in a r*n binder. Fet-Pro Incorporated C-601-S

lubricant is a pasle containing 50% synfthetic graphle ani 50% petrolatum bmutated to meet MIL.T-5544. The C-601-S lubricant was
appliod over the EM-6286 lubricant o• the lhrrac" of the nut and to the threads of the lVD alun-'num-oo0aed bolt.I

c MS21250-O5016 bolt: Average shank damter - 0.3110 in., overage coating thlckneau - 000032 in.
42FLW-524 nut: Average cooang thViiksa - 0.0C037 in., average coaling and EM-68286 ihickfnel - 0.00081 in.
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hPPENDIX C

II TORQUE-TENSION.DATA FOR ENGINE BOLTS FINISHED

WITH I"D AL{'MINUM OR DIFFUSED NICKEL-CADMIUM

WITH ANV.WlIýOUT ENGINE OIL LUBRICATION
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TABLE C-1 TOROUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

Running Torque On Nut (Iu..b) Running'" lgronlh" Torque
T No Cycle Torque Box .1d (lb) Teoue U $ lIb,

-No( Mm-e. i,-, CW - fin.-b) CCW
Olreciion) - 25 45 66 94 Dl"ecion)

11 1 40 - 205 1.029 1.877 65 35:12 1.930
-,- - . .3 2.040 -.

4 2,063
,1 6 20 1337 1 3.50 ] 1,420 2.607 65 20)

a Nut was supplied wit a wax liuriant (Ca-bowax Po~lyhylen Glycol 3.3W) appk~d.
.,•b MllL..-23829 angihe oll-w- usdasI 11he lubricant The &ehs ll wan .ople b .Ow9wa f anW nu.,

c MS9209-13 bolt: Avmnge plating lhk~msa - 0.0004" in.

PAW 564706 nut: Avrage p•aU•g thhcktea - 0.00043 in.

TABLE C-2. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT AND
CADMIUM-PLATED NUT LUBRICATED wmi ENGINE OIL.

Running Torque On Nut (ia.-b) Running

Test Cycle Torque Boll Load (lb) Torque (InToq,
NOP-. No (in)lb CW. (In.-Ib) CCW

- - 25 - 65 U Dire.ction)

2 1 20 - 277 724 1,135 1,557 65 20
2 1,68I
3 1.838 1
4 2,049
5 15 - 538 1,015 1,520 2,027 65 15

a Niui WAS LUpplied with~ a wax lubriwat (Carbowax Polye~hlnn. Glycol 3M5) applied.," ~b MIL.-.-23699 engine• oil wasl used as Ihe iubricent The em~le ON was, applied to The threads of ft bolh and nul.

c MSI920-13boft: AyvgepIldtngahnots-0.00045In.
P&W 5647r6 nut: Average plating Utlckemo - 0.000M1 In.

K2 -
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TABLE CA. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED DOLT AND
CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL.

Torque O Not (is.*I) Rmlno g111man g srsawnry , T or'qu e

Test Cycle Torque e-ll Le.d (b) Torque 41,.T11u,
Num.b.s He. (In.-b, CW .4 .- , -cw

a 25 - a15 -irec-on)

>1 __ 2 __ 4 114 186 5 2
.__ _ _ _ _ 5 10 -487 1.1246 1 .79 243 60 10

a Nut was supplied with a wiu lubricamt (Cwbowax Pofyelhyiene Ol ) appi ed)
MIL-L-23599 engine ogl was und as to. kiJbriolt The e 'ngin ol ws apled l IM tooad of VWe bod fWIA.

c MS920-.13 bolt: Avwerge piating hlhineas - 0.00035 in.

P1W 564706 nut: Aoemg lawt 14V luimke - 0.01A49 in.

jII
j

* TABLE C-4. TORQUE-TENSION DATA FO, %"D ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL

Running Torque On Nut (In.-h) Running

4 1 10 - 573 1.165 1,883 2,.632 60 10
2 2,372
3 2,150
4 2,078
5 5 I - 690 1.122 1,613 2,034 65 5

a Nut had a wax lubricant (Carbowax Poaithylons Glycol 3350) 4pkd.
b MIL-L-23699 engine oil was uetd as the kldrcanL The englra og was applied to ft # wds of te boll amd nut.
c M59209-13 bolt: Average coating thicms -0.00031 in.

5& ,,476C nut- A o". ... , ",,i - 0.00M -- l.

"205

'' = I1 . . ... 
I i,-=-•-. 

.. 
_tr • i" III - .-

.....k' 
... .,' ii ii--



TABLE C-5. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL

"Tarue On Nul (i.- Tmoru

Tel Cymlo Torque 1 da•orwey Torque
we'.1.' No. (Im.-Ib, CW Bak________h Lead (bI) Torque (I.-&b.I
5.., 1 ODImecti 11 (ii.4) CCWisdon 45 Is okdlefn)

5 1 15 - 9 914 1,494 2,166 60 15
2 1.04
3 1.749
4 1,786
5 1 G 80 990 1,384 1,777 65 5

MIL--39 .... 1 asum mt ....nL-
a Nut had a wax lubricant (Cartowax Poythyle GlyW 33W) applied.
b MIL-L-2M80 •ngiw o was usedi as "t krim The eng&in W1 was appW b Mads aolft baot and nut.
c MS9209-13 bo1t: Average ooating kntaeess - 0.00044 in.

P&W 5,4708 nut: Average c•.ang tkbrc.a* - 0.00047 In.

I
I

TABLE C-6. TORQUE-TENSION DATA FOR IWD ALUMINUM-COATED BOLT AND IVD ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL

RunnIng Torque On Nut (In.-b) Running
Test Cycle Torque hlfl Load (Ie) To ue Torque
No;,',• No. (In.-lb, CW Bch Load (lb) Torqu O (WIb.

Diroctlon) - (I 45 M (Ih CCW

6 1 15 - 503 1,166 1.998 2,681 60 102 2.094

3 1,858
4 1,824
5 3 541 97 1,431 1,827 65 2

a Nut had a wax lubricant (Carbowax Polyethyle•e Glyool 3350) applied.
b MIL-.L-23699• engiro oil wa used, ais to 5ubrim/t. The eVngin ol was mpp~lW io the tnulls~ of U'w bolt and nut.

SMS209-13 bolt: Average ooeaingd k M -0.00036 in. I
P&W 5,.%70 nut: Avemns - -1nan t.h.uo.z -0 00o7 inWe
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3 TABLE C-7. TOROUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM BOLT
AND CADMIUM-PLATED NUT.

I~rakim TorquesrueGeN
___________________________________________ l~nnlng

Tesd Cycle Torque Bol Load (1b) Torque (er-ub.
W8.e,, N). (b..ti, CW _ (i(.4-) CCW100 160 208 U1 300 Diecion)

I I - I I •- -25 2A707 4,254 5,731 7.118 8,411 200 20

a Nut was supplied wilt a wax lbrkcarwt (Carbowax PolyUhyoene G"yol 3350) apped.
b The bolt and nu- were aunmbled dy without an engine 0o ljbdcricL

cM91-Sbolt: Aveaege shank diamelec - 0.2879 in., aveage cam04V thickwe -0.00027 hIn
42FLW-524 nut: Average plalt kinwe~s - 0.00047 in.

TABLE C-8. TOROUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM BOLT

AND CADMIUM-PLATED NUT.

Running Torque On Nut (I.-1) Running
Tet yceBroa y Torque

Tess Nol, Torque loft Lud (lb) Torque (In.-ib,

Dreion) 100 200 Dircion)

1 .1 20 3,237 5,145 7,153 8,784 9,93 165 25

a Nut was supplied with a wax kbrcal (Carbowax Polyetyl, ene Glycol 3350) appoled.
b Tho boll and nut were aiernblel dry without an engine ol lubricant.c MS9210-25 bolt. Average sank dlarraer - 0.2675 in., mwaew omg Iing uiea -0.00032 In.

42FLW-524 nut: Average pWat" tk.kwneo - 0,U0044 in.

TABLE C-, TORiUE-iNSKN DATA FOR A DIFFUSED NICKEL-CADMIUM SOLT

"AND CADMIUM-PLATED NUT.

Running Torque On Nut (11.-Ib) RunningiT~l " BrlifilvM Torque
Tet cycle Torque Bhl Lead (Ib) Torque (in.AT b,| N•. , I, No. (In.-Ib. CW (Ino-,b) irctiWn

Direction) 110D -S 200 260 300. Dirldon)

'• i ______ ' 20 2,811 4,583 6,175 7,687 8,869 170 20

a Nut was supplied with a wax lubrkwat (CObowax Potelhylene Gly 3350) appled.
I b The bolt and nut were assm bled dry without an engine oi lubricanl.

c MS9210-25 bolt: Average shank diarnter - 0.278 ki.. av, ae coating thickness --0.0029 In.
42FLW- 524 nut: Average plating thicness - 0.00052 In.

>1
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TABLE C-11. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVOD
ALUMINUM-COATED NUT.

"" -,- ~ -I

Running Torque Oa Nut (la.-Ik) Running
Toat Cycle Torque o La (sb) Brea u Torque
No.t No. (ln.-ib, CW B L Torque (In-tb,

O do) 100 150 208 .1511 300 ODircion)

11 I 50 1,089 2,181 3,119 4,046 4,965 250 5
a Nut had a wax iubriant (Cartowax Polyethylene Gly•ol 3350) applied.
b The boh and nut were asseebled dry without an engine oN iutbrkcant. I
c MS21¶0-25 boll: Average shank dian'te- 028771 in., a•veae coat•g thicknm - 0.00037 in.

42FLW.524 nut: Average ,•aling thickknis - 0.00034 in. I

TABLE C-12. TOROUE-TENSION DATA FOR IVD ALUMINUM-COATED BOLT AND IVD i
ALUMINUM-COATED NUT.

- Torque On Nut (in.-Ib) punning
Run ggrka Torque

Tell Cycle Toque loft Load (I) Torque (i-.-Ib,)a
No____ ,_ No. (In.-I, CWo(ld(.-Ik ) uniWa~lrction) 1166 ISO 200 250 300 Directon)

"12 a 50 1,127 2,031 2,892 n3,752 4,581 235 e
a Nut had a wax lubricnl (Carbowax Polyethylene GlycoW 3350) applied.
b The bolt and nut wert assemnbled dry without an engine oil luLytant.
c MS9210-25 boil. Average shank dmnwter - 0.2875 In., average coating thikkrm - o.oo039 In.

42FLW-52•4 nut: Averaeg maing thcko - 0.00037 in.

TABLE C-10. TORQUE-TENSION DATA FOR IWD ALUMINUM-COATED BOLT AND IVD I
ALUMINUM-COATED NUT.

Running Torque On Nut (In.-Ib) RunningRunin grs tkimyrt Torque

Tet Cycle Torque Bolt Load (Ib) Torque (In.-lb,
NoH. (In.-Ib, CW OR ' (IxA-b) ,CW

i I .. 111 1.-1 ...t . m I If d ii ~ II

10 I 45 1 1.106 - 2,211 3,036 1 3,809 4,610 220 45
Nut hod a wax lubricant (Carbowax Polyethylene Glycd 3350) a• id. i

b The bolt and nult were as*mbed dry withoul an onglne oU lubricant.

a MS9210-25 bolt: Average shank cLarnetar- 0.2175 in., averege ooang thickne m-0.00039 In.
42FLW-524 nut: Average ociang thicMen - 0.00030 Wi. I

I2
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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

Torqu On .. (h..b) Banning

Test Cycle Torque '" ..m4b. Torque
..... .. , _________b Load (9I) Torque (__ _ I b .Nop.1 ... No. (la.4b, CW . II.4b)• CCW

Directimn) 100 150 too 0 DkIrction)I -| - jna --- l in - -J

13 1 20 2,343 4,075 5,697 6.960 8,408 1I0 25
2 ,I9,402
3 II3.0954 ; 7,527

, 5 10 2,320 3,420 1 4,365 1 5,420 6,468 195 15
i •~ Nuiw •su•pplied with a wax lubricat (Caftowax Po"yohylene G"yo 33W0) aplie

bI MIL-,,-2369GQ *oner oIwilwa used as ft kubrk-AnL The wirmln ol was applied to " Wod of f'O 4'th boll nu

€ MSV'1,'k-25 bo1: Avraige shank diam*t - 0.282 in., verage moating thicknem -00003. in.
42FLW-S24 rmit: Average platng 0.9eknes --0.00040 in.

~I

TABLE C-14. TORQUE-TENSION DATA FOR A DIFFUSED NICKEL-CADMIUM-PLATED BOLT
AND CADMIUM-PLATED NUT LUBRICATED WITH ENGINE OIL

Runnng Torque On Nut (Ia.4b) Running

T18t Cycle Torque .. Break Torque
No.,.,,, No. (In.-Ab. cw l. Load (1b) Torque (In.-Ab,

Direction) 0 (Ic.Ih) CCW
1i0ctn) IO 201 50 300 . Dircion)

14 1 30 2.561 4,062 5,332 6.883 8,130 185 30
2 7,873
3 7,236
4 6.445

2 5 20 1.714 2,867 4,039 5,083 - 6,133 190 20

a Nut was suppied with a wax lubricant (CarbOwax Polyoa~enrw Glycol 3350) dapoced.
b MIL-L-23,99 engine o was used as Ve IubrtcaIL Tho ngina oil was applied lo V* ftO a of V* bo' and nuL
c MS9210-25 bolt: Average shank diameter - 0.2876 K,, avorage com!Jg thkess - 0.00C3 in-

* 4•I-LW-524 nut: Average plating U~cknoi - 0.0046 in.

r20I
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TABLE C-15. TORQUE-TENSION DATA FOR IVD ALUMINUM-COATED B3OLT AND IDALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL.

-Tirque On Nut (Im....) Iunn
Teal.4 No fyla.4T. CueBell Lead (Urn) _ ______ _ Teoque In.-lb,

__ __100 1IN 20 25 Soo) kc~n

15 1 25 2.337 3.825 5,082 6,187 7,070 240 30
2 4,869
3 5,196
4 6,0881

Nu 5ad 1a 10 1,1805 _1 2,755 3,547 1 4,259 1 4,882 250 10
a Nu ha a wx lbricant (Cerbowax Polyethyl4ene Oiyoof 3M0) applied.

bMIL.L-23699 enginea oll was used as " lubrieant The eongine oll wa applied to Vie ftoade of Owe boll arid nul.c MS9210-25 WAf: Average shank dismeter - 02673 lin., average meting thildimes - 0.00037 Mi.
42FLW-624 rwt: Average ooaling thic~mness - 0.00M3 In.

TABLE C-16. TOROUE-TENSION DATA FOR IVO ALUMINUM-COATED BOLT AND IVO ALUMINUM-
COATED NUT LUBRICATED WITH ENGINE OIL.

Torque On Nut (lm.-i) Running
RuningIreaksway Torque

Test Cycl Torqu (hIb w _____ Lead (Ib) Torque (in.-tb,
Direction) 10 10(In.4bh) CCW

lg IO 200 2b0 300 Direction)

16 1 40 1,175 2,381 3.204 3.908 4,647 225 40
2 0119

3 4,639
4 4,9105 10 1,1446 2,455 3,325 1 3.992 1 4,629 230 10

a Nut htad a wax lubricant (Carbowax Polyethylene CityocA 3350) applied.
b MIL4-23899 engine oil was used as to. lubricant. The engine oil wat applied to tie thread& of th W and nut.

cMS9210-25 bolt: Avierage shank doamulor - 0.2676 In., oma.cnrw_ oC thicitese -0.0003 in.
42FLW-524 nut: Average ooaling thiolvss -000O036 in.
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TA1BLE C-17. TORQUE-TENSION DATA FOR IVD AUMINUM-CO.ATED SOLT AND WDO ALUMINIUM-

COATED NUT LUBRICATED WITH EtiOIN O)IL.

Ted Cycle 1"mus 01 Lad (D)T76iq e

1111.9-51 No. (1 ing.41 W - -s (ll VCb

1U1 2 .28 3K3 Z 6,1 0 12
_______ 5 15 1,462 2.44ý 1 ZZ7 j3X~2 j ,605 220 10

a Nut had a wax lubrican(Carbowax Polyethywete GlyW1 33M0) appliled.
b MIL-L-23M~ engine oil was used as ft. lubocv The engin oll was app ip 4 6"* id O~w bak LWtehl niL.
* MS9210-25 bolt Aveage shank dkm@Wte - 0.2074 in., avvinqp aim, lhkkA'.,x 0.0=7 "A.

£2FLW-324 nut: Avwvp ooa&ng #h*ise - 0.00041 in.

TABLE C-IS. TORQUE-TENSION DAT A FOR IVD ALUMINUM-COATED BOLT AND
~ I CADMIUM-PLATED NUT LUBRICATED W"T ENGINE OIL.

Running Torque On Nut (1w.4) RutmIng
Test Cycle Torque Nall Lead (tb) Torqns

IB 1 15 2.924 4,024 5.145 7,381 8,785 H65 20

9.678
9.189

1 1 5 3,091 4,559 16,080 17,301 8.592 170j _L_2 10
a Nut wa supplied with a wax. lubrican (Carbowax Polytiyethoo Gtyool 335) &*P46.

b IAIL-L-23699 engine oil was used as fte iubricant. The engIne oil was aap~Aid to fie tmadin of fl'i boanaid nut.
c MS9210-25 boltt Average smdwa*W -anie -02573 in., m oeige ODS*.neaslvo - C.00042 in.

42FLW-5,24 nuit Average plasting Vbkl;ness - 0.00046 in,

TABLE C-i1 9. TORQUE-TENSION DATA FOR NVD ALUMINUM-COATED BOLT AND
CADMIUM-PLATED NUT.

Running Torque On N&A (14.4hb) Hunning
Test Cycit Toma lftLa (b grmakew Torqu6

* ~N0 ~ No. (in -4b, cw __ . ed(b Torque (Inll,-,* I ~Direction) ~f- - (I..-lb) CCW
lo ____0 1 1 2 5 000 2HSo irscl).n)

*19 1 25 2.76 4,40-1-5,29 1 ,725I -7,886 1910 30 1

ak Nut was suppliod with~ a wax lubricant (Carbowax Pohvehylnn OtWuu 3350) app~d.n
b The boti and nut wers assembled dry wiliuxY an enogine *ll kibrioajt.
C MS9210-25 bolt: Avuimge shank danulr.- 0.2377 in., aErage WatkV thicknew - 0.00034 in.I ~42FLW-!i24 nut: Average plating thlckrem~ -0O.0003 in.
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