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FOREWORD

This contract with the Lockheed-California Compa'W (a Division of Lockheed

Aircraft Corporation) of B-rbank, California was initiated under Air Force

Contract No. F33615-72-C-1838, Project No. 7381 "Materials Applications,"

Task No. 738106 "Engineering and Design Data." The work was accomplished

under the technical direction of Messers. Alton Brisbane and Clay Harmsworth

of the Air Force Materials Laboratory, Air Force Systems Command, Wright-

Patterson Air Force Base, Ohio.

This report covers work pirformed from July 1972 through June 1973.

Mr. Robert B. Urzi, Research Engineer Sr. was the Engineer in charge of

the project and principal investigator for the program at the Lockheed-

California Company. Others who cooperated in this program were Mr. Richard

C. Smith and Mr. Jack C. Ekvall, Dept. 78/22, Structural Methods; Mr.

Dwayne Black and Mr. W. F. Bush of Dept. 74/42, Structures Laboratory. A

program of this nature would not have been possible without the encourage-

ment and support of many individuals from all segments of government and

industry. To list all the participants in this program would be to chance

an error of omission. It cannot be overstated that the ccoperation -fforded

by each organization or individual contacted was outstanding. Your comments

are solicited on the potential utilization of the information contained

herein as applied to your present and/or future fastener evaluation and

application programs. Suggestions concerning additions and/or modification

to the test methods reported herein will be appreciated.

The report was released by the author in August 1973 for publication.

This technical report has been reviewed and is approved.

Albert Olevitch
Chief, Materials Engineering Branch
Systems Support Division

Air Force Materials Laboratory
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ABSTRACT

A multiple task program was implemented to aid in the establishment of a

Military Test Standard (part of MIL-STD-1312) needed to evaluate joint fatigue

life improvement fasteners in fatigue and to generate joint fatigue data

utilizing the two most commonly used "fatigue rated" fastener systems:

9 The Hi Lok/Hi Tigue F yskem (Hi Shear Corp)

e The Taper Lok System (Omark Industries)

The major task consisted of fatigue testing 1008 elemental joint specimen

using two basic types of elemental joint specimen:

" High load transfer where all the load is transferred from one

joint member to the other

" Low load transfer where a small portion of the load (approximately

5 percent) is transferred from one joint member to the other.

Within this program, six important fastener system variables were investi-

gated:

1. Fastener configuration

2. Fastener material

3. Amount of interference fit

4. Faying surface treatment

5. Sheet thickness/fastener diameter ratio

6. Fastener hole fabrication methods
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Included in the program scope were tests to investigate the effect on joint

fatigue characteristics due' to:

9 Loading frequency (straii rate)

* Type of test machine (constant amplitude vs. constant load)

* Special specimen fixturing

The test methods used were those proposed for insertion into MIL-STD-1312,

"Fastener Test Methods". These methoC. were in general satisfactory in

the assessment of the fatigue behavior of the joint system tested. The

joint fatigue behavior patterns identified in this program included:

" Increase in fatigue life with increase in interference fit

* Decrease in fatigue life with increase in the amount of the load

transferred by the fastener in the joint

* Insensitivity to fastener material

* Insensitivity to hole preparation methods

* Differences in the mode of failure associated with faying surface

treatment, amount of load transferred by the fastener and number of

load cycles endured.
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INTRODUCTION

With modern aircraft designs utilizing thousands of different types of

fasteners, the problem of fastener evaluation is one of ever increasing

complexity. While there are standards for fastener fabrication and evalua-

tion, they are often confusing, overlapping and fail to identify and

standardize those parameters that are most critical to the actual perfor-

mance of the entire installed fastener system. Consequently, each

manufacturer has continued to expand and propagate his own line of fasteners

employing his own fastener evaluation procedures. As a result it has been

difficult to evaluate and compare realistically the performance of various

fasteners in the "installed" condition. The task of establishing a test

standard fell to the Fastener Testing and Development Group (FTDG) an

Industry-Government Committee.

A research and development program was implemented in April 1971 under

Navy Contract N62269-71-C-0450, Reference 1, which aided the FTDG in

developing a proposed Military Test Standard (parL of MIL-STD-1312) to

evaluate the Vatigie behavior of installed mechanical fasteners. The Navy

program was divided into two tasks.

Task I consisted of a survey of twenty-two different aerospace fastener

manufacturers and users to provide a basis for defining optimum requirements

for an installed fastener fatigue test standard. Elemental joint config-

urations used in ad hoc standards ranged from simple lap joints to com-

plicated multiple member box beams. The fatigue testing methods ranged

from complex spectrum loading to simple constant amplitude. Task II was

a fatigue test program to determine the suitability of six different

elemental fastener joint specimens for use in the test standard.

1



The objectives of the current program funded by AFML under Contract

F33615-72-C-1838 included the following:

1. To further develop and refine fatigue test methods proposed fcr

insertion into MIL-STD-1312, "Fastener Test Methods".

2. To determine the suitability of proposdd test standards as applied

to interference fit fastener systems.

3. To provide the Air Force with ,joint fatigue data generated by

utilizing the proposed test standard in tests of fasteners which

reflect current usage.

The work reported herein provides an assessment of the proposed MIL-STD-

1312 test method for establishing performance characteristics of installed

interference fit fastener systems. This assessment has been implemented

through the generation of fatigue data utilizing a large number of mechan-

ically fastened joints with variations in geometric, production, and

environmental parameters. In addition, the statistical significance and

reproducibility of the test date was investigated. The following pages

summarizes the conclusions reached. Section 1 presents the procedures used

and results obtained. Section 2 discusses the presentation of the data,

the computer techniques used, and statistical manipulation of the data.
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CONCUJSIONS

From the data generated in this test program the following logical conclusions

can be made:

1. The test method, ns proposed for insertion into MIL-STD-1312,

appears to be an effective experimental tool for the evaluation of

behavior of fatigue installed interference fit fastener systems.

The use of these methods would result in the generation of data

which could characterize the fatigue behavior of elemental joint

types utilized in airplane construction.

2. The specimen test lives and failure modes appear to be influenced by

the joint geometry and the faying surface condition. Use of an

effective antifretting coating on one series of test specimens

resulted in a uniform failure mode and increased confidence that

the test lives experienced were accounted for by the variables

under investigation and -not by fretting parameters.

3. In reviewing the individual test variables there seem to be:

(a) no effect on fatigue characteristics of the joints tested

when subjected to loading frequencies ranging from 400 to

4500 cycles per minute.

(b) no effect on the fatigue characteristic of the simple lap

joint specimens when using the "sandwich" restraint/guides

as compared to using the flexure, 90° (offset) restraints.

(c) no effect on the fatigue characteristic of the joints tested

when testing at either constant amplitude or at constant

load.

3



4. With reference to the data generated where basic fastener system

variables were chatiged the followiag relationships were noted:

(a) increasing the fastener interference fit generally increased

the fatigue life. This trend wal evident in both high load

and low load transfer joint specimens.

(b) the data gained was inconclusive in respect to the effect

on fatigue characteristic due to the type of hole fabrication

methods used. The use of hole fabrication techniques

simulating production line practices nd hole fabrication

methods simulating either experimental shop or model shop

practices resulted in the data falling within the same scatter

bandz.

(c) the test methods used were very effective in showing the

effect on the fatigue characteristic of both--high load and

low load transfer specimens due to sheet material thickness!

fastener diameter ratio. As the t/d ratio increased the

fatigue lives decreased.

'4
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SECTION 1

ASSESSI1NT OF FASTENER TEST METHODS

1.1 BACKGTROUND

At the Fall 1969 meeting of the Fastener Testing Development Group (FTDG),

a newly formed sub-group was given the task of defining a test method to

characterize the fatigue properties of installed permanent type airfraie

structural fasteners with the ultimate objective of developing a test

standard suitable for insertion into MIL-STD-1312, "Fastener Test Method",

Reference 2. Concurrently, there were several programs being actively pursued

in industry investigating suitable test methods to be used in the fotigue

evaluation of an installed mechanical fastener, (Refs. 3-6). At succeeding

FTDG meetings, discussions continued concerning a proposed MIL-STD test

method. The subgroup assigned the responsibility for developing the test

standards became acutely aware of the lack of data and the diverse test

methods used in generat.ng data. It became apparent that a program was needed

with the objective of identifying the required information and criteria for a

unified test standard. A contract was awarded to the Lockheed-California

Company in April 197.1 to develop the information needed. The information that

was gathered and the results that were obtained in that initial government

fund.d program are reported in Reference 1. One important task accomplished

in the initial program was a government-industry survey of ad hoc standards

being used by various organizations which was presented in a separate report,

Reference 7. The results of the survey showed generally two basic types of

joint configurations being used in the evaluation of "fatigue rated" -fasteners.

These were:

1. High load transfer where all the load is transferred from one joint

member to the other of the type shown in Figure 1.



2. Low load transfer of the type shown in Figure 3, where the object

of the test is to determine the influence of the fastener on the

fatigue characteristics of the sheet material in which it is

installed.

The survey determined that the one and one-half "dogbone" specimen, shown in

Figure 2, classified as a medium load transfer specimen, which was being

considered by the FTDG Joint Fatigue Sub-Group as a test standard, found only

limited acceptance by the fastener testing community.

The test program conducted per Reference 1 did arrive at certain conclusions:

e The simple lap joint/single shear specimen, fully supported

(restrained from rotating), emerged as the most consi.stent joint

geometry for the prediction of fatigue characteristics of the

installed fastener system. However, fretting fatigue failures were

experienced in a significant percentage of the tests placing some

question on the validity of the test method as a true evaluation of

the installed fastener and its influence on the joint fatigue life.

* The test data generated using the one and one-half "dogbone" geometry

appeared to result in a definite discrimination between the fastener

systems compared, but not with the confidence and consistency of

the simple lap joint.

9 The low load transfer specimens tested in the program reported in

Reference 1 did not generate data exhibiting a consistent high order

of confidence iii the ability to discriminate between the different

fastener systems tested. However, the data did indicate a sensi-

tivity to particular fastener system/joint configuration variables

such as sheet metal stackup, type of fastener fit, and the amount of

torque applied to the nut. Another item of importance was that the

majority of the fatigue failures experienced occurred through the

fastener holes. The low load transfer joint is a highly sensitive

6



joint responding to the fastener system variable. This greater

sensitivity would account for the greater amount of test scatter in

the data and correspondingly an inability, when analyzed statistically,

to discern differences to the same confidence level, as, for example,

in using the t-statistic to test for equality of the means of two

samples (Reference 10, 11).

It should be noted that the program reported in Reference 1 and that reported

herein differ in one important aspect. The referenced program objective was

to assess candidate joint geometries and ad hoc standards in order to consoli-

date and reduce their number. Therefore, the fastener systems used in that

program were chosen to provide divergence in the test data. By measuring

the difference between the two mean values (one for each set of data for

each fastener system) it was relatively simple to determine the discriminatory

ability afforded by each of the candidate joint geometries considered. In the

current program the test specimen geometries were previously defined. The

objectives in this program were to obtain possible refinements and modifica-

tions to the proposed test method and to assess the proposed test standard

in terms of applying it to generate design data.

1.2 MATERIAL ACQUISITION AND PREPARATION

1.2.1 Sheet Material Selection

Three aluminum alloys were considered for use in this program:

a. 7075

b. 7475

co 7050

The 7050 material was not used as sheet material because it offers no

advantage over 7075 as a sheet form. Initially 7475-T76 clad was selected,

but due to procurement lead time and minimum qantity requirement established

by the producer it was not used. Therefore, 7075 sheet material was used in

7
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the T76 clad condition per Federal Specification QQ-A-OO250/25ASG dated

14 October 1969. The T76 temper represents the current and projected

industry-wide usage of the 7075 alloy as a sheet material for airframe con-

struction. The aluminum alloy sheet material was bought in the T6 condition

and was re-heat treated to the T76 condition per MIL-H-6088-E dated February

1971. The mill certification received with the material is included in this

report as Appendix 1.

The titanium alloy sheet material chosen for the program was Titanium-6Al-4V

in the mill annealed (MA) condition. The composition and mechanical properties

of the material ordered were governed by Military Specification MIL-T-9046F,

Amendment dated 15 March 1968, with the added limitation that the oxygen

content, 02, be kept to a maximum of 0.13 percent by weight. Material

certification on the alloy used is attached to this report as Appendix II.

The sheet materials were sheared and contour machined to the proper dimensions

using a conventional profile milling machine. The detail test specimen draw-

ings have been reproduced for this report and are included as Figures 1, 2,

and 3. The identification numbering system is also shown in Figures 1, 2, and

3. Each specimen had its identification number electric penciled on it along

with an orientation reference marked "top" or "bottom". Each individual

specimen identification number also codes the particular fastener system

used.

1.2.2 Hole Fabrication and Fastener Definitibn and Installation

The two types of hole fabrication techniques utilized in this program were
"production" and "precise". The "production" technique covers joint specimens

required for test conditions outlined in Tables 1 2, and 4 and the "precise"

treatment is used for fastener holes of specimens defined in Table 3. Defini-

tive data for both the fasteners and the holes are given in Figures 1 through

3. Table LXXXIX in Appendix III lists the tooling and specification used in

the fabrication of holes, both "production" and "precise". The methods of hole

fabrication and fastener installation for the two fastener systems used also

are given in Appendix III. It should be noted that every fastener hole was
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inspected and recorded. These records are given in Table XC. In cases

where a straight shank fastener was used the hole diameter was measured and

recorded; in cases where a tapered fastener was used, the fastener protrusion

was measured and recorded. Fastener protrusion is the height of the fastener

shank (including head height for flush fasteners) remaining to be forced into

the hole when the fastener is placed into the hole using finger pressure

(30 lbs approx). This height (in inches) then divided by 48 gives the inter-

ference fit of the fastener when fully installed.

1.2.2.1 Resolution of Interference Fits Used in Test Program

A tabulation of fastener interference fits used in this program is given

below. Initially in the program a different range of interference fits

were to be used in the installation.of the straight shank fastener system

as compared to the installation of the tapered shank fastener system. Based

on continued investigation, the Air Force and the contractor decided that in

consideration of the size fastener used in this program, the gross amount of

interference fit should be the same for both the straight shank and tapered

shank fastener systems. This concurrence of fastener fit for both systems
would not necessarily hold true for larger fastener diameters.

Test Program Interference Fits (3/16 Nominal Fastener)

Production Quality
Holes Precise Holes

Interference
Fit Taper Lok and Hi

Range Lok/Hi Tigue Taper Lok __Hi Lok/Hi Tigue

.0000
Low -.0030 mean -.0015 Not Applicable

-. 0015 -.002 -.0025

Std -.0015 mean -.0030 -.0032 -.0035

-.0030
High .066 mean -.0045 Not Applicable

9
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Care was taken during the selective assembly of test specimens so that no

overlap of interference fit occurred between specimen groups representing the

low, standard, and high interference fit ranges.

1.2.2.2 Changes in H11 Fastener Coating

It had been recognized that an incompatibility problem might exist between

the diffused nickel-cadmium plating on the Hll steel fasteners and the

titanium-6A1-4V sheet, in which the fasteners are installed, if there is any

free cadmium interface. One recommendation was to install the Hll fasteners

bare in the titanium sheet. This would have added another variable to the

program. The additional variable of a bare surface condition within the Hll

fastener group could foreseeably cause variations in fretting conditions

occurring in the fastener holes. This in turn would effect changes in test

life of the various elemental joints being evaluated for a test standard.

The objectives of the current program did not include an assessment of joint

fatigue life due to variations in fastener surface finish or coatings. The

contractor proposed that all steel fasteners installed in titanium material

contain the same coating.

Elimination of the diffused nickel-cadmium coating and substitution of an

alternte material as a fastener finish avoided the Hll fastener and 6Al-4V

sheet material incompatibility. The coating also was required to minimize

galling during fastener installation. The substituted material was selected

from three candidate coatings:

1. Hi Kote I (aluminum coating)

2. Hi Kote II (inorganic coating)

3. Lubeco 2123 Type 2 (inorganic coating)

Bench tests were conducted utilizing straight shank fasteners made of steel

and titanium stripped of their production coating and subsequently coated

with one of the coatings listed above. Fasteners chosen for coating were

taken from the same production lot, heat, and size. After coating, fasteners

were installed in a three-fastener diameter thick plate of 7075 aluminum or

10
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titanium-6Al-4V (ma) material. All fasteners (steel and titanium) were

installed with a minimum interference fit of -.0040 inch and a maximum

interference fit of -. 0043 inch based on bare fastener dimensions. Fasteners

were forced into t'e interference fit holes using a 5X rivet gun and pushed

out with a hydraulic press. The fasteners were visually examined at 20X

magnification to determine the amount of fastener coating scraped off during

the installation and removal process. Although the Hi Kote II and Lubeco 2123

coatings possess similar fastener adherence characteristics, the Lubeco-

coated fastener sustained the installation process better than did the Hi

Kote II. Based on these tests, the Lubeco 2123 was selected as the fastener

coating material.

Steel fasteners which utilized the Lubeco coating had been reordered so

that the Lubeco coating would be applied to a manufactured bare fastener

containing pre-plating dimensions. Steel fasteners for the aluminum sheet

material specimens had the standard diffused nickel-cadmium coating while the

titanium fasteners for the aluminum sheet material specimens used standard

cetyl alcohol luby cation.

1.2.2.3 Nut Configuration and Torque-Up

The work statement of the contract did not define the nut configuration and

amount of torque applied to the nut. The Taper Lok and Hi Tigue fasteners

chosen for this program may, on occasion, utilize different nut configurations

with variations in torqueup. The variable of nut configuration and amount of

torqueup was not considered in this program. The nut configuration normally

associated with each fastener type was used, i.e. washernut with Taper Lok

and "torque off" collars with Hi Lok/Hi Tigue. Both nut configurations were

made of alloy steel with both fastener systems torqued to the same value,

45 15 inch-pounds.
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1.2.3 Faying Surface Treatment

In an attempt to preclude the influence of fretting on the fatigue strength

characteristics of the various joint specimens chosen for this program, the

following faying surface treatments were used:

0 Aluminum Alloy Sheet Specimens

Following the machining, hole fabricating and identifying processes,

all aluminum joint specimens tested in this program received a faying

surface treatment. This treatment consisted of cleaning (degrease),

spray paint with epoxy primer that meets Lockheed Specification

LCM 37-1035 and Boeing Specification BMS l0-11F and cure at room

temperature for 24 hours. The epoxy primer used was Finch Paint and

Chemical Company #463-6-3 Corrosion Resistant Primer. It is a

chemically cured epoxy primer coating especially designed to provide

protection for ferrous and nonferrous metals against fresh and salt

water, aircraft fuels, hydraulic fluids, engine oils and corrosion

causing media. It was applied using a standard spraygan at a line

pressure of 35 to 45 psi. The dry film thickness was approximately

0.7 mil.

After curing the primer and upon assembly, the faying surfaces of the

joint specimens were coated with Products Research and Chemical

Corporation (PRC) PR-1431-G Corrosion Inhibitive Sealant. PR-1431-G

is a two-part dichromate cured, polysulfide sealant with an increased

soluble chormate content to inhibit corrosion in areas subjected to

galvanic action. The mixed material was applied using a standard

short nap paint roller. It should be noted that all fasteners were

installed dry (not coated with sealant).

* Titanium Sheet Specimens

All titanium joint specimens received faying surface treatment con-

sisting of the following operations.
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9 The surfaces to be coated were cleaned by grit blasting using

150-180 grit aluminum oxide. Immediately after cleaning the parts

were spray painted with Dow Corning Molykote 106 thermosetting

resin bonded lubricant. The parts were cured in an oven at

300 ±10 0F for sixty minutes before assembly operations were

initiated. The Molykote 106 coating is designed to meet the

requirements of MIL-L-8937 (ASG).

1.3 BASELINE DATA GENERATION

1.3.1 General Description of Data Generated

Four hundred and thirty-two specimens (out of a total of 1008) were used to

generate the baseline data. These 432 specimens were further divided into 36

groups of 12 specimens for each test condition for defining the S/N curves.

The test requirements and conditions of the baseline data are given in

Table I. Table I also serves as an index to the individual Tables and

Figures where the particular sets of baseline data are presented.

The lap joint, one and one-half "dogbone" and reverse "dogbone" elemental

joint specimens referred to in Table I, and subsequent Tables, are detailed

in Figures 1, 2, and 3 respectively. The alpha-numeric joint geometry desig-

nation referred to in Tables V through XCVI define completely all tho par-

ticulars of the joint investigated. :r example, joint part number X16138-

1EEE, Figure 3, identifies the specimen geometry as follows:

0 X16138 is the production joint design drawing shown in Figure 3.

The first dash number identifies the stock material (1 indicates

.100 stock 7075-T76 clad aluminun alloy).

o The single, double, or triple letter designates the fastener system

and interference fit (EEE indicates a HLT411-6-4 Hi Tigue Fastener

utilizing a fastener material of Titanium-6A1-4V, solution treat and

aged (STA), installed in a high interference fit condition (-0.0045

in2h).

o Absence of the letter "P" indicates a production quality hole.

13



The terms "precision" and "production" quality holes are defined in

Section 1.4.2 and Appendix III of this report.

1.3.2 Influence of Test Machine on Data Generated

Two types of fatigue test machines were utilized in this program. The

principal machine used was a closed loop electro, hydraulic servo controlled

type. In this machine the load sensing device (force transducer) is located

in series with the test machine and provides the feed back signal in the

servo loop. Inherent in this design is that the applied cyclic loads are

continuously controlled during the test maintain a given stress level. Con-

versely, utilization of the machine where the identical cyclic loads are

repeated until specimen failure occurs is referred to as a constant load

fatigue test. The second type of fatigue test machine used was of the

resonant type. This machine, consisting of a spring-mass system, is operated

near its natural frequency resulting in a sinusoidal loading of constant

amplitude. The output of a load transducer in series with the specimen is

monitored through appropriate electronic hardware and software on a digital

computer. The maximum and minimum load magnitudes of the loading cycle were

recorded. These records indicate that both the maximum and minimum applied

loads were within two percent of the calculated or desired values with the

accuracy of readout being O.5 percent. This accuracy in loading was

experienced in both types of fatigue test machines. The test frequency

ranged between 600 and 2300 cycles per minute (cpm) with the majority of tests

conducted at 1800 cpm. Furthermore, six constant amplitude and eight constant

load machines were used during the course of the program with the test speci-

mens randomly distributed among the machines.

In the course of the program, data were generated utilizing both types of

test machines. Referring to Tables VI, XII, XIII, XXX, XWXI, XLII, XLIX, L,

LIII, LVIII, LIX, LX, LXVI, and LXVIII comparisons can be made between speci-

mens tested at constant amplitude and specimens tested at constant load with

all other variables being equal. From the data in these tables it is con-

cluded that neither the test frequency nor the variations in test machine

characteristics had any significant or large effect on the test results.
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A low load transfe3- joint specimen is shown installed in a constant load

(servo-hydraulic) test machine in Figure 4. Figure 5 shows the same specimen

geometry installed in a constant amplitude (resonant) fatigue machine.

1.3.3 Lap Joint Specimen Support Methods

Two types of joint guide arrangements were used during testing of the simple

lap joint specimen. Eight percent of these specimens were tested utilizing

the "sandwich" type guides. The remaining specimens were tested using the

900 "offset" flexure rod supports. Each type of guide arrangement is shown

installed on a lap joint specimen in Figures 6 and 7. The design details of

these guide fixtures are given in Figures 8 and 9. The need for using guides

or joint rotation restraints is well established. Their design evolution

and technical data substantiation is given in References 6 and 8.

During the Fall 1972 meeting of the FTDG a detail discussion was held on

stiffening the simple lap joint (to reduce bending stresses). It was con-

cluded that the stabilizing method described in the contracted program (see

work statement, Attachment A, of Reference 8) may cause difficulty during

set-up in certain types of fatigue test machines. A "sandwich" fixture

(outside plates lined with teflon, etc. saddled around the joint) was

proposed by several FTDG members. Therefore, this alternate method of

stiffening the lap joint was utilized for a small portion of the lap joint

tests conducted under this program for comparison purposes.

The data generated that lends itself to this comparison is presented in

Tables V through XVI. In reviewing these data it did appear that the
"sandwich" supported specimens sustained longer fatigue lives than specimens

tested using the flexure supports. However, the limited amount of data gener-

ated does not lend itself to a high confidence statistical judgement and it

appears that the individual data points of specimens tested with the "sandwich"

support fall within the scatter band exhibited by tbe total sample tested.

1.3.4 Effect of Test Frequency on Fatigue Characteristics

A cursory investigation was undertaken to determine the effect on fatigue-

resulting from variance in testing frequencies. Data that are presented in
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Table LXXVIII were generated using high load transfer joints. The test

frequencies used for the comparison were 1800 and 500 cycles per minute. No

significant difference was noted in the test lives experienced at these two

frequencies with all other factors being equal.

Data are presented in Table XXXViI generated on low load transfer joints tested

at 1800 or 500 cycles per minute. No significant difference in test lives was

noted. In a previous program, Reference (6), a reverse "dogbone (low load

transfer) spejimen was instrumented with eight strain gages as shown in

Figure 10. This specimen was of the same design as given in Figure 3.. The

instrumented specimen was submitted to the Hi Shear Corporation which conducted

an independently funded test program to investigate the effect of test fre-

quency on the airount of load transfer in a reverse "dogbone" fatigue specimen.

This .Hi Shear Study (Appendix IV) covered cycling the instrumented specimen at

five. frequencies between 400 and 4500 cycles per minute. It is reported that

there was no variation in output of any of the strain gages throughout this

testi.ng.

1.3.5 Failure Modes of the Joint

The fatigue tests were continued until failure of the specimen occurred.

The fracture surfaces of the failed specimens were visually inspected and the

apparent failure mode recorded. These observations are presented, along with

other pertinent data, in Tables V thrcugh LXXXVIII. The appearance of the

fracture surface and location of a given characteristic determined the failure

mode designation assigned to the individual specimen. Four failure modes

exhibiting major phenomenoligical differences were identified.

* Sheet metal failure away from the countersunk fastener holes. This

is the sheet metal portion of the test specimen that supports the

manufactured head of the fasteners. This failure mode is illustrated

in Figure 11.

* Sheet metal failures occurring away from tne plain (non-CSK) fastener

holes. This is the sheet metal portion of the Joint bearing against

the nut. See Figure 12.
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9 Sheet metal failurc occurring through the fastener hole with a high
degree of probability that the fracture initiated in the fastener

hole portion of the test specimen. This type of failure occurred in

the CSK hole as showm in Figure 13.

• Sheet metal failure occurring through the fastener hole in the plain

hole (nut side) as illustrated in Figure 14.

Several generalizations can be made about the failure inodes experienced by

the aluminum alloy joint specimens tested in this program. In the high load

transfer joints, Figure 1, the failure om'irred through the fastener hole

when subjected to a high level of applied stress resulting in relatively short

test lives. On the other band, the same type joints failed away from the

fastener hole when testing at low stress intensity levels leading to

relatively long test lives. The low load transfer specimens, Figure 3,

experienced the majority of the failures through the fastener holes regardless

of the magr, tude of the applied stress. The reason for this occurrence is not

a simple one. It is related to the amount of bending stress occurring in the

joint and the de~ree of fretting located at the faying surface in the vicinity

of the fastener holes. During long test lives fretting pits are established

and the peak stresses resulting from these pits (sharp notches) are higher than

those occurring at the fastener hole. Exception to this behavior pattern was

exhibited by all titanium specimens, which failed through the fastener holes.

A typical example is shown in Figure 15. The reason for this apparent dis-
crepency is that a special faying surface treatment was used on the titanium

specimens tnat eliminated the fretting experienced by the aluminum joints.

The titanium coating used was one that was previously investigated in an

Air Force sponsored program (Ref. 9).

1.3.6 Effect of Joint Geometry on Fatigue Life

In the following discussions the terms high, medium, and low load transfer

joints are used. The description high, medium and low define the amount of

the total tension or compression load applied to the joint that is transferred

by the installed fastener from one joint member to the other.
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Figure 1 is a 100 percent load transfer specimen, i.e., the fasteners transfer,

in shear, all the load from one joint member to the other joint member. This

type is commonly refezred to as a simple lap joint and is described in

MIL-R-7885B. It is the simplest and most economical specimen to fabricate.

The one and one-half dogbone specimen, Figure 2, is considered a medium load

transfer joint. Per Reference 3, this configuration transfers approximately

30 percent of the load from the continuous dogbone sheet to the half dogbone

sheet. Only one fastener is used with the manufactured head of the fastener

normally installed in the continuous sheet. If pin-loaded during fatigue

testing, a precise location and alignment of the holes is required on the

grip ends of the specimen.

The reverse dogbone specimen, Figure 3, is considered a low load transfer

joint and, per Reference 5, approximately 5 percent of the axial load is

transferred at each fastener location. Two fasteners are used in this con-

figuration with both fastener-manufact,_rsed head locations occurring on the

same side of the sp-cimen.

The relationship between the amount of load transferred and the fatigue

strength of the joint is that increasing load transfer decreases the fatigue

strength. The obvious reason for this fatigue behavior is that the bearing,

shear, bending, and tear-out stresses increase as a function of the increase

in shear load across the fastener. In reviewing the S/N curves; Figures 16

through 51, the relationship appears true only for the fatigue data generated

utilizing titanium sheet material joint specimens. For example, at 107

cycles, utilizing titanium taper shank fasteners installed in Ti-6A1-4V

sheet (Tables XVI, XVIII, and XL), the fatigue strength is; 25.0 ksi for the

high load transfer joint; 38.0 ksi for the medium load transfer joint; and

43.O ksi for the low load transfer joint. This trend was essentially the

same for all fastener systems tested with titanium sheet material. The

failure mode experienced for the titanium joint was fatigue cracking initiating

at the fastener hole.
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In contrast to the relationship observed in the titanium specimens, the

aluminum specimens were not consistent in exhibiting decreasing fatigue

strength with increasing load transfer capability. In general, the high

and low load transfer specimens exhibited the same fatigue strength at lO
7

cycles while the medium load transfer specimens exhibited a higher value.

This pattern was repeated for essentially all the baseline data generated

utilizing aluminum alloy joints. The only explanation offered is that fatigue

strength 5, related to failure mode and the failure modes experienced by the

aluminum alloy and titanium alloy joint specimens were different.

1.3.7 Influence of Fastener Material on Fatigue

The influence the fastener material has on fatigue properties of the joint

is in part evident from the data of Figures 16, 17 and 18. It appears, from

the data plotted, that the fatigue strength of the aluminum alloy joint

specimens were not affected by the fastener material used. On the other

hand, the data generated utilizing titanium alloy joint specimens indicate

that the use of stiffer fastener material (Hll steel) results in improved

fatigue properties.

1.4 EVALUATION OF THE PROPOSED STANDARD

One of the major objectives of the test program was to establish the suitability

of the proposed test standard to evaluate fasteners in the instalied condition.

In order to achieve this objective it became necessary to conduct fatigue

tests varying several fundamental fastener system parameters. Of the 48

variables listed in Appendix V the three most influential parameters are:

(1) Interference Fit

(2) Hole fabrication processes/quality control

(3) Sheet thickness to fastener diameter ratio

1.4.1 Effect of Fastener Fit

Table II provides an index to the data generated investigating this effect of

fastener fit on fatigue characteristic. Figures 52 through 67 are the
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individual plots of the data generated. For comparison purposes, Figures 68

through 75 are multiple data plots in which the joint configuration was kept

constant and the condition of the fastener fit varied.

As shown in Figures 68 through 75 the effect of interference fit on fatigue

performance was not consistent. In general the specimens with fasteners

installed with the greatest amount of interference fit exhibited the longest

fatigue test lifetimes.

The high load transfer joints were more sensitive to the effect of interfer-

ence fit than were the low load transfer joints. This was surprising since

data generated in earlier programs, Reference 5 and 6, had shown the low load

transfer joint sensitive to fastener fit. The fastener material did not seem

to have any significant effect on the influence of the interference fit on

fatigue life.

1.4.2 Effect of Fastener Hole Conditioning

Table III provides an index to the data generated investigating fastener hole

conditioning. The test data were generated utilizing two different fastener

materials and two different hole fabrication methods. The hole fabrication

method referred to as a "production" hole simulated current airframe produc-

tion practices and represented drilling procedures generally used in the

mass fabrication of fastener holes. The other hole fabrication method

investigated, referred to as a "precision" hole, was introduced to simulate

fastener holes usually realized in experimental test programs where time is

taken to pilot drill and ream, resulting in holes of close tolerance and high

quality.

In the aluminum alloy specimens tested, the effect of the hole fabrication

variables appeared to be negligible. However, it should be noted that even the

"production" holes were good quality holes. Experience has shown that fastener

holes in aluminum which do not meet production quality can result in very poor

fatigue properties.

In the titanium alloy specimen tested the effect of the hole fabrication

method was difficult to ascertain and no conclusions were drawn. The reason

for difficulty in reaching any conclusion was:

* The S/N curves plotted from the data were inconsistent.
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* The magnitude of test scatter in this series of tests was greater

than in any other series of tests conducted within the program.

* The fracture or initiation of fatigue cracking was identified to two

different sources.

(1) Fatigue due to high local stresses such as root of sharp notches

and;

(2) Fretting fatigue where the fastener experienced relative motion

with the sides of the hole in which it was installed creating

pits and abrasions.

1.4.3 Effect of Sheet Thickness/Fastener Diameter Ratio

The sheet material thickness, fastener diameter ratio (t/d) referred to as

minimum, nominal, and maximum in this test program were arbitrarily chosen.

The t/d value of .53 reflects good design practice; t/d = .33 is a marginal

value approaching a feather edge condition; and the value of .85 reflects a

design situation in which the sheet material can develop the full shear

strength of the fastener.

Table IV provides an index to the data and the plotted S/N curves. From

Figures 84l through 91, it can be concluded that keeping all the other variables

constant the fatigue strength decreases with increase in sheet material thick-

ness. This relationship appears to be valid for both the high and low load

transfer joints. The degree of reproducibility experienced in this series

of tests, considering the small amount of test scatter, was very encouraging.

1.5 PREPARATION OF THE TEST STANDARD

A draft of the tentative test standard was submitted to the FTDG in May 1973.

The proposed specification, if approved, will become a part of MIL-STD-1312,

"Fastener Test Methods". All the. test procedures and specimen configurations

used in this program conformed to the proposc1d IL-STD-1312 test format. A

great deal of the information gained in this program was applied in the draft-

ing of the MIL-STD-1312 Specification. Pertinent aections of the proposed

specification have been made available for insertion into this report. These

sections have been reproduced and are presented iii Appendix VI.I3



SECTION 2

STATISTICAL SIGNIFICANCE OF DATA

2.1 COMPUTER PLOTTI13 AND FIT OF DATA

Each set of data generated in this program was plotted into a standard

Stress/Life (S/N) curve format utilizing an existing FORTRAN computer

program especially written to provide best fit S/N curves from submitted

constant amplitude fatigue data. The computer program utilizes the Least

Mean Square (IMS) method of determining the best straight line fit through

the data points.

The S-N curve fitting program provides the best fit curve(s) for the data

points input by considering one lire, all possible two line or all possible

three line fits on a log stress (f) - log cycles to failure (N) basis. The

best fit curves to the constant amplitude fatigue data are based on the use

of equations of the form: f = ANB or log f = log A + B log N in log-log

space. The quantities f and N are the variables, and A and B are constants

determined by the program.

The two line fits to the data points are obtained by first obtaining a one

line fit to the first three data points and then a ona line fit thru the

remaining data points. The next two line fit is obtained by taking the first

four data points for a one line fit and then a one line fit thru the remain-

ing points. This procedure continues until all possible two line fits have

been obtained. The last two line fit contains only three points for the

second line. A similar procedure is followed for three line fits, e.g.,

first line - three points, second line - three points, third line remaining

points; first line three points, second line - four points, third line

remaining points, etc.
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For each curve fit obtained, the program computes the following:

/En
En 2 21(+ - (-y) ]

where +yi = the log- stress distance from the fitted curve to data points

above the curve

" = the log stress distance from the fitted curve to data points

below the line

The program selects the best fit curve which is the curve yielding the lowest

value of S and is referred to as "sigma" in the printout. If all the datayx

points lie on the line, sigma = 0. The coefficients A and B for each fitted

line are printed as part of the output. In addition to the best fit curve,

the cycle value of the intersections of the first and second line and the

second and third line are printed out if the best fit curve is a 2 line or

3 line curve. Also the following interpolated values of N which are within the

range of the data, are printed out, 101, lO1 3 x 103 x 104, 3 x 4 105 3

x 0C, lOT 10, 10 O 1 1010 2l~, o O

2,2 SURVIVABILITY AHD PERCENT COFIDENCE VALUES

The computer generated best fit curve, which represents the constant amplitude

fatigue data generated, can be considered as an analytically derived relation-

ship between applied stress and joint fatigue life. The "best fit" curve can

be defined as the boundary at which at least 50 percent of any future test

specimens can be expected to survive when the specimens are taken from the

same population, i.e., same specimen configuration under similar test condi-

tions. The 50 percent survivability curve (best fit curve) is inherently

plotted with 50 percent confidence. A second plot o. the data usually shown

as two straight lines to the left of the "best fit" curve is shown in

Figures 16 through 67. This "second" plot is a lower bound which represents

test conditions for 90 percent chance of survivability with 95 percent

confidence. This lower bound is similar to the "B" basis now used in

presenting static mechanical property data in MIL-HDBK-5.
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The coordinates to which the lower bound 90 p,-rcent survivability with 95

percent confidence lines were drawn to were de,,ermined by utilizing techniques

given in ASTM, STP9lA, "Analysis of Fatigue Data", Section VB, pages 39 through

42 inclusive. The mechanics of constructing a point to which the 90 percent

survivability, 95 percent confidence curve (in this -eport, straight line

connections) can be plotted to is as follows:

Given a sample of n cycle lives for a fixed stress level S, compute

the mean, x, and standard deviation, s, of the transformed cycle

lives. From Table 33, ASTM STPg1A, read the value of k correspond-

ing to the percent survival, p, the confidence level, and the sample

size, n, that are being considered, in this case 90 percent and 95

percent. The value R - ks is then the appropriate abscissa for

the ordinate, S, on the S-N curve. The value of "k" is called

a one-sided statistical tolerence limit.

The above procedures describing the 50 percent survivability with 50 percent

confidence boundary curve and 90 percent survivability with 95 percent con-

fidence boundary lines were incorporated as part of the existing software

program developed for the computer plotting of S/N curves.

The statistical techniques described in the previous paragraphs were applied

to a relatively small number of test data points obtained in this program.

The sparse number of test points does limit the usefulness of the statistical

and computer methods used. If the number of test points were increased, the

effectiveness of the computer program and the statistical manipulation of the

data would have been greatly enhanced. The reported test program called for

three replicates at any one test condition and this number of replicates is

the minimum requirement for the statistical operations performed.
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0 F LIO36 AE O

0 7LVIOO-3-2_ TAPER LOK

Nm ILVIOO-3-4 TAPER LOK

MM ILVIOO-3-4 TAPER LOK

mM YLVI0O-3-4 TAPER LOX

M 7LVIOO-3-6 TAPER LOK

K ILHIOO-3-2 TAPER L0K

K 7LHCIOD3-4 TAPER LOK

HHH TLHIOO-3-4 TAPER LOK

H*1 TLHI00-3-A TAPER LOK

H ILHIOD-3.-4 TAPER LOK

TLNIOOI-3 WASHER NUT-

FASTENER FASTENER DESCRIPTION
SYSTEM
IDENT. PARTNO
LETTER

PROTRUSION MEASURED WITH FASTENER
HAND PUSHED INTO THE HOLE.

SHANUM$EET MTRL MUST NOT HAVE RECEIVED GM71-- 11U
CDIMPLATING. THESE FASTENERS TO HAVE
SLDDYFILM LUBRICANT PLUS CETYL ALCOHOL ONLY.F HL4162H IU

13 L SN.HEADS FLUSH * :0

2. TAPERED HOLES MUST CHECKED DURING-HOLE FABRICATION SETUP USING E L4I64 IIU'BLUED* TAPER PINSEE H41-4 H IU

11I. UNLESS OTHERWISE NOTED FABI. TAPERED HOLES USING COMBINATION TOOL (DRILL-REAMERCSK) E HLT411-6-4- HI TIGUE
10. UNLESS OTHERWJISE NOTED FAB. STRAIGHT HOLES USING DOUBLE MARGIN DRILL, ETC. INO REAMING) D HL1315-6-6 HI lIGUE
9. RECORD ALL-PROTRUSION MEASUREMENTS FOR TAPER LOK FSTNRtS.

B. RECORD ALL HOLE DIAMETERS FOR HI TIGUE FASTENERS C HLT315-6-2 -HI TIGUE

7. ALL TITANIUM SHEET SPECIMENS TO CONTAIN "MOLYKOTE 106- BONDED a HLT 15-6-4 HI TIGUE
LUBRICANT IN FAYING SURFACE

6. ALL ALUMINUM SHEET SPECIMENS TO HAVE ZINC CHROMATE PRIMER PLUS AAA HLT315-6-4 -HI TIGUE
PR 1431 GT SEALANT IN FAYING SURFACES

AA HLT315-6-4 HI TIGUES. NO SCRATCHES, GOUGES. OR SCRIBE MARKS ALLOWED ANYW: AE[ON SPECIMENSISPECIMENS MUST BE INDIVIDUALLY WRAPPED) A HLT315-6-4 HI T1GUE
4. BREAK ALL SHARP COORNERS 03HL1366 

COLLAR
3. DEBURR ALL HOLES IINCLUDING FAYINGSURFACE) 45sX 00 ASENR FASIENER -ESCRIPIOJ
2. FABRICATE HOLES ON ASSEMBLY. KEEP SPECIMEN PAIRS TOGETHEt USING SYSTEMMASKING TAPE 

IDENT.

U;-6A1.AV MATERIAL PER MIL-T-9046F WITH EXCEPTION THAT OXYGEN LETTER__PARTNO.
CONTENT BE KEPT TO 0.13% MAXIMUM BY WEIGHT) -______

NOTE:

-4 LAP JOINT AS!
-3 LAPJOINT AS

.2 LAP JOINT AS
-I LAP JIOINT AS

FIRST DASH - DESCRIP710
NUMBER



0 TLVIO-3-6 TAPER LOK -0.0030 .072-.216 Ti-6AI-4V AMS 4928 KI 45*5TLVIOO-3-2 ~~SHEAR - _______

N TLVI0-3-2 TAPE LOK -0.0030 .072-.216 1I.6AI-4V AMS 4920 S KEA 45+5
__________ SHEAR -

MMM 7LVIOO-3-4 TAPER LOK -0.0045 .144-.288 Ti-6AI-4V AAMS 4928 9 KSI 5___________ __________ _________ ___________ SHEAR -

MM TLVIO.3-4 TAPER LOK -0.0015 .000. 244 Ti-6A-4V AMS 4928 95 KSI -
___________ HEAR 455_____

M LVI00-3-4 TAPER LOK -0.00D30 .072-.216 T-6A|-4V AMS 4928 9HEAR 455

-: '"132 KSl
7 LHIOO-3-6 TAPER LOK -0._0030 .072-,216 Hll SIL AMS 6487 45*55ILHIOO__3-2 TAPER _ _ _ _ -0.000 .072,216 H11 6467SHEAR _

152 KSI 4"
K TLHIO-3-4 TAPER LOK -0.0030 .072-.216 HIl SYL AMS 6487 SHEAR -5
S TLHIOO-3-4 TAPER LOK -0.0030 .072-.216 Hil STL AMS 6487 S32 KSI 5____________ ___________ I__________SHEAR 4S

.

K H LHIO-3-A TAPER LOK -0.0030 I 41-.244 Hil STL AMS 6407 132 KSI 45
SHEAR -

H TLHI00-3-4 TAPER LOK -0.0030 .072-.216 Hil SIL AMS 6487 125 HIEA

____________ ____________ ______________ __________SHEAR -______

TLNI001-3 WASHER 0MN STAL MIL-S-6049

FASTENER FASTENER DESCRIPTION NOM INAL FASTENER /, FSTNR MATERIAL NOMINAL INSTALLATION
SYSTEM INTERFERENCE PqO7RU__ iomN&_ MRL SPECIFICATION SHEAR 7OUE

IDE NT. PART NO. FTSTRENGTH IN-LIS12NHLETTER I IE

5 95 KSI 
Y

_HLT411-6-6 H171GUE -0.0030 .1860",001 18_90 ;-6AI-4V AM$ 4928 SHEAR _455

F HLT41-6-2 HI IGUE -0 0030 ,1860" .00) .1895 ;-6AI-4V AMS 4928 95 KSI 45" 3

-___ 1__ 9__ ________ SHEAR. -s

CEE MLT411,6-4 HI 71GUE -0.004S .1845$ OctI '19,$ I;6AI-4V AMS 4928 95$ KSI 45*5

Tl.lO189 ASHRSHALLYARL-S60-

EE R L411-6- 4 HITIGUE -00015 1875' 001 19TT;E6AIR4V AMs 4928 9ITKSI 45T5 I

- .1890SYHEAR

E HLT41I-6-4 HI TIGUE -0.0030 .1860-001 .12895 Ti16AI24V Am$ 4928 9 S 45.5
-. 2890 SHEAR -

5 132 KSIHL1315-6-6 HI TIGUE -0.0030 .1860" .001 ,895 HII STL AmS 6487 955K -

- .182 _ SHEAR 4

C HLT31S-6-2 I TIGUE .0.0030 .1660 .001 .2895 HIl STL AMS 6487 SHEAR --- .88 l3 KSHA -

CI _ HLT32-6-2 HI IIGUE -0.0030 ,1860" .0%o ,289S HIl SIL AMS 6487 126 KSI 45 5

,HLT5-6-4 H0.0030 .1860. 1885 SHEAR

AAA HLT315-6-4 HI TIGUE -0.0045 .1845* .001 .18S Hil SIL AMS 6487 132 KSI 45.

- .85 I SHEAR -

AA HLT31S-6-4 HI TIGUE -0.0015 . 1875'.001 .1895 HII SIL AMS 6487 132 KSI 45 5
- .185 SHEAR -

A M1315-6-4 NITIGUE -0.0030 .HNIl STiL A MS647 132 KSI 45'5
460.002 .2885 l_ SHEAR

HL386-6 COLLAR ALLOY MIL-S-6049
STEEL

iASeENiR- FASTENER ESCIPdON' N4OMINAL - lULE iSINR BSNR t MATtk.AL NOMINAL INSTALAT;ON
SYSTEM INTERFERENCE DIAMETER DIA. MIRL. SPECIFICATION SHEAR TORQUE

ENT. FIT STRENGTH IN-LIS
LETTER PART NO.

- - MILL
-4 LAP JOINT ASSY A.IL-T-9046F T-6AI-4V .100 STOCK ANNEALED

-3 LAP JOINT ASSY C0-A-20f25 7075 CLAD .160 STOCK T76

-2 LAP JOINT ASSY -- (3O A-2 70/25 075 CLAD .063 STOCK 776 -

-| LAP JOINT ASSY 00-A-250/25 7075 CLAD ,100 STOCK T76
FIRST DASH -DESCRIPTION SHEET SHEET SZE HEAT
NUMBER MATERIAL MATERIAL TREAT-

!PECIFICATION f iCONO.



kVS KSI 45'5
• l-4V AMS 4928 SHEAR -

6AI-4V AMS 4923 5S KSI 455 -

SHEAP 45_

l4V AMS 4928 95 KSI
AM$_4928 _ SHEAR 4S _ _

LAI-4V AMS 4928 95 KSI 45 5F ___________ SHEAR ________

I- 4 V 
9 5 K SI49 2 8 

5

' STL AMS 6187 132 KSI 4*
SHEAR ____5

SI M 47 132 KSI 45'5STL AMS 6487 SHEAR

STL AMS 6487 132 KSI -

[ SHEAR -
IlL AlIAS 6487 132 KSI__________ SHEA ,- 7

STL AMS 6487 SHEAR I S'S
________ SHEAR -_____,_

S71 AMS 6467 132 KSI 45*5
SHEAR

MATERIAL NOMINAL INSTALLATION NOMINAL
SPECIFICATION SHEAR TORQUE 3/16 DIA. FSTNR r.75 .375

STRENGTH- IN-LIS 125 ALL EDGES

-T- 150

-9 9KSI GRAIN5i-6AI-4V AMS 4928 SHEAR 45-5

T:-6AI-4V AMS A928 95 KSI i45"5- 80(E)

. SHEAR ! .5:T;-6AI-IV AMS 4928 95 KSI - 45- 5

-SHEAR .5ESO,-IC

HII 1L AMS 6487 132 KSI STOCK (TP)
I32 KSI 4"5" - - : . "

HIt SIL AMS 6487 132AR -5

HI1 STL AMS 6487 132 KSIHE

SHEAR _______
H1 SEL AMS 648M7 13 KSI 45N5 DIMENSIONS -INCHES

SHEAR

HIt SIL AMS 6407 132 KSI 45* 5

Hi STIL AMS 6487 132 KSI
SHEAR 4S55

ALLOY MIL-S-6W9
STEEL SPCIMEN IDENTIFICATION CODING

FSTNR ATcFAL NOMINAL INhTALA ;ON X:6h:3.xxx.x
MIRL. SPECIFICATION -SHEAR TORQUE SECOND DASH NO. - INDIVIDUAL SPECIMEN

SIRENC.TH IN-LIS NUMBER IN GROUP OF TM.ELVE SPECIMENS

_ABSENCE OF LETIE
, 
P" MEANS 'STANDARD'

PRODUCTION HOLES. SEE I1TES 10£ II

"P, SIGNIFYS PRECISION FABRICATED HOLE
FASTENER SYSTEM IND!NIIFICATION LETTEt
SINGLE LETTER SIGNIFIES NOMINAL INTEEFERENCE FIT-

TWICE REFATIED LETTER SIGNIFIES LOW INTERFERENCE FIT
- MILL IRIPLICIIY OF LETTER SIGNIFIES HIGH INTERFIRENCE FIT

4 .100 STOCK ANNEALED FIRST DASH NO. INDICATESZJOINT SHEET MATERIAL

. 160 STOCK 176 BASIC IDENTIfICATION NUMBER

.063 STOCK 776 -

1.00STOCK T,6

SIZ HEAT -
-- TREAT

COND.

Figure 1. Specimen Geometry Simple

Lap Joint Spccimen High
Load Transfer Joint
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0 TLVI00-3-6 TAPER to

N TLV10-3-2 TAPER to

MMA TLVIOO-3-4 TAPER 1O

MM TLVIOO-3-4 TAPER In

M TLVIOO.3-4 TAPE LO

L. j TLHIO3-6 -TAPER LO

K TLHIOO-3-2 T APER 1.0

J TLHCID0-3-4 TAPER LO

HHH TLHI00-3-4 TAPER O

Hm TLHIOO-3-4 TAPER 1O

H TLHIO0-3-4 TAPER 1O

TLNIOI-3 WASHER

FASTENER FASTENER DESCRIPTI
SYSTEM
IDENT. PART NO.

A PAOTRUSION MEASURED WIT" FASTENER LETTER _
HAND PUSHED INTO-THE HOLE.

A ALL STEEL AND TITANIUM FASTENERS INSTALLED IN
TITANIUM SHEET MIRL MUST NOT HAVE RECEIVED
CADMIUM PLATING. THESE FASTENERS TO HAVE
SOLID DRY FILM WSRICANT PLUS CETYL ALCOHOL ONLY.

13. ALL FSTNR. HEADS FLUSH * .004-. 002

12, TAPERED HOLES MUST-CHECKED DURING HOLE FABRICATION SEUP USING G HLT411-6-6 H171GUE

BLUED' TAPER PINS F HLT41I-6-2 HI TIGUE

II. UNLESS OTHERWISE NOTED FAI. 1APERED HOLES USING COMBINATION TOOL IDRLL-REAMER-CSK)
EEE HLT411-6-4 HI TIGUE

10. UNLESS OTHERWISE NOTED FAS. STRAIGHT HOLES-USING DOUBLE MARGIN DRILL, ETC. (NO REAMING)

9. RECORD ALL PROTN;' N MEASUREMENTS FOR TAPER LOK FSTNRS. EE HLT411-6-4 HI TIGUE

S. RECORD ALL HO.E DIAMETERS FOR HI TIGUE FASTENERS E HLT41-6-4 HI TIGUE

7. ALL TITANIUM SHEVT SPECIMENS TO CONTAIN -MOLYKOTE 106- BONDED D MLT315-6-6 RI TIGUE
LUBRICANT IN FAYIN, 9.1"ACE

6. ALL ALUMINUM SHEET-SPECIMiNS T0 HAVE ZINC CHROMATE PRIMER PLUS C H1T315-6-2 HI TIGUE
PR 1431 GT SEALANT-IN FAYIIG SURFACES

S. NO SCRATCHES, GOUGES, OR SCIIBE MARKS ALLOWED ANYWHERE ON SPECIMENS A HLT15-6-4 HI TIGUE
tSPECIMENS MUST BE INDIVIDUALLY R,'RAPPED1 AAA ITL7315-6-4 II TIGui

4. BREAK ALL SHARP CORNERS

3. DEBURR ALL HOLES (INCLUDING FAYING SURFACE) 45X 003 - A HLT315-6-4 Hl TIGUE
.005

A HLT315-6.4- HI TIGUE
2. FAIRICATE HOLES ON ASSEMBLY. KEEP SPECIMEN PAIRS TOGETHER USING A ___ LT__"_4____GU

MASKING TAPE HL1386-6 COLLAR

A± TI-6AT-4V MATERIAL PER MIL.T-9046F WITH EXCEPTION THAT OXYGEN
CONTENT BE KEPT TO 0.13. MAXIMUM (BY WEIGHT) I .

FASTENER FASTENER DES~tIPT
NOTEt SYSTEMIDENT.

LETTER PART NO.

-4 112c

.1 11/2D

= IRT fDASH 
-I ER

IERI



0 TLVIO-3-6 TAPER LOK -0.0030 .072-.216 T;-6AI-4V AMS 4928 95 KSI 45"S
SHEAR

TLVI00-3-2 TAPER LOK -0.0030 .072-.216 Ti-6AI-4V 1145 1929 SHEAR 45*

MMM TLVIO-3-4 TAPER LOK -O..,45 .144-.268 TI-6AI-4V A/lS 4926 95 KSI 45*5
SHEAR

MM TLVIOO-3-4 TAPER LOK -0.0I5 .000-, 144 Ti-6AI-4V AMS 4928 - 5 KSI 45SHEAR

M TLVIOO-3-4 TAPER LOK -0.0030 .072-.216 Ti-6AI-4V A0.4 492 95 KSI 4*5SHEAR _

L TLHI0O-3-6 TAPER LOK -0.3030 .072-.216 Hit STL AMS 6487 132 KSI 45* 5SHEA.JR

K TLHIO-3-2 TAPER LOK -0." ' .072-.216 HUl ST AMS 6487 132 KSI 4S"
_ _ _ _._ _SHEAR

J TLHCIO0-3-4 TAPER LOK O.t030 .072-.'216 HlI STL AMS 6487 156 KSI 45
__H_____-4 _SHEAR _5

HHH TLU"I00-3.4 TAPER LOK -0.,045 .144-.288 HIl STL AMS 6487 132 KSI 45"5
SHEAR

HH TLHIOO-3-4 TAPER LOK -0.0015 .000-. 144 Hit STL AMS 6487 = 132 KSI 45*5
_SHEAR

H TLHIOO-3-4 TAPER LOK -0.0030 .072-.216 Hit STL AMS 6407 132 KSI 4*5
__ __ _ __ __ _ __ __ __ __ __ __ _ __ __ __ __ __ _ __ __ _ SHEAR 4:

7LNI0OI-3 WASHER MIT ALLOY MIL-S-6049STEEL

FASTENER FASTENER DESCRIPTION NOMINAL FASTENER A FSTNR MATERIAL NOMINAL INSTALLATION
SYSTEM INTERFERENCE OTRU MTRL SPECIFICATION SHEAR TORQUE
IDENT. PART iO. F!T STRENGTH IN-LOS
LETTER 1__T N

G HLT411-6-6 -HITIGUE -0.0D30 .1860 .001 .195 I;-6AI-4V- AMS4921 SHEAR

F HLT41I-6-2 HI TIGUE -0.0)30 .1960 .001 .1T95 ;-6AI-4V AMS 4921 45

EEC HLT41-6-4 HII TIGUE -0.0)5o14*.4 .169 V1-V4~ AM 9 IRS KSI 45*5
1190 SHEAR

95 95 KSIEE.71-- ITGE DW5.85.0- 1890 T;-5AI-4V- AMS 4" 1 45 5

E HLT411-6-4 HI TIGUE -0.0030 .1660-.001 .195 T-6AI-4V AMS 492 95SHEAR 455

- 695 AlS 6132 KSI 45" 5_.._-89 AM TS, 6467 3 Ks I 45*

HL15-6- "I TIGUE -0.0)30 lLO.001 .895 SHEARW7564

H -LT115-6- HITIGUE -0.0)0 .1860 .001 ,1895 II STIL AMS 6487 132 KSI 45.5
-A 1885 SHEAR _

AA HL315-6-4 HI TIGUE -0.0015 .186".001 .195 HiI MS 6132 KSI~132 KSI

AA HLT31S-6-4 HI TIGUE -0.0015 .1875 001 .1893 HII STL AMS 67 1A32 KSI 455
- .1865 SHEAR

X132 KSI1HLT3115-6-4 TIGUE -0.0030 .1860' 001 .195 IISle AAS 647 SHEAR
-. *1885 SHEAR____ -______

= HL1316-6 COLLAR ALLOY MIL-S-6049 X1613
S1TEL ________

FASTENER FASTENER DESCRIPTION NOMINAL hOL FSTNR FSINR MATERIAL NOMINAL INSTALLATION
SYSTEM - INTER ERENCE DIAMEIER DIA. MIRL. SPECIFICATION - SHEAR TORQUE
IDENr1. FIT iSTRENGTH IN-UIS

LETTER PART NO. _

MILL

-4 I 11/2 DO DONE ASSYL ,'.IL-T-9046 T;.6AI-4V 4 100 STOCK ANNEALFD,

I I In DOG IONE ASSY OO-A-2-0/25 7075 CLAD ,1A STOCK T-74

FIST DASH DESCRIPTION SHEET SHEET SIZE- HEAT
MATIEIAL MATERIAL TREAT

NUMIER SPECIFICATION COND.

Prec



K Ti6A1-4V AMS 4900 95 KSI 45I
__________ ____________ $HEAR

Ti-6A1.4V AMS 4926 55 KI 45* 5
__________ _____________ SHEAR _______

T.M6I-4V AM$ 4M2 95 KSI 55
__________ _____________ SHEAR _______

Ti.6A1.4V- AMS 4928 95 KSI 4*
_______ ____________ SHEAR ______

71-6A1.4V AMS 49268 95 KS e
________ __________ SHEAR _______

Hit 512. AMS 6467 132 KS 4*1
________ __________ SHEAR -

Hit SIL AMS 6407 132 KSI 55
____________ _______________ SHEAR

HiI STL AMS 6487 1(5 S 52
_ _ _ _ _ _ _ SHE"R _ _

H111 STL AMS 6467 132 KSI
_________ ____________ SHEAR ______

Hit SIL AMS 6467 132 KSI 45*
________ __________ SHEAR -

Hit STL AMS 6487 132 K(5 4e
_________ ______SHEAR -

ALEEL MIL-S-6049

FSTt46 MATERIAC NOMINAL INSTALLATIONI
MTRL SPECIFICATION SHEAR - O0QUE TYPI

STRENGTH IN-LIS r fi

'O0R5~ Y ALL EDSGES .7
Ti-uAI-4v AMS 4921 $HEAR 45_5_._.....

2695 T;-UAI.4V 492- SAR 5 3/16 4.25 4SN
*-UI-$HEA AM498 5142455 25 MANUFACTURED FSTNRt

2690- V M 4 2 95 KSI
SHEAR 45- GN I HEAD (OSK) INSTA

'0, 95 (52 2.50 -- SYM -Iq - 0
tw Ti-6A1-4V AM$ 4921 SHEA 5

HiI STL AMS 6467 13215 4S -5 PAD PA
2665 ______ ______ SHEAR -

Nil5 HISL AMS 6467 NEAR 455

'09 1111 SIL AMS 6487 156 KSI 45 5
M65 _____ _____ SHEAR -

165 Hit SIL AMS 6487 EARKS 45*5 DIMENSIONS - INCHES

"Is ______________ SHEAR -

M5 HIt SIL AM66 32 1(51 45'5SCIE NETIIAINCDN865 AM 47 SHEAR -

STEEL t SECOND DASH NO.-INEIVIDUAL SPECIMEN
MATEIAL NOMNAL NSTLLAIONNUMBER IN GROUP OF TWELVE SPECIMENS

Ni ASSENCE OERA LEMINER INMEANSLTANDOR
NR RL SPECIFICATION SHEAR 70OUE ASENCERO SYSTE IND EFIAN TTR

STEGH I-I PRODUCITON NIOLES. -SEE NOTES I0DA I-
STSENGTH INTM-USNIIATO LTE

SINGLE LETTER SIGNIFIES NOMINAL INTERFE(.ENCE FIT
TWICE REPEATED LETTER SIGNIFIES LOW INTERFERENCE FIT
TRIPLICITY OF LETTER SIGNIFIES HIGH INTERFERENCE FIT

FIRST DASH NO. INDICATES JOINT SHEET MATERIAL

MILL BASIC IDENTIFICATION NMBER

SIZE FiAT I
COND.

Figure 2. Specimen Geometry One and
One Half Dogbone Specimen
Medium Load Transfer Joint
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0 ILVIOO-3-6 TAPER L0K

N TLVIOO3-2 TAPER LOK

MMM ILV 200-3-4 TAPIR LOK

MM ILVIOO-3-4 TAPER (OK

M ILVIDO-3-4 TAPER 10K

L ILHIDD-3-6 TAPER (OK

K ILHIOO-3-2 TAPER LOK

J ILHCIOD-3-4 TAPER LOK

HI*I TLHIOO3-4 TAPER LOK

2*4 7LHIOD-3-4- TAPER LOK

A PROTRUSION MEASURED WIT1H FASTENER __IH__--4TAERO

HAND PUSHED INTO THE HOLE. TLNIDOI-3 WASHER NIUT

TIANU $ET IL UT O HV RCIVDFASTENER FASTENER DESCRIPTION

1.TPRDHOLES MUST CHECKED DURING HOLE FABRICATION SETUP USING _____ ____

S. RECORD ALL. HOLE DIAMETERS FOR HI TIGUE FASTENERS- E L4164M IU

2.PIRICAT HONE ONG SASSEY EEPSEIE PARmOEHRUIGA LT11--4 HI TIGUE

MASIN T41 7SAN IN_____SUFA ES__L_15 _-___7GU

5jT . 4 MSCATEIA PCUEOR L-T.,0 MARKWITHLEX EPT NWHE OXGN APCMN HLT315-6-2 HI TIGUE
(SPECIENS MUE E I00NDIVIUM WRYPPEIH)

003E HL136-4 COLLARU

As- i6A-4 ATRILPE MLT-W IH XCPIO TA OYGNANE FASTENER6 DI7ESCITO

SYS1IM

LETA PART NO. _________

-4 REV. DOGBO

.3 -REV. 00010

-2 RE'.. 00010

.2 REV. 000100

FIRST DASH DESCRIPTION

-- NUMBEA,



r

T LVIO-3-6 TAPER LOK -0.0]030 .072-.216 1I;-6AI-4V AM$ 4928 95KI 45o5

9S KSI 4-N ILVI00-3-2 TAPER OK -0.0030 .072..26 -6AI-4V AMS 4928 SHEAR 45 _5

mmm ILV00-3-4 TAPER LOK -0.0045 .144-.2e4 T;-6AI-4V AMS 4928 95 KSI
SHEAR

MM ILVIOO-3-4 TAPER LOK -0.0015 000)-. 14" 1;.6AI-4V AMS 4926 95 KSI 55

ILVIOO-3-4 TAPER LOK -0.0030 .072-.216 T-6AI-4V AMS 4926 9 KSI-
____________ ____________ ____________ _________ ____________ SHEAR

L ILHI00-3-6 TAPER LOK -0.0030 .072-.216 HII STL AM$ 6AS7 132 KSI 45"5
.. __SHEAR

K TLI00-3-2 TAPER LOK -0.0030 .072.216 HIl SL AMS 6487 132 KSI 4S'S

SHEAR136 KSI 4'

TLHCI00-3-4 TAPER LOK -0.0030 .072-.216 HII SIL AMS 6487 156AR -

HHH ILHIOO-3-4 TAPER LOK -0.004 .1-.288 HII SIL AMS 6487 132 KSI 45"S_ __ SHEAR

HH TLHI00-3-4 TAPER LOK -0.0045 .00-.144 Hil STL AMS 6487 132 KS
___________ _______SHEAR -

NH LH30--4 APE 30K 0.015.00-. 44NilSIL AM 647 132 KSI 4
°

H TLHIOO-3-4 TAPER LOK -0.0030 .072-.216 Nil SIL AMS 6487 132 K-I

TLNI001-3 WASHER "UA ALLOY MIL-S-604?
______ ____________________ ___I____ STEEL .Ioll

FASTENER FASTENER DESCRIPTION NOMINAL FASTENER FSTNR MATERIAL -4OMINAL INSTALLATION
SYSTEM INTERFERENCE PPOIRUSION 15 M7Rt SPECIFICATION SHEAR TORQUE
IDENT. PART NO. FIT STRENGTH IN-LIS
LE7TIR 2.40

____ ___________ ______TYP

G HL,411-,-6 NIIGUE -0.'30 .1860.l os Ti T-I-4V AMS 4M28 95 KS1 45I -9 SHEAR/
HL41.-.2- HI TIGUE -0.00. .1860 .001 : 9 T;-6AI-4V A 4928 9 KSI 45 A

.1995K95
ECE HLT41I-4-4 HI TIGUE -0.0045 .845* .001 95 7-6AI-4V- AMS 4928 KII 4

e
5 96 WA

E .4 0 1890 SHEAR - TYP I PLAas

EE HLT3-- I T1GUE -0.0015 .1875*.003 :31800 Ti6A3-41V AM M9 S 45*5_____

HL411-6-4- HI TIGUE -0.0030 .18.6.001 , 1s Ti-6AI-4V AMS 4928 95 KI5
-_-_,189 4S _____-

o HLT3I-6-4 HI TIGUE -0.0030 31860.001 . 9SHEAR ___M_49_45• 190SHEAR -______.189S HII SIL .AS 6487 SER 45

C HLT315-6-2 HI TIGUE -0.0030 .1W..1 . 895 HII STL AMS 6437 32 KSI 45*5
H3- .3189 -L5Al647 16 KSI

HLTIS-6-4 HI TIGUE -0.0030 .100001 85 HII STL SHEAR 455
AAA- .885 HI 7IGUE SHEAR _

9532 KSI,1 L3S64 N IU -. 05 I -I3501 .885 NIl STL AMS 6487 332 KS

AA HLT315-6-4 HI TIGUE -0.0015 I . 187r.001 .189 NIl STL AMSA647 2 K-

A HLT315-6-4 NITIGUE I -0.0030 J 0D 001 Hi Nl STL AMS 6487 132 KSI

HL1386-6 COLLAR I IALLOY MIL-S-6049
I STEEL

FASTENER FASTENER DESCRIPTION NOMINAL HOLE FSTNR FSTNR MATERIAL NOMINAL INSTALLATION Xl~e

SYSTEM INTERFERENCE DIAMETER DIA. MTRL. SPECIFICATION SHEAR TOqQUE
IDE m. FIT ' STRENGTH IN-LIS
LETTER PART NO. _

A -ILL

-4 REV. DOGIONE ASSY MIL-1-9046 T;6AL-4V M. STOCK ANNEALED

., REV. DOGIONE ASSY OO-A-250/A'S 707$ CLAD .160 STOCK T76

-2 REV. DOGIONE ASSY OO-A-250'S 7075 CLAD .063 STOCK 776
- I REV. DOGION[ ASSY " 0-A-Mf,-/S 7075 CLAD .100 STOCK T76-

FIRST DASH DESCRIPTION SHEET SHEET SIZE HEAT

MATEIIAL MATERIAL TREAT
hUMBER SPECIFICATION COND.

Prec



B.6A9-4V AMS 4928 5 KSI 45' 5T.°4AI-4V AMS ,4978 SHTAR

T 6AV MS498 55951 45* 5

Ti-6AI-4V AMS 49,3 5 KSI 45* 5
SHEAR

T;-6AI-4V AS' 4028 SHEAR

Ti-6AI-4V AMS 4928 95 KSI 45*

SHEAR
132 KSI 45

1.6-4L AMS 498 SHEAR _

HII STL AM$ 6487 132 KS1 45 5
SHEAR

HI SIL AN'S 6487 156 KSI 45"SSHEARNilST AM 687 132 KSI 45* 5

II-L-64-SHEAR -

HIl STL AS 6487 132 KSI 45 5
SHEAR

HII STIL AMS 6487 A32R -12.00
SHEAR

ALLOY MIL-S-6049 1.00 TYP 2.325 1.125

FSINR MATERIAL NOMINAL INSTALLATION[...235...t.....j12
MYRL SPECIFICATION SHEAR TORQUE G-- RAIN ®

STRENGTH IN-LBS 2.40375-___.TNN O SYM

__ __ _ __2._ TP 0_ 3.50

l 95 KSI IDE " 'T,-6AI-4V AMS 4928 SHEAR 45:5 .125 7 NO MISMATCH AT

95 1, 12I TANGENT POINT
Ti-6AI-4V A.MS 4928 SHEAR 455 AL. EDGES 4-

Ti-6AI-4V AMS 4928 SHEAR 4 */

T.UI-4V AMS14925 95 KSI -
" HI STL 64 7 SHEAR 45'5316Io , TNR

_________SHEAR

HII STIL AMS 6487 132 KS! 45F 5

SHEAR 4 NOMINAL
NiI STL ANS 6487 -- 132 KSI 5 3/16 DIA. FASTENER,SMEAR_ - MFG. HEAD, BOTH
HII STL AMS 6487 156S' 45*5 FTTNI SAMGESIDE

______SHEAR ofOf CINSPEMEN

132 KSINIl SiT. AN'S 6487 SHE2 45_5 ASSEMILY-REVERSE DOGIONE

HIl STL AS 6407 SHEAR 4* SPECIDIMENSIONS - INCHESIl SIL ANS 6487 132 KSI

HII STL A687 -- SHEAR 45_5

ALLOY MIL-S-6049 SPECIMEI4 IDENTIFICATION CODING

FSTNR MATERIAL NOMINAL INSTALLATION: [t.. SECOND DASH NO.-INDIVIDUAL SPECIMENMTRL. SPECIFICATION- SHEAR TORQUE NUm'BER IN GROUP OF TWELVE SPECIMENS
STRENGTH IN-LIS

_-""_ABSENCE OF LETTER -P- MEAN STANDARD"
PRODU, CTION HOLES. SEE NOTES 10A II

'P* SIGNIFIES PRECISSION FABRICATED HOLE

MILL - FASTENER, SYSTEM INDENTIFICATION LETTER
I10 STOCK ANNEALED SINGLE LETTER SIGNIFIES NOMINAL INTERFERENCE FIT.10 ATWICE FEFEATED LETTE; SIGNIFIES LOW INTERFERENCE FIT

S.160 STOCK T76 TRIPLICITY OF LETTE .SIGNIFIES OIGH INTERFERENCE FIT

.063 STOCK 76 FIRST DASH NO.INDICATES JOINT SHEET MATERIAL

* 100 STOCK T76 BASIC IDENTIFICATION NUMIER

S IZE HEAT
TREAT

__ COND. _j

Figure 3. Specimen Geometry Reverse
Dogbone Specimen Low Load
Transfer Joint

Preceding page blank 31



TEST
SPECIMENS

FORCE
TRANSDUCERS

Figure 4. Typical Low Load Transfer Joint Specimen Installation
In Constant Load (Servo-Hydraulic) Fatigue Test
Machine

FORCE
TRANSDUCER

TEST
SPECIMEN Figure 5. Low oad Transfer Specimen

Installed In Constant
Amplitude (Resonant)
Fatigue Test Machine

Preceding page blank_



SANDWICH"
GUIDES

TEST

Figure 6. Illustration of "Sandwich"
:Support Fixture Installed

On Simple Lap Joint Specimen

FLXRE

GIES

FOUR PIECESL
9 OFSET _Y

Figure 7. Illustration of Flexure
Support Fixture Installed
On Simple ap Joint
Specimen

34



16-

SIMPLE LAP JOINT
FATIGUE SPECIMEN 6 D

2/2t"OTGDILTYI PLACES/ I I I I
/ S, i

"T PAE / W5(, ,,> "," /

1/"COMMERCIAL BOLT AND WING NUT SENT
.260/. 267 HOLE (G DRILL) TYPICAL 8 PLACES

20ouLS-- - STIPPENER PLATE (2 REQ. PER ASSEMLY)
TYPICAL 4
PLACES(t

IOD -' '' -- ('-:- - 4D - - ... ,. IRE D

\1.
I ~~O REF .' "'

L.._. \ ,____.i. V i ,.7 . _ .

-I"- - -14D + _ _"_

4. TIGHTEN WING NUTSOhNLY FINGERK TIGHT.
3. TEFLN,:NYLON, MICARTAm ETC, MATERIAL MUST BE INTERFACED KETWE[EN STIFFENE

PLTES ANO TEST SPECIMN SURFACES,
2. STIFFENER PLATE AND DO)LT MATERIAL - MILD STEEL.
I1. D -NOMINAL FASTENIER DIAMETER UNDER TEST.

NOThs

Figure 8. Detai'ls of "Sandch" Ty'pe Spec'imen Restraint Fixture

35



T-1.D6 COMMERCIAL THREADED
SEENOEI ROD - TyPICw. a "Las

WEDFLA! l d ~D* COMMERCIAL HEX JAM
ADA - ATTACH
IM TMAcINE Tiai

I 20.25'-I.4 W--3 +.5

HOLE

COUNTERSORE AS 7t7
REQIUIED TO
CLEAR FASTENE .4..Jz D'i ,
HEAD

SECTION B- B __ - -

SECTION 1-S TYPICAL TWO PLACES - E
IN EACH IIAR DIRECTLY OVER AND
UNDER TEST FASTENERS

VIWA-A

4. TEFLON NYLON, MICARTA, ETC. MUST it INTESPACZD SKiWEN SIARS AND TEST SPECIMEN
SWlFAC~ tS.

3. ROD AND EIAR MATERIAL - MILD STEEL.
2. D0 MINIMUM FOR THESE DIMENSIOS 3W
-1. D wNOMINAL FASTENER DIAMETER UNIXRR TESTi.

Figure 9. Detailse of Fl~exurAe Pivot (900 Offset) Test Specimen
Restraint Fixture

36



¢L

Figure 10. Instrumented Reverse Dogbone Specimen Used Only For Load
Transfer and Test Frequency Response Tests

Figure 11. Example of Sheet Metal Failures Occurring Away From The

Fastener Holes In The CSK Sheet

37



Figure 12. Example of Sheet Metal Failure Occurring Away From The
Fastener Holes In The Non-Countersunk Sheet

Figure 13. Example of Sheet Metal Failures Occurring Through The
Fastener Holes In The CSK Sheet

38
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S -

Figure 14. Example of Sheet Metal Failure Occurring Through The
Fastener Hole In The Non-Countersunk Sheet

Figure 15. Typical Failure Occurring In Both Sheets Of The Joint
Specimen Through The Fastener Hole
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TABLE V

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI-TIGUE, 7075-T76 CIAD HIGH lOAD TRANSFER JOINT

JOINT GEOMETRY: X16136-1A, Figure 1

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch
[0

FASTENR MATERTAL: HlI (220) 132 ksi Shear

FASTEIER COATING: Diffused Nickel-Cadmium

HOLE FiBRICATION: Production IBS Double Margin Drill

STRESS RATIO, S min/S max: R = 0.I, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST ENTIRONMENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METD CYCLES TO FAILURE FAILURE

IDENTIFICATION KiS l,2 N.F. = NO FAILURE 3,4,5,6 REMARIS

IAll 30 Flexure 13,520 CSKH
1A7 30 Flexure 16,929 CSKH
1A3 30 Sandwich 44,676 CSKH
IAf 18 Flexure 111,672 PIA
lAl 18 Flexure 161,680 PIA
1A9 18 Sandwich 175,367 PIA
IA2 18 Flexure 235,000 PIA
IA12; 15 Sandwich 130,000 PIA
1A6 15 Sandwich 196,700 PIA
lAlO 15 Flexure 364,700 PIA
1A5 15 Flexure 429, 780 PIA
1A8 13.5 Flexure 5,500,000 N.F.
1A7 12 Flexure 10,200,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSJH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE VI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: x16136-1B, Figure 1

FASTENER SYSTEM: HLT 15-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hl1 (260) 156 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production BSS Double Margin Drill

STRESS RATIO, Sm.nma: S R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-.2400 cpm Unless Otherwise Noted

TEST ENVIROBNVENT: Laboratory Air

MAX STRESS SPEC. SUPFORT MODE OF
SPECIMEN GROSS AREA METIDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKo

1B7 35 Flexure 5,080 CSKH Constant Load
1B5 30 Flexure 11,500 CSKH Constant Load
IB3 30 Sandwich 26,160 PLH Constant Load
lBll 30 Flexure 26,750 PLH Constant Load
iB1 18 Flexure 194,000 PTA, PLH Constant Load
IB6 18 Sandwich 200,000 PIAPLH Constant Ampl.
IB2 18 Flexure 250,700 PIAPLH Constant Load
IB9; 13 Sandwich 673,943 PYA, PLH Constant Ampl,
2B12 13 Flexure 773,000 PIAPLH Constant Load
2B5 13 Flexure 1,522,000 PIA Constant Load
iB10 11.5 Flexure 10,580,000 N.F. Constant Ampl.

_ _ _ _,.__ _ _ _ _ _ _ _ _ _ I ,_ _ _

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CS-KH = Sheet metal. failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
9 -i PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PLA = 3heet metal failure away from the fastener holes in the plain sheet.
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TABLE VII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: X16136-1E, Figure 1

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER TERIAL: Titaium-6A1-4V STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOILE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S mI/Sa: R = 0.1, Constant Amplitude Unless Otherwise Noted
mi max

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST ENVIRONNENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METHOD CYCLES TO FAILURE FAILRE

IDENTIFICATION &RI 1,2 N.F. NO FAILURE 3,4,5,6 REMARKS

1ElO 30 Flexure 12,994 PIM
1E9 30 Sandwich 19,260 CSKH
iEll 30 Flexure 19,992 CSKA
IE2 20 Flexure 77,970 PLA
]El 20 Flexure 101,000 PIA
IE3 20 Sandwich 160,500 PIA
1E6 14 Sandwich 195,312 PIA
lEIg 14 ., Flexure 261,500 PIA
IE4 14 Flexure 493,350 PIA
1E5 14 Flexure 589,200 PIA
IE8 11.5 Flexure 9,11O,800 PTA
E7 1 Flexure 9,863,200 PIA

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSIH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PTA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE VIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, Ti-6AI-IV M.A. HIGH LOAD TRANSFER JOT

JOINT GEOMETRY: X16l36-4A, Figure 1

FASTENER SYSTEM: HLT 315-6-4 No Ni-Cad, HL 1386-6 Collar

INTERFERENCE FIT: -u.003 inch

FASTENER MATERIAL: Hl (220) 132 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

ROLE FABRICATION Production Cobalt Double Margin Drill

STRESS RATIO, S min/Smax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST ENVIROIZENT: Laboratory Air

MAX STRESS SPEC. SUPFORT MODE OF
SPECIMEN GROSS AFWLA METiDD CYCLES TO FAILURE FAILUBE

IDENTIFICATION si 1,2 I N.F. = NO FAILURE 3,4,5,6 REMARNS

AA1 50 Flexure 12,800 CSKH
AA3 50 Sandwich 22,800 CSKH

4A2 50 Flexure 24,700 CSKH
AA 4o Flexure 4o,0oo CSKH{
4A7 30 Flexure 66,4oo CSKH
4A8 30 Flexure 89,200 CSGI
4A6 30 Sandwich 246,900 PLH
4A2o 26 Flexure 210,330 CSKH
4A12 20 Flexure 10,150,000 N.F.
4A9 20 Sandwich 10,000,000 N.F.
4All 14 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure throuGh the fastener holes in the plain shebt.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE IX

AXIAL FATIGUE STRENGTH - JITTERFERENCE FIT

HI TIGUE, Ti-6A1-4V M.A. HIGH ILAD TRANSFER JOINT

JOINT GEOMETRY: X16136-4B, Figure 1

FASTENER SYSTEM: HLT 15-6-4 No Ni-Cad, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: H1l (260) 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOTE FA1RICATION: Production Cobalt Double Margin Drill

STRESS RATIO, S min/Smax : R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST ENVIROIZ. NT: Laboratory Air

X STRESS SPEC. SUPORT MODE OF

SPECIMEN GROSS AREA METIDD CYCLES TO FAILURE FAILURE
IDENTIFICATION 10I 1,2 N.F. = NO FAILURE 3,4,5,6 REMARIE

4B1 50 Flexure 16,4oo CSKH
4B2 50 Flexure 19,700 CSKKH
4B3 50 Sandwich 51,800 CSKH
4B7 33 Flexure 120, 500 CSIKH
4B12 33 Flexure 123,900 CSKH
4B6 33 Sandwich 127,300 CSJU{
4B4 30 Flexure 267,900 CSKH
4B8 25 Flexure 230,000 CSYH
4Blo 22.5 Flexure 381,i00 CSKH
4B11 22.5 Flexare 580,800 CSKH
4B9 22.5 Sandwich 1,520,000 CSKH
4B5 20 Flexure i1,668,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKK = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLU = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE X

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

III TIGUE, Ti-6A1-4V M.A. HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: X16136-4E, Figure 1

FASTENER SYSTEM: HLT 111-6-4 Pin, IHL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER ATERIAL: Titaniu-6A1-4V STA, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STRESS RATIO, S min/ Smax: R = 0.1, Coistant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-24oo cpm Unless Otherwise Noted

TEST ENVIRO.NIEITT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECI4EN GROSS AREA METiDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

2-4 55 Flexure 13,900 CSKIC
4 E2 55 ,Plexure 15,700 CSKH
4E3 55 SandIwich 23,400 CSKH
4E9 45 Flexure 42)000 CSK11
4E5 45 7lexure 42,800 CSKII
4E6 45 Sandwich 49,800 CSKH
4*17 36 Flexure 70,500 CSY.H
4DE8 30 Flexure 143,625 PLH
Ull 30 Plexure 380,475 PLR
4E30 Flexure 1,550,800 PLH
4E2 30 Flexure 10,000,000 N.F.
4ElO 26 Flexure 324,800 CSKH
4E12 24 Flexure 1,385,200 PLH

.. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSIH = Sheet metal failure throurh the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
". PLH Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XI

AXIAL FATIGUE STRENTGTH - INTERFERENCE FIT

TAPER LOK, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: X16136-1H, Figure 1

FASTENER SYSTEM: TLH 100-3-4 Pin, TiN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: HIl (220) 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S min/ Smax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2400 cpm Unless Otherwise Notod

TEST ENVOP01ZENT: Laboratory Air

-MAX STRESS SPEC. SUPPORT MODE OF I
SPEC124EN GROSS AREA METiDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

11H7 30 Flexure 14,555 CSKII
i.18 30 Flexure 20,050 CSKH
]119 30 Sandwich 24,875 CSKH
1F3 20 Sandwich 126,250 PIA
112 20 Flexure 150,150 PIA
i11 20 Flexure 231,000 PIA
1't 14 Sandwich 779,300 PIA
1H5 14 Flexure 825,630 PA
1H4 14 Flexure 1,548,300 PIA
1HlO 11.5 Flexure 5,931,700 PLH
11111 10.5 Flexure 2,777,900 CSKH

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and! restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XII

AXIAL FATIUUE STRENGTH - INTERFERENCE FIT

TAPER LOK, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: X16136-1J, Figure 1

FASTENER SYSTEM: TLHJ 100-3-4 Pin, TLN 1001-3 Wishernut

INTERFEREN'CE FIT: -0.003 inch

FASTENER MATE L: 1111 (260) 16 ksi Shear

FASTE!ER COATING: Diffused NIickel Cad.JiuA

HOLE FABRICATION: Production HIS 2apr Lok Drill-Reamer
STRESS RATIO, Smin/s : 0.1, Constant Amplitu'le Uhless Otherwise h1otel

TEST SPEED: 1800-2400 cprn Unless Otherwise iloted

TEST EIiVJIRO1Qi% 3T: laboratory Air

M4AX STRESS SPEC. SUPFORT MODE OF
SPECIM4EN GROSS AREA METiWD CYCLES TO FAILURE FAILURE

IDENTIFICATION Y3I 1,2 W.F. = NO FAILURE 3,4,5, 6  REMARIM

11 30 Flexure 11,80o COSK! Constant Load
1J3 30 Sandwich 18,800 CSKHI Constant Ampl.
iJ2 O Flexure 22,650 PLA Constant Load
1JA 20 Flexure 186,420 CSKHf Constant Load
1J5 20 Fl:exure 200,460 PIA Constant Load
1J6 20 Sandwich 297,850 PIA Constant Anpl.
iJ7 - 14 Flexure 2,591,100 PIA Constant Lad
1J9 14 Sandwich 4,1i00:600 CSKA Constant Ampl.
iJ8 14 Flexure 5,445,180 CSKH Constant Load
iJ12 14 Vlexure 9,555,250 PIA Constant Ampl.
iJlO ii _'lexure 6,375,810 ('SMH Constant Ampl.
li 9.5 Tlexure 11,211,000 .F. Conista nt Ampl.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes i. the CSK sheet.

5. PLH = Sheet mctal failure through th< fastener holes in the plain sheet.

6. PA = Sheet metal failure away fror. the fastener holes in the plain sheet.
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TABLE XIII

AXIAL FATIGUE STRBNGTH - INTERFERENCE FIT

TAPER IOK, 7075-T76 CLAD HIGH LOAD TIIANSFER JOINT

JOINT GEOMETRY: X16136-1M, Figure 1

FASTENER SYSTEM: TLV 100-3 -4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTEIZER MATERIAL: Titanium-6A1-4V, STA 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: ProductionHSS Taper Lok Drill-Reamer

STRESS RATIO, S . I/ R = 0.1, Constant Amplitude Unless Otherwise Noted
-min max

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST EVIRONENT: Laboratory Air

MAX STRESS SPEC. SUPORT MODE OF
SPECIMEN GROSS AREA METiWD CYCLES TO- FAILURE FAILURE

IDENTIFICATIOn MBI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

IM5 30 Flexure 9,130 CSKH
IM4 30 Flexure 15,980 PLH
IM3 30 Sandwich 22,880 CSKH
1M2 20 Flexure 64,980 CSIGI
111 20 Flex".re 159,570 CSKH
1M6 20 Sandwich 215,215 PuL
1M7 14 Flexure 825,160 PIA
1M -' 14 Flexure 1,292,230 PIA
1149 14 Sandwich 1,335,500 CSKH

1M12 14 Flexure 2,107,500 PIA Constant Load
1M1O 12 Flexure 2,981,500 CSKH
11411 11 Flexure 6,555,100 PLA Constant Load

1. Four flexures (90° offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSQ{ = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XIV

AXIAL FATIGUE STRENGTH - .TERFERENCE FIT

!APER LOK, Ti-6AI-4V M.A. HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: Xl6136-4H, Figure 1

FASTEBER SYSTEM: TLH 100-3-4 lo Ni-Cad, TLN 1001-3 W::.-hernut

INTEPFERENCE FIT: -0.003 inch

FASTEneR MATERIAL: 1111 (220) 132 ksi Shear

FASTEER COAT11G: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Taper Lok Drill-Reamer

STRESS RATIO, Smin/Smax: II = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2400 cpm Unless Otherwise Noted

TEST ENVIRONIRNT: Laboratory Air

1,LAX STRESS SPEC. SUPFORT MODE OF
SPECI ,MN GROSS AREA METiOD CYCLES TO FAILURE FAILURE

IDENTIFICATIOIi KSI 1,z N.F. = NO FAILURE 3,4,5,6 RE.ARKS

W12 54 Flexure 17,150 CS KCH
4!{1 54 Flexure 19,,960 CSaII
13 54 Sandwich 30,500 CSKH
4Hi5 45 2%lexure 45,100 CSKH

Wui 45 Flexulrc 7,500 CSKI1
4H6 45 Sandwich 136,000 CSKI
4:.0 38 Flexure 272,000 CSKH1
4I1a 35 Flexure 83,300 CSKH
4H12 35 Flexure 101,400 CSKH Rerun
4HIO 35 Flexure 125,300 CSKH
4H9 33 Sandwich 552,600 CSKH
4H4 33 Flexure 11,620,000 N.F.
IfT12 26 Fl,xt e 12,800,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER W0K, Ti-6A1-4V M.A. HIGH LOAD TRANSFER JOINT

JOINT GEOMETRY: X6136-4J, Figure 1

FASTENER SYSTEM: TIHC 100-3-4 No. Ni-Cad, TLN 1001-3 Washernut

INTERFERENCE FIT: -0. 003 inch

FASTENER MATERIAL: tIll (260) 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Taper Lok Drill-Reamer

STRESS RATIO, S.ISmx R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-21100 cpm Unless Othfirwis- Noted

TEST ENVIRO1hENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECT4EN GROSS AREA METHOD CYCLES TO FAILURE FAILURE-IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,,5,6 Ii REMARKS

41 5 Flcxur e lO, 800 CSKH
WJ2 5 ;3 Fl-xur, 1 i, 910 CSXH

4J3 " Sandwich 21.,855 CK

4J12 40 Flexure 59,520 CSKH
IJ5 34 Flcxure 126,200 CSKH
i4J8 3 4 Flexure 173 ,200 CSKH
4A 34 Flexure 1,003,300 CSKH
4 r ,4 Sandwich 1, 436,170 1CSKH
4J9 28 Sandwich 10,000,000 N.F.

SJ7 20 Flexure 10,000,000 N.F.

1. Four flerares (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure throu.gh the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes In the plain sheet.
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TABLE XVI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER 1.K, Ti-6AI-hV M.A. HIG,1 LOAD TRANSFER JOINT

JOINT GEOMETRY: XI6136-11M, Figure 1

FASTENER SYSTEM: TLV 100-3-4 STA, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V, 95 ksi shear

FASTENER COATING: Inorganic Solid Dry Film Lubc

HOLE FABRICATION: Production Cobalt Taper iok Drill-Reamer

STRESS RATIO, S min/Smax : R = 0.1, Constant Amplitude Unless Otherwise Notcd

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRO N MENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEIi GROSS AREA METiDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

4M3 50 Flexure 10,000 CSKH
4M8 50 Flexure 17,400 CSKI
4M7 50 Flexure 28,900 CSK i
4M4 50 Flexure 47,000 CSKH
l[M9 40 Sandwich 58,500 CSKII
4Mll 4o Flexure 109,600 CSKfI
4LM1O 40 Flexure 143 ,200 CSKH
4M2 30 Flexure 276,000 CSKH
M3 30 Sandwich 700,200 CSKH

4MI 30 Flexure 3;072,500 CSKH
4M12 30 Flexure 10,000,000 N.F.
4M6 25 Sandwich 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 06

3. CSKH = Sheet metal failure throwgh the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PA = Sheet metal failure away from che fastener holes in the plain sheet.

131



TABLE XVII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, 7075-T76 CIAD MEDIUM LOAD TRANSFER JOINT

JOINT GEOMETRY: X16137-1A, Figure 2

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTEnER MATERIAL: H1l (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel-Cadmium

HOIE FABRICATION: Production HSS Double Margin DrillSSTRES RATIO, S /lniSmax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARES

1A2 . 4o 5,900 CSKH
lAl 40 10,900 CSKH'
1A9 40 11,850 CSKH'
1A7 33 78,760 Not Noted
IA10 30 119,4 oo CSKA
1A4 30 136,800 CSKA
IA3 30 166,300 CSKA
A6 20 796,oo0 CSKH
lAll 20 919,000 Not Noted
IA5 20 3,095,250 CSKA
IA8 18 3,011,000 CSKH

1. CSKH = Sheet metal fai.Lare through the fastener holes in the CSK sheet.

2. CSK' = Sheet metal failure away from the fastener holes in the CSK sheet.

3. P.1 = Sheet metal failure through the fastener holes in the plain sheet.

i. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XVIII

AXIAL FATIGUE STRENW:TH - INTERFERENCE FIT

HI TIGUE, 7075-T76 CIAD MEDIUM LOAD TRANSFER JOINT

JOIT-T GEOMETRY: X16l37-IB, Figure 2

FASTENER SYSTEM: HI;! 15-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hl (260) 156 ksi Shear

FASTENER COATING: Diffuscd Nickel Cadmium

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S min/Smax : R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED- 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRON MENT: Laboratory Air

M AX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE - FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

1B3 4o 3,980 CSKH
1B2 4o 9,200- CSKH

261 4o 12,700 CSKH
IBIO 26 179,100 CSKAi1312 , 26 193,700 CSKA
]]B9 26 303,000 CSK H
1B8 26 345,700 CSKA
lB4 20 709,000 CSKH
IB6 20 1,001, i00 Not Noted

1B5 20 i,1497,600 CSKA.
IBl 17.5 7,438,700 CS (H
1B7 12.5 10,059,000 N.F.

1. CS _ = Sheet_ m _,tal failure through the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PA = Sheet metal failure througfh the fastener holes in the plain sheet.

3. PLA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XIX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, 7075.;T76 CLAD MEDIUM WAD TRANSFER JOINT

JOINT GEOMETRY: X16137-1E, Figure 2

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6Al-4V STA, 95 ksi Shear

FASTENER COATING: Cety-l Alcohol Lube

BOIE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, Smn /S max: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST EfNVIRONEUT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

1El 40 16,700 CSKH.
1E5 40 21,790 CSKH.

i. 1E4 4o 3o,4oo CSKH
1E9 30 102,600 CSKA
1E8 30 105,800 Not Noted
1E3 30 137,200 CSKH
3E12 22.5 589,500 CSKH
IE2 20 597,100 CSKH
EIO 20 2,356,200 Not Noted
1A7 20 3,005,200 -Not Noted
1E6 20 6,862,100 CSKH
IEll 18 19,400,000 N.F.

1. CSKH = Sheet metal'failure through the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PIlI = Sheet metal failure through the fastener holes in the plain sheet.

4. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XX

AXIAL FATIGUE ST!RENGTH - INTERFERENCE FIT

11I TIGUE, Ti-6A-4V M.A. MEDIUM WOAD TRANSFER JOINT

~L

JOINT GEOMETRY: X16137-4A, Figure 2

FASTENER SYSTEM: HL-* 315-6-4 No Ni-Cad, h-L 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: H1l (220), 132 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

S.-S RATIO, S i/S : R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwisc Noted

TEST ENVIROIENT: Laboratory Air

MAX STRESS MODE OF
SPECIl.N GROSS AREA -CYCES TO FAILURE FAILURE

jIDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,14 REMARKS

4A1 8=  4,430 CSKH
4A2 85 4,700 CSKH'
4A9 85 4,750 CSKH
4A7 60 32,900 CS KH
4A4 60 36,000 CSKI{
4A3 60 38,300 CSKH
4A12 40 189,200 CS KH
1,A5 40 346,000 CSKH
4All 40 356,400 CS MH
4AIo 38 10,087,800 N.F.
4A8 35 10,4oo,000 N.F.
4A6 30 10,600,000 N.F.

1. CSI! = Sheet metal failure throug. the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PI11= Sheet metal failure through the fastener holes in the plain sheet.

4. PIA = Sheet metal failure awey from the fastener holes in the plaiu sheet.
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TABLE XXI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, Ti-6A1-4V M.A. MEDIUM LOAD TRANSFER JOINT

JOINT GEOMETRY: X16137-4B, Figure 2

FASTENER SYSTEM: HLT 15-6-4, No Ni-Cad, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hll (260), 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STRESS RATIO, Smn /S max: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

4B7 85 2,900 CSKH'
4B2 85 4,ooo CSKH'
4B1 85 6,900 CSKH
4B6 60 28,000 CSKII
4B8 60 30,500 CSK{
4B3 60 54,270 CSKH
4B9 40 108,500 CSI {
4B4 40 301,500 CSKH
4B5 4o 725,100 SXH
4B12 38.5 422,00C CSKH
4Bl 37.5 13,765,000 N.F.
4BlO 34 7,817,400 CSKH

1. CSK11 = Sheet metal failure through the fastener holes inm the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PLH Sheet metal failure through the fastener holes in the plain sheet.

4. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

HI TIGUE, Ti-6A-4V M.A. MEDIUM LOAD TRANSFER JOINT

JOINT GEOMETRY: Xi6137-4E, Figure 2

FASTENER SYSTEM: HLT 411-6-4 Pan, FL 1386-6 Collar

INTFRFERENCE FIT: -0.00.3 inch

FASTENER MATERIAL: Titanium-SA1-Iff STA, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STR.ES RATIO, Smin/Sm: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIR0NNENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS ARFA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

4E8 85 7,000 CSKH
4El 8 12,000 CS KH
5 85 15,780 CSKH

1E2 70 28,800 CSKH
4:E;l1 6 0 59 900 CSK

4ElO 60 73,600 CSK.H
E2 60 75,200 CSKH

4E3 50 266,400 CSKH
U4 40 279,800 CSKH
4E9 4o 643,500 CSK
E6 40 1,571 ,500 CSKH

4E7 32 10,O00,000 N.F.

1. CSK = Sheet metal 'failure tlre-ugh the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. P1[ = Sheet metal failure through the fastener holes in the plain she't.

4. PIA = Sheet metal failure away froom the fastener holes in the plain sheet.
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TABLE XXIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER I10K, 7075-T76 CIAD MEDIUM LOAD TRANSFER JOINT

JOIN4T GEOMETRY: X16137-lH, Figure 2

FASTENER SYSTEM: TI1I lO0-3-4 Pin, TUT 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: H1 (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HV&IE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S /Sx: R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVRON ENT: Laboratory Air

MAX STRESS MODE OF
SPECDEIN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

112 40 2,500 CSKH.
1H1 4o 3,800 CSK
1H6 30 33,4oo C8KH
1113 30 57,600 CSKH
li4 30 144,500 CSKA
IH5 20 186,700 CSKA
1H7 20 202,000 CSKA
112 18 1,170,900 CS ,l{
111 16 11,000,000 N.F.
iHlO 13.5 10,365,100 CSKH
1H9 13.5 10,900,000 N.F.

1. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PU = Sheet metal failure through the fastener holes in the plain sheet.

4. PIA = Sbeet metal failure away from the fastener holes in the plain sheet.
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TABLE XXIV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER LOK, 7075-T76 CIAD MED]J" IDAD TRAISFER JOMT

,JOINT GEOMETRY: X16137-1J, Figure 2

FASTENER SYSTEM: TLHC 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE rIT: -0.003 inch

FASTEneR MATERIAL: H11 (260), 156 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: ProductionlHSS Taper Lok Drill-Reamer

STRESS RATIO, Sm. m: S R = 0.1, Constant Amplitucl.e Unless Otherwise Noted
min max

TEST' SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

1J2 42 4,700 CSKH
l1l 42 5,400 CS
1J3 30 32,600 CSK191
1J5 30 47,200 CSKH
iJ4 30 144,700 CSKH
1J6 20 298,000 CSKH
1J7 20 351,000 CSKH
1.312 20 853,600 Not Noted
lJ8 17.5 2,1469,000 CSKI
1iJlO 17.5 3,241,000 CSKA
1J9 17.5 10,900,000 N.F.

1 _ _ _ _ _ __hetmr _e _ s _

1. CSKA = Sheet metal failure through the fastener holes in the CSK sheet.

2. OSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PUI = Sheet metal failure throuh- the fastener holes in the plain sheet.

14. PIA = Sheet metal failure way from the fastener holeS in the plainM s:ieet.
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TABLE XXV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER OK, 7075-T76 CIAD MEDIUM LOAD TRANSFER JOINT

JOINT GEOMETRY: X16137-1M, Figure 2

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE PIT: -0.003 inch

FASTENER MATERIAL: Titanium-6Ai-4V, STA, 95 ksi Shiear

FASTENER COATING: Ctyl Alcohol Lube

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S.i IS R = 0.1, Constant Amplitude Unless Otherwise Foted
nm max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MWX STRESS MODE OF
SPECIMEN GROSS ARFA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAI.uRE 1,2,3,4 REMARKS

114 38 8,500 CS9ii
1M9 38 17,600 CSKH
114 38 33,000 CSKH
IM3 28 151,700 CSKA
1M8 28 182,500 CSKA
1M4 28 188,4oo CSKII
IMIO 20 386 ,400 CSKH
3M5 20 554,8oo CSIG
1M6 20 782,300 CSKI

16 3,493,500 CSKiI
111 14.5 1,398,000 CSKH
I12 12 9,712,800 CSKH

1. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

2. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PIM = Sheet metal failure through the fastener holes Jn the plain sheet.

4. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXVI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER W0K, Ti-6A1-4V M. A. MEDIUM IOAD TRANSFER JOINT

JOINT GEOMETRY: X16137-4H, Figure 2

FASTENER SYSTEM: TLH 100-3-4, No Ni-Cad, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTEINER MATERIAL: HII (220), 132. ksi ShearK
FASTENER COATING: Ihorganic Solid Dry Film Lube

HOLE FABRICATION: ProductionCobalt Taper Lok Drill-Reamer

STRESS RATIO, S /SA : R = 0.1, Constant Amplitude Unless Otherwise Noted
mi max

TEST SPEED: 1.500-2300 cpm Unless Otherwise Noted

TEST ENVIRO ENT: Laboratory Air

MAX STR1ESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMARKS

WeI , 82 5,000 CSIGI
4.i1 82 5,500 CSK9[
44 60 19,750 CSKH
4F1 60 28,200 CSKFI
4h7 60 47,000 CSKII
4mbO 46 312,350 CSKH
4r6 46 459,700 CSK1I
4i12 46 10,000,000 N.F.
4H5 40 452,000 CSKH
4H8 38 10,000,000 N.F.

1. CSH = Sheet metal failure through the fastener holes in the CSK sheet.

2. CSYA = Sheet metal failure away from the fastener holes in the CSK sheet.

3. P111 = Sheet metal failure through the faztener holes in the plain sheet.

4 . PIA = Sheet metal fail,-re away from the fastener holes in the plain sheet,



TABLE XXVII

AXIAL FATIGUE STPENGTIH - INTERFERENCE FIT

TAPER LOK, Ti-6A-4V M.A. MEDIUM LOAD TRANSFER JOINT

JOINT GEOMETRY: X16137-4J, Figure 2

FASTENER SYSTEM: TLHC 100-3-4, No Ni-Cad, TI' 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: 1111 (260), 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

ILE FABRICATION: Production Cobalt Taper Lok Drill Reamer

STRESS RATIO, S•IS : R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise No'6ed

TEST ENVIRONMIENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,,3,4 REMARKS

4J1l 82 3,790 CSKH
4J2 76.5 3,250 CSKH
J3 58 11,150 CSKH-

4J 58 13,600 CS KH
If5 4o 94,200 CSKH
437 4o 169,300 CSKR

W06 4o 251,550 CSKH
W1J2 258,200 CSKH
41Jll 34 1,518,750 CSKHi
4J9 28 l,492,750 CSKH-
4J8 28 lo,oo4,ooo N.F.
4J1lo 28 11,700,000 N.F.

1. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

2. CSKk = Sheet metal failtwe away from the fastener holes in the CSK sheet.

3. PU! = Sheet zetal failure through the fastener holes in the plain sheet.

I. PTA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXVIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER LOK, Ti-6AI-4V M.A. MEDIUM WAD TRANSFER JOINT

JOINT GEOMETRY: Xl6137-4M, Figure 2

FASTENER SYSTEM: TLV 100-3-4, STA, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTEneR MATERIAL: Titanium-6Ai-4V, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: ProductionCobalt Taper Lok Drill-Reamer'

STRES RATIO, Smin/Sma: m = 0.1, Constant Amplitude Unless Otherwisc Noed

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONiMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CTCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 1,2,3,4 REMkRE

4M1 82 3,000 CS101
W2 82 3,760 CS K

4M9 58 15,250 CSKH{
4M3 58 17,250 CSKH
4M4 58 24,000 CSKI
4M7 50 38,400 CSKH
4Mll 48 39,400 CSiH
4M2 48 99,900 CSKH
4M6 48 123,100 CSKH
4m10 42 2,098,500 CSEII
4M8 42 2,104,600 CSKH
4M5 38 7,083,700 CSIGI

1. CSkIG = Sheet metal-failure through the fastener holes in the CSK sheet.

2. CSKk = Sheet metal failure away from the fastener holes in the CSK sheet.

3. PUT1 = Sheet metal failure throuC h the fastener holes in the plain sheet.

4. PIA = Sheet metal failure aw'.y from the fastener holes in tho plain sleet.
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TABLE XXIX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

UI TIGUE, 7075-T76 CLAD LOW LOAD. TRANSFER JOINT

JOINT GEOMETRY: X16138-1A, Figure 3

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hl1 (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S minIS m: R = 0.1, Constant load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIR0JivENT: laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

1All 45 12,840 CSKmiPLH
IA9 40 27,120 _CSMT, PLH
1A6 40 27,600 CSKH, PLH
1A5 40 47,100 PLH
IA2 30 95,720 CSKA,PLH
1A1O 30 164,460 CSKHpPLH
lAl 30 292,230 CSKH, PLH,

PIA
A4 16 533,920 CSKHPLH
1A3 16 600,250 CSKH,PLH
3A12 16 724,940 CSKH,PLH
IA8 16 3,424,000 CSKH,PLH
IA7 13.5 10,247,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PILH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

III TIGUS, 7075-T76 CLAD LOW LOAD TRANSFER JOINT

J0124T GEOMETRY: x16138-1B, Fi-ure 3

FASTENER SYSTEM: lILT 15-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: 1111 (260), 156 ksi Shear

FASTENER COATING: Diffused Nickel Cadmiuiq

HOLE FABRICATION: Productoni .!S Double 1.argin Drill

STRESS RATIO, S mI/Sm: 1Z = 0.1, Constant Load Unless Otherwise Noted
min max

TEST SPEED: 600-2300 cpm Unless Otherwis, Noted

TEST ENVIROIMENT: Laboratory Air

MAX STRESS MODE OF
SPECTICIN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIICATION KS I N.F. = NO FAILRE 2,3,4,5 REMARKS

1131 30 137,000 CSKHI PLf
1B9 0 206,100 -CSKI, PLH
1B2 23 276,600 CSK, PLH
IM8 23 W170,300 -CSKH,PLH
1Bll 23 565,750 CSKf, PIA Constant Ampl.
IB3 18.5 369,200 (CSKH,PLH
IB6 '8.5 fo4, o00 CSW{, PIl
IB12 18.5 483,600 CSKH Constant Ampl.
1B4  14 1,101,200 CSKH, PLIf
1B7 14 1,379,100 CSKH, PLH
1B10 14 4,613,2ioo CSKHPLH
IB5 10 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PI I = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.

A45



TABLE XXXI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

III TIGUE, 7075-T76 ciAD LoW OAD TRANSFER JOINT

JOINT GEOMETRY: X16138-1E, Figure 3

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S /S : R = 0.1, Constant Load Unless Otherwise Noted
min max

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRON 4ENT: Laboratory Air

MAX STRESS MODE OF

SPECIMN GROSS ARtvA CYCLES TO FAIUIDRE FAILURE
IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARXS

E9 30 120,200 CSKH
iE1 30 124,3oo CSKHPLH
1E8 23 425,l!00 CSKH, PLH
lEl 23 450,300 CSKH, P1I Constant Ampl.
1E2 25 458,500 CSKH, PLIH
1E3 18.5 585,200 CSG{, PLH

,1El2 18.5 610,100 CSKH Constant Ampl.
3E6 18.5 931,500 CSKHPLH
IE 4 14 1,115,500 CSKHPLH
2E7 14 1,301,400 CSKH,PLH
IElO 14 10,000,000 N.F.
IE5 10 9,325,500 CSKH,PLH

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PII = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXXII

AXYAL FATIcUE STRENGTJi - INTERFERENCE FIT

III TICUE, Ti-6AI-4V M.A. LOW lOAD TRANSFER JOINT

JOINT GEOMETRY: X16138-4A, Fi;ur" 3

FASTEN4ER SYSTEM: !iLT 315-6-4, No Ni-Cad, HL 1386-5 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER ATERIAL: H1 (220), 132 Yi Shear

FASTENER COATDNG: Iror-ar.ic Solid D2y Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STRESS RATIO, S A R = 0. 1, Constan0t toad Unl- s, Otherwico Notedmin max

TEST SPIEED: 600-2300 cpm Unless Otherwise Noted

TEST EDTVIROIEIIT: Iaboratory Air

MX STRESS MODE OF
SPECIMl. GROSS AREA CYCTES TO FAILURE FAILURE

IDENTIFICATIONr KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

4A8 82 5,100 CSIGI
4A9 82 10,000 CSKH
4A12 82 13,500 CSKH
4A6. So 45,4O0 CSK*I
4A1 60 52,100 CSL77
4A 110,000 PLI
4A3 46 163,1,5 CSKI{,PU{
4AlO 46 232,000 CS{, PLH
4A2 46 259,900 CSKHPLH
4All 46 306,900 CS K, PLH
4A IO 10,000,000 N.F.
4A5 32 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PU-I = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXXIII

AXIAL FATIGUE STRENGTH- INTERFERENCE FIT

HI TIGUE, Ti-6AI-V M.A. LOW LOAD TRANSFER JOINT

JOINT GEOMETRY: X16138-4B, Figure 3

FASTENER SYSTEM: HiLT 15-6-4, No Ni-Cad, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hll (260), 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STRESS RATIO, S min /s max: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONNENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

4B1 82 9,720 CSKH
4B11 82 12,700 CSKH
4B2 82 16,800 CSKH
4B4 60 53,700 CSKH,PLH
4B7 60 53,800 CSRH, PLH
4B3 60 93,400 CSKH
4B9 49.2 171,600 CSKHPLH

'4B5 46 i1,600 CSKH,PLH
4B12 46 306,10O CS KH, PIH
4B6 46 428,900 CSJ(,PIJ
4B8 41 550,000 CSKI, PLH
4B10 38 lO,000,00 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PIH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXXIV

AXIAL FATIGUE STRENGTH - INTERIFERENCE FIT

HI TICUE, Ti-6A1-4V M.A. LOW LOAD TRANSFER JOILT

JOINT GEOMETRY: X16138-4E, Figure 3

FASTENER SYSTEM: HIT 41l-6-4 Pin, imL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titaniwa-6Al-4V STA, 95 ksi Shear

FASTENER COATING: Iniorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Double Margin Drill

STRESS RATIO, Sm/Sa: "l = 0.1, Constant Load Unlezs Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN -GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = ITO FAILURE 2,3,14,5 REMAAR1S

4.E9 82 21,500 CSKH,PLq
4_tz"82 22'300 CSKH PLH
4n6 82 32,100 i C 510, PL11
412 70 29,500 CSK
4E8 60 50,900 CS 0CI
4rll 60 59,100 CSKII,plIJ
4E1 60 118,500 PLyf
47 6o 124,2o0 CSKPLH
4E4 45 300,46o CSKH Constant Ampl.
4E2 i5 361,950 CSKH Constant Ampl.

41E3 45 536,400 PLH Constant Ampl.
4El 4o 10,200,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

-4. PWI = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXXV

r AXIAL FATIUE STRENGTH - INTERFERENCE FIT

TAPER LOK, 7075-T76 CIAD IOW LOAD TRANSFER JOINT

JOINT GEOMETRY: x16138-1H, Figure 3

FASTENER SYSTEM: TLH 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003

FASTENER MATERIAL: 'Hll (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Produaction.SS Taper Ink Drill-Reamer

STRESS RATIO, Sm/ x: 1 = 0.1, Constant load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMEUT: Laboratory Air

MAX STRESS MODE OF
-SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,14,5 REMARKS

L6 45 20,300 CSH -
1HIO 45 25,200 CSKH, PLH
H1l 45 26,l0 CSKFI
IH5 30 142,100 CSKH
iH1 30 148,200 CSKHPLH_
11-3 30 181,700 CSKH
1:i8 18 640,800 CSKHPLH

.1114 18 977,500 CSKHjPLH
1117 18 1,006,000 CSKHPIA
1H2 15 4,6o,ooo PIAGRIP
IH9 13.5 3,465,000 CSIU,PIA
11-12 12 10,230,000 N.F.

1. Test specimen installat.on shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal fail.ure away from the fastener holes in the CSK sheet.

4. PI11 = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE )GCXVI

AXIAL FAI24UE STREN-JTH - INTERFERENCE FIT

TAPER LOK, 7075-T76 CI4D LOW LOAD AENSFER JOINTII
JOINT GEOMETRY: X16138-lJ, Fi-:ure 3

FASTENER SYSTEM: TLHC 100-3-4 Pin, TIN 1001-3 W.shernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: 1111 (260), 156 ksi Shear

FASTEN4ER COATING: Diffused Nickel CaLmium

HOLE FABRICATION: Productio* 11S Taper Ink Drill-Reamer

STRESS RATIO, S i/S : { = 0.1; Constant Load Unless Otherwise Noted
m n max

TEST SPEED: 600-2300 cpm Unless Otherwise Notell

TEST ENVIROIZ1..NT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARIZ

1J9 I.5 24,300 PL
1JlO 45  25,800 CSKH
ill 45 42,4oo CSKH,PLH

1J5 3'0 .31,300 CSKH Constant Ampl.
11 30 146,500 CSKH Constant Ampl.
IJ2 30 165,800 CSKH Constant Aripl.
1J12 22 264,200 CSKH,PU
"lJ4 16 713,100 CS KH Constant Ampl.
iJ6 16 722,100 CSKH Constant Ampl.
133 16 798,500 CSKH Constant Ampl.
1J7 13.5 1, 948,500 1CSKH Constant Ampl.
1138 11.5 iO, 437,000 N.F. Cons ant Ampl.

1. Test specimen installation shown in Figure h

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
4. PLH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet,
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TABLE XXXVII

AXIAL FATIGUE STRENCTH - INTERFERENCE FIT

TAPER LOK, 7075-576 CIAD LOW LOAD TRANSFER .20:0T

JOINT GEOMETRY: X16138-1M, Figure 3

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0. 003 iwch

FASTENER MATERIAL- Titai*Lum-6A1-4V, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Tar 7 lok Drill-Reamer

STRESS RATIO, Smin/Smax R = 0,1, Constant Load Unless Otherwise Noted

TEST SFEFD: 600-2300 cpm Unless Otherwise Noted

TEST EWIIRONMENT: L.-boratory Air

MAX STRESS MODE OF
SPECINT.W GROSS AriA CYCLES TO FAILURE FAILURE

IDENTJICTION KSI N.F. = NO FAIIJFrE 2,3,4,5 REMARES

1M9 46 21,800 CSKH
1412 46 25,000 PA
IM1O 46 34,700 CSK
ILM7 38 112,200 CSKH,PLH
ma .1 0.88,500 CSKHPLH 1800 cpm
lI42 30 220,200 CSY,1I, PL1 500 cPm
.13 30 270,200 CSKH. PLH 500 cpm
IM4 16 2,450,300 CSKHPLH 1800 cpm

!M5 16 3,314A000 CSKH, PL 500 cpm
iMil 16 3,721,000 CSKH,PLH
111 12.5 10,000,000 NT.F.

1. Test specimen inftallation shown in Figure 4

2. CSKH = Jheet metal failwre through the fastener -holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4 PIK = Sheet metal failure through the fastener ho!._s in the plain sheet.

9, PIA = Sheet metal failure away from the fastener holes in the plain sheet.



TABLE XXXVIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT
'APE2 LOK, Ti-6A1-4V M.A. LOW LOAD TRANS.'FER JOINT

JOINT GEOMETRY: XlC138-4H, risure 3

FASTENER SYSTEM: TL/ 100-3-4, No Ni-C td, TIR 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Hll (220), 132 ksi Shear

FASTENER COATING: Inorganic Solid Dry Pilm Lube

HOLE FABRICATION: Production Cobalt Taper Lok Drill-;ieamer

STRES RATIO, S min/smax h = O.1, Constant Load Unless Otherwise Noted

TMST SPEED: CO-2300 cpm Unless OtherwTise Noted

TEST EtiVThONIENT: Lab';:ratory A-ir

!1%X SIRESS MODE OF
SPECflE~f GROSS AME. CYCEs T C FA.LURE -FAILURE

DENTIFWCATION KSI N.. NO FAILURE -2,3,-4,5 RE144RKS-
D ! I  

- .--- -1 41{.---H

&3 13, C4 8 : 58,900 CSKH

0 9.20 r94,200SK
4 / 380,400 CSW ,-PLH4H12 14 i5i00,000 CS K:[I PL1.,

45 2,66,700 CSKiI,?LH:! 4H 4 4,683,500 SKpl, LH
4HIO 41 8-,8772430 PLH
4bal 208 10100,000 11,F.

1. Test specimen, installation shown in Figure 4

2. CP = Sheet metal failure through the fastener holes in the CSK sheet.-CSKA =- Sheet metal failaure away from the fa-ztener holes in the C-SK sheet.

4. PMI = Sheet metal zailure through the fastener holes in the plain sheet.5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XXXIX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TAPER loK, Ti-6A1-4V M.A. IOW LOAD TRANSFER JOINT

JOINT GEOMETRY: X16138-4J, Figure 3

FASTENER SYSTEM: TLHC 100-3-4, No Ni-Cad, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: H1l (260, 156 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: Production Cobalt Taper Lok Drill-leamer

STRESS RATIO, S inS max: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

AX STRESS MODE OFSECI14EN GROSS ARA CCLESTOFI VE AI1JR
ID ENTIFICATION KS 1 1. F. = NO FAIILRE 2.3,4,5 REMARKS

W6 80 11,700 vsyI
4Jr 80 21,000 CSKH, PLH
WS 80 23,500 CSKH
41l 58 81,6oo CSKH
W2 58 112,200 CSKH
W7 58 167,350 CSKH,PLH

46 238,200 CSKH,PU{
74va0 46 564,500 CSKH, PLH
4J12 39 2,172,000 CSKH,PLH

tt

1. Test specimen ins-lation shown in Figure 4

2. CSKM = Shwt metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. ? 1 =W Sheet metal failure throtL-,h the fastener holes in the plain sheet.

5. 5?A = Shet metal T'ailure away from the fastener holes in the plain sheet,
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TABLE XL

AXIAL FATI'2UZ STRENGCT - IN RFERENCE FIT

TAPER LOK, Ti-6AI-4V M.A. LOW LOAD TRANSFER JOINT

JOINT GEOMETRY: X16138-4M, Fi.ur9 3

FASTENER SYSTEM: £LV 100-3-4 STA, TIM 1001-3 Washernut

INTER-ERENCE FIT: -0.00s inch

FASTENER MATERIAL: taniw-6A1-V,95 ksi Shear

FASTENER COATING: InorgaLnic Solid Dry Film Lube

HOLE FABRICATION: ProductioiCobalt Taper Dok Drill-i eamer
STRESS RATIO, S max. : R = 0.1, "Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Uliless Otherwise NotAd

TEST ENVIROI MINT: Wahoratory Air

YAX STRESS MODE OF
SPECIDEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMf.Ri(

4m2 82 14,800 CSK
4W12 82 14,900 CS17{
4M1 82 20,500 CSKTf
4M4 <0 80,370 CSKH, PLI

M6 60 108,370 CSKH
4MII 60 119,500 CSKH
4M5 48 124,000 CSKH,PLH
6MlO 48 160,700 CSKH,PL-

4K9 48 359,600 CSKH, PLi
4m8 48 760,800 PIA
4M7 43 10,000,000 N.F.

1. Test, specimen installation shown in Figure 4

2. CSM = sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fai-,;ener holes in the CSK sheet.

4. PL. = Sheet metal failure through the fastener holes in the plain sheet,

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XLI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT
ALLOY STEEL HI TIGUE, 7073-T76 CIAD HIGH LOAD TRANSFER JOINT -

iL INTERFERENCE FIT

JOINT GEOMETRY: XI6136-1AA, Figure 1

FASTENER SYSTEM: TILT 315-6-4 Pin, HL 1386 Collar

INIERFERENCE FIT: -0.0015 inch

FASTENER MATERIAL: Jll (220) 132 ksi Shear

FASTENER COATING: Diffused Nickel-CadmiLUn

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S min/Smax : R 0 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise. Noted

TEST ENVIO llh.NT: Laboratory- Air

MAX STRESS SPEC. SUPPORT MODE OF

SPEClIEN GROSS AREA METDD CYCLES TO FAILURE FAILURE
IDENTIFICATION 10. 1,2 N.F. = NO FAILURE 3,i4,5,6 REMARKS

1AA12 25 Flexure 14,6oo CSKH
1AAIO 25 Fleire 18,O00 CSKH
1AAl 25 Flexure 20,000 CSIT
1AA2 18 Flexure 69,700 CS{
1AA9 18 Flexure 83,500 PIA
IAAI 18 Flexure 84, 500 PIA
IAA3 15 Flexure 235,200 PIA
lA4V 15 Flexure 250,200 PLA
1AA5 12.5 Flexure 341,600 PLA
IAA6 11 Flexure 2,160,000 PIA
IAA7 9.5 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSIq = Sheet metal failure through the fastener holes in the CiK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK she.t.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Shect metal failure away from the fastener holen in the plain sheet.
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TABLE XLII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

ALLOY STEEL HI TIGUE, 7075-T76 CIAD HIGH lOAD TrANSFER JOINT -

HIGH INTERFERENCE FIT

JOINT GEOMETRY: X16136-1AAA, Figure 1

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -0.0045 inch

FASTENER MATERIAL: H11 (220) 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S min/Sma x : R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST EN-VIRONMENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METHDD CYCLES TO FAILURE FAILURE

IDENTIFICATION SI 1,2 N.F. = NO FAILURE 3 ,4, 5 ,6 REMARKS

1AAA5 30 F lexure 19,400 CSKH
1LA.All 30 Flexure 25,600 CSKH
IAAA6 30 Flexure 32,300 CSKH
lAAA8 18 Flexure 178,000 PIA
1AAAl 18 Flexure 190,800 PIA
1AAA12 18 Flexure 202,500 PIA Constant load
1AAA2 18 Flexure 348,200 PLA
1AAA 15 Flexure 182,200 PIA
1AAA 15 Flexure 305,600 PIA
1AAA7 15 Flexure 1,290 :300 PIA
1AAA1O 13.5 Flexure 861,000 PTA
IAAA9 12 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. -"Sandwich"- guide and restraint, see Figure 6

3. CSKH= Sheet metal failure through the fastener holes in the CSK sheet.
4. CSKA Sheet metal failure away from the fastener holes in the CSK sheet.

5. F L = Sheet metal failure through the fastener holes in the plain sheet.

6. PTA Sheet metal failixe away from the fastener holes in the plain sheet.
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TABLE XLIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM HI TIGUE, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT -

LOW INTERFERENCE FIT

JOINT GEOMETRY: X16136-1EE, Firure 1

FASTENER SYStEM: HLT 411-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -00015 inch

FASTENER MATERIAL: Titanium-6A1-4V STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, SmIS " R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST EN11IRO1 NT: Laboratory Air

MAX STRESS SPEC. SUPFORT MODE OF

SPECIMEN GROSS AREA MET!HOD CYCLES TO FAILURE FAILURE
IDENTIFICATION 10I 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

IEElO 30 Flexure 26,200 CSKH
lEE9 30 Flexure 26, 0o CSKH
1EEll 0 Flexure 28,700 CSKH
lEE3 18 Flexure 157,700 CSKH
lEE5 18 Flexure 161,800 CSKH
lEE6 18 Flexure 202,600 CSKH
lEE4 15 Flexure 215,900 PLA
lEEi 15 Flexure 412,900 PLA
lEE2 15 Flexure 508,300 PLA
1EE12 13 Flexure 3,278,000 CSKH, PIA
lEE8 12 Flexure 10.,000,000 N.F.
lEE7 10 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKf = Sheet metal failure through the fastener hole in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XLIV

AXIAL FATIGUE STRENGTH - INTEFERENCE FIT

TITANIUM HI TIaUE, 7075-T76 CIAD HIGH TOAD TRANSFER JOINT -

HIGH IN!ERFERENCE FIT

JOINT OEOMETRY: X16136-1EEE, Fi'ure 1

FASTEneR SYSTEM: LT 411-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -0.0045 inch

FASTEMR MATERIAL: Titanium-6A1-V STA, 95 ksi shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S /Sm: R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TE ST ENVIRONRENT: Laboratorr Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMDEN GROSS AREA MEIDD CYCLES TO FAILURE FAILURE

IDENTIFICATION XSI 1,2 N.F. = NO FAILURE 3,I4,5,6 REMARKS

1EEEIO 3'0 Flexure 16 ,lO0 CSKH

I1EEl1 30 Flexure 41,200 CSKH
IEEE5 21 Flexure 137,100 ("SK{
1EEE7 21 Flexure 147,700 CSKA
IEEE6 21 Flexure 174,400 PIA
IEEE2 15 'Flexure 372,600 PA
IEE3 15 ,lexure 820,000 CSKH

lEEE1 15 Flexure 1,323,900 PIA
1EEE4 13 Flexure 1,966,500 PIA
IEEE9 12 Flexure 3,069,400 PLH
IEEE8 11 Flexure 5,200,300 PLH
1EEE12 12 Flexure 8,207,000 CSKA

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PIH = Sheet metal failuxe through the fastener holes in the plain sheet.

6. PTA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XLV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

ALLOY STEEL TAPER 1OK, 7075-T76 CLAD HIGH WOAD TRANSFER JOINT -

LOW INTERFERENCE FIT

JOINT GEOMETRY: X16136-1HH, Figure 1

FASTENER SYSTEM: TLH 100-3-4 Pin, TLW 1001-3 Washernut

INTERFERENCE FIT: -0.0015 inch

FASTER MATERIAL: H11 (220) 132 ksi Shear

FASTENER COATING: Diffused Nickel-Cadmium

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S /s R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIROMM NT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECI24EN GROSS AREA METIDD CYCLES TO FAILURE FAILURE

IDENTIFICATION MSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

lfuil 30 Flexure 6,000 CSKH
IHH7 30 Flexure 11,000 CSKH
lIMf2 30 Flexure 31,500 CSIHG
lHfi3 20 Flexure 126,100 CSKA
lHH4 20 Flexure 137,000 PIA
1HH8 20 Flexure 197,000 IPLH
IHH9 14 Flexure 607,000 PIA
1HH5 4ii Flexure 1,093,600 PLA
lHH6 14 Flexure 3,018,500 PLA
IHHIO 13 Flexure 1,696,000 CSKA
IHH11 12 Flexure 3,17, 000 CSKA
1HHL2 10.5 Flexure l,406,200 CSKA

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener ho.1ps in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. P.9 = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XLVI

AXIAL FATIGUE STRENGTH - INTEFERENCE FIT

ALloY STEEL TAPER 1OK, 7075-T76 CLAD HIGH lOAD TRANSFER JOINT -

jHIGH INTEFERENE FT

JOINT GEOMETRY: x16136-1HII, Figure 1

FASTENER SYSILEM: T~Ll 100-3-14 Pin, TIN 1001-3 Washernut

INTERFERENCE FIT: -0.0045 inch

FASTEE R MATERIAL: Hal (220) 132 ksi Shear

FASTENER COATI[TG: Diffused Nickel Cadmiuim

11OLE FABRICATION: Production HSS 1Taper Lok Drill-,,eamer

STRESS RATIO, S /s : R =0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-23)00 cpm Unless Otherwise Noted

TEST ENVIR0NME NT: Iaboratory Air

M4AX STRESS SPEC. SUPPORT -MODE OF
* SPECflrx'i GROSS AREA MET.HOD CYCLES TO FAILURE FAIURE

* IDENT)IIATION HSI 1)2' N.F. = NO FAILUPE 3,14,5,6 REMA.R10

1 I-Mi7 32 Flexure 9,500 CSKH
1HHH2 32 Flexure 114,100o CSKH
lHHil 32 Flexure 18,100 PLH
llfl{H 22 Floxure 914,200 PIA
1-qH!-8 22 Flexure 123,1400 PIA
1L -4 22 Flexure 180 ,000 PIA
1fflaml 114 Flexure 935,300 CSKA
lHMH6 114 Fiexure 1,135,300 CS KA
1HHHlO 114 Flexure 1,290,300 PIA
lHHH5 114 Flexure 4.,470,800 CSKH
1HHEl2 13.5 Flexure 2,039,600 PIA
lHHH9 12 Flexure 8,273,600 PTA

1. Four flexures (900 offset), see 1-igure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure throuah the fastener holes in the CSK sheet.

4. CSKA =Sheet metal failure away from the fastener holes in the 05K sheet.

5.- PFH Sheet metal failure throug~h the fastener holes in the plain sheet.

6. PTA =Sheet metal failure away from the fastener-holes in the plain sheet.
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TABLE XLVII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER IDK, 7075-T76 CIAD TurnI!T OAD TRANSFER JOINT -

TOW INTERFERENCE FIT

JOINT GEO0ETRY: X16136-1MM, Figure 1

FASTENER SYSTEM: TLV 100-3-4 Pin, TIN 1001-3 Washernut

INTERFERENCE FIT: -0.0015 inch

FASTEneR MATERIAL: Titanium-6Al-V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S /Sm: R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRO I4ENT: Labordtory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIEN GROSS AREA METiDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. NO FAILURE _3,4,5,6 REMARKS

IMMll 3 5 Flexure 7, T00 CSKTI
IW3 35 PlexuLre 12,200 CSK'i
1MM17 35 Flexure 12,800 PLH

IM2 30 Flexre 26,500 CSkJI
IMM1 30 Flexure 42,900 CSKH
1MM9 22 Flexure 101,900 PLIA
1MM5 21 Flexure 135,600 PIA
1414W 22 Flexure 138,000 PLA
IMM6 15 Flexure 206,200 0SK
1MM12 15 Flexure 1,886,000 CSKA
1WM8 13.5 Flexure 805,500 PIA

1MM10 13.5 Flexure 9,904,100 PIA

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from. the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PLA = Sheet metal failure awpy from the fastener holes in the plain sheet.
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TABIE XLVIII

AXIAL FATIGUE STRENGTH - INTERFERENCE

FIT TITANIUM TAPER LOK, 7075-T76 CiAD HIGH WAD TRANSFER

JO114T - HIGH IfnERFEIENCE FIT

JOINT GEOMETRY: X16136-1MMM, Figure 1

FASTENER SYSTEM: TLV100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.0045 inch

FASTEneR MATERIAL: Titaui-6AI-4V, STA, 95 ksi Shear

FASTENER COATING: Ceytl Alcobol Lubr

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S /s : ='0.1, Constant Amplitude Unless Otherwise Noted
mini max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST EN"1IRON?.IENT: Laboratory Air

M.X STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AFEA I4ET.HDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

IM4 30 Flexure 9,700 CS1KH
1J45 30 ilexure 17,200 CSK

ILMN6 30 F'lexure 57,300 PIA
IMMM1 20 Flexure 168,300 CSKA
IMMM3 20 Flexure 189,300 PIA
L202 20 I'lexure 206,l00 PIA
1M W. 14 Flexure 924,700 PIA
lMMMi2 14 Flexure 2,080,300 CSKA
lM8 14 Flexure 3,796,600 CSKA
IMMM10 11 ?lexure 6,845:.000 PIA
1WIll 9.5 Flexure 10,000,000 N.F.

I. Four flexures (90 ° offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CS1ff = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE XLIX

* AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

ALLOY STEEL HI TIGUE, 7075-T76 CLAD

LOW 10AD TRANSFER JOINT - LOW INTERFERENCE FIT

JOINT GEOMETRY: X16138-AA, Figure 3

FASTENER SYSTEM: HILT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.0015 i.nch

FASTENER MATERIAL: Hll (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production J SS Double Margin Drill

STRESS RATIO, S /a: R = 0.1, Constant Load Unless Otherwise Noted
mi.n max

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

LAAll 40 18,600 CSKH,PLH
LAA6 40 20,500 CSK ,PLH
1AA2 30 87,900 CSKH Constant Ampl.
1AA9 30 127,000 CSKH --Constant Ampl.
IAA3 30 135,600 CSKH Constant Ampl.
IAA1 30 143,800 CSKH, PLH Constant Ampl.
1AA4 20 391,300 CSKH Constant Ampl.
lAA8 18 468,500 CSKH-,PLH
1AAlO 18 627,800 CSM Constant Ampl.
1AA12 15.5 1,636,500 CSKH, PLH
!AA7 14 ll,6oo,ooo N.F. Constant Ampl.

1. Test specimen installation shown in Figure 4 and 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener -oles in the CSK sheet.

4-. PUI Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE L

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

ALWiY STEEL HI TI UE, 7075-T76 CiAD

LOW LOAD TRANSIER JOINT - HI2H INT&RFERENCE FIT

JOINT GEOMETRY: X16138-1AAA, Figure 3

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 13t6 Collar

INTERFEREN47E FIT: -0.00 5 inch

ASTENER MATERIAI: Hll (220), 132 ksi Shear

FASTENER COATING: D.ifuscd Nickel Cadmium

HOLE FABRICATION: Production HSS Double Mar,-in Drill

STRESS RATIO, S min/S max: R = 0.1, *Constant mad Unless Otherwise Noted

TEST SPEED: 600-2300 cpni Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

S N MAX STRESS MODE OF
SPECII-LN GROSS AREA CYCIES TO FA ILURE FA I LURE

IDENtIICATIONI KSI N.F. = NO FAILURE 2,3P4,5 REMARE

lAA12 50 2,600 CSKI{
1AAA1O 50 3,100 CSKH
1AAA0 32 86,000 CSKA Constarut Ampl.
i i A2 32 86,900 CSKH Constant Ampl.
lAIA1. 32 91,200 CSKT1
IAA 32 150,300 CSKH Constant Ampl.

LAAA 16 456,300 CSKH Constant Ampl.
_1AAA3 16 1,088,600 CSIU{ Constalit Ampl.
.AAA6 16 2,107,500 CSKH Constant Ampl.
IAAA5 13.5 1,270,700 CS/I Constant Ampl.
1AAAS 13.5 1O,O-,OO N.F. Constant Ampl.
]AAA7 11 3,082,500 CS.7ci Constant Ampi.

1. Test specimen installation shown in Figure 4 and 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
4. PUm = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM HI TIGUE, 7075-T76 CAD

IDW LOAD TRANSFER JOINT - W INTERFERENCE FIT

JOINT GEOMETRY: X16138-1EE, Figure 3

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386 Collar

INTERFERENCE FIT: -0.0015 inch

FASTENER MATERIAL: Titanium-Al-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Dube

HDIE FABRICATION: Production HSS Double MarGin Drill

STRESS RATIO, S /S : R = 0.1, Constant Load Unless Otherwise Noted
In. max

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRON14ENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,14,5 REMARKS

1EEll 45 15,400 CSKH
IEEIO 45 19,800 CSKH,PLH
lEE8 30 118,600 CSKHPLH
1EEl2 30 138,OOO CSKH,PLH
1EE7 30 193,000 CSK'{, PIA
IEE2 23 315,200 -CSKH
lEEl 23 648,000 CSKHPII
lEE3 1 568,000 CSKHPIH
IEE4 16 813,200 -CS10 , PLH
lEE9 16 2,077,200 CS K, PUH
lEE5 16 3,511,000 CSKHPLH
EE6 14 ,10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheat.

4. PU! = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM HI TIGUE, 7075-T76 CIAD

UW LOAD TRANSFER JOINT - HIGH INTERFERENCE FIT

JOINT GEOMETRY: X16138-1EEE, Fizure 3

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.005-; inch
FASTENER MATERIAL: Tita2ium-6Al.-4v, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production 110S Double Martin Drill

STRESS RATIO, Smin/Smax: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECl.EH GROSS AREA CYCLES TO FAILURE FAILURE

IDENT1IC-TION KSI N.F. = NO FAILURE 2,3,4,5  REMARKS

3lEl1 45 4,000 CSKH
IEEE3 45 9,100 PLi
IBEE4 45 9,300 PLH
1EEE7 30 45,700 PLH
IZEE2 30 47,600 CSKHPLI
IEEEI 30 136,500 CSKH
1EEE5 16 792,300 CSKH,PLH
"'EE9 16 832,100 CSKHPLH

IEE6 16 i, 481,300 CSH, PLH
1EEE8 13 2,859,600 CSKH,PLH
IEEEIO 10.5 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH - Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fasteuer holes in the CSK sheet.

4. P111 = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LIII

AXIAL FATIGUE STRENGTH - INTERFERENCE PIT

ALlOY STEEL TAPER 10K, 7075-T76 CIAD LW LOAD TRANSFER JOINT -

LOW INTERFERENCE FIT

JOINT GEOMETRY: Xl6138-lHH Figure 3

FASTENER SYSTEM: TLHIO0-3-4 Pin, TLN1001-3 Washernut

INTERFERENCE FIT: -0.0015 inch

FASTENER MATERIAL: H11(220) 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Taper LOk Drill-Reamer

STRESS RATIO, Sin/Sma: R = 0.1, C6nstant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIROWI4NT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

lHH8 4o 12,900 PIE Constant Ampl.
11il12 40 16,000 PL Constant Ampl.
1JR19 40 18,400 CSKHPLH Constant Ampl.
1HH1 30 49,000 CSKi{,PIH
iH92 30 51,000 CSKHPLH
1110 30 101,000 CSKH Constant Ampl.
1HH3 16 633,200 CSKH,PLH
.lHH6 16 761,900 CSKH

NIfH4 16 1,648,000 CSKH,PLH
11l1 13.5- 2,624,400 PIA Constant Ampl.
1HH7 9.5 10,000,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figiare 4 and 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CS( sheet.

4. P111 = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LIV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

ALLOY STEEL TAPER 10K, 7075-T76 CLAD LOW IOAD TRANSFER JOINT -

HIGH INTERFERENCE FIT

JOINT GEOMETRY: X16138-l1DIH Figure 3

FASTENER SYSTEM: TLH100-3-4 Pin, TIN 1001-3 Washernut

INTERFERENCE FIT: -0.0045 inch

FASTENER MATERIAL: Hll(220) 132 ksi Shear

FASTENFV COATING: Diffused Nickel Cadmium

HOLE FABRIC)'TION: Production HSS Taper Lok Drill-Reamer

STRES RATIO, S minS max: R = 0.1, Constant LoaI Uless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST EN'VIROIMEiNT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAIURE FAILURE

IDENTIFICATION KSI N.F. = NO FAIURE 2,3,4,5 REMARKS

IHHMJ2 45 i2,400 CSKH
1Hfl 45 21,600 CSKHPLH

1HRYI 32 97,000 CSrd Constant Ampl.
1H12 32 110,100 PLH Constant Ampl.
J-f9 32 134-,600 CSKH Constant Ampl.
1limfl4 16 390,800 CSKH Constant Ampl,
11H H7 16 858,000 CSI Constant Ampl.
-lJH~lO 16 1,039,300 CSKH Constant Ampl.

1HHI13 16 1,618,400 CSKH Constant Ampl.
1uvi6 16 10,177,000 N.F.
IH r8 14-5 914,600 CSKH Constant Ampl.
111115 13.5 10,100,000 IN.F. Constant Ampl.

1. Test specimen installation shown in Figure 4 and 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PLH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LV

AXIAL FATIG0F STRENGTH - INTERFERENCE FIT

TITANIUM TAPER LOK, 7075-T76 CIAD OW LOAD TRANSFER JOINT -

LOW INTERFERENCE FIT

JOINT GEOMETRY: X16138-1MM Figure 3

FASTENER SYSTEM: TLV100-3-4 Pin, TINlO01-3 Washernut

INTERFEPENCE FIT: -0.0015 inch

FASTENER MATERIAL: Titanium-6A1-4V, STA, 95 ksi Shear

FASTENER COA2ING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Taper Lok Drill-Reamer

STRESS RATIO, S /Sm: R = 0.1, Constant Load Unless Otherwise Noted
min max-

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: iaboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAIURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARIS

1MM2 48 5,750 PLH
1MMIO 48- 8,5oo- PIR
l.l48 9,800 CSKH, PLH
1MM6 30 30,200 -CSKHIPLH
lM l2 30 56,4oo CShx,Pi
1MM5 30 78,700 CSKHPH
J4M3 30 88,500 _PL

a]1W8 15 855, 800 CSKIH{PLH
IMM7 15 988,300 CSKHPLH
IMM4 15 1,491,500 -CSKHIPLH
IMMll 12. 5 1,731,500 CSKHPIA
lMM9 10.5 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

-4. PI1 = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.

170

--7



ii
TABLE LVI

AXIAL FATIUE SIVENGTH - INTERFERENCE FIT

TITANIUM TAPER WOK, '075-T76 CIAD LOW ILOAD TRANSFER JOINT -

HIGH INTF2ERENCE FIT

JOINT GEOMETRY: XI6.138-MMM -Figtme 3

FASTENER SYSTEM: TLVIO0-3-4 Pin, TLN 1001-3 Wash4ernut

INTERFERENCE P ZT: -0.005 inch

FASTEIER MATERIAL: Titatiium-6A1-4V, STA, 93 ksi Shcar

FASTENER COATING: Ceytl Alcohol Tube

HOLE FABRICATION: Production HSS Taper LOk Drill-Reamcr

STRESS RATIO, Smin/Sm: R = 0.i, Constant Load Unless Otherwise Noted
min max

TEST SPEED: 600-2300 cpm Unlesr Othorwise Noted

TEST ENVIRONMENT: laborator Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

1MMM0o 50 9,200 PIH
lM 50 13,800 PLD-
IMMM5 42 41.,300 CSKH, PIA
1MMMl 32 107,300 CSKH
IMMM2 32 123,100 CSKi
1MM 8 32 129,300 CSKH ,PL
IMM4 18 662,300 CSKH,PLH

18 750,6oo cslHPIA
31v(7 15 1,198,000 CSKH,PLH
)IM1M i 15 1,360,700 CSIHqPLH
J144M9 15 1,783,000 CSKH,PLH
1MK12 10.5 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH a Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PLH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LVII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

STEEL HI TIGUE, 7075-T76 CLAD HIGH IxAD TRANSFER JOINT -

PRECISION HDIE FABRICATION

JOINT GEOMETRY: X16136-1AP, Figure 1

FASTENER SYSTEM: HLT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: H11 (220) 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: 11/64 Pilot, 4 Flute (Strai;ght) HSS Reamer

STRESS RATIO, S /Sa R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONME NT: Laboratorj Air

MAX-STRESS- SPEC. SUPPORT MODE OF
SPECI14EN GROSS AREA METDD CYCLES- TO FAILURE FAIJ'RE

IDENTIFICATION KSI 1, N.F. = NO FAILURE 3,4,5,6 REMARIO

IAP2 30 Flexure 11,900 CSKH
lAPI 30 Flexure 12,000 CSK{
IAP3 30 Sandwich 32,000 CSKH
IAP4 15 Flexure 202,800 PIA
IAP6 15 Sandwich 243,000 PIA
1AP5 15 Flexure 655,000 PIA
IAP 13.5 Flexure 615,200 PLA
1APf 13.5 Sandwich 879,700 PIA
IAP7 13.5 Flexure 1,568,500 PIA
IAPIO 11 Flexure 5,201,800 PIA
1APl 9.5 Flexure 4,795,000 CSKA
IAPI2 8.5 Flexure 10,000,000 N.F.

1. Four flexures (90a offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes In the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PtA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LVIII

AXIAL FATIG'E STRENGTH - INMI.FERENCE FIT

STEEL HI TIGUE, Ti-6AI-4V, M.A. HIGH LOAD TRANSFER JOINT -

P1ECISION HOLE FABRICATION

JOINT GEO.TRY: X16136-4AP, Figure 1

FASTENER SYSTEM: HLI 315- 6 -4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTEDER MATERIAL: HI1 (220) 132 ksi Shear

FASTENER COATING: Iorganic Solid Dry Filin Lube

HOLE FABRICATION- 11/6 4 Pilot, 6 Flute (Straight) Cobalt Reamer

STRESS RATIO, Smin/Smax: R = 0.1, Constant Amplitude Unless -Otherwisc Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMEENT: Laboratory Air

-MAX STRESS SPEC. SUPPORT MODE OF
SPECI4EI GROSS AREA LMEIDD CYCES TO FAILURE FAIWLRE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5, 6  REMRIS

4AP1 50 Tlexure 14,600 CSKIE Constant Load
4AP2 50 Flexure 18,300 CSKH -Constant Load
4AP3 50 Sandwich 19,300 CS KH
4AP5 30 Flexure 79,100 CSKH -Constant Load
4AP4 30 Flexure 127,800 CSKH -Constant Load
4AP6 30 Sandwich 196,200 CSKH
4AP9 25 Sandwich 201,700 CSR{
4API' 25 Flexure 281,.o00 CSKH Constant Load
4APlO 25 Flexure 560,300 CSKH Constant Load
4AP11 20 Flexure 2 84 1,800 CSKH
4AP12 20 Flexure 1490,1O0 CSKH
4AP8 17 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LV)X

AXIAL FATIGUE STRENGTH - INTER. E NCE FIT

TITANIUM HI TIGUE, 7075-T76 CIAD HIGH LOAD TRANSFER J _W -

PRECISION HOLE FABRICATION

JOINT GEOMETRY: X16136-1EP, Figure 1

FASTENER SYSTEM: 1LT 411-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanim-6Al-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: 11/64 Pilot, 4 Flute (Straight) BSS Reamer

STRESS RATIO, S IS : R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONI'ENT: laboratory Air

1MAX STRESS SPEC. SUPPORT MODE OF
SPEC114EN -GROSS AREA METiWD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

IEPI 30 Flexure 11,800 PLH Constant Load
1EP3 30 Sandwich 16,600 CSKH
3EP2 30 Flexure 20,600 CSIH Constant Load
iEP6 20 Sandwich 54,600 PLH
1EP5 20 Flexure 96,900 PIA Constant Load
IEP-4 20 Flexure 149,000 PIA Constant Load
IEP7 14 Flexure 272,4o PLA Constant Load
IEP9 14 Sondwich 325,200 PIA
lEP8 14 Flexure 505,500 PIA
1EPlO 11 Flexure 3,154,200 PIA Constant oad
iEPil 9 Flexure 3,402,500 PIA Constant Load
IEP12 7.5 Flexure 10,000,000 N.F. Constant Load

1. Four flexures (90 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSIH = Sheet meta-. failure thro, h the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failu.e through the fantener holcs in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LX

AXIAL FATIGUE STRENGTH - INIERFERENCE FIT

TITANIUM HI TI:UE, Ti-6Al-4V M.A. HIGH 6AD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GE0WETRY: X161;36-4EP, Figure 1

FASTENER SYSTEM: HT 411-6-4 Pin, HL 1386-6 collr

INTERFERENCE FIT: -0.003 inch

FASTENER' MATERIAL: Titaniui.-6Al-4V, STA, 95 ksi Shear

FASTENER 'COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: 11/64 Pilot, 6 Flute (Straight) Cobalt Reatier

STREIS RATIO, SI/S R - 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cprn Unless Otherwise Noted

TEST ENV EW, NT: Iaboratory Air

MAX STRESS, SPEC. SUPPORT MODE OF
SPEC334EN GROSS AREA M.THDD -CYCLES TO FAILURE FAILURE

TDENTIFICATION KSI 1,2 -N.F. = NO FAILURE 3,4,5,6 REMARKS

4EP3 55 Sandwich 5,400 CSKI1
4EP2 55 Flexure 6,500 CSKH
4PI 5 5 Flexure 9,000 CSIKi
4EP4 45 Flexure 14,500 CSKH
4EP5 45 Flexure 15,100 CSKH
4EP6 45 Sandwich 42,100 CSKH
4EP12 40 Flexure 69,000 CSKH
4EPS 30 Flexurc 58,700 CSKH Constant load
4EPT7 30 Flexure 161,800 CSKH Constant Load
4EP9 30 Sandwich 181,200 CSKH
4EPll 24 Flexure 953,200 CSKH
4EP1O 24 Flexure 1,043,100 CSKH

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA - Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

STEEL :HI TIGUE, 7075-T76 CLAD

LOW LOAD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GEOMETRY: X16138-1AP, Figure 3

FASTENER SYSTEM: THLT 315-6 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: 1Hll (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: 11/64 Pilot, 4 Flute (Straight) HSS Reamer

STRESS RATIO, Smin/Smax R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Othorwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI X.F. = NO FAILURE 2,3,p4,5 REMARKS

IAP3 40 12,300 
lAP2 4o 15; 700 PLHf

1AP1 40 22,500 CS., PLH
lAP4 30 94,900 PLH Constant Ampl.
1AP5 30 123, 300 CSKU Constant Ampl.
lAP6 30 151,400 GRIP Constant Ampl.
lAP12 30 175,100 GRIP Constant Ampl.

"lAP9 16 2,229,800 CSlafPLH Constant Ampl.
lAP7 16 3,819,400 PLH Constant Ampl.
lAP8 16 10,460,000 N.F. Constant Ampl.
1APl 16 10,468,000 N.F. Constant Ampl.
IAP1O 14 10,554,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 4 and 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PLH Sheet metal failure through the fastener holes in the plain sheet.

5. PLA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE 111I

AXIAL _ATIGUE STENC-TH! - INTERIERENCE FIT

STEEL HI TICUE, Ti-6A1-4V M.A. 10W, lOAD TRANSFER JOINT -

PjE!ISION HOLE FAB. 1iOATION

JOfINT GEOMETRY: XI6138-4AP, 7igure 3

FASTENER SYSTEM: .TLT 315-6-4 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch
FASTEneR MATERIAL: 11 (220), 132 ksi Shear

FASTENER COATING: Inorr-anic Soliri. Dry Film Lube

HOLE FABRICATION: 11/64 Pilot, 6 Flute (Strai:;ht) Cobalt Reaner

STRESS RATIO, Smin/Smax T = 0.1, Constant load Unl ss Othcrwi-, Noted

TEST SPEED: 600-2300 cpm Unlcss Otherwisc Noted

TEST ENVIRONINENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCIES TO FAILURE -.AILURE

IDENTIFICATION KSI N.F. NO FAILURE 2,3,4,5 REMAR10

4AP3 82 .3,8o0 CSKH

4AP2 82 10,700 CSKH
4AP1 862 12,000 CSKI
4AP6 6o 39,000 CS KH
4AP5 60 41,800 CSIc, PLH
4AP4 60 54,300 CSK
4AP9 48 76,800 CSKI, PLH

'4AP12 48 44o,9o0 CSJI{, PLH
4AP11 46 746,000 CSKH, PL
4AP7 46 1,724,600 CSKH
4AP8 46 2,370,000 JSKH, PLA
4AP1O 41 10,076,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4 3. -CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PUI = Sheet metal failure through the fastener holes in the plain sheet.

from the fastener holes in the plain sheet.
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)TABLE LXIII

AXIAL FATIGUE STRENGTH - INTERFEENCE FIT

TITANIUM HI TIGUE, 7075-T76 CIAD

Wd LOAD TRANSFER JOINT - PRECISION HOLE FABRICATION

JOINT GEOMETPY : X16138-mEP, Figure 3

FASTENER SYSTEM: HLT 4n1-6-4 Pin, HL 1386-6 Collar

SINTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

ILE FABRICATION: 11/64 Pilot, 4 Flute (Straight) HSS Reamer

STRES RATIO, Smin/Sm: R = 0.1, Coh.stant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Laboratory Air

MAX li.2IS MODE OF
SPECIfMEN -GRO* AREA. CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

12P2 30 19,400 CSKH, PL{ Constant Ampl.
IEPIO 30 19,700 PLH Constant Ampl.
1EPJ 30 20,000 CSKHPLH Constant Ampl.
IEP1 30 22,300 CSKH,PLH Constant Ampl.
1EPli 23 41,3000 Rerun PLH Constant Ampl.
1EP5 23 114,500 -CSJQ{,PLH Constant Ampl.
1E6 23 156,500 -CSKH Constant Ampl.
-1EP4 23 268,300 CSKH Constant Ampl.
IEP6 18.5 177,300 -CSKH,PL- Constant Ampl.
lEP7 18.5 320,500 _PLH Ccnstant Ampl.
IEP9 18.5 487,200 PLI Constant Ampl.
1EP12 14 10,800,0OO Y.F. Constant Ampl.
1EPl 10 10,900,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. P1! = Sheet metal failure through the fastener holes in the plain sheet.

5. PLA = Sheet metal failure away from the fastener holes in the plain sheet.
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AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITAIUIM HI TIGUE , Ti-6A1-WV M.A. IDW- LOAD TRANSFER JOINT-

PTECISION HOLE FABRICATION

JOINT GEOMETRY: X16138-4EP, Figure 3

FASTENER SYSTEM: HLT 411-6-4 Pin, HL 1386- Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4v, STA, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Woe

HOIE FABRICATION: i1/64 Pilot, 6 Flute (Straight) Cobalt Reamer

STRE3S RATIO, Sinm : R = (.1, Constant load Unless Otherwise Noted
min max

TEST SIEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIROZ.I.NT: Laboratory Air

MAX STRESS MODE OF
SPECfl.1N GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 23,4,5 REMARKS

!¢P2 82 14,,5oo CSKH, PU
4EP1 82 16,100 CSKH
4EP3 82 17,900 CSKH
4EPil 60 30,4oo CS)HI,PLH
4EP5 60 56,700 CSIKH
4EP4 60 76,500 CSKH

4EP6 6o 94,800 CSIH
4EP9 45 251,700 CSKHPLH
4E 45 389,100 CSKH,PL
4EP7 45  761,4oo CSKHPLH
4EP12 43 661,500 CSKH, PI
4IlEPlO 41 10,200,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH - Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PIJ = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA - Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE IXV

AXIAL FATIGUE STREN,-.H - INTERFERENCE FIT

STEEL TAPER WEK, 7075-T76 CIAD HIGH LOAD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GEOMETRY: X16136-1HP, Figure 1

FASTEDER SYSTEM: TI 100-3-4 Pin, TLN 1001-3 Wa.shernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: U1ll (220), 132 ksi Shear

FASTENER COATING: Difusedt Nickel Cadmium

HOLE FABRICATION: 11/64 Pilot, 3 Flute (Spiral) OMARK 2030 AR Reamer

STRESS RATIO, S /Sm: R = 0.1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless OtherwL-e Noted

TEST ENflIRON NT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECl 1 GROSS AREA METHOD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 -N.F. = NO FAILURE 3,4,5,6 REMARKS

ITP2 30 Flexure 21,800 CSKH
J1Il 30 Flexure 35,900 CSKH
I :P3 30 Sand:wich 60,000 -LH
IHPF' 20 Sandwich 85,500 PIA
lHP4f 20 Flexure 199,100 PIA
111P5 20 Flexure 248,600 PIA

111P9 14 Sundwich 289,700 PIA
11iP8. 14 Fle:xure 990,000 CSKA
JTP7 14 Flexure i,1431,600 CSKH
1HP12 14 Fiexure 3,087,600 PLH, PIA
IPIl 12 Flexure 5,126,200 CSKA
i1Pi0 9 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSIH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLI[ = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXVI

AXIAL FATIGUE STRENGT, - INTERFERENCE FIT

STEEL TAPER W0K, Ti-6AI-WV, N.A. HIGH LOAD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GEORIEIY: X16136-4HP, Fi-ure 1

FASTENER SYSTEM: TLHIO0-3-4 Pin, TIN 1001-3 WashernuL

INTERFERENCE FIT: -0.003 inch

FASTENER MTERIAL: H1l (220), 132 ksi Shear

FASTENER COATING: Inorganic Solid Drtr Film Lube

HOLE FABRICATION: l1/64 Pilot, 6 Flute (Straight) OMARK 2060 AR
Cobalt Reamer

STRESS RATIO, Smin/S max: R = O.1,Constant Amplitude Unless Otherwise Noted

'TEST SPEED: 1800-2300 cpm unless Otherwise Noted

TEST ENVROIN Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METHOD CYCLES TO FAILURE FAIURE

IDENTIFICATION 10I 1,2 N.F. = NO FAILURE 3,1,5,6 REMARKS

4"[P3 54 Sandwich 7,500 CSKH
WiP 54 Flexuire 15,100 CShH Constant Load
1P2 54 Flexure 25,300 CSKIH Constant Load

4i5y 35 Sandwich 90,600 CSKH
FP5 35 Flexure 130,700 CSKH Constant oad

4 A 35 Flexure 274,300 CSKH Constant Load
4Jt7 32 Flexure 156,000 CSKH Constant Load
4IfIP9 32 Sandwich 191,300 CSKH
WHP8 32 Flexure 388,000 CSKH Constant Load
i i 24 Flexure 709,700 CSKH1 Constant Load

4'.PI 20 Flexure 5,730,700 PLH Constant oad
W41P12 18.5 Flexure 10,000,000 N.F. Constant Load

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH= Sheet metal failure through the fastener holes in the plain sheet.

6. PLA Sheet metal failure awavy from the fastener holes in the plain sheet.

18J



TABIE W11I

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER 10K, 7075-T76 CIAD HIGH WOAD TRANSFER JOINT -

PRECISION IOLE FABRICATION

JOINT GEOMETRY: X16136-1MP, Figure I

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT_: -0.003 inch

FASTEIER MATERIAL: Titanium-6A1-4V, STA, 95 ksi Shear

FAST.I ER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: 11/64 Pilot, 3 Flute (Spiral) OMARK 2030 AR,
Reamer

STRESS RATIO, S min/Smax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIROIENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METIDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 RE-MARKS

1MP2 30 Flexure 27,100 PIA,PLH
iMPi 30 Flexure 33,800 PIA
1MP3 30 Sandwich 37,900 PIA
1MP4 20 Flexure 59,500 PIAPLH
IMP5 20 Flexure 80,500 PIAPLH
lvn" 20 Sandwich IC2,100 PIA, PLH
iMP7 14 Flexure 251,100 PIA,PLH
1MP9 14 Sandwich 457,700 PIAPL,
l?4P 14 Flexure 549,500 PIAPLH
IMPII 12 Flexure • 9,382,800
IMP1O 10 Flexure 4,534,350 PIA
1MP12 10 Flexure 6,002,200 PLA

1. Four flexures (900 offset), see Figure 7

2. $'Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal fr-ilure through the fastener holes in the plain sheet.

6. PLA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXVIII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER LOK, Ti-6AI-4V M.A. HIGH WOAD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GEOMETRY: XI6136-4MP, Figure 1

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAl- Titanium-6Ai-4V, STA, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: 11/54 Pilot, 6 Flute (Straight) OMARK 2060 AR

STRESS RATIO, Smin/Smax: R ='0.l, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unlecss Otherwise Noted-

TEST- EVVROVI:,NT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA METiWD CYCLES TO FAILURE FAILUREIDENT FICATION KSI 1,2 N.F. = NO FAILURE 3,14,5,6 REMAE

4MPl 50 Flexure 16, 100 CSKH Constant Load
4MP2 50 Flexure 19,200 CSKH Constant Load
4MP3 50 Sandwich 50,700 CSIKH
4MP4 40 Flexure 48,800 CSKH Constant load
4MP5 40 Flexure 51,800 CSKH Constant Load
4MPg 40 Sandwich 71,400 CSKH
4MP_ 30 Sandwich 192,700 CSKH
4MPT 30 Flexure 231,600 CSKH Constant Load
4MP$ 30 Flexure 1,604,100 CSKCH Constant Load
4MPlo 36 Flexure 383,300 CSXH Conotant Load
4MP11 23 Flexure 10,197,900 N.F. Constant Load

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSI = Sheet~ metal failure through the fastener-holes in the CSK sheet.I

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain s-eet.I

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE ILCV]X

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

S.'EL TAPE11 LOK, 7075-T76 CAD

DOW W0AD TRANSTER JOINT - F.ECISION HOM- FABRICATION

JOINT GEOMETRY: X16138-1YP, Figure 3

FASTENER SYSTEM. TLH 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -.0.003 inch

FASTENER MATERIAL: Hll (220), 132 ksi Shear

FASTENER COATING: Diffused Wickel Cadmiu.

HOLE FABRICATION: 11/64 Pilot, 3 Flute (Spiral) OMA2K 2030 AR Reamer

STRESS RATIO, S /in/ Stux - R = 0.1, Constant Ioad Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIhONMENT: Laboratory Air

IMAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

111 45 22,500 CSH,PLH Constant Ampl.
HP2 45 31,300 -CSKHPLH Constant Ampl.

1HP3 45 32,300 CSJ1 Constant Ampl.
lhN6 30 84,000 PIA Constant Ampl.
12P5 30 120,200 _CSKH Constant Ampl.
IHP4 30 156,200 CSKA Constant Ampl.
IHP9 18 600,300 -CSKHPLH Constant Ampl.
11HP7 18 1,181,000 -CSU, PLH Constant Ampl.
iHP8 18 2,253,700 CSKII,PIA Constant Ampl.
1HP1O 14 2,000,500 -CSKA Constant Ampl.
1HP12 14 10,000,000 N.F. Constant Ampl.

1HP11 1 lO,438,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 5

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PI = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE IXX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

STEEL TAPER LOK, *i-6Al-4v M.A. IOW LOAD TRANSFER JOINT -

PRECISION HOLE FABRICATION

JOINT GEOMETRY: X16138-4HP, Figure 3

FASTE NER SYSTEM: TLH 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL. Hll (220), 132 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

ROLE FABRICATION: 11/64 Pilot, 6 Flute (Straight) OMARK 2060 AR,
Cobalt Rcamer

STRESS PATIO, S min /S : R = 0.1, Constant LoaT Unless Otherwise Noted

TEST SPEED: 600-2100 cpm Unless Otherwise Noted

TEST ENVIROIENT: Laboratory Air

--MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

4T,IP 83 14,900 CS KH
4:[P3 83 15,000 CSKH
i4102 83 16,900 CSKHPLH
,iP4 60 137,300 CSIKl,pLH
4HP6 60 188,5oo CSKHPLI.
4HP5 6o 240,900 CSKH{
4HP6 456,, 6,300 CSKQ,PLH

"4HP7 45 1,844,o0o CSKHPLH
41H9 4-5 4,598,0o0 CSKH
4HPI2 45 10,000,000 N.F.
4HP11 43 10,000,000 N.F.
4HP10 41 10,200,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet ,..etal failure away from the fastener holes in the CSK sheet.

4. PI =.Sheet metal failure through the fastener holes in the plain sheet.

5. PTA = Sheet metal failure away from the fasten(r holes in the plain sheet.
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TABLE LXXI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER 10K, 7075-T76 CLAD Id IDAD TRANSFER JOINT

PRECISION HOIE FABRICATION

JOINT GEOMETRY: X16138-lMP, Figure 3

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V, STA, 95 ksi Shear

FASTENER COATING: Ceytl Alcohol Lube

HOLE FABRICATION: 1.1/6h Pilot, 3 Flute (Spiral) OMARK 2030 AR
Aearjier

STRESS RATIO, Smin/Smax: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONNENT: Laboratory Air

MAX STRESS MOD- C?
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,14,5 REMARIS

lMP3 46 20,300 CSKH -Constant Ampl.
IMP2 46 23,600 CSKH Constant Ampl.
IMPIl 46 S,200 PIA Constant Ampl.

30 83,i00 CSKR -Constant Ampl.
1MP4 30 164,400 CSKH Constant Ampl.
iMP6 30 171,400 CSKH Constant Ampl.
1MF7 16 734,200 CSKH Constant Ampl.

MIM9 16 795,600 CSKH, PLH Constant Ampl.
1MP8 16 1,197,50 CSKH Constant Ampl.
IMP12 13 3,833,100 CSKH,PLH Constant Ampl.
IMPlO 13 4,503,000 CSKH,PLH Constant Ampl.
IMP11 10.5 10,0OO,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 5

2. CSKH - Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PDI - Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXII

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER 10K, Ti-6AI-4V, M.A. LOW D! TRANSFER JOINT

PRECISION HOLE FABRICATION

JOINT GEOMETRY: x16138-4MP, Figure 3

FASTENER SYSTEM: TLV 100-3-4 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V, STA, 95 ksi Shear

FASTENER COATING: Inorganic Solid Dry Film Lube

HOLE FABRICATION: 11/64 Pilot, 6 Flute (Strai--ht) OMARK 2060 AR,
Cobalt Reamer

STRESS RATIO, S min/S : R O., Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDEiNTIFICATION- KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

4MP3 82 15,000 CSKHl
4MP1 82 15,800 CSKH
4MP2 82 20,6oo CSK1I,PU{
4MP5 60 75,000 CSKH
4MP4 60 91,600 CSKH
4MPt 48 454,000 CSKHPL{
4MP12 48 1,129,300 CSKH

'41P8 48 2,752,200 CSI{, PLH
4MP9 48 7,901,000 CSKH
4MPhI 42 10,000,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure nway from the fastener holes in the CSK sheet.

4. PUI =.Sheet metal failure through the fastener holes-in the plain sheet.

5. PI A = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXXCII

AXIAL FATIGUE STRENGTH - nTERFERENCE FIT

STEEL HI TIGUE, 7075-T76 CLAD

HIGH LOAD TRASFER JOINT - T/D = .33

JOINT GEOMETRY: X16136-2C, Figure 1

FASTENER SYSTEM: HLT 315-6-2 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTEVIER MARIAL: Hi) (220), 132 ksi Shear

FASTENER COATfIG: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, Smin/Smax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otheirise Noted

TEST ENVIRO.MENT: Laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPEC324EN GROSS AREA METIDD CYCLES TO FAILURE FAIURE

IDENTIFICATION SI 1,2 N.F. = NO FAILURE 3,14,5,6 REMARKS

2C5 30 Flexure 14,200 PIA
2C1 30 Flexure 56,300 PIA
2C3 30 Flexure 59,800 PLA
2C6 20 Flexure 188,700 PIA
2C1I 20 Flexure 259,000 PIA
2C8 20 Flexure 372,1400 PIA
2C2 20 Flexure 713,500 PIA
2C10 17.5 Flexure 1,903,500 PIA
2C9 17.5 Flexure 2,258,000 PIA
2C12 17.5 Flexure 3,694,500 PIA
2C7 14 Flexure 10,900,000 N.F.

1. Four flexures (90 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. 1CSH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. ,PLH Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE IXXIV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

STEEL II TIGUE, 7075-T76 CIAD, HIGH LOAD TRANSFER JOINT T/D =.85

JOINT GEOMETRY: X161.6-3D, Figure 1

F-ASTEDER SYSTEM: HLT 315-6-6 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTED2R MA.TERIAL: HI1 (220), 135 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOLE FABRICATION: Production HSS Douu-le Margin Drill

STRESS RATIO, S /Sm: R = O;1, Constant Amplitude Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 Cpn Unless Otherwise Noted

TEST ENVhIRO11NT: Laboratory Air

MAX STRESS SPEC. SUPPORT M4ODE OF
SPECImEN GROSS AREA METHDD CYCLES TO FAILURE FAILURE

IDENTIFICATION KS i 1,2 -N.F. = NO FAILURE 3,4,5,6 REMARXS'

3DI 20 Flexure 11,000 PLi C nstat - Load
3D2 20 Flexure 16,900 PI Constant Load
3D5 20 Flexure 31, 500 CSKJf Constant load
3D4 16 Flexare 57;100 CSKH Constant Load
3D10 14 Flexure 300,600 PLH Constant Load
3D3 14 Flexure 312,000 PIA Constant Load
3D9 14 z Flexure 34,500 CSKA Constant Load
3D7 12 Frlexure 627,600 CSKA Constant Load
3D6 12 Flexure 680,900 PTA Constant Load

3D8 9.5 1 Flexire 2,703,600 PLA Constant Load
3D11 7.5 Flexure 4,991,500 PIA Constant Load
3D12 6 7 Flexure 10,00,000 N.F. Constant Load

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXXV

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM HI TIGUE, 7075-T76 CAD,

HIGH lOAD TRANSFER JOINT T/D = .33

JOINT GEOMETRY: XI6136-2F, Figure I

FASTENER SYSTEM: HLT 411-6-2 Pin, HL 1386-6 Collar

INTERFEPENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6Ai-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICAi'ION: Production HSS Double Margin Drill

STRESS RATIO, S . I/S : R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIROVNE NT:- laboratory Air

-MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREn METEDD -CYCLES TO FAILURE FAILURE

IDENTIFICATION ISI 1,2Z N.F. = NO FAILURE -3,4,5,6 REMARKS

217 39 Flexure 3,650 CSEH
2F2 33 Flcxure 19,900 CSKE
2FI 33 Flexure 34,6oo PIA
2F12 33 Flexure 35,900 PIA
2Fll 22 Flexure 208,300 CSKf1
2F 22 Flexure 254 ,700 CSKII
2F3 22 Flexure 712,40o CSKA
26 18 Flexure 206,500 CSKI
2F5 18 'exure 618,900 CSKH
2F8 16 Flexure i,532,400 PIA
2F10 16 Flexure 5,488,700 PIA
2F9 12 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSU = Sheet metal failure through the fastenr holes in the CSK sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LDOWI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM HI TIGUE, 7075-T76 CLAD,

HIgH ID)AD T1ANSFER JOINT T/D = .85

JOINT GEOME iY: X16136-3G, Figure 1

FASTENER SYSTEM: HLT 411-6-6 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER M TERIAL: Titanium-6A-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, S min/IS msx R -- ~,Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise NotedI
TEST ENVIROZENT: Laboratory Air

MAX STRESS SPEd. SUPPORT MODE OF

SPE CIEN GROSS AREA METiOD CYCLES TO FAILURE FAILURE
IDENTIFICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 F.E M.AkR

3t'l 30 Flexure 3,700 PLH
3G2 30 Flexure 7,100 CS KH
3-3 20 Flexure 46,zoo P LH
3 5 16 FPlexure 34,500 PLH
376 15 Plexure 160,500 PLA
3G7 15 Flexure 202,000 PTAj 38-. . 12 FPlexure 408,500 CS I
3012 10.5 Plexure 1,077,00 PIA
309 10.5 Flexure 2,173,100 PLA
3PaO 8.5 Flexure 5,249,600 CSKA
3Gll 7.5 Flex=re 10,000,000 N.F.

1. Four flerares (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

-4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheut.

6. PLA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXXVII

AXIAL FAT:G[;d STRI-IGTI - ,lTERFEREICE FIT

STEEL TA ER 10K, 7075-T76 cLAD,

TG' : WAD T031OR JCZ'T - T/D .33

JOINT GEOMETRY: 716136-2K, figure 1

FASTENER SYSTEM: T L" 100-3-2 Pia, TL [ 1001-3 Washernut

INTERFERENCE FIT. -(.C03 inch

FASTENER MATERIAL: .l (220), 132 ksi hear

FASTENER COATING: Diffused 1ickel Cadmium

HOLE FABRICATION: Production Taper Lok LJ) Dril-Reamer

STRESS RATIO, S iS : R = C .1, Constant Amplitude Tless Ct1'erwise :bted
min max

TEST SPEED: 18CC-23CC cp-m 17nless rtherwise "hted
TEST EN"VlROiNT: Laboratory Air

-MAX STRESS SPEC. SUPPVRT MODE OF
SPECI1,-10 GROSS AREA METHOD CYC!ES TO FAILURE FAILURE

IDENTIFICATIOIN KS I 1,2 N.F. = NO FAILURE 3,4,5,6 REMARES

2K6 37 Flexure 8,660 CSK
2K12 32 flexure 64,5c PIA
232 Flexure 72,$00 PMA
2K1 32 Flexure 73, 20O PIA
2X3 2 Flexure 355,900 Put
2Y5 19 Vlexure 810,800 PA
2W8 19 Flexure 889,o900 PIA-
2K9 19 Flexure iO17,800 PIA

(4 17.5 Flerare 2,897, 0C0 PIA
2KIO 15.5 Flexure 2,280:300 CSIMI
210.1 13.5 Plexure 4,7I1,5C0 PM

1. Four flexures (90° offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

4. CSYA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXXVIII

AXIAL FATIGUE STIEIGTH - INTERFEENCE FIT
SVEEL TAPER 10K, 7075-T76 CIAD,

fIICH OAD T1WASYOR JOINT - T/D = .85

JOINT ,EOETRY: X16136-3L, Figure 1
PASE21Ei. SYSTEM: TLII 100-3-6 Pin, TIN 100.-3 Washernut

ITER.-7RE1cE FIT: -0.003 inch

!'AS:MMR MATE1IAL: HlI (220), 132 ksi Shear

FASTENER COATINGC: Diffused Nickel Caimir=,
IOLE FABRICATION: Production-Taper bok SS Drill-Reamer

'ESS RATIO, S~M,!Smax: R = 0.1, Constant Amplitude Unless Otherwise No-el

2EST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVrOI.D.T: Laboratory Air

E AX STRESS SPEC. SUPIORT MODE OF
SPECJIMEN C:ROSS AREA MENOD CYCCLES TO FAILURE FAILURE

!DETI ICATION KSI 1,2 N.F. = NO FAILURE 3,4,5,6 REMAU S

3 12 30 Flexure 3,800 CS [1
3LI 30 Flexure 9,900 CSI"
3L4 20 Flexure 59,100 CSJQI 1800 cj~
3L3 20 Flexure 79,100 CS1 1.00 cpi,
3L5 20 Flexure 95,200 CSKI 1800 cpra
3L7 lb lexure 149,000 PLU- 1800 c-pr

L6 16 Flexure 1.57,600 PL:I 00 cpm,
3LIO J2 Flexure 804,900 PIA
3L8 12 Flexure i,165,6oo PLA
3L9 10.5 Flexure i,026,000 PLA
3LI1 8.5 Flexure 2,242,200 CSKA
3L12 6.5 Flexure 10,000,000 N.F.

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.
4. CKA = Sheet metal feilurc away from the fastener holes in the CSK sheet.
5. PLH Sheet metal failure throuTL the fastener holes in the plain sheat.

6. PIA Sheet metal failure away from the fastener holes in the plain sheet.
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TABIE IXXIX

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER IDK, 7075-T76 CIAD,

HIGH IOAD TRANSFER JOINT -

T/D = .33

JOINT GEOMETRY: X16136-21, Figure 1

FASTENER SYSTEM: TLV 100-3-2 Pin, TIWT 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanium-6A1-4V, STA, 95 lsi Shear

FASTENER COATING: Cetyl Alcohol Inbe

HOLE FABRICATION: Production Taper Lok HSS Drill-Reamer

STRESS RATIO, Smin/Smax: R = 0.1, Constant Amplitude Unless Otherwise Noted

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: laboratory Air

MAX STRESS SPEC. SUPPORT MODE OF
SPECIMEN GROSS AREA- METW:D CYCES TO FAILURE -FAIIURE

IDENTIFICATION KSI 1,2 N.y. = NO FAILURE 3,4,5,6 REMARKS

2N4 38 Flexure 4,o0 PIA
2N11 38 Flexure 34,o0o PIA
2N2 30 Flexure 49,o0o PIA
2N] 30 Flexure 9,200 PIA
2N12 30 Flexure 51,700 PIA
2N8 2a. Flexure 103,800 pIA
2N3 21 Flexure 153,200 PIA
2N4 21 Flexue 181,000 PIA
2N7 15 Fl:xure 267,000 -PIA
2N6 15 F.exure 540,0oo PIA
2N5 15 F1texure 1,903,500 PIA
2NIO 9.5 Flexure 10,200,000 i1.F.

1. Four flexures (90 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKH = Sheet metal failure through the fastener holes in the CSY sheet.

4. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

5. PLH = Sheet metal failure through the fastener holes in the plain sheet.

6. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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IP
AXIAL FATI.E STRENOTH - INTERFERENCE FIT

TITANIUM TAPFR IDK, 7075-T76 CIAD,I.'IWH lOAD TRNSFER J2,? - T/D = .85

JOINT GEOMETRY: X16136-3"0", Figure 1

FASTENER SYSTEM: TLV 100-3-6 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.00_' inch

FASTER MATERIAL: Titanitm-6A1-41, STA., 95 ksi Shear

FASTEnER COATING: Cetyl Alcohol Lube

HOLE VABRICATION: Proituction Taper Iok "oS Drill-Rea,'ler

STRESS RATIO, S . /S : Z = 0.1, Constant Amplituae Unless Otherwise Noted
min max

TEST SPEED: 1800-2300 cpm Unless Otherwise Noted

TEST EVIROMENT: laboratory Air

MAX STRESS SIEC. SUPFORT MODE OF
SPECIMEN GROSS AREA METiD CYCLES TO FAILURE FAILURE

DE NT IFICATION MI 1,2 N.F. = NO FAILURE 3,4,5,6 REMARKS

3 "0"l 28 2lexure 4, 500 CSKH
0112 26 -lexure S 000 13

"0116 Flexure 34,400 CSK1I
3"0"9 18 Flex ure 36,000 C3KH

"13 18 Flexure 49,300 CSKI
2 "0"4 12 21exure 757,000 PIA
3"010 10 'lexure 1,O78,800 CSKH
3 10 Flexure 1, 271,700 PLIT
3:O1 P01e ?,8350 CSm~3"01iO 10 Flexure 1,495,200 "OK11o. 11O' 2 9 Pl.- xm'e 2,083,r.00 CSKH
3"0"8 7 Flcxure 9,501,9,00 CSKH

1. Four flexures (900 offset), see Figure 7

2. "Sandwich" guide and restraint, see Figure 6

3. CSKHQ= Sheet metal failure through the fastener holes in the CS, sheet.

4. CSKA = Sheet metal failure away from the fastener -holes in the CSK sheet.

5. P1.1 = Sheet metal failure through the fastener holes in the plain sheet.

-6. PL- = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE DCXXI

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

STEEL HI TIGUE: 7075-T76 CLAD,

TOW WAD TRANSFER JOINT - T/D = .33

JOINT GEOMETRY: X16138-2C, Figure 3

FASTENER SYSTEM: HLT 315-6-2 Pin, HL 1386-6 Collar

INteRFERENCE FIT: -0.003 inch

FASTENER MATERIAL: HI1 (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOIE FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, Smin/Sm x  R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONWENT: laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

2c6 38 16,700 CSKH
2C10 38 19,O00 CSKHPLH

2Ci 30 32,300 CSKHPLH
2C2 25 172,600 CSKHPLH
2C4 25 365,300 CSIH, PLH
2C3 15 3,334,400 CSKHPLH
207 13.5 751,300 CSKHPLH
'208 13.5 1,048,300 CSKH,PLH

2C9 11.5 1,688,300 CSKA,PIA
2C1 9- 5 953,300 CSK, PIA
2C12 9 10,000,000 N.F.

1. Test specimen installation shown in Figure I

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. P111 = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE MXXII

AXIAL FATIGUE STRENGTH - NITERFERENCE FIT

STEEL HI TIGUE, 7075-T76 CLAD,

LOW OAD TRANSFER JOINT - TD .85

JOI14T GEOMETRY: X16138-3D, Figure 3

FASTENER SYSTE M: iLT 315-6-6 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTER MATERIAL: Hll (220), 132 ksi Shear

FASTENER COATING: Diffu;ed Nickel Cadmium

HO1M FABRICATION: Production hSS Double Margin Drill

STRESS RATIO, Smin/Smx: : = O.1, Constant Load Unless Otherwise NotedSTRES RTIO S in ISmax

TEST SPEED: %00-2300 cpm Unless Otherwise Noted

TEST ENVIROM. !ET: Laboratory Air

MAX STRESS IM0DE OF
SPECINE GROSS AREA CYCLES 70 FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,,5 REMAR M

3D 7,100 PLH
21)1 48,90o CSI0r
3D12 43 12,000 CSK" ,PL{
3D1 30 39,900 CSKH,PLH
3D5 30 65,500 CS D.', PL11
3Dl 30 130,900 GS1T, PLA
3D2 22 395,900 CSOKH,PIA
-:-D6 16 499,200 CSKHPLh'
3D3 16 1,639,000 CSKM, PLH
FD9 16 2,472,300 CSKH, PLH
"DlO 9.5 10,000,000 N.

1. Test specimen installation shown in Figure 4-

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.
3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PU[ = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE DCXXIII

AXIAL FATIGUE STRENCTH - INTERFERENCE FT

TITANIM HI TIGUE, 7075-T76 clAD,

Ww LOAD TRANSFEr JOINT - T/D = .33

JOINT GEOMETRY: Xl6138-2F, Figure 3

FASTENER SYSTEM: HLT 411-6-2 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch-

FASTENER MATERIAL: Titaniwn-6A1-4V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

}KD)L FABRICATION: Production HSS Double Margin Drill

STRESS RATIO, Smin/Smax: R = 0.1, Constant Load Unlcss Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRO,'ENT: Laboratory Air

MAX STRESS MODS OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAIURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARES

2r2 40 8,300 CSKH
2F1 40 18,500 CSIGI
2F6 40 35,8oo CSKH
2F12 30 72,100 CSIKH
2F3 25 164,000 CSKH,PLE
2F8 25 220,000 CSKHjPLH
2F10 25 231,000 CSKHPLH
2F5 13.5 963,9oo CSK, PIA
2.KLi 13.5 1,490,000 Not Noted
?F4 13."1 1,704,200 CSKHPLH
2F7 13.5 10,000,000 N.F.
2F9 10 I 10,000,000 N.F.

1. Test specimen installation -shown in Figure 4
2. C3KH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
4. PT1[ = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABE LXEXMIV

AXIAL FATIGUE STRENGTH - INTERRENCE FIT

TITANIUM HI TIGUE, 7075-T76 CLAD,

LOW LOAD TRANSFER JOINT - T/D = .85

JOINT GEOMETRY: X16138-3G, Figure 3

FASTENER SYSTEM: HLT 411-6-6 Pin, HL 1386-6 Collar

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: 'eitani~ur1 -6Ai-4V, STA, 95 ksi Shear

FASTENER COATING.'.. Cetyi Alcohol Lube

BOLE FABRICATION: Production HSS Double Margin DrillISTRESS RATIO, Smin / max: R = 0.1; Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONIENT: Laboratory Air

MAX STRESS MODE OFSPECIMEN GROSS AREA CYCLES TO FAILURE FAILUREIDENTIFICkTION KSI N.F. = NO FAILRE 2,3,4,5 REMARKS

3G11 48 5,500 PLH
3G12 48 5,600 PLH
3G0 48 16,700 PIE
3G7 27.5 99,000 PIA Constant knpl.3G9 27.5 108,900 CSM Constant Ampl.3G8 27.5 143,300 CSKH Constant Ampl.

3G2 19 507,600 CSKH Constant Ampl.
"3G4 16 .,042,900 CSKH Constant Ampl.
3G1 16 1,298,300 CSKH Constant Ampl.
3G5 16 2,293,600 PII Constant Ampl.
3G3 11.5 3,108,000 CSKH Constant Ampl.
306 9 10,000,000 N.F. Constant Ampl.

1. Test specimen installation shown in Figure 4 and 5
2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.
3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.
4. PIH = Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABE LXXV

AXIAL FATIGUE STRENGTH - IIERFERENCE FIT

STEEL TAPER I0K, 7075-T76 CIAD,

IOW IDAD TRANSFER JOINT - T/D = .33

JOINT GEOMETRY: x16138-2K, Figure 3

FASTENER SYSTEM: TLH 100-3-2 Pin, TIN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTE1ER MATERIAL: ll (220), 132 ksi Shear

FASTENER COATING: Diffused Nickel Cadmium

HOIE FABRICATION: Production Taper Lok Drill-Reamer

STRESS RATIO, S /Sa: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: Iboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCES TO FAILuRE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARKS

2K1W 50 4,600 CSKI
2K7 50 8,200 cs10
2K1 40 44, i00 CS K, PL.I
2X2 40 51,900 CSKCH
2K5 26.5 173,600 CStIl,PLH
2K4 26.5 327,400 CS XI{, PLIM
21C8 26.5 430,300 CSKI,PIH
2fQ 25 262,100 CSia p1
2X12 15 545,200 CSII,PLH
2K10 15 1,446,500 CSKH, PLH
2K9 15 1,1450,700 CSKH,PIA
2(6 1 10,000,000 N.F.

I. Test specimen installation shown in Figure 4

2. CSKH = Sheet met&l failure through the fastener holes in the CSK sheet.
3. CSKA Sheet metal failure away from the fastener holes in the CSK sheet.

4. PL[ H Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE LXXXVI

AXIAL FATIGUE STR3NGTV - IfTERFRREN1CE FIT

STEEL jAPER LOK, 7075-1.76 CIAD,

LW WAD 57.NSMER JOINT - T/)

JOINT GEOMETRY: X16138-3L, .thgure 3

FASTENER SYSTEM: TL-I 100-3-6 Pin, M1L1 1001-3 Washernut

INTERFERENCE FIT: -0.002 inch

FASTENER MATERIAL: tal (220), 132 ksi Shear

FASTENER COATING: Diffuse: Nickel Ca 0xiA t

HOLE FABRICATION: Production taper Lok Drill-Ramer

STRESS RATIO, SmIsm: R = O.1,'Constan't Load Unless Otherwise N1oted

TEST SPEED: 600-2300 cpmq Unless Otherwise 17oted

TEST ENVROjnMENT: Laboratory Ar

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCIES TO FAILURE FAILURE

IDENTIFICATION KSI i.F. = NO FAILURE 2,3,4,5 PEMARKS

3LI 46 10,700 CSIK.
3L1O 46 14,200 CSK:I
3L9 42 22,500 CSKI
7 Ll 27 110,500 CSKI, PL
,L12 27 156,500 CoK
3 27 175,200 CS01{,PLI

,.L5 27 194,800 CSKI,PL.
3L. 19 937,600 CI, PI
3 L7 19 1,093,200 CS.,-

316 19 1,151,600 CSKM, PU
3L3 16 10,000,000 T..
3I)4 11.5 10,000,000 IT.F.

1. Test specimen installation shown in Figure 4

2. CSXR = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PUI ' Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TAKE LXX=I

AXIAL FATIGUE STRENGTH - INTERFERENCE FIT

TITANIUM TAPER IOK, 7075 T76 cIAD,

L MoAD TRNSFTR JOnT - T/D - .33

JOINT GEOMETRY: x16138-2N, Figure 3

FASTENER SYSTEM: TLV 100-3-2 Pin, TIN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTENER MATERIAL: Titanum-6Ai- 4 V, STA, 95 ksi Shear

FASTENER COATING: Cetyl Alcohol Lube

HDIE FABRICATION: Production Taper LOk Drill-Reamer

STRESS RATIO, Smin/Smax: R = 0.1, Constant Load Unless Otherwise Noted

TEST SPEED: 600-2300 cpm Unless Otherwise Noted

TEST ENVIRONMENT: laboratory Air

MAX STRESS MODE OF-
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION 1(I N.F. = NO FAILURE 2,3,14,5 REMARXS

2N12 43 28,7o0 CSKH
2N10 38 36,000 CS KA
2N7 38 37,700 CSIC{
2N8 38 39,900 CSIKA
2N3 25 106,100 CSKI,PL.
2N2 25 233,000 CSICIPLI
2N1 25 251,100 CSK1,PII

4 16 502,800 CSIC ,PI
2N5 16 822,800 CSa, pL
2N11 16 4,122,700 CSKA, PIA
2N9 13.5 i,551,400 CSICIPL
2* 12 10,166,000 N.F.

1. Test specimen installation shown in Figure 4

2. CSKH - Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

4. PUf{ Sheet metal failure through the fastener holes in the plain sheet.

5. PIA = Sheet metal failure away from the fastener holes in the plain sheet.
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TABLE I0CXVIII
AXIAL FATIGUE STRENGT I - INTERFERENCE PIT

TITANIUM TA.!R IDK, 7075-T76 CiAD,

OW LOAD TRANSFR JOINT - T/D .85

JOINT GEOMETRY: x16138-3"O", Figure 3

FASTENER SYSTEM: TLV 100-3-6 Pin, TLN 1001-3 Washernut

INTERFERENCE FIT: -0.003 inch

FASTEN P .!ATERIAL: Titanium-6A1-hv, STA, 95 ksi Shear

.FASTENER COATING: Cetyl Alcohol Lube

HOLE FABRICATION: Production Taper Lok Drill-Reamer

STRESS RATIO. 8 .I : R = 0.J ., Constant Load Unless Othe;rwise Noted

TEST SPEED: 600-2300 cpm Unless Obhrwice Noted

TEST ENVIRONIENT: Laboratory Air

MAX STRESS MODE OF
SPECIMEN GROSS AREA CYCLES TO FAILURE FAILURE

IDENTIFICATION KSI N.F. = NO FAILURE 2,3,4,5 REMARIO

3"1o"9 45 I4,400 PL-i
311018 145 15,100 CSKjtFPvl

110"I6 37 42,600 PLU

3"O"2 27 534,300 CSKIIPLI

3 "0"l 27 1148,.400 CSK.I,PL 1
31101111 27 210,800 CSKI,PIA

V"O"7 19 6I 1,900 CSK, PLI
3""12 19 691,10O CSKAPLT

3103 19 745,800 CSK PIAI
3"0"iO 19 919,600 CS. PLI
31"111 16 2,482,900 CSKAPIA

3 11015 12 10,579,400 N.F.

1. Test specimen installation shown in Figure 4"

2. CSKH = Sheet metal failure through the fastener holes in the CSK sheet.

3. CSKA = Sheet metal failure away from the fastener holes in the CSK sheet.

1. PL = Sheet metal failure through the fastener holes in the plain sheet.

PIA =-Sheet metal failure away from the fastener holes in the plain sheet.
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APPENDIX I

SHEET MATERIAL CERTIFICATION FOR 7075 ALUMINUM ALLOY
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APPENDIX II

SHEET MATERIAL CERTIFICATION FOR TITANIUM-6A1-4V ALLOY
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13406 Saticoy St.,
Continental StalsInc. o::. Hollywood, Ca. 91605

CERTIFIED TEST REPORT @ Telephone :213) 873-7411 997.-0022
- 32.15 Lawrence street. FlushIng. New ork 11354

SOL Tel. 212.961.2750 TWX-710.582.2960

•TO M & N Machine Con.pany,
11625 Van O.wen Street

North Hollywood, Calif. 91605

SHIP TO Same

Page I of 2

September 14, 1972
This ;s to certify that the materiol shpped to y ej cn . te.. er.. on the listed purchase order numbers
coplies with-the follo:ing-:h ie-sco; onaiyss 3nd p1 hsicai oro~eftes:
.z..o, ou No** lou-ooct-'- S .. . . . ,z 5-tc UAuN ,T~"Jo

3212901 1631 .163767 ".100 x 3-3/4" x 15-1/41, MIL T 9046 F °252 Pcs. !321290R

6AL-4V Titanium Type 3 Comp CI (grain with 15-1/4")

321290 1631 163767 .100 x 1-3/4" x 10 . " " 252 Pcs. 321290R
6AL-4V Titanium --(Grain withlo")

PHYSICAL PROPERTIES

"IAT YO 1! . " -&-:--NSS *Er.*",s

321290 1 147,700 156.200 13.5 ,end OK

I I i
- I

I . I

CHEMICAL ANALYSIS
. 4 e. Al

.,., NO C I XY 'xxx.xxxx*':xxxkx xxxxxxxx~xxxx Cu MeI -Ti Cb

321290 .03 .o1 .24 ,6.2 4.2 1i.3 -13 ppqtI i j I
I I

SWOCentinetal Mletals Inc

this 17
I , F. 1
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1-16 Saticoy St.,
.4o. Hollywood, Ca. 91605Continental- MI:As Inc. .

CERTIFIED T REPORT Selpone (213) 873-7411 997-0022

23-.15 Law.enc t 21294. Flushlng. New York 11354

SOLD M & N Machine Comtanv 710582-216

11625 Van Owen Street
North Hollywood, Calif. 91605

SIP TO SAME

Page 2 of 2

This is to certify that the Material shipped to you on _ Setemb er._4.;9.. 72 -n the listed purchase order numbr.s
-complies with the following chemical analysis and physicat properties:

64CAT10. Yoounaogiv,o0 I oultoeosef.Oi siZV SeI QUAN. -TasT Poo.

291203 1631 1163767 -.100x 1/3/4"x 7-3/41 MIL T 9046 F 78 PCs..

I (Grain with 7-3/4") Type 3 Comp C 

" ] " i.100-x 1-3/4"-x 4-1/2' n

(Grain with -4-1/2") j
6AL-4V Titanium

-PHYSICAL PROPERTIES-

-1A NO-5-IAIHACNS EAKAg P. ' , 2" * *t AcNS

291203 129,500 138,500 14.5 j Bend OK

N Fe Al fHEMIC6L ANAIdYSIS
" o C.w _.xxxxx~xxx xxxxx)xxx Cu M! Ti Cb

291203 .02 .01 .17 :5.1 4.1 10.9 ;47 ppm-1,
* I *

I I I

727
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APPENDIX III

HOLE-FABRICATION AND FASTENER INSTALLATION DETAILS

Hole fabrication details are given in Table LXXXIX. Fastener hole diameter

(Hi Tigue) or fastener protrusion (Taper Loh) measurements are given in

Table XC. Measurements of straight shank Hi Tigue fastener diameter obtained

by random sampling are given in Table XCVI.

General Instructions: Hi Tigue Installed in Aluminum and Titanium Alloy

(3/16 Dia.)
Drill and/or ream holes as required in parts. Countersink holes in top

sheet using fastener head to ensure correct countersink diameter depth is

achieved. Parts to be tightly clamped during hole preparation. Holes to

be deburred on both entrance and exit side (0.001-0.005 x 450 chamfer).

On completion of hole preparation each hole diameter shall be measured

using calibrated equipment and recorded. Hole surface to be inspected.

Fastener to be installed will be a 100 degree flush shear head H-11 steel

Hi-Tigue, with a diffused nickel cadmium plating and acetyl alcohol coating.
Check and record pin diameter prior to installation. Pin shall be inserted

in the hole and driven continuously unitl head is fully seated using a

medium size (3X) rivet gun. Rivet gun shall keep pin moving continuously

until seated. Gun shall be held perpendicular to the pin axis throughout

the driving sequence. At all times during the pin installation, a hollow

backup surface shall be provided. Vts shall be installed while parts are
firmly clamped. If a 0.0015 inch feeler can be inserted between the parts,
at the faying surface on either side, until it touches the pin surface the

part shall be scrapped. Record operations to be performed on a planning

sheet or suitable alternative document and provide space for inspection at

each operation.
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General Instructions: Taperlok Installed in Aluminum and Titanium Alloy

(3/16 Dia.)

Hole preparation shall not be done until test holes have been made in
equivalent thickness scrap material. Taperloks shall be "blued" and in-

serted into the holes until the acceptable protrusion condition has been

reached. Measurement of the protrusion shall be made using calibrated depth

micrometer. The Taperlok fastener shall then be withdrawn from the test

hole and the extent of surface contact between the Taperlok shank and the

hole surface shall be measured. If the surface contact is less than 80

percent of the total contact involved, the hole is unacceptable and further

test holes shall be made.

When the technique for making the tapered holes has been developed on

scrap material, use data and make holes in test specimens. After nuts have

been installed to the approved torque, check the gap between the plates with

a 0.0015 inch feeler gage. If the feeler gage can touch the fastener shank,

the parts shall be scrapped. Record protrusion height of Taperloks before

torqueing up and record torque value used to assemble parts on a planning

sheet or equivalent engineering document.
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TABLE XC

HIGH LOAD TRANSFER JOINTS

Tapered Fastener Protrusion Before Installation (inches)

04

0 #3 0
Part Number Hole #1 Hole #2 Hole #3 Hole #4
X16136-4HP-1 .118 .116 .116 .114

-2 .120 .121 .120 .121

-3 .118 .116 .118 .116
-4 .115 .118 .115 .118

-5 .119 .116 .119 .116
-6 .117 .117 .117 .118
-7 .115 .115 .16 .116
-8 .113 .113 .115 .115
-9 .112 .115 .115 .112
-10 .114 .114 .16 .116
-11 .l16 .116 .117 .117
-12 .116 .116 .115 .115

x16136-4MP-l .142 .144 .142 .144
-2 .147 .146 .147 .146
-3 .148 .148 .149 .149
-4 .143 .143 .143- .143
-5 .145 .145 .145 .145
-6 .148 .148 .149 .149
-7 .147 .147 .149 .149
-8 .146 .146 .146 .144
-9 .145 .146 .146 .146

-10 .148 .148 .148 .145
-11 .147 .146 .146 .146
-12 .143 .143 .143 .142

x16136-1HP-1 .136 .135 .136 .135
-2 .139 .138 .1.39 .137
-3 .137 .137 .137 .137
-4 .139 .137 .139 .137
-5 .131 .134 .131 .134
-6 .129 .128 .129 .128
-7 .132 .134 .133 .133
-8 .133 .133 .132 .133
-9 .133 .132 .133 .133
-10 .132 .133 .133 .134
-__ .134 .135 .134 .136
-12 .134 .134 .135 -.134
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TABLE XC (Continued)

000 #1 0 #
Q #3 0#

Part Number Hole #1 Hole #2 Hole #3 Hole #4

x16136-3L-1 .153 .153 .153 .153
-2 .151 .150 .150 .150
-3 .155 .154 .154 .154
-4 .159 :159 .159 .158
-5 .157 .157 .157 .158
-6 .158 .157 .159 .159
-7 .159 .159 .159 .159
-8 .158 .158 .159 .159
-9 .159 .159 .159 .158

-10 .157 .158 .158 .158
-11 .160 .161 .161 .161
-12 .159 .159 .159 .159

x16136-2K-1 .069 069 .070 .070
-2 .071 .071 .071 .071
-3 .070 .070 .070 .070
-4 .072 .072 .072 .072
-5 .069 .069 .069 .069
-6 068 .069 .069 068
-7 .071 .072 .072 .072
-8 .073 .073 .073 .073
-9 .068 .068 .068 .069

-10 .069 .067 067 .069
-11 .070 069 069 .070
-12 .071 .071 .071 .071

16136-3"O"-1 .138 .138 .138 .139
-2 .136 .136 .136 .136
-3 .136 .136 .136 .137
-4 .138 .138 .137 .138
-5 .139 .139 .138 .139
-6 .133 .133 .133 .134
-7 .133 .133 .134 .134
-8 .134 .134 .134 .135
-9 .136 .136 .136 .137

-10 .137 .137 .137 .137
-11 .135 .135 .136 .135
-12 .129 .129 .129 .130
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TABLE XC (Continued)

0 #1 0 #2

0#3 0#4
Part Number Hole #1 Hole #2 Hole #3 Hole #4

xI6136-4H-1 .119 .121 ,121 .121
-2 .120 .120 .119 .119
-3 .118 .118 .118 .118
-4 .120 .120 .120 .120
-5 .123 .123 .123 .124
-6 .121 .121 .121 .121
-7 .124 .124 .124 .124
-8 .124 .124 .124 .124
-9 .125 .125 .125 .124

-10 .123 .123 .123 .123
-11 .126 .126 .126 .126
-12 .124 .1224 .124 .124

X16136-4M-1 .147 .147 .148 .149
-2 .148 .148 .149 .149
-3 .146 .146 .145 .145
-4 .143 .143 .144 .144
-5 .,J.44 .144 .144 .143
-6 .143 .143 .143 .143
-7 .145 .145 .145 .146
-8 .143 .i43 .144 .143
-9 .142 .142 .143 .143

-10 .1144 .144 .144 .144
-11 .147 .147 .147 .146
-12 .146 .145 .145 .145

16136-1M-1 .143 .143 .14 .143
-2 .14o .14o .14o .14o
-3 .139 .139 .139 .140
-4 .141 .140 .14o .14o
-5 .142 .142 .142 .142
-6 .145 .i4 .145 .145
-7 .143 .143 .143 .143
-8 .143 .142 .142 .142
-9 .142 .142 .142 .142-10 .-40 ..i4o .14o .14o

-11 .141 .141 .141 .141

-12 .142 .142 .142 .141
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TABLE XC (Continued)

_ #3 0 #4

Part Number Hole #1 Hole #2 Hole #3 Hole #4

x16136-1H-1 .124 .124 .124 .123
-2 .123 .123 .123 .123
-3 .122 .122 .123 .123
-4 ..12.125 .125 .125
-5 .117 .119 .119 .118
-6 .124 .124 .124 .124

-7 .123 .123 .123 .123
-8 .121 .121 .122 .122
-9 .122 .122 .122 .122
-10 .111 .111 .112 .112
-11 .119 .119 .120 .120
-12 .123 .123 .123 -123

X16136-1HHH-I .206 .206 .206 .206
-2 .205 .205 .205 1205
-3 .203 .203 .203 .203
-4 .205 .205 .205 .204
-5 .205 .205 .204 .204

-6 .206 .206 .207 .207
-7 .207 .208 .208 .208
-8 .2o8 .209 .209 .209
-9 .207 .207 .207 o207

-10 .209 .209 .209 .209
-11 .210 .210 .210 .209
-12 .209 .209 .210 .210

x16136-1J-1 .128 .128 .127 .127
-2 .126 .126 .126 .125
-3 .126 .125 .125 .125
-4 .125 .125 .126 .126
-5 .126 .12 .124 .126

-6 .122 .123 .124 .123
-7 .123 .126 .126 .124
-8 .125 .124 .126 .124
-9 .123 .126 .122 .124

-10 .124 .126 .123 .122
-U .126 .123 .124 .126
-12 .126 .124 .123 .123
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TABLE XC (Continued)

0 l0 -#2

0#3 0 #4
Part Number Hole #1 Hole #2 Hole #3 Hole #4

X16136-1MMM-1 .209 .209 .210 .209
-2 .211 .211 .209 .209
-3 .209 .211 .211 .211
-4 .211 .211 .212 .212
-5 .211 .212 .212 .212
-6 .213 .213 .211 .211
-7 .209 .209 .210 .210
-8 .210 .210 .210 .211
-9 .211 .211 .212 .212

-10 .209 .209 .209 .210
-11 .210 .210 .210 .210-
-12 .212 .212 .211 .211

X13136-4J-I .130 .130 .130 .130
-2 .130 .129 .129 .130
-3 .131 .130 .130 .131
-4 .127 .128 .128 .127
-5 .130 .130 .130 .130
-6 .125 .125 .125 .125
-7 .127 .128 .128 .127
-8 .130 .129 .129 .130
-9 .127 .127 .127 .127

-10 .130 .131 .131 .130
-11 .129 .128 .129 .129
-12 .128 .128 .129 .128

x16136-2N-I .073 .073 .073 .074
-2 .094 .092 .094 .094
-3 .096 .098 .098 .098
-4 .099 .099 .099 .099
-5 .095 .095 .096 .096
-6 .092 .092 .092 J .091
-7 .089 .089 .086 .086
-8 .090 .090 .o89 .089
-9 .073 .072 .072 ,072

-10 .070 .072 .072 .073
-11 .071 .070 .070 .070
-12 .072 .072 .071 .072
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TABLE XC (Continued)

0 #3 O #4

Part Number Hole #1 Hole #2 Hole #3 Hole#4

x16136-1MP-1 .138 .138 .138 .138
.139 .138 .138 .138

-3 .137 .136 .137 .138
-4 .137 136 .q3 138
-5 .133 .133 .132 .133
-6 .132 .133 .132 .133
-7 .134 .134 .134 .134

-8 .135 .136 .138 .137
-9 .133 .134 .133 .134

-10 .132 .134 .133 .133
-11 .133 .136 .137 .136
-12 .134 .135 .134 .135

x16136-1HH-I .027 .027 .028 .027
-2 .026 .025 .025 .025
-3 .031 .030 .031 .031
-4 .029 .029 .029 .029

-5 .029 .029 • .029 .029
-6 .024 .024 .024 .024
-7 .026 26 .026 .026
-8 .025 .024 .024 .024
-9 .027 .027 .027 .027

-10 .028 .027 .028 .028
-11 .030 .030 .031 .031
-12 .029 .029 .029 .029

x16136-1iM-1 .039 .039 .o40 .04o
-2 .037 .037 .038 .038

-3 .036 .036 .036 .036
-4 .035 .035 .035 .035
-5 .037 .037 .037 .037
-6 .035 .035 .035 .035
-7 .033 .033 .033 .034
-8 .036 .36 .036 .037
-9 .030 .031 .031 .031

-10 .030 .030 .031 .031
-11 .033 .033 .033 .034
-12 .038 .038 .038 j .038
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TABLE XCI

FASTENER HOLES SIZES

HIGH LOAD TRANSFER JOINTS

Hole Diameter For Straight Shank Fasteners (inches)

1 0 #2
0 #3 0 #4 p

Part Number Hole #1 Hole #2 Hfole #3 Hole #4

x16136-4E-1 .1853 .1853 .1853 .1854

-2 .1854 .1858 .1858 .1856
-3 .1855 .1857 .1858 .1857
-4 .1857 .1855 .1859 .1856

-5 .1858 .1854 .1857 .1858
-6 .,.856 .1856 .1856 .1855
-7 .18:6 .1853 .1853 .1855
-8 .1854 .1855 .1852 .1852

-9 .1856 .1857 .1854 .1857

-10 .1855 .i853 .1854 .1854
-11 .1857 .1855 .1857 .1858

-12 .1854 .1854 .1857 .1855

xI6136-4A-1 .1858 .1854 .1856 .1860
-2 o.1857 .1856 .1858 .1857

-3 .1861 ..859 .1858 .186o
-4 .1856 .1857 .1858 .1859
-5 .1858 .186o .1858 .186o
-6 .1858 .1857 .1858 .i856
-7 .1860 .1859 .1-59 .1859
-8 .1861 .1861 .186o .1860
-9 .1860 .1862 .1862 .1862

-10 .1862 .1862 .1862 .1861
-11 .1858 .1860 .1859 .1861
-.12 .1859 .1860 .1858 .1861

xI6i36-4B-1 .1857 .185d .i858 .1859

-2 .1856 .1851, .1855 .1856
-3 .1851 .1856 .1859 .1857
-4 .1859 .1856 .1857 .1856
-5 .1857 .1856 .1855 .1855
-6 .1858 .1856 .1858 .1855
-7 .1857 .1857 .1855 .1853
-8 .1852 .1855 .1848 .1853
-9 .1856 .1856 .1857 .1855

-10 .1855 .1857 .1857 .1855 i
-11 .1858 .1857 .1859 .1859
-12 .1856 .1853 .1856 .1852
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TABLE XCI (Continued)

0#1 0 #
0/E-2

0 #3 0 #4

Part Number Hole #1 Hole #2 Hole #3 Hole #4

X16136-1EP-1 .1865 .1866 .1865 .1865
-2 .1866 .1866 .1866 .1866
-3 1864 .1864 .1864 .1866
-4 .1864 .1866 .1866 .1866

-5 .1867 .1867 .1868 .1867
-6 .1864 .1864 .1865 .1864
-7 .1865 .1.866 .1865 .1865

.1865 .1867 .1867 .1865
-9 .1867 .1868 .1868 .1868
-10 .1868 .1868 .1867 .1867
-11 .1868 .1868 .1867 .1868
-12 .1868 .1868 .1868 .1868

x6l36-4AP-7 .1862 .1861 .1861 .1862
-2 .1858 .1858 .1858 .1858
-3 .1859 .1860 .186o .186
-4 .186 .1860 .186 .186o

-5 .1858 .1868 .188 .1858
-6 .1859 .1858 .1859 .1859
-7 .1858 .1859 .1858 .1858
-8 .1858 .1858 .1858 .1858
-9 .1859 .1859 .1859 .1859
-50 .1859 .186o .1859 .1867
-61 .1859 .186o .186o .186o
-12 .1858 .1858 .1859 .1859

x16136-8AP-l .1868 .1868 .1867 .1866
-2 .1865 .1867 .1865 .1867-3 .1867 -.1868 .1867 .1867
-4 .1863 .1863 .1863 .1863
-5 .1867 .1867 .1867 .1867
-6 .1867 .1867 .1867 .1867
-7 .1866 .1865 .1865 .1865
-8 .1866 .1864 .a864 .1865
-9 :1866 .1865 .1863 .1865
-IO .1863 .1863 .1863 .1863

-12 1865 .1862 .1862 .1864-12 :1867 .1867 .1867 .1867-_
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TABLE XCI (Continued)

0#1 0 #2

0#3 0 #4

Part Number Hole #1 Hole #2 Hole #3 Hole#4

x16136-4EP-l .1863 .1863 .1865 .1863
-2 .1864 .1865 .1864 .1864

-3 .1865 .1865 .1865 .1865
-4 .1864 .1864 .1864 .1866
-5 .1864 .1864 .1864 .1865
-6 .1864 .1864 .1864 .1865
-7 .1865 .1865 .1865 .1865
-8 .1864 .1864 .1865 .1865
-9 .1865 .1865 .1865 .1865

-10 .1865 .1865 .1865 .1867
-11 .1867 .1867 .1867 .1867
-12 .1875 .1875 .1872 .1872

x16136-1A-! .1853 .1856 .1855 .1856
-2 .1857 .1859 .1858 .1858
-3 .1858 .1857 .1855 .1856
-4 .1855 .1857 .1855 .1854
-5 .1856 .1856 .1857 .1857
-6 .1855 .1855 .1856 .1855
-1 .1857 .1856 .1857 .1857
-8 .1855 .1856 .1856 .1855
-9 .1855 .1856 .1856 .1856

-10 .1856 .1857 .1857 .1856
-11 .1858 .1858 .1859 .1858
-12 .1856 .1857 .1856 .1857

x16136-1AA-1 .1871 .1871 .1871 .1873
-2 .1869 .1870 .1868 .1868
-3 .1871 .1872 .1871 .1871
-4 .1871 .1872 .1872 .1872
-5 .1870 .1871 .1872 .1871
-6 .1868 .1868 .1869 .1869
-7 .1867 .1868 .1867 .1868
-8 .1866 .1865 .1870- .1867
-9 .1871 .1873 .1870 .1872

-10 .1872 .1872 .1871 .1872
-11 .1870 .1870 .1871 .1871
-12 .1872 .1872 .1871 .1870

220



TABLE XCI (Continued)
©#1 0 #2
0 #3 0 #

Part Number Hole #1 Hole #2 Hole #3 Hole #4

X16136-3D-2 .855 .1854 .1855 .1858
-2 .1856 .1855 .1856 .1856
-3 .1853 .1856 .1856 .1855
-4 .1853 .1856 .1856 .1854
-6 .1856 .1856 .1857 .1857
-6 .1855 .1.858 .1856 .1856
-7 .1855 .1856 .1856 .1855
-8 .1856 .1855 .1856 .1855
-9 .1856 .1854 .1856 .1854

-10 .1857 .1856 .1857 .1854
-12 .1854 .1854 .1854 .1856
12 .1853 .1.853 .1854 .1854

x16136-3G-1 .1856 .1856 .1857 .1857
-2 .186o .1860 .1859 .1861
-3 .1856 .1856 .1856 .1855
-4 .1855 .1856 .1855 .1857
-5 .1857 .1858 .1858 .1856
-6 .1857 .1856 .1858 .1858
-7 .1857 .1858 .1860 .1859
-8 .1858 .1858 .1857 .1858
-9 .1857 .1856 .1857 .1855
-10 .1859 .1860 .1860 .1860
-11 .1857 .1857 .1858 .1860
-12 .1862 .1860 .1861 .1861

X16136-1EE-1 .1869 .1869 .1870 .1869
-2 .1870 .1870 .1870 .1872
-3 .1870 .1871 .1871 .1870
-4 .1869 .1869 .1870 .1869
-5 .1870 .1872 .1873 .1872
-6 .1870 .1871 .1871 .1870
-7 .1871 .1871 .1870 .1871
-8 .1870 .1871 .1870 .1872
-9 .1871 .187o .1869 .1870

-10 .1871 .1872 .1858 .1872
-11 .1871 .1871 .1870 .1872
-12 .1871 .1873 .1873 .1872
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TABLE XCI (Continued)

O #1 O #2
O #3 O #4

Part Number Hole #1 Hole #2 Hole #3 Hole #1

X16136-1B-1 .1856 .1857 .1858 .1857
-2 .1858 .1857 .1857 .1856
-3 .1856 .1856 .1856 .1857
-4 .1857 .1856 .1858 .1857
-5 .1857 .1856 .1858 .1857
-6 .1859 .1857 .1858 .1858
-7 .1858 .1857 .1856 .1857
-8 .1857 .1857 .1858 .1856
-9 .1857 .1856 .1857 .1860

-10 .1858 .1857 .1858 .1858
-11 .1857 .1856 .1857 .1857
-12 .1856 .1855 .1856 .1856

X16136-1E-1 .1856 .1856 .1858 .1858
-2 .1858 .1858 .1857 .1857
-3 .1856 .1857 .1857 .1857
-4 .186o .186o .1859 .1858
-5 .1862 .L862 .1861 .1861
-6 .1859 .1860 .1859 .1860

-7 .1861 .1862 .1862 .1864
-8 .1857 .1856 .1858 .1858

-9 .1857 .1858 .1857 .1857.1858 .1857 .1858-10 .1857 .1857 .1857 .1857
-12 .1856 .1855 .1857 .1857

x16136-2F-i .1855 .1854 .1855 .1855
-2 .1854 .1854 .1855 .1855
-3 .1855 .1856 .1853 .1854
-4 .1855 .1855 .1855 .1855

-5 .1854 ,1855 .1855 .1855
-6 .1856 .1854 .1857 .1854
-7 .1855 .1854 .1854 .1856
-8 .1856 .1855 .1856 .1856
-9 .1855 .1854 .1855 .1856

-10 .1858 .1854 .1855 .1855
-11 .1856 .1855 .1854 .1856
-12 .1856 .1855 .1856 .1855
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TABLE XCi (Continued)

0O#3 -0 #14

Part Number Hole #1 Hole #2 Hole #3 Hole #4

xI6136-]AAA-1 .1844 .1843 .1845 .1845
-2 .1843 .1843 .1845 .1846
-3 .1845 .1844 .1844 .1845
-4 .1846 .1844 .1844 .1845
-5 .1844 .1844 .1845 .1844
-6 .1844 .1844 .1845 .1845
-7 .1843 .1844 .1.843 .1845
-8 .1844 .1845 .1843 .1846
-9 .1844 .1844 .1845 .1844
-10 .1844 .1848 .1844 .1844
-11 .1845 .1843 .1845 .1845
-12 .1845 .1845 .1846 .1846

X16136-2C-1 .1856 .1856 .1856 .1856
-2 .1857 .1855 .1856 .1856
-3 .1855 .1855 .1855 .1856
-4 .1856 .1857 .1856 .1855
-5 .1857 .1855 .1855 .1855
-6 .1855 .1856 .1855 .1856
-7 .1855 .1855 .1854 .1855
-8 .1855 .1854 .1854 .1855
-9 .1855 .1856 .1854 .1856

-10 .1855 .1856 .1854 .1855
-11 .1856 .1856 .1856 .1857
-12 .1856 .1855 .1855 .1855

x16136-1EEE-1 .1846 .1848 .1850 °1849
-2 .1847 .1848 .1845 .1847
-3 .1849 .1846 .1846 .1849
-4 .1849 .1848 .1849 .1849
-5 .1846 .1845 .1844 .1845
-6 .1846 .1847 .1847 .1847
-7 .1846 .1848 .1845 .1850
-8 .1847 .1846 .1847 .1847
-9 .1846 .1847 .1849 .1848

-10 .1847 .1847 .1848 .1849
-11 .1847 .1846 .1847 .1847
-12 .1850 .1849 .1849 .1850
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TABLE XCII

FASTENER HOLE SIZES

MEDIUM LOAD TRANSFER JOINTS

Tapered Fastener Protrusion Before Installation (inches)

Part Number Hole #1 Part Number Hole #1

x16137-4M-l .144 X16137-1M-1 .132
-2 .144 -2 .136

-3 .143 -3 .138
-4 .144 -4 .137
-5 .143 -5 .139
-6 .144 -6 .133
-7 .144 -7 .137
-8 144 -8 .139
-9 .145 -9 .137

-10 .145 -10 .137
-11 .144 -11 .138
-12 .145 -12 .132

X1b137-4J-1 .139 X6137-1J-l .139
-2 .134 -2 .141
-3 .144 -3 .138
-4 .142 -4 .139
-5 .141 -5 .137
-6 .143 -6 .14o
-7 .139 -7 .139
-8 .142 -8 .141
-9 .143 -9 .138

-10 .140 -10 .14o-II -139 -11 .141
-12 .137 -12 .140

x16137-4H-1 .141 x16137-H-l .137
-2 .137 -2 .138
-3 .139 -3 .136

.142 -4 .I30
-5 .139 -5 .141
-6 .144 -6 .136
-7 .142 -7 "139
-8 .14o -8 .137
-9 .141 -9 .138

-10 .141 -10 .14o
-11 .143 -11 .141
-12 .143 -12 .139
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TABLE XCIII

FASTENER HOLE SIZES

MEDIUM LOAD TRANSFER JOINTS

Hole Diameter For Straight Shank Fasteners (inches)

Part Number Hole #1 Part Number Hole #1

x16137-4A-1 .1853 x16137-1A-l .1853
-2 .1854 -2 .1856
-3 .1854 -3 .1852
-4 .1856 ..4 .1851
-5 .1853 -5 .1853
-6 .1855 -6 .1851
-7 .1854 -7 .1851
-8 .1853 -8 .1851
-9 .1857 -9 .1851-10 .1854 -10 .1851

-11 .1856 11 .1857
-12 .1853 -12 .1856

X16137-4B-l .1853 Xl6137-1B-l .1852
-2 .1854 -2 .1859
-3 .1851 -3 .1854
-4 .1852 -4 .1856
-5 .1853 -5 .1852
-6 .1856 -6 .1851
-7 .1853 -7 .1854
-8 .1854 -8 .1852
-9 .1854 -9 .1851
-10 .1853 -i0 .1853
-11 .1855 -ll .1851
-12 .1854 -12 .1853

X16137-4E-1 .1856 Xl6137-1E-1 .1853
-2 .1857 -2 .1857
-3 .1855 -3 .1856
-4 .1855 -4 .1857
-5 .1855 -5 .1856
-6 .1856 -6 .1857
-7 .1854 -7 .1852
-8 .1854 -8 .1854
-9 .1855 -9 .1855

-10 .1856 -10 .186o
-31 .1855 -11 .1854
-12 .1854 -12 .1854
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TABLE XCIV

FASTENER HOLE SIZES

LOW LOAD TRANSFER JOINTS

Tapered Fastener Protrusion Before Installation (inches)

#1 oE: o#2o

Part Number Hole #1 Hole #2 Part Number Hole #1 Hole #2

X16138-1HM-I1 .218 .217 X16138-1MMM-l .215 .213
-2 .216 .218 -2 .214 .214
-3 .216 .216 -3 .216 .214

-4 .218 .219 -4 .213 .213
-5 .211 .212 -5 .212 .210
-6 .215 .216 -6 .212 .214
-7 .217 .218 -7 .215 .213
-8 .219 .217 -8 .216 .215
-9 .216 .217 -9 .212 .213

-10 .216 .218 -10 .214 .215
-11 .218 .217 -l .216 .216
-12 .219 .219 -12 .214 .214

x16138-3"o"-l .135 .136 x16138-1H-I .107 .109
-2 .138 .138 -2 .l06 .107
-3 .136 .136 -3 .105 .107
-4 .139 .138 -4 .109 .108
-5 .138 .138 -5 .107 .o8
-6 .138 .137 -6 .109 .109
-7 .138 .138 -7 .108 .107
-8 .136 .136 -8 .108 .109
-9 .136 .137 -9 .107 .107

-10 .137 .136 -10 .106 .106
-11 .135 .135 -11 .108 .107
-12 .136 .136 -12 .109 .108

x16138-1M-1 .148 .148 x16138-lHH-I .027 .027
-2 .146 .147 -2 .028 .027
-3 .144 .144 -3 .026 .026
-4 .140 .143 -4 .024 .024
-5 .139 .139 -5 .024 .025
-6 .140 .140 -6 .026 .026
-7 .139 .140 -7 .o24 .024
-8 .139 .139 -8 .024 .025
-9 .141 .141 -9 .027 .027

-10 .143 .143 -10 .028 .027
-11 .141 .141 -11 .024 .024
-12 .140 .140 -12 .025 .025

226



...... -- _. = . . ... - -
= ' '  

. ..

TABLE XCIV (Continued)

#1 o#2o i

Part Number Hole #1 Hole #2 Part Number Hole #1 Hole #2

x16138-4HP-l .137 .137 x16138-2K-1 .067 .070
-2 .127 .127 -2 .073 .075
-3 .129 .129 -3 .073 .072
-4 .131 .131 -4. .067 .070
-5 .132 .133 -5 .071 .072
-6 .129 .130 -6 .073 .071
-7 .134 .133 -7 .075 .072

-8 .128 .129 -8 .070 .072
-9 .129 .127 -9 .071 .073

-lO 131 .129 -lO .069 .071

-11 -133 .133 -11 .071 .073
-12 .131 .130 -12 .049 .065

X16138-4J-1 .130 .130 X16138-2/N-1 .070 .070-2 .131 .131 -2 .069 .069
-3 .129 .129 -3 .o74 .074

-4 .129 .129 -4 .073 .073
-5 .125 .125 -5 .071 .071
-6 .127 .128 -6 .073 .073-,-7 .128 .128 -7 .076 o76
-8 .133 .133 -8 .075 .075

X1 -9 .156 .129 -9 .076 076
-0 .128 .128 -0 .076 .075
-3i .131 .131 -31 .074 .073
-12 .130 .130 -12 .072 .172

XI6138-4M-5 .156 .161 XI6138-4H-5 .124 .124
-2 .158 .158 -2 .127 .127
-3 .16o .16o -3 .125 .125-4 .162 .162 -4 .127 .127

-5 .159 .159 -5 .128 .128
-6 .157 .159 -6 .126 .126-
-7 .158 .16o -7 .125 .124
-8 .159 .159 -8 .36 .125
-9 .16o .16o -9 .128 .127

-10 .157 .157 -10 .127 .127
-11 .159 .159 -11 .129 .129
-12 .160 .160 -12 .126 .126
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TABLE XCIV (Continued)

Part Number Hole #1 Hole #2 Part Number Hole #1 Hole

x16138-lJ-l .146 .146 x16138-3L-1 .142 .143
-2 .145 .147 -2 .144 .150
-3 .143 .145 -3 .145 .146

-1 .144 .146 -4 .144 .144

-5 .145 .145 -5 .146 .145

-6 .146 .145 -6 .150 .150
.146 .146 -7 ih5 .146

-8 .143 .144 -8 .146 .146

-9 .144 .145 -9 .145 .145
-10 .147 .148 -1o .147 .148
-11 .14o .148 -11 .146 .147
-12 .147 .145 -12 .150 .151

X16138-1MM-1 .037 .037 X16138-1HP-1 .101 .101
-2 .037 .036 -2 .130 .130
-3 .038 .038 -3 .133 .133

-4 .038 .039 -4 .122 .122

-5 .141 .o41 -5 .113 .113

-6 .039 .039 -6 .115 .115
-7 .039 .039 -7 .117 .117
-8 .038 .038 -8 .122 .122

-9 .037 .038 -9 .124 .124
-10 .038 .039 -1o .118 .118
-11 .018 .029 -11 .129 .129
-12 .039 .040 -12 .133 .133

X16138-4Mp-I .122 .122 x16138-!MP-1 .129 .129
-2 .138 .138 -2 .127 .127
-3 .132 .132 -3 .129 .129
-4 .129 .129 -4 .129 .19
-5 .129 .329 -5 .133 .133
-6 .130 .131 -6 .129 .129

-7 .134 .132 -7 .124 .124
-8 .127 .130 -8 .126 .126
-9 .130 .133 -9 .126 .126
-10 .128 .130 -10 .124 .124
-11 .131 .131 -11 .130 .230
-12 .129 .127 -12 .126 .126
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TABLE XCV

FASTENER HOLES SIZES

LOW LOAD TRANSFER JOINTS

Hole Diameter for Straight Shank Fasteners (inches)I J

Part Number Hole #1 Hole #2 Part Number Hole #1 Hole #2

XI6138-lAA-I .1867 .1872 Xl6l38-lE-1 .1851 .1852
-2 .1870 .1868 -2 .1852 ,2.855
-3 .1872 .1.869 -3 .1856 .1855
-4 .1874 .1870 -4 .1854 .1855
- .1875 .1872 -5 .1853 .1855
-6 .1873 .1872 -6 .1853 .1856
-7 .1869 .1870. -7 .1854 .1854
-8 .1869 .1870 -8 .1854 .1856
-9 .1870 .1870 -9 .1856 .1854

-10 .1871 .1870 -10 .1855 .1852
-11 .1868 .1869 -11 .1853 -.1852
-12 .1873 .1870 -12 .1854 .1855

x16138-1A-l .1853 .a855 xl6138-1EE-1 .1873 .1872
-2 .1853 .1852 -2 .1871 .1872
-3 .1855 .1853 -3 .1873 .1872
-4 .1855 .1853 -4 .1869 .1871
-5 .1854 .1856 -5 .1870 .187J
-6 .1855 .1853 -6 .1875 .1872
-7 .1850 .1853 -7 .1869 .1869
-8 .1855 .1855 -8 .1874 .1872
-9 .1853 .1852 -9 .1871 .1870

-10 .1854 .1856 -10 .1873 .1873
-11 .1854 .1852 -11 .1870 .1870
-11 .1852 .1848 -12 .1870 .1870

x16138-1B-1 .1850 .1852 x16].38-2F-1 .1852 .1852
-2 .1852 .1851 -2 .1853 .1851
-3 .1853 .1852 -3 .1852 .1851
-4 .1852 .1854 -4 .1853 .1852
-5 .1852 .1853 -5 .1852 .1852
-6 .1852 .1851 -6 .1853 .1849
-7 .1851 .1852 -7 .1850 .1850
-8 .1852 .1855 -8 .1851 .1852
-9 .i854 .1857 -9 .1851 .1851

-10 .1852 .1850 -10 .1849 .1850
-11 .1852 .1851 -11 .1851 .1850
-12 .1850 .1853 -12 .1850 .1851
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TABLE XCV (Continued)

Part Number Hole #1 Hole #2 Part Number Hole #1 Hole #2

x16138-4A-1 .1855 .1854 x16138-4EP-1 .1863 .1863

-2 .1853 .1853 -2 .1859 .1859

-3 .1855 .1855 -3 .1861 .1861
-4 .1856 .1856 -4 .1861 .1861

-5 .1859 .1859 -5 .1862 .1862
-6 .1856 .1857 -6 .1861 .1861

-7 .1857 .1854 -7 .1862 .1862

-8 .1856 .1857 -8 .1861 .1861

-9 .1858 .1859 -9 .1861 .1861

-10 .1856 .1857 -10 .1860 .1860

-11 .1854 .1855 -ii .1860 .186o

-12 .1855 .1855 .12 .1861 .1861

xI6138-4E-1 .1854 .1854 x16138-4AP-1 .1871 .1871

-2 .1856 .1855 -2 .1869 .1869

-3 .1856 .1856 -3 .1870 .1871
-4 .1855 .1855 -4 .1871 .1870

-5 .1858 .1857 -5 .1870 .1870

-6 .1858 .1858 -6 .1871 .1871

-7 .1854 .1855 -7 ,1872 .1872
-8 .1855 .1855 -8 .1871 .1871

-9 .1859 .1859 -9 .1869 .1869
-10 .18548 54 54 -10 .1870 .1871

-11 .1854 .1855 -11 .1870 .1870
-12 .1855 .1856 -12 .1869 .1869

x16138-1EP-I .1851 .1852 x16138-1AP-l .1852 .1853
-2 .1853 .1851 -2 .1851. .1852

-3 .1852 .1851 -3 .1852 .1853
-4 .1855 .1854 -4 .1852 .1852
-5 .1851 .1853 -5 .1852 .1852
-6 .1853 .1853 -6 .1853 .1852
-7 .1850 .1853 -7 .1852 .1852
-8 .1855 .1850 -8- .1850 .1850

-9 .1851 .1851 -9 .1851 .1851
-10 .1851 .1853 -10 .1853 .1852
-11 .1854 .1853 -11 .1851 .1851
-12 .1854 .1853 -12 .1853 .1852
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TABLE XCV (Continued)

0l 0
JI

Part Number Hole i Hole /2 Part Number Hole #1 Hole *2

x16138-2C-I .1853 .1850 xl6138-3D-1 .1853 .1851

-2 .1851 .1848 -2 .1855 .1853
-3 .185 2 .185o -3 .-855 .1856
-4 .1850 .1851 -4 .1853 .1852
-5 .1853 .1850 -5 .1854 .].853
-6 .1853 .1851 -6 .1852 .1852
-7 .185o .185o -7 .1853 .1855
-8 .1851 .1851 -8 .1852 .1851
-9 .1852 .1851 -9 .1852 .1a51

-lo .1850 .1849 -10 .1850 53
-11 .1850 .1851 -11 .1854 .1?94
-12 .1852 .1853 -12 .1856 .1854

X16138-3G-1 .1853 .1857 X16138-1AAA-i .1844 .1843
-2 .1852 .18,3 -2 .344 .1843
-3 .1853 .1853 -3 .,L844 .1843

-4 .1851 .1851 -4 .1845 .1845
-5 .1852 .1851 -5 .1847 .1845
-6 .1857 .[ -6 .1843 .1845
-7 .1850 .1852 -7 .1846 .1847
-8 .1852 .1851 -8 .1848 .1845
-9 .1854 .1852 -9 .1846 .1844

-10 .1851 .1850 -i0 .1844 .1844
-11 .1851 .1852 -11 .1844 .1843
-1.2 .1853 .1856 -12 .1850 .1850

xI6138-4B-1 .1854 .1853 -xI6138°-IEEE-1 .1845 .1845
-2 .1854 .1855 -2 .1844 .1843
-3 .1852 .1852 -3 .1845 .1844
-4 .1856 .1855 -4 .1844 .1844
-5 .1857 .1856 -5 .1846 .1843
-6 .1853 .1854 -6 .1844 .1845
-7 .1853 .1853 -7 .1843 .1844
-8 .1854 .1854 -8 .1843 .1843
-9 .1857 .1856 -9 .1844 .1845

-10 .1858 .1856 -10 .1843 l1043
-11 .1854 .1854 I "11 .1843 •1843
-12 .185 1854 -12 .1845 .1845
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TABLE XCVI
RANDOM SAMPLING OF STRUCTURAL FASTENERS

(FINISHED DIAMETERS IN INCHES)

HLT 315-6-4 Nickel Cad Std.

.1894 .1892 .1893 .1893 .1892 .1892 .1890 .1892

HLT 411-6-4 Plain Ti with Ceytl Alcohol

.1891 .1891 .1893 .1890 .1891 .1891 .1890 .1890

jiLT 41-6-2 Plain Ti with Ceytl Alcohol

.1891 .1892 .189o .1891 .1895 .189o .189o .1889

imT 411-6-6 Plain Ti with Ceytl Alcohol

.1891 .1890 .1890 .1891 .1890 .1892 .1890 .1890

HLT 15-6-4 Lubeco 2123 with Ceytl Alcohol

.1891 .1890 .1892 1890 .1889 .1890 .1888 .1890

ILT 315-6-4 Lubeco 2123 with Ceytl Alcohol

.1893 .1893 .1890 .1892 .1889 .189o .1890 .1890

HLT 411-6-4 Plain Ti with Lubeco 2123

.1896 .1895 .1893 .1897 .1896 .1895 .1897 .1898

IIILT 315-6-2 Nickel Cad Std

.1888 .1888 .189o .1887 .1887 .1888 .1885 .1886

HLT 15- 6 -4 Nickel Cad Std

.1888 .1889 .1890 .1889 .1890 .189o .1888 .1889
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ABSTRACT

This study investigates load transfer in a strain gaged reverse
dogbone specimen versus various fatigue test frequencies.
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Low load-transfer
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1.0 INTRODUCTION

Questions have come up in the past regarding the effect on load transfer
in reverse dogbone type fatigue specimens due to variations in test
inachine operating, frequency. Lockheed-California Company ,7upplied

a strain gaged low load transfer reverse dog bone specimen to investigate
this phenomena. This specimen was cycled at five frequencies between
SIlZ and 76 11Z. Strain gage readings were recorded at each frequency.

2.0 CONC LUSIONS

The oscillograph recordings of all gages indicate no apparent change in
strain magnitude with test machine frequency changes. The strain gage

recordings taken-on this specimen would indicate-no effect on load transfer

in the range of test frequencies explored.

3.0 TEST SPECIMEN

The aluminum fatigue test specimen is-a typical reverse dog bone type
low load- transfer specimen.

The specimen reduced section dimensions are 1.128 wide x .378 thick.
Two sheets are each .189 thick. Two 3/16"? diameter HL51 pins were
installed -with Ili-Lok collars along the C/L of the load axis.

4.0 STRAIN GAGES

Eight strain gages-were installed on the specimen.

Four gages were bonded to each sheet in a symetrical manner. Two
gages were placed 1/2 inch above and below the Hi-Loks on each sheet.

All the-strain gages were wired in the three wire convention-technique

for individual readout.
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5.0 TEST MACHINE

The fatigue test machin,: used is ar! MTS electrohydraulic resonant
fatigue test machine. Tets were run on 25 KIP load range. Test
frequencies were 5, 10, 48, 62 and 76 IHZ. The two low frequencies'

were achieved operating the test machine in the standard electro-
hydraulic closed loop test mode.

The thrce high speed runs were made in the resonant mode. In this
ninde the operating frequency is dictated by the specimen s..Aig rato
and the x% (ight. of the test machine moving mass.

r 6j. INSTRUMENTATION

6. 1 IV. T. Bc- i, Nk.xlel 206B Digital Strain Indicator

6.2 W. T. Bean, Model 306B Switch and Balance Unit

4i.3 Systems Rosea;rch Incorporated, Model 2531 Bridge Signal 'Y:-.*diioner

6. 1 Ectr-,n, Model A614, Differential DC Amplifier

6.5 Honeywell. Model 2106, Visicorder Light Beam Oscillograph

7.0 TEST PROCEDURE

7.1 Static Loading

Before dynamically running the specimen, we took static strain
reading from each gage. The Bean strain indicator and switch-and
balance units were used-for read out. The specimen was loaded to
0340 pound- (approximately 15, 000 psi gross area stress). This
data- is tabulated in the Test Result section. (Section 8.0)

7.2 Dynamic Loading

For dynamir operation, the strain gages were mated with the
instruments listed in 6.3, 6.4, and 6.5. Only two chlannels are
available on the oscillograph for recording. Therefore, a p.1ir cf
gages were mnted-with the instrumentation and readings taken :
each-frequency. This was repeated for each pair of strain gages.
The specimen'was cycled between 6340 pounds and 634 pounds for
all runs.
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Bridge supply voltage and amplifier gain was fixed in all-cases.
The amount of oscillograph deflection was arbitrarily selected.
The distance at 6340 pounds will vary between different gages,
just as the static strain readings indicated.

8.0 TEST RESULTS

8.1 Static Load

Strain Gage Position Strain_(X10 6 )

1 Collar side bottom left 1424
2 Collar side bottom right 1401
3 Head side bottom left 1413
4 Head-side bottom right 1426
5 Collar side bottom left 1546
6 Collar side bottom right 1527
7 Head side top left 1271
8 Head side top right 1299

Notes

1. Applied load 6340 pounds.

2. Gage factor was assumed to be 2.00
Shunt calibration resistor 29,800 Ohms
Equivalent micro strain = 2000

8.2 Dynamic Loading

The oscillograph strip charts were identified with strain gage
number and test conditions. These charts are being submitted
to Lockheed-California Company.
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APPENDIX V

VARIABLES BELIEVED TO INFLUENCE THE FATIGUE LIFE OF JOINTS

Table XCVII is a compilation of joint variables knowm to or assumed to effect

the fatigue characteristics of mechanically fastened joints. This list,

dated 6 August .973, was obtained from Major Thomas K. Moore, ASD/ENFSS,

Wright-Patterson AFB, Ohio. An earlier listing of variables believed to

influence fatigue life of mechanically fastened joints which includes many

of the variables listed in Table XCVII was given by R. B. Urzi in Lockheed-

California Company Report LR 25183 dated 20 March 1972 which was the proposal

leading to contract F33615-72-C-1838 being rep3rted in this document.

this document.

TABLE XCVII. VARIABLES BELIEVED TO INFLUENCE THE FATIGUE LIFE OF
MECHANICALLY FASTENED SHEAR JOINTS

NO. VARIABLE RAME

1. Amount of Load Transfer O-OO/,
2. Stress Level in Material Fastened O-lO00 Ultimate Strength
3. Stress Ratio "R" -1.0 to 1.0
4. Physical Environment Vacuum to Severely Corrosive

5. Countersink Depth/Sheet Thick- 0 to More Than 1.0
ness Ratio

6. Head Sheet Material Al, Ti, or Steel Alloys
7. Nut/Collar Sheet Material Al, Ti, or Steel Alloys
8. Stack-up Thickness/Shank 0.1 to 10.0

Diameter Ratio
9. Type of Loading Constant Amplitude or Spectrum

10. Sheet Corrosion Protection Bare, Clad, Primed, Anodized,
Alodined

11. Degree of Cold Work of Sheet None to Severe
Material

12. Sealing None to Heavy
13. Fretting Protection None, Shims, Lubricants, Adhesives
14. Shim Materials Soft Al, Hard Al, CRES, Brass, Bronze
15. Paint/Primer Thickness 0 to 0.010"
16. Gap Between Sheets 0 to 0.050"
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TABLE XCVII. VARLABLES BELIEVED TO INFLUENCE THE FATIGUE LIFE OF
MECHANICALLY FASTENED SHEAR JOINTS (Continued)

NO. VARIABLE RAMNE

17. Corrosion Protection at None, Dry, Wet Primer
Installation

18. Test Temperature Any Desired
19. Temperature Cycling Any Desired
20. Edge Distance/Diameter Ratio 0 to 4.o0
21. Fastener Spacing and Pattern Any Desired
22. Hole Smoothness 25 to 300 Microinches
23. Hole-countersink Concentricity 0 to 1/4 Diameter Error
24. Hole Perpendicularity 00 to 2.00 Error

25. Countersink Perpendicularity 00 to 2.00 Error
26. Hole Circularity Circular, Oval, Lobed
27. Countersink Circularity Circular, Oval, Lobed
28. Hole Taper 00 to 2.00 Taper
29. Degree of Clamp-up 0 to 100% Fastener Ultimate Strength

(Fastener Preload)
30. Interference Level 0 to 5% of Fastener Diameter
31. Degree of Hole Cold Work 0 to 8% of Hole Diameter
32. Amount of Fastener Shank Contact 0 to 100%
33. Hole Cleam-up None or Destack and Deburr
34. Radius Under the Head or 0 to 1.0 Fastener Diameter

Countersink

35. Fastener Finish Smoothness 25 to 300 Microinches
36. Fastener Driving Method Pulled, Squeezed, Driven, Upset
37. Fastener Corrosion Protection None, Plated, Sealed, Primed,

Anodized
38. Type of Fastener Material Steel, Ti, Al, Monel, MP35N, etc.
39. Nut/Collar Material Steel, Ti, Al, Monel, MP35N, etc.
40. Nut/Collar Configuration Coining or Non-c& -ing
41. Type of Nut Threaded or Upset
42. Type of Shank Straight, Tapered, or Lobed
43. Countersink Angle 600, 700, 820, 100o
44. Strength of Fastener Material 50 to 300 KSI
45. Type of Head Countersunk or Protruding
46. Type of Recess Hi-Torque, Torque-Set, Triwing, etc.
47. Hole Straightness 0 to 0.1 D Error
48. Number of Times the Fastener Any Number

is Removed
49. Fastener Head to Shank 0 to 1.0' Error

Perpendicularity
50. Metalurgical Microstructure and Any

Grainsize
51. Precrack or Flaw Size and Any

Orientation
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APPENDIX VI

PERTINENT EXCERPTS FROM THE PROPOSED SHEAR JOINT FATIGUE TEST
SPECIFICATION FOR MIL-STD-1312 "FASTENER TEST METHODS"

4. SPECIMEN CONFIGURATION

One of the three specimens shown in Figure 92, Figure 93, or Figure 94
may be used depending on the load characteristic to be investigated.

The specimen shown in Figure 92 shall be used for high-load transfer

testing; the Figure 93 specimen shall be used for low-load transfer

testing; and the Figure 94 specimen shall be used for no-load transfer

testing.

4.1 Method for Loading

The configuration of the .joint specimen outside the lap area is

optional. Certain parent sheet materials may be relatively

low strength or thin enough to permit satisfactory gripping

in standard friction type holding fixtures. However, for high-

er strength parent sheet materials and for cases where grip

slipping may be encountered, the use of pin loading holes is

recommended. When pin loading holes are used, they shall be

located so that the load will pass through the centerline of

the fastener hole pattern within 0.005 inch.

4.2 PREPARATION

Unless otherwise specified, specimens shall be fabricated from either

2024-T3 (or 2024-T351) or 6A1-4V titanium. Tooling holes must be

confined to the grip area.

4.2.1 Sheet Thicknes,

Unless otherwise specified, the sheet thickness (t) shall be
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O.75D where D is the value shown on Figure 92, Figure 93,

and Figure 94.

4.2.2 Sheet Surface Preparation

Unless otherwise specified, the faying sheet surface shall be

prepared by degreasing for the full-load transfer joint and

the no-load transfer joint, and prepared with zinc chromate

in accordance with TT-P-1757 for the low-load specimen.

4.3 STRIP MATERIAL MECHANICAL PROPERTIES

Three samples of each sheet or plate material employed in the actual

joint strength evaluation shall be tested for tensile properties.
Test procedures and method for determination of strip mechanical

properties shall be in accordance with ASTM E8. The values for

ultimate, yield and elongation shall be determined. The grain

direction shall be the same as the lap joint specimen.

4.4 FASTENER HOLES

Fastener holes shall be line drilled perpendicular to the sheet

surface within 1/2 degree. Hole. shall be deburred on both sides of

each sheet not to exceed .005 radius or chamfer. Surface finish of

the hole shall be RHR 63 or better.

4.4.1 Countersink Fastener Holes

Holes for countersink fastener shall be prepared with an

integral drill - countersink tool in order to maintain con-

centricity of the countersink with the hole. The depth of

countersink shall be maintained such that the installed

fastener is flush within +.002" - .005".
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4.4.2 Protruding Fastener Holes

The holes for protruding fasteners shall be relieved on the

head side the minimum amount necessary to clear the fastener

head-to-shank fillet radius. There shall be no gap between

the head and the sheet.

4.4.3 Hole Straightness

Holes shall be straight within .0016 inch per inch diameter.

4.4.4 Fastener Orientaticn

The manufactured heads of the fastener shall be on the same

side of the sheet material.

4.5 ASSSMLY

4.5.1 Fastener Installation

If the fastener installation- requires a torquing procedure,

the applied torque shall be the minimum specified value for

the particular fastener. If the fastener installation

requires controlled material deformation, the deformation

shall be the minimum specified value for the particular

fastener.

If these techniques are used, they shall be reported.

Unless otherWiLe specified, lubrication and corrosion pro-

tection media, except as part of the product specification,

shall not be used.

4.5.2 Sheet Gap

Particular care shall be taken to assure no gap exists

between the shee*s subsequent to assembly. The gap shall
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be considered excessive if a .002" thick gage car. be slid

between the sheets and contact any fastener.

5. PROCEDURE

5.1 Installation

The specimen shall be installed in the holding fixture and

clamped in position. The load shall be transmitted along a

line passing through the centerline of the faying surface of'

the specimen within .005 inch.

5.2.1 Joint Static Strength

5.2 Test Conditions

In order to establish the joint static ultimate

strength a specimen similar to that used for the

fatigut test shall be prepared and tested. The

ultimate strength shall be the value indicated at

the first peak of the stress-strain curve.

5.2.2 Load Level

Four load levels shall be used to establish an

S-N curve. One value shall be chosen which does

not fail at less than 3,000,000 cycles; the other

three shall be 67, 50, and 30 percent of the joint

static strength. A minimum of three specimens shall

be tested at each load level.

5.2.3 Fatigue Test Type

The load applied shall be sinusoidal constant

amplitude.
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5.2.4 Load Ratio

Unless otherwise specified, the low load shall be 10

percent of the maximum load.

5.2.5 Test Speed

The maximum test speed shall be selected so as not to

cause the specimen temperature to exceed 1500F.

5.2.6 Specimen Restraints

In order to preserve the initial alignment, a

restraint of the type shown in Figure 8 or Figure 9

shall be used with the high load transfer specimen

shown in Figure 92. Care shall be taken in the use
Sof either device to assure that the restraint does

not transfer a portion of the load.

5.2.7 Failure

The specimen will be considered to have failed when

the test machine will no longer maintain the load due

to the failure of the specimen.

6. TEST REPORT

6.1 The test report shall contain the following data:

(a) Description of the fastener and part number (and

components if more than one piece).

(b) Fastener material by alloy and condition.

(c) Fastener lot identification.

(d) Sheet material by alloy and condition.

(e) Sheet thickness (actual).

(f) Hole size - individual measurements of each hole.

(g) Radius of sheet to hole for protruding head fasteners.

(h) Specimen configuration.
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(i) Primer thickness.

(j) Static data of sheet and joint determined by Paragraph

4.3 and Paragraph 5.2.1.2.

(k) Gross area stress level.

(1) Actual interference level and the method used in

Sdetermination.
(m) Type of test restraint.

(in) Description of actual test installation such as special

techniques, installation torque, special tools and

conformance to any applicable specification.

(o) Actual value of cycles to failure.

(p) Description and location of failure mode.

(q) 1achine tes speed.

(r) Machine manufacturer and type.

(s) Machine Calibration data.

6.2 S-N Presentation

The data shall be plotted on semi-log paper with the load as

the ordinate, expressed as percent of ultimate joint static

strength on a linear scale, and cycles to failure on a

logarithmic scale as the abscissa.
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2. NO SCRATCHES, GOUGES, OR SCRIK MARKS5/32 M5- IN 240 AREA
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1/2 .50-

Figure 92. Lap Joint Specimen - Single Shear 100% Load Transfer
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