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FOREWARD

A thirty (30) month pilot test program was conducted which consisted of
a coordinated test activity between interested NATO/AGARD SMP member
countries including Sweden as a non-member country. This pilot program
lead to a more uniform attitude toward fatigue testing and evaluation of
critically loaded hole parameters among its participants. This report
describes the US portion of a complex test program where each new

phase was initiated after the successful completion of the previous
phase. The program was conducted under Air Force Contract No.
F33615-78-C-5030. The program manager for the Air Force Wright
Aeronautical Laboratories was Mr Robert Urzi. The_gziszsgggggssgim
wasrngtcuy ggsearch Associates Inc. in Cincinpati, Ohio under the
direction of Mr John B Kohls. Subcontractors to Metcut were: Battelle-
Columbus Laboratories (Mr Stephen Ford) in Columbus, Ohio which ]
conducted all spectrum fatigue testing and Univgrsity of Dayton
Research Institute (Mr George Roth) in Dayton, Ohio which performed

the load verification effort.

Contribution of fastener equipment and installation techniques included
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SECTION 1

PROGRAM DESCRIPTION
1. PHASE 1
The aim and purpose of Phase 1 and Phase 1A (Phase 1 repeat) was to
substantiate the thesis that in spite of idiosyncrasies in fatigue
testing occurring in widely separated mechanical testing laboratories,
fatigue testing of identical specimens, utilizing similar testing parameters,
e.g. load history, physical/chemical environment, etc., would lead to
mutually agreeable conclusions. The thesis was stated with the stipulation
that all test samples were identical in physical, mechanical, and geometric

properties,

From the data submitted on Phase 1 and preliminary analysis of the data,

a major restructuring of the Pilot Test Program took place. Added to

the program was a complete replication of the Phase 1 test effort. This
replication took place concurrent to the Phase 2 test activity. Phase 2
was modified as to content and level of effort required. Retained from
the original program was the definition of two levels of hole quality
(cost) reflecting each participant's aerospace industry. Taking advantage
of the Phase 1 results and with the replication of the Phase 1 testing,
the concept of round-robin testing was not used for the Phase 2 activity.
It was felt that the homogeneity of variance exhibited in Phase 1 data

which was further densified by repeating the Phase 1 tests enabled each

country to work independently in Phase 2. However, common materials and

a single source of specimen blanks was used in Phase 2. Each participant

fabricated their own test coupons from specimen blanks provided by the
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U. S. Each participant fabricated six specimens containing a high

s i o

quality (cost) hole and ten specimens containing a low quality (cost)
hole. These specimens were subsequently fatigue tested as "open hole"

coupons.

Concurrently with the tests on the sixteen specimens, six repeat specimens,
ideﬁtical to Phase 1 specimens, were also tested. It was felt that this
approach enabled the concept of round-robin testing to be dropped. This
approach also provided a better basis for the unaltered concept of the
Phase 3 program. It enables the participants to compare the ratios
determined in Phase 3 with those arrived at in Phase 2, In addition to
retaining the original scheduling proposed for Phases 2 and 3, this
concept provided a reduction in the total number of specimens manufactured

and tested by each participant.

3. PHASE 3

In this phase the work developed into separate programs, each program
being undertaken by one participant and being complete in its own right.
Each participants program determined the fatigue performance of one (his
choice) structural fatigue rated fastener system installed in a high or
low quality hole (by his own definition). It also studied a non-fatigue
rated fastener alternative of the same static strength assembled with

low quality holes. Phase 3 utilized a low load transfer joint specimen,

assembled utilizing standard acceptable joining and faying surface
practices. However these faying surface conditions and specimen geometry

were identical for all participants.

o e o ———




SECTION II
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MATERIAL AND SPECIMENS

The material used on the AGARD SMP Critically Loaded Hole Technology

Program was 7050-T76 wrought aluminum alloy. This material was received
in mill rolled sheets approximately .197" x 44.5'" x 96" in size. There
were two heats of material on the program. Heat No. 1 designated as Lot

302-791 was used in Phases 1, 1A, and 2 test activity. Heat No. 2

designated as Lot 219-521 was used only in Phase 3. The chemical composition ?
and mechanical properties as supplied by the basic metal producer (Aluminum ]
Company of America) are given in Table 1. Since the specimens were to be i

tested in the '"as received" or "as milled" condition, the sheets of ;
aluminum alloy were procured with protective coating on each side to

prevent scratching or other surface blemishes during shipment.

Sketches showing the layout of the specimens used on the program are
presented in Figures 1, 2, and 3. The specimen lengths were cut out

using a Grob band saw cutting at approximately 300 ft./min. After cut

out, the edges, both length and width, were face milled using the conditions
given in Table 2. This was followed by contouring the gage section

area per the condition given in Table 3.

The test hole, located in the center of the gage section was produced
with a variety of techniques over the three phases of the program.

Phases 1 and 1A test holes were drilled plus double reamed. Phases 2
and 3 used high and low quality holes per consensus of U. S. Aerospace

Standards. The procedures for producing these holes are given in

3 Table 4.

v




The basis for defining high and low quality was cost. The high quality
holes were produced by a technique to simulate a Gemcor or other heavy
duty automatic drilling machine. A Cincinnati Cinova 80 milling

machine was used to assure spindle rigidity similar to a Gemcor. The
drill runout did not exceed + .0005 inch. The specimen to be drilled
was securely clamped to the machine tool table with a clamping pressure
greater than 170 psi. The specimen was located on a special fixture to
insure that the test hole was central with respect to both axis of the
specimen. The drill geometry and machining conditions are given in
Table 4. It is important to note that the high quality condition included
a positive power feed rate and spray mist cutting fluid. After drilling,

the test hole was not deburred.

The low quality holes were produced on a light duty, tool room type

drill press. The specimen to be drilled was not clamped to the table,
but allowed to "float" during the drilling operation. A standard jobbers
length drill was used with a heavy manual feed rate., The drilling

operation was performed without the use of a cutting fluid.

After drilling the low quality test hole but before the drill was extracted
from the hole, the spindle was stopped. The drill was then extracted

from the hole without rotating. The buildup that had collected on the
cutting edges of the tool was allowed to rub along the test hole surface.

The geometry and drilling conditions used to produce the low quality

holes is given in Table 4.




After fabricating the holes for specimens used in Phases 1, 1A, and 2,
the edges of the gage area were radiused using a carbide form cutter
having a 1/32" radius. This operation was followed by longitudinal
polishing of the gage area using 180 grit aluminum oxide paper. Test
specimens were shipped to each participant listed in Table 5. Each ]
country listed received: (1) specimens, (2) an explanatory letter, and
(3) a packing slip identifying their particular specimens. A copy of

the letter sent to each participant is given in Appendix A.

The Phase 2 specimen configuration was the same as for Phases 1 and 1A
specimens. However, the center hole specimen blanks for Phase 2 testing
had only a 1/16" pilot hole. These Phase 2 specimens were completed to

the final configuration by the individual participants. Along with the

specimens for Phases 1A and 2, two 4' x 8' aluminum plates were shipped

to each participant for use in the manufacture of joint specimens to be

tested in Phase 3.

Figure 4 is a sketch of the packaging of the aluminum plates and test
specimens for Phase 2 shipment. A 1/2" sheet of plywood, 4' x 8', was
laid on three 2' x 4" rails. The two aluminum plates (4' x 8') were
then laid on the top of the plywood. A second sheet of plywood covered
,3 the gluminum plates. This second sheet of plywood had a pocket cut out
of the center for locating the specimens. A 1/8" piece of plywood was

first put into this pocket to separate the aluminum plates from the test




specimens. The specimens were placed on top of this 1/8" sheet and
covered by another 1/8" sheet. This entire package was then covered by a
third 1/2" sheet of plywood and fastened in place by steel strapping.
The cross section of this stack up is given in Figure 4. This packaging
procedure insured that the surface of the test specimens would not be

blemished during shipment. 3

The specimens used in the Phase 3 portion of the program were low load
transfer joint (reverse dogbone) specimens. A sketch of the specimens
configuration is shown in Figure 5. These specimens received a faying
surface sealant. This sealant was PR-1431-G and was manufactured by
Products Research § Chemical Corporation, Gloucester City, NJ. The
specification for use and description of this product as supplied by the
sealant manufacturer is given in Appendix B. A procedure for installing
this sealant on the fay surface was sent to each of the participants.

This procedure is also given in Appendix B.
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The phase 3 specimens were of three varieties:

1. High quality hole with a fatigue enhancement fastener
(K-Lobe fastener system manufactured by the Kaynar Company)

2. Low quality hole with a fatigue enhancement fastener
(K-Lobe)

3. Low quality hole with a blind rivet (VisulLok manufactured
by the Monogram Fasteners, a division of Monogram Industries)

The table giving the specimen number along with hole diameter and
interference or clearance value for each of the specimens tested in
Phase 3 is given in Table ¢, The test results for Phases 1, 1A, 2, and
3, are given in reports by the Battelle-Columbus Labs. These reports

are in Appendices C, D, and E, respectively.

A final portion of the program was the verification of loading accuracy
for the Falstaff load sequence. This work was performed by the University
of Dayton Research Institute (UDRI). Personnel from UDRI visited each

of the participants and monitored their spectrum fatigue fest equipment

f during test using the Falstaff load sequence program. A report on this |

load sequence and load level verification is given in Appendix F.

R
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CONCLUSIONS

1. The use of widely separated and different National test facilities
following the same basic test procedures and test techniques can lead to
mutually agreeable test results among investigators provided there is a

formal agreement prior to fatigue testing.

2. The need for round-robin testing can be minimized or even eliminated
providing certain parameters are kept constant or provided to each
individual participant. Sufficient accuracy checks during dynamic

testing are absolutely essential.

3. The terms "high" and "low" quality holes did not lead to equivalent
fatigue test results. By U.S. Aerospace Standards for low and high
quality holes, the high quality hole leads to substantially longer test

lives during the Phase 2 ''open hole' program.

4. The results obtained during the Loading Verification activity
provided data that the testing organization applied the correct loads of
the Falstaff Spectrum in conducting fatigue tests for Phase 3 of this pilot

program.

5. The use of the Kaynar K-Lobe fastener system leads to equivalent

fatigue lives in testing low load transfer joint specimens when using

both the low level and high level of hole quality. K-Lobe fasteners

atisnin s




were installed in interference fits ranging 0.0041 to 0.0045 inches in
high quality holes and interference fits ranging from 0.0036 to 0.0045
inches in low quality holes. The use of a non-fatigue rated blind rivet

system in low quality holes leads to very short fatigue lives. Those

blind rivets were installed in clearance fit holes of low quality.
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—— ROLLING DIRECTION —=

19 B F85 JAF104 |AF123 [AF142 JAF161
AF36 |AF53

66

AFl | AF20 | AF37 | AF54 | AF67 | AF86 kFlOS AF124]| AF143

|
|
i’%

PLATE A y
l}i

——— ROLLING DIRECTION — 2

BF2331BF252{ BF272] BF290] BF309 BF329P

BF180] BF19
BF214

BF215|BF234 | BF253|BF273] BF291 BFS!Q]

BF162| BF181| BF199

PLATE B

Figure 2 - Test Coupon Layout - Agard - Critically Loaded Hole Technology
Phase 2
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LONGITUDINAL ROLLING DIRECTION i
et ————-
J4 J3 J2 J1
J8 J7 J6 JS
J12 J11 J10 J9
J15 JTS J17 Jis
B AY JTY JTI8 JT7
Pt e—
J24 J23 J22 J21
J28 J27 J26 J25
J32 J31 J30 J29
J36 J35 J34 J33
J40 J39 J38 J37
Ja4 J43 J42 Ja1

44 of 46 Pieces
#J1 - JA4

LONGITUDINAL ROLLING DIRECTION
———p

J56 —dJ4s

oo ocoececee e o gl
<
wn
[

12 of 56 Pieces

#J45 - J56

Figure 3 - Test Coupon Layout - Phase 3 Specimens
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TABLE 1

MECHANICAL PROPERTIES 7050-T76 ALUMINUM ALLOY

Phases 1, 1A, 2 Phase 3
Lot 302-791 Lot 219-521
First Shipment Second Shipment
| Max. Min. Max. Min.
L Tensile Strength, ksi 85.9 85.4 83.7 83.2
? Yield Strength, ksi 80.2 79.3 75.7 75.7
Elongation, % in. 2 in. 12.0 12.0 12.5 12.0
Conductivity - 35.4 - 37.5
E
15 Composition Max. Min. Max. Min.
; Silicon 0.12 - 0.12 -
: Iron 0.15 - 0.15 -
f Copper 2.6 2.0 2.6 2.0
g Manganese 0.10 - 0.10 -
E Magnesium 2.6 1.9 2.6 1.9
3 Chromium 0.04 - 0.04 -
i Zinc 6.7 5.7 6.7 5.7
Titanium 0.06 - 0.06 - ;
{ Zirconium 0.15 0.08 0.15 0.08
3 Others, each 0.05 0.0S




TABLE 2

MACHINING CONDITIONS USED FOR FACE MILLING
THE SPECIMEN BLANKS

Cutter Diameter, in. 6

Tool Material K68 Carbide
Feed, in./tooth .004
Cutting Speed, ft./min. 1200

Tool Wear, max. .006

No. of Teeth 8

Fluid 20:1 Soluble 0il
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TABLE 3

MACHINING CONDITIONS USED FOR MILLING THE

SPECIMEN CONTOUR

Cutter Diameter, in.
Tool Material

Feed, in./tooth
Cutting Speed, rpm
Tool Wear, Max.

No. of Teeth

Fluid

17

M2 HSS
.0014
950

.006

Dry
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TABLE 4

DRILLING CONDITIONS USED FOR CENTER NOTCH TEST HOLES

Phases 1 and 1A

1) Drill @ 660 rpm, .002 in. per revolution, 7/32 in. diameter hole
2) Ream @ 660 rpm, hand feed, .243 in. diameter hole
3) Ream @ 660 rpm, hand feed, .251 in. diameter hole

Phases 2 and 3

High Quality

Tool Material = HSS

Diameter = 6,35 mm.

Geometry: o
Point Angle = 140
Type Point = Crankshaft (split)
Helix Angle = 30°

Spindle Speed = 3000 RPM

Feed Rate = ,076 M./min,

Cutting Fluid = LPS #1 (Mist)

Type Tool = Heavy Duty Stationary

Equipment

18

Low Quality

Tool Material = HSS
Diameter = 6.7 mm. (for Fasteners,
6.35 for open
hole)
Geometry:
Point Angle = 118°
Type Point = Crankshaft (split)
Helix Angle = 30°
Spindle Speed = 800 RPM
Feed Rate = Heavy Manual
Cutting Fluid = Dry
Type Tool = Light Duty Drill Press

P
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TABLE 6

LOW LOAD TRANSFER JOINT
REVERSE DOGBONE SPECIMENS (MIL-STD-1312, TEST 21)

IDENTIFICATION AND CHARACTERISTICS

PHASE 3
Specimen Hole Hole Diameter Nominal Interference
Number Quality Fastener #1* #2* #1 #2
Ja1/J48 High Quality K-Lobe (1) L2472 2469 .0042 .0045
J20/J42 High Quality K-Lobe .2471  .2470 0043 .0044
J8/Ja3 High Quality K-Lobe L2473 2472 0041 .0042
J2/317 High Quality K-Lobe .2470 .2471 .0044 0043
J45/J50 High Quality K-Lobe .2469 .2469 .0045 0045
J25/J35 High Quality K-Lobe .2471  .2470 .0043 .0044
J4/J33 Low Quality K-Lobe .2628 .2629 .0037 0036
J18/J12 Low Quality K-Lobe .2629 .2629 0036 .0036
J47/310 Low Quality K-Lobe .2623  .2626 0042 0039
J22/J26 Low Quality K-Lobe .2620 .2620 .0045 0045
J13/J53 Low Quality K-Lobe .2627  .2626 .0038 .0039
J2/J16 Low Quality K-Lobe .2621 .2624 .0044 .0041
Clearance
J32/J51 Low Quality visuLok(®) 2631 .2633  .0016 .0018
J6/J40 Low Quality VisuLok .2630 .2629  .0015 .0014
J5/J55 Low Quality VisuLok .2628 .2626 .0013 .0011
J7/336 Low Quality VisuLok .2629  .2625 .0014 0010
J24/330 Low Quality VisuLok .2630  .2623 .0015 .0008 ‘
J44/354 Low Quality VisuLok .2627  .2635 0012 .0020 :
* Average of four Readings: f
Two in Top Sheet (Max. and Min.) ]
Two in Bottom Sheet (Max. and Min.)
% (1) K-Lobe Pin P/N KLB60V4M7, Ti-6A1-4V protruding head pin with
: AFN542-4 washer - torqued to 100 in.-1bs., set aside one-half

hour and the re-torqued to 125 in.-1bs.

NOTE: Oversize K-Lobes were installed in low quality holes due to
hole size requirements for the non-fatigue rated blind bolt
system.

(2) Visu-Lok/Jo-Bolt, Monogram blind bolt, P/N PLT210-8-6
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m METCUT RESEARCH ASSOCIATES INC. ,
3980 Rosslyn Drive, Cincinnati, Ohio 45209 / Teletype: 810-461-2840 / Telephone: (513) 271-5100 ]

The enclosed specimens are to be used on the AGARD SMP Critically Loaded
Hole Technology Program per Revision C. The number of specimens enclosed
is eight fatigue samples having a 1/4 in. center notch and 21 fatigue
specimens having a 1/16 in, pilot hole in the center of the gage area.
These specimens are to be tested per Paragraph 2.2.1 of Revision C.

The attached packing slip gives specimen identification and specimen
numbers for each portion of the program. For the 1/4 in. center notch
specimens, two are identified as spare samples. For the 1/16 in. pilot
hole fatigue samples, there are five spares.

All testing results and format for reporting of data should be coordinated
through Bob Urzi at Wright-Patterson Air Force Base. Any questions
concerning the information generated should go to Mr. Urzi. Thank you
for your cooperation. i

Sincerely,

John B. Kohls, Supervisor
Surface Technology

for

s b e 1

Robert B. Urzi

USAF Materials Laboratory

Systems Support Division, AFML/MXA
Wright-Patterson AFB, OH

USA, 45433

JBK:ph

Atch.
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METCUT RESEARCH ASSOCIATES INC.
3980 Rosslyn Drive, Cincinnati, Ohio 45209 / Teletype: 810-461-2840 / Telephone: (513) 271-5100

Enclosed is the sealant to be used on the reverse dogbone Phase III
specimens of the AGARD SMP critically loaded hole technology program.
The specification and application instructions are also provided. It is
important to the consistency of the program that each participant follow
the directions completely for both mixing and application of the fay
surface sealant.

Sincerely,

John B. Kohls, Supervisor
Machinability Testing

Metcut Research Associates Inc.

for

Robert Urzi, Air Force Materials Lab.
Dayton, OH 45433

bb
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SURFACE PREPARATION AND APPLICATION OF PR-1431-G

SURFACE PREPARATION

1. Clean surface with alkaline cleaner.

2. Clean with oil free solvent immediately prior to application (do

not use reclaimed solvent). -
Use a progress procedure - clean a small area and wipe dry with
clean cloth before solvent evaporates. Apply solvent to cloth not

directly to part.

MIXING INSTRUCTIONS FOR STANDARD CONTAINERS

1. Thoroughly stir the accelerator in iis container until an even

consistency is obtained.

2. Mix the accelerator into the base compound until a uniform color is

obtained. Uniformity of mixture will be complete when no gross

dissimilarity exists,

3. The best mixing procedure is as follows:

(a) Thrust a spatula into the material at the 12 o'clock position

(b) Draw the spatula toward the 6 o'clock position with a slow
three second stroke followed by a pause

(c) After completion of stroke, turn container 15-20 degrees, and

begin next stroke. Repeat until uniformity is achieved.

26




(d) Periodically run spatula around vertical inside wall of the
container to remove any unmixed material. Also remove any
unmixed material sticking to the spatula and return it to the

material. This technique should take about 4-5 minutes.

4. It is mandatory that the temperature of the material be kept below

75°F (24C) during mixing.

Note: Proper mixing and correct proportion are extremely important for

maximum result.

APPLICATION INSTRUCTION

PR-1431-G may be applied to faying surfaces by brush or roller. Before
the expiration of the assembly life (20 hours), all work on the faying

surface should be finished and all rivets or fasteners drawn tight.

To insure that no leak path exists through the sealant and that the
faying surface is completely sealed, a small continuous bead of sealant
should be squeezed out on both sides of the overlap when fasteners are

drawn tight.

CURE TIME IN FAYING SURFACE

The PR-1431-G may be cured in eight days at 75°F (24C) or the cure may

be accelerated by curing 24 hours at 75°F plus 24 hours at 130°F (55C).

27
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CRITICALLY LOADED HOLE TECHNOLOGY PILOT PROGRAM

BATTELLE

COLUMBUS LABORATORIES
505 KING AVENUE
COLUMBUS, OHIO 43201

February, 1978

PHASE I REPORT FOR PERIOD APRIL, 1977, - JANUARY, 1978
METCUT RESEARCH ASSOCIATES, INC. PURCHASE ORDER NO. 62306
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INTRODUCTION

A pilot program has been initiated by the AGARD SMP Subcommittee on
Critically Loaded Hole Technology in an effort to promote a mutual confidence
in fatigue test data generated by participating countries. The successful
completion of the program will lead to a more uniform quality of fatigue testing
and evaluation of critically loaded hole parameters among its participants. The
objectives of the three-phase program are as follow:

Phase I - Generate baseline, open hole, fatigue data in

order to examine laboratory-to-laboratory varia-
tions

Phase II -~ Reaffirm the exchangeability of baseline data

and investigate the effect of hole quality on
open hole fatigue specimens

Phase II1I - Conduct independent fatigue evaluations of various

fatigue-improvement fasteners and exchange data,

Participants in the program included representatives from Belgium,
France, Germany, Italy, Netherlands, Sweden, United Kingdom, and the United
States. All specimens for the program are to be prepared by Metcut Research
Associates, Inc., from a single heat of 7050 material procured from Alcoa in the
form of 7050-T76 bare sheet, 0.196-inch (5 mm) thick. Battelle's Columbus
Laboratories (BCL) has been designated as the USA testing facility.

The report contained herein details the results of the Phase I effort.

GENERATION OF THE FALSTAFF SPECTRUM

In order to insure that all particpants apply the same cyclic loads,
each country was to test specimens under the FALSTAFF (Fighter Aircraft Loading
STAndard For Fatigue). The BCL fatigue load control program was generated using
the computer program detailed in the definitive description of the FALSTAFF
spectrum, dated March 1976. The flight-by-flight load steps were generated on the
BCL CDC 6400 main computer and stored on magnetic tape. The load steps were also
printed out and checked carefully against the above~noted FALSTAFF description.
2ero load was defined to be at load step 7.5269 of the 32 available load steps.

A second magnetic tape was generated (compatible with the fatigue laboratory's
Hewlett Packard 2100 computer) converting the load steps to percentages of full-

I

scale load. This information was also stored on the laboratory computer disc unit.
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PROGRAM CONTROL »

This section describes the BCL system and equipment used to apply and
control FALSTAFF program loads. In general, the HP 2100 computer provides load
steps to a hybrid unit which generates a constant ramp rate function for the MTS
20,000-pound (88,960 N) closed-loop electrohydraulic fatigue machine. A null
pacing unit makes a constant comparison of programmed load to load cell output and
signals the hybrid unit when the programmed load has been reached, at which time
the ramp direction is reversed and a new load is called from the computer. This
procedure continues until a preprogrammed number of flights has been reached or
until the test specimen fails. A graphic presentation of the program control cycle
is presented in Figure 1. A secondary computer subroutine, STATS, makes it
possible to determine the flight number, total number of cycles, and percent of

a pass through the spectrum completed at the moment of questioning.

Pretest Checks

Prior to initiating the fatigue test program, a spare specimen (with-
out a hole in the test section) was instrumented with two strain gages located
near the specimen edge on each face of the specimen. The output of the four
strain gages made it possible to determine specimen bending and buckling (if any

existed) aqd'to confirm that dynamic loads matched static calibration loads.

Bending Check

.

Strain gage data were obtained at incremental load steps for loads to
an equivalent of 38 ksi (262 MPa) maximum and -19 ksi (131 MPa) winimum. Data
were obtained for three loading cycles. The strain-load data were submitted to
1 a linear regression analysis with resulting R® statistic values ranging from 1.000
5 to .9994. Strain values were computed for the load equivalent of 30 ksi (206.85
MPa) gross stress. Analysis of the strain values indicated that the maximum
error due to specimen bending was 1,45 percent. Analysis of the compressive load

data indicated that no buckling could be detected.
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FALSTAFF
Load Data Tapes

]

SDC 6400 Formats
Data on Magnetic Tape

|

Master Tape Taken to
Laboratory HP 2100 Computer

i

Master Tape Read and Formatted For
Hybrid Generator and Stored on Disc

i

Inpdt Data to Computer From Teletype ®
to Start Test - Interrupt System Turned On

i

Program is Started and the Hybrid is Cleared
and Set to Zero - The First End Point is Put
Out in a Digital Step by the D/A Converter

To MTS Console

|

as Command

1
Hybrid Generator Starts to Ramp at the
Preselected Rate - At This Point the
Digital Step Bzcomez a Slope

|
1

Wait for
System
to Balance

Asks - Is the
Load (Control
Mode) Balanced?
If So, Freeze
Output
of
Ramp

Load Output of
MTS Console

Yes

Generate an Interrupt for
HP 2100 - HP 2100 Check for the
Number of Passes Called for at @
« 1f Reached Program Goes to End

Check for Direction of
Next Point - Release
Ramp From Hold

No - Ramp

Yes Hybrid Generator has the Comparators Set to Continues
f > Watch for the Ramp to Reach the D/A Value to Run at a

Constant Rate

Correct Output of
Hybrid Ramp at
D/A Value

FIGURE 1, PROGRAM CONTROL CYCLE
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Static-Dynamic Loads Check

Comparison of strain gage output and calibrated load cell output
indicated a maximum axial load error of 1.33 percent at 38 ksi (262 MPa) static
load. Application of cyclic loads at the same level provided the same strain

outputs.

FALSTAFF Loads Check

The specimen was subjected to FALSTAFF loads cycling and ramp rate and
MTS unit controls were adjusted so that fatigue machine load output matched the
command signal (reference Figure 2). The controls were not changed during the

rest of the test program and the mean cyclic rate was determined to be 10.5 Hz,
TEST RESULTS

Fatigue Test Program

Fatigue test specimens, as supplied by Metcut Research Associates, Inc.,
were selected at random. The initial specimen 1F37 was cycled at a reference
(gross) stress level of FALSTAFF spectrum (Step 32) of 31 ksi (213.7 MPa) and
testing was discontinued with no failure after 11,285 flights. Specimen 1F40
was cycled at a reference stress of 34 ksi (234.4 MPa) and failed at 9728
flights., The latter reference stress was then approved by the Project Monitor
for use on the remaining five fatigue specimens. A summary of the fatigue test
data i{s presented in Table I and detailed data sheets are included in Appendix I.
Examples of typical failure surfaces are shown in Figures 3 and 4. In all cases,
fatigue failures initiated at the open hole near the sheet midthickness.

Tensile Test Progfam

Tensile coupons provided by Metcut were tested in the Mechanical Test
Laboratory on August 4, 1977. Tests were conducted in a Baldwin 60,000-pound-
(266,890 N) capacity Universal test machine. Room temperature was 69 degrees F
(21°C) and the relative humidity was 60 percent. The loading rate was controlled
at 100 ksi/min (689.5 MPa/min). The results of the tensile tests are presented in
Table 1I.
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TABLE I. FATIGUE TEST RESULTS*

Specimen Flights to Initial Crack Flights to
Number Initial Crack Size, inch (mm) Failure
1F40 9128 0.05 (1.27) 9728
1F23 -- -- 9373
1F64 -- -- 8824
1F77 9297 0.03 (0.76) 9572
1F85 9835 0.02 (0.51) 10929
1F10 .- -- 8364
Mean Life 9465
Standard Deviation 878

* FALSTAFF reference stress - 34 ksi (234.4 MPa).

TABLE 1I.

TENSILE TEST RESULTS

Specimen Yield Strength,

Ultimate Strength,

Elongation, percent

Number ksi (MPa) ksi (MPa) (2-inch gage)
1T24 80.79 (557.0) 84.40 (581.9) 11.5
1T30 80.60 (555.7) 84.34 (581.5) 11.5
1T19 80.22 (553.1) 84.15 (580.2) 11.0
Average 80.54 (555.3) 84.30 (581.2) 11.33
Standard
Deviation «29 .13 29
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FIGURE 3. FAILURE SURFACE OF SPECIMEN 1F64

FIGURE 4. FAILURE SURFACE OF SPECIMEN 1F10
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SUMMARY AND CONCLUSIONS

Because of the care taken to insure that the FALSTAFF gpectrum had l
been carefully reproduced and continuous checks made during the set-up procedure,
it is believed that the fatigue data are truly representatfve of the lives that
can be expected for this test condition. This is confirmed by the low standard
deviation for the data (well within normally obtained values). It is expected
that the Phase II results will yield results of similar quality. As a result !
of this phase, all participating nations should be encouraged to continue with
Phase 1I of the program.

Y - sl
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1.
2.
3.
4.
3.

6.
7.
8.
9.
10.
11.

13.

14,

15.

APPENDIX I

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES

STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start 7/!1/7'2 gad 7—/L/—77
Manufacture/Model of Fatigue Test Machine: MT( T6 /‘( { p
Test Temperature: ¢8 or (A0 W °c)

Relative Humidity: S C x)

Reference (Cross) Stress Level of FALSTAFF Spectrum (Step 32)
24 ket  234.4 KPa)

Specimen Identification: /‘ /:-" ‘f o

Specimen Bending at Minimum Load: AJONE r 3

Specimen Bending at RMS Mean Load: l ‘ 4§/ 3

RMS Mean Cyclic Frequency: / 0. r Az

Number of Flights to Initial Visible Crack: 4’ /2 .,5 Flights

Size of Initial Visible Crack: . o5 ("’ 2"#1 ta. ¢ |27 om)

Number of Flights to Catastrophic Failure: Gg72AP Flights

Patigue-Crack-Initiation Site: /o) MO(ZT AT MDD THH L WESS
= Bo7H SIS

"\

L

Description of Abnormalities:

Description of Buckling Restraint (If Used): bz ON E




1.
2.
3.
4.
3.

6.
1.
8.
- 9
10.
11.

13.

14,

13,

DATA SHEET o

AIR FORCE/AFML ~ METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL -MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Seart Z~)U —- 771 End 7/j§ /7 72
Manufacture/Model of Fatigue Test Machine: AN 7. ,r )1) ,:( (1 j2
Test Temperature: ¢ X o ( a0 oc)
Relative Humidity: 54 %)

Refereance (Gross) Stress Level of FALSTAFF Spectrum (Step 32) ‘

Y kst _234.4 MPa)

Specimen Identification: -/ F 2 3

Specimen Bending at Minimum Load: Ao e %

Specimen Bending at RMS Mean Load: l agéf %

BRMS Mean Cyclic Frequency: [0 &’ Hz

Number of Flights to Initial Visible Crack: - Flights
Size of Initial Visible Crack: s in. ( )
Number of Flights to Catastrophic !’ai;lute: 73 13 Flights
Fatigue-Crack-Initiation Site: L =AR | 1c

2

Wy

(

Description of Abnormalities:

Description of Buckling Restraint (If Used):
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Rt i b et

1.
2.
3.
4.
3.

6.
1.
8.
9.
10,
11.

13.

14,

15,

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES

STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start 1/](?’176 Eod ZZZ Q zz "g ‘

Manufacture/Model of Faug'u,e ’1.‘::: Machine: _M rs 290 l:{ (P

Test Temperature: /Lf oy ( 20 °c)
Relative Humidity: S *)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

{44 ket  2349.4 MPa)

Specimen Identificatfon: L F é (/
L4

Specimen Bending at Minimum Load: NeAS e 2

Specimen Bending at RMS Mean Load: ! .ﬂ ¢ %

XMS Mean Cyclic Frequency: {0 . 8/ Hz

Number of Flights to Initfal Visible Crack: - Plights
Size of Initial Visible Crack: - {ia. ( =m)
Number of Flights to Catastrophic Failure: <3 L,L Flights

Fatigue-Crack~Initiation Site: /a) AL G =AQ \>) 1IC KNE

Sketch

L

Description of Abnormalities:

Description of Buckling Restraint (If Used): N 0 N E
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1.
2.
3.
4.
3.

6.
7.
8.
9.
10.
1l.
12,
13.

14.

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGCY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES

STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start 7/] p/? "7 Ead 7_[9__’1L7 7

Manufacture/Model of Faugue Test Machine: M Z S 2 0 /{j_/j

Test Temperature: A g or ( oc)

Relative Humidity: K k)

Reference (Cross) Stress Level of FALSTAFF Spectrum (Step 32)
2 ‘/ kst ¢ 23 4 ‘ 4 MPa)
L

Specimen Identification: / £ 77

Specimen Bending at Minimum Load: Ao S %

Specimen Bending at RMS Mean Load: Z ‘ QS %

RMS Mean Cyclic Frequency: /0, S/ He

Number of Plights to Initial Visible Crack: 9907 Flights
M

Size of Initial Visible Crack: J03 in. ( O. 76 mm)

Number of Flights to Catastrophic Failure: G 4779 Flights

Fatigue-Crack-Initiation Site: / = 2 A ES

Sketch

AN

%

Description of Abnormalities:

Description of Buckling Restraint (Xf Used): A/o NE
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1.
2.
3
4.
3,

6.
2.
8.
9.
10.
11,

13,

14,

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

ma_7/29/27

Date of Test: Start Zzz ﬂ ()j
172

Manufacture/Model of Fatigue Test Machine: !\_:l l S ) D B_,l/z-é/

Test Temperature: é ? L oy ( 20 oc)
Relative Humidity: K )
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
3 ‘71 kst 234 .4 MPa)
Specimen Identliflcatton: ! F 7(
Specimen Bending at Minimum Load: AoNE %
Specimen Bending at RMS Mean Load: I.4S’ %
RMS Mean Cyclic Prequency: [O. S/ Hez
Number of Flights to Initial Visible Crack: @238  rights
Size of Initial Visible Crack: LA10 in. /( O 8 wm)
Number of Flights to Catastrophic Failure: jO (‘/1‘9 Flights

/
Patigue-Crack-Initiation Site: Za! HQ‘—!: MR A ADTHICKNESS

L)

Description of Abnormalities:

Sketch

Description of Buckling Res:raint (If

Used):

NONE
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1.
2.
3
A,
3.

6.
7.
8.
s.
10,
11,
12,
13,

14,

15,

DATA SHEET

AIR FORCE/AFML = METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start _7- 30-77 d_¥-1-271
Manufacture/Model of Fatigue Test Machine: T [ Z,T. S, Z;Q g L e

Test Temperature: 6¢ ° ( 20 oc)
Relative Humidity: So (13}

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

34 kst 234, { MPa)

Specimen Identification: , - F" {O

Specimen Bendin; at Minimum Load: NMINE %

Specimen Bending at RMS Mean Load: l ' is‘. %

BRMS Mean Cyclic Frequency: Yy .‘S/ Hz

Number of Flights to Initial Visible Crack: — Flights
Size of Initial Visible Crack: ta. ( )
Number of Flights to Catastrophic Failure: Y, § é 4 Flights
Fatigue-Crack-Initiation Site: [0 HolE AJ= ICENES

( ?,q Sketch

Description of Abnormalities:

Description of Buckling Restraint (If Used): AJo.nJc¢=
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CRITICALLY LOADED HOLE TECHNOLOGY PILOT PROGRAM

PHASE II REPORT FOR PERIOD APRIL 1978 - AUGUST 1978

BATTELLE

COLUMBUS LABORATORIES :
505 KING AVENUE :
COLUMBUS, OHIO 43201

August 1978

METCUT RESEARCH ASSOCIATES, INC. PURCHASE ORDER NO. 63654
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INTRODUCTION

A pilot program has been initiated by the AGARD SMP Subcommittee on
Critically Loaded Hole Technology in an effort to promote a mutual confidence
in fatigue test data generated by participating countries. The successful com-
pletion of the program will lead to a more uniform quality of fatigue testing
and evaluation of critically loaded hole parameters among its participants.

The objectives of the three-phase program are as follow:
Phase I - Generate baseline, open hole, fatigue data
in order to examine laboratory-to-laboratory
variations
Phase II - Reaffirm the exchangeability of baseline data
and investigate the effect of hole quality on
open hole fatigue specimens 1
Phase III - Conduct independent fatigue evaluations of
various fatigue-~improvement fasteners and
exchange data.

Participants in the program included representatives from Belgium,
France, Germany, Italy, Netherlands, Sweden, United Kingdom, and the United
States. All specimens for the program are to be prepared by Metcut Research
Associates, Inc., from a single heat of 7050 material procured from Alcoa in
the form of 7050-T76 bare sheet, 0.196-inch (5 mm) thick. Battelle's Columbus
Laboratories (BCL) has been designated as the USA testing facility.

The report contained herein details the results of the Phase II effort.

GENERATION OF THE FALSTAFF SPECTRUM

In order to insure that all participants apply the same cyclic loads,
each country was to test specimens under the FALSTAFF (Fighter Aircraft Loading
STAndard For Fatigue). The BCL fatigue load control program was generated using
the computer program detailed in the definitive description of the FALSTAFF D
spectrum, dated March 1976. The details of the BCL load control program genera- .

| tion were presented in the Phase I report dated February 1978.
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PROGRAM CONTROL

This section describes the BCL system and equipment used to apply and
control FALSTAFF program loads. In general, the HP 2100 computer provides load
steps to a hybrid unit which generates a constant ramp rate function for the MIS
20,000-pound (88,960 N) closed-loop electrohydraulic fatigue machine. A null
pacing unit makes a constant comparison of programmed load-to-load cell output
and signals the hybrid unit when the programmed load has been reached, at which
time the ramp direction is reversed and a new load is called from the computer.
This procedure continues until a preprogrammed number of flights has been reached
or until the test specimen fails. A graphic presentation of the program control
cycle is presented in Figure 1. A secondary computer subroutine, STATS, makes
it possible to determine the flight number, total number of cycles, and percent

of a pass through the spectrum completed at the moment of questioning.

Pretest Checks

Prior to initiating the fatigue test program, pretest checks were made
(as in Phase I) using the Phase I spare specimen (without a hole in the test
section) instrumented with two strain gages located near the specimen edge on
each face of the specimen. The output of the four strain gages made it possible
to determine specimen bending and buckling (if any existed) and to confirm that

dynamic loads matched static calibration loads.

Bending Check

Strain gage data were obtained at incremental load steps for loads to
an equivalent of 38 ksi (262 MPa) maximum and ~19 ksi (131 MPa) minimum. Data
were obtained for three loading cycles. The strain-load data were submitted to
a linear regression analysis with resulting R statistic values ranging from
1.000 to ,9994., Strain values were computed for the load equivalent of 30 ksi
(206.85 MPa) gross stress. Analysis of the strain values indicated that the
maximum error due to specimen bending was 2.53 percent. Analysis of the

compressive load data indicated that no buckling could be detected.
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FALSTAFF
Load Data Tapes

|

CLC 6400 Formats
Data on Magnetic T-ne

Master Tape Taken to
Laboratory HP 2100 Computer

i

Master Tape Read and Formatted For
Hybrid Generator and Stored on Disc

!

Input Data to Computer From Teletype QD
to Start Test - Interrupt System Turned On

i

Program is Started and the Hybrid is Cleared
and Set to Zero - The Pirst End Point s Put

To MTS Console

Out in a Digital Step by the D/A Converter 23 Command
L
|
Hybrid Generator Starts to Ramp at the
Preselected Rate - At This Point the
Digital Step Becomes a Slope
|
) No - Ramp
Yes Hybrid Generator Has the Comparators Set fo Continues
— > Watch for the Ramp to Reach the D/A Value to Run at &

Wait for

Constant Rate

System
to Balance

Load (Control
Mode) Balanced?
1f So, Freeze
Output
of
Ramp

Load Cutput of
MTS Console

Yes

Generate an Interrupt for
HP 2100 - HP 2100 Check for the
Number of Passes Called for at @
- 1f Reached Program Goes to End
Sl

Check for Direction of
Next Point - Release

Ramp From Hold

Correct Output of
Hybrid Ramp at
D/A Value

FIGURE 1, PROGRAM CONTROL CYCLE

49




Static-Dynamic Loads Check

Comparison of strain gage output and calibrated load cell output indi-
cated a maximum axial load error of 2.30 percent at 38 ksi (262 MPa) static
load. Application of cyclic loads at the same level provided the same strain

outputs at frequencies of 1, 5, and 10 Hz.

FALSTAFF Loads Check

The specimen was subjected to FALSTAFF loads cycling and ramp rate
and MTS unit controls were adjusted so that fatigue machine load output matched
the command signal (reference Figure 2), In addition, records were made of
computer command signal versus dummy specimen strain level (reference Figure 3)
and command signal versus load cell output over expanded time scale (reference
Figure 4). Note that Figure 4 shows the time lag (0.0008 to 0.0020 seconds)
required to extract the next load command from the computer. The controls were
not changed during the rest of the test program and the mean cyclic rate was i

determined to be 10.5 Hz.

e

TEST RESULTS

Fatigue Test Program

Fatigue test specimens, as supplied by Metcut Research Associates, 4
Inc., weré selected at random from all three specimen types (Phase I Report, ]
high and low quality holes). All specimens were cycled at a reference stress of
34 ksi (234.4 MPa). A summary of the fatigue test data is presented in Table I i
and detailed data sheets are included in Appendix I. Macrographs of failure

surfaces are shown in Appendix II.
{ NOTE: The data for the High Quality Hole Specimen BF-179, which failed

at 15,176 flights, is not tabulated because it was determined that the programmed

3 reference load was set approximately 20 percent of the required level of 34 ksi
(234.4 MPa).




e ———

TABLE 1, FATIGUE TEST RESULTS*

Specimen Number Flights to Failure

PHASE 1 REPEAT

AF-26 8.172
BF-242 6,680
BF-235 6,359
BF-224 7,729
AF-45 6,831 J
AF-47 6,831

Mean Life 7,100
Standard Deviation 695
HIGH-QUALITY HOLES

BP-227 8,129
AF-122 8,392
BF-281 9,572
AF-78 5,231
AF-136 10,324

Mean Life 8,330
Standard Deviation 1,947
LOW-QUALITY HOLES

BF-305 9,329
; BF-323 5,372
‘: BF-228 6,631
i AF-123 6,224
AF-88 5,372
AF-43 7,431
AF-138 6,831
; AR-114 4,972
7 BF-223 6,877
] AF-112 5,431

Mean Life 6,447
Standard Deviation 1,300

* FALSTAFF reference stress - 34 ksi (234.4 MPa)
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APPENDIX I

DETAILED DATA SHEETS
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start é 'Y -7 Y End é"?"‘? ?
2. Manufacture/Model of Fatigue Test Machine: _MYTS 20k (P

3. Test Temperature: 3% oy ( 2.0 oc) |
4. Relative Humidity: S & ) l

S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

3 4 ksi ( 2;_4 ‘ 4 MPa) _
6. Specimen ldentification: A F - Z © ;

7. Specimen Bending at Minimum Load: ~NoN & %

8. Specimen Bending at RMS Mean Load: Z.ﬁf é % i

9., RMS Mean Cyclic Frequency: /70« S Hz

10. MNumber of Flights to Inirial Visible Crack: EFE N.D, Flighes

11. Size of Initial Visible Crack: /UL[§~ in. ( o) 4
12. Number of Flights to Catastrophic Failure: 3/ 72 Flights

13. PFatigue-Crack-Initiation Site:

R

g k:(; P&_\ 07D Sketch

P
14. Description of Abnormalities: NON (Sl

15. Description of Buckling Restraint (If Used):




T T T T LT T e T S T T W T AT AR e T e mem-s'—:\vm':-‘
i

6.
8.

10.
11,
12,

i 14.

15.

T Iﬂmmw w—rvm T .“-_".‘

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED J
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCIED BY: BATTELLE'S COLUMBUS LABORATORIES J
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION X
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start o -/ -0 5 "B A, =08

Manufacture/Model of Fatigue Test Machine: A TS RNy Py

Test Temperature: &S op ( < oc)

Relative Humidity: 44y %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
5¢/ kst ( >54.%  uea)

Specimen Identification: /> A SEN

Specimen Bending at Minimum Load: s S s € B

Specimen Bending at RMS Mean Load: s S5 9

RMS Mean Cyclic Frequency: SIS Hz

Number of Flights to Initial Visible Crack: L Flights
S{ze of Initial Visible Crack: Yoyl in. ( mm)
Number of Flights to Catastrophic Failure: PRET) Flights

Fatigue-Crack-Initiation Site:

- . 7, -
3=t S 4 e e Sketch

Description of Abnormalities: AMenE

Description of Buckling Restraint (If Used):




1.
2.
3.

hi 5.

7.
8.

11.
12.
13.

5:4 14.

‘ 15.

DATA SHEET

AIR FORCE/AFML ~ METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start .. — , o/ . 75 ‘Bad -/ L ;
Manufacture/Model of Fatigue Test Machine: 2/ TN A T
Test Temperature: & E oF ( °c) %
Relative Humidity: 578 ) 'j
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32) |
A A kst (734 ¥ MPa)

Specimen Identification: HE 2L
Specimen Bending at Minimum Load: L s el % ]
Specimen Bending at RMS Mean Load: Pl W %
RMS Mean Cyclic Frequency: s N . Hz
Number of Flights to Initjial Visible Crack: AL ) Flights
Size of Initial Visible Crack: R in. ( oY)
Number of Flights to Catastrophic Failure: L) Flights
Fatigue-Crack-Initiation Site:

Do /,),4‘; -/( Sketch

Description of Abnormalities:

AMONE

Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML -~ METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start e ST 08 End Crd S
2. Manufacture/Model of Fatigue Test Machine: 7 /7% A
E 3. Test Temperature: g of ( o O oC)
i 4. Relative Humidity: S5 *)
: 5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
! 7/ Kt (2 =37/-% upa)
6. Specimen Identificatfion: A - FE S
‘ 7. Specimen Bending at Minimum Load: e % 1
8. Specimen Bending at RMS Mean Load: 7 a7 3 %
9. RMS Mean Cyclic Frequency: o s Hz
10. Number of Flights to Initial Visible Crack: ./ // Flights
11. Size of Initial Visible Crack: /4 tn. ( )
12, Number of Flights to Catastrophic Failure: 527 Flights
13. Fatigue-Crack-Initiation Site:
04 /—’/): S E
Sketch 1
k
3
14. Description of Abnormalities: ;.';,,7;5

15. Description of Buckling Restraint (If Used):




DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start Lyl - PE End L -r7-77 4§
2. Manufacture/Model of Fatigue Test Machine: oA TS I A4
3. Test Temperature: ¢ 57 o ( Z C °c)
4. Relative Humidity: s < )
5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
3/ ksi ( =3/-<  upa)
6. Specimen Identification: LD [~ £
7. Specimen Bending at Minimum Load: Aleer ¢ %
8. Specimen Bending at RMS Mean Load: T3 e
. 9. RMS Mean Cyclic Frequency: s . \“ Hz
k 10. Number of Flights to Initial Visible Crack: ‘1--—’5""7'( //"} Flights
? 11. Size of Initial Visible Crack: /) /¥ 1n. ( wm)
12. Number of Flights to Catastrophic Failure: 5372 Flights

13. PFatigue-Crack-Initiation Site:

T

B W= /‘)/7‘-( /( Sketch
{
. / . :
1 14, Deacripti‘pn of Abnormalities: LSS )€ !

| 15. Description of Buckling Restraint (If Used):
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6.

8.
9.
10.
11.
12,

13.

14.

15.

=
%
3

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start o G-I E B T - 25
Manufacture/Model of Fatigue Test Machine: TS S S P
Test Temperature: e og ( S CT o¢c)
Relative Humidity: 7S )
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
_.A"i.j ksi ( 275/ </ MPa)

Specimen Identification: P 1. &
Specimen Bending at Minimum Load: /. e, ) € %
Specimen Bending at RMS Mean Load: -3 9%
RMS Mean Cyclic Frequency: S S Hz
Number of Flights to Initial Visible Crack: 7 /’/‘/ Flights
Size of Initial Visible Crack: - in. ( om)
Number of Flights to Catastrophic Failure: Ry d Flights
FPatigue-Crack-Initiation Site:

Size Al Sketch
Description of Abnormalities: : 23
Description of Buckling Restraint (If Used):
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DATA SHEET ;

;
‘§
{
.
|

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Daté of Test: Stare _ (-2 (~7 g Ed (-2 -7 p

2. Manufacture/Model of Fatigue Test Machine: MTS -2C K P ‘
3. Test Temperature: ey op ( 20 oc)

4, Relative Humidity: k A Y %)

5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

3 4 kst 234 ‘} MPa)
6. Specimen Identification: j F-22 ? j

7. Specimen Bending at Minimum Load: Vo E % »

/ .
8. Specimen Bending at RMS Mean Load: 2¢d S %

9. RMS Mean Cyclic Frequency: (O 5/ Hz

10, Number of Flights to Initial Visible Crack: /Uﬂ Flights
11. Size of Initial Visible Crack: A)A in. ( mm) |
12. Number of Flights to Catastrophic Failure: _‘10‘95 ‘ Flights

13. Fatigue-Crack-Initiation Site:

SeE_ P f"( oTO Sketch

-
14. Description of Abnormalities: NO:’\):’

Description of Buckling Restraint (If Used):




DATA SHEET

AIR FORCE/AFML - METCVWT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of iest: Start g2 K& End S - 75048
2. Manufacture/Model of Fatigue Test Machine: TS PR el T
3. Test Temperature: 2 oF ( L o¢)
4, Relative Humidity: ik\/ )
S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

3¢/ ksl ( =%/ < upa)
6. Specimen Identification: ) AT - 23
7. Specimen Bending at Minimum Load: ey %
8. Specimen Bending at RMS Mean Load: < - s 3 %
9. RMS Mean Cyclic Frequency: et - \M‘ Hz
10. Number of Flights to Initial Visible Crack: s Flights
11. Size of Initial Visible Crack: S ,/—) in. ( mm)
12. Number of Flights to Catastrophic Failure: A Flights
13. Fatigue-Crack-Inftiation Site:

See sl A Sketch

14, Description of Abnormalities: syl

W7 o

15. Description of Buckling Restraint (If Used):
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1.
2.
3.
4.
3.

6.
7.
8.
9.
10.
11.
12.
13.

14,

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTIED BY: BATTELLE'S COLWBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start _6“' 2¢-18 End ¢-27-1%
Manufacture/Model of Fatigue Test Machine: 2SS T ksl 4
Test Temperature: al & op ( e o¢c)
Relative Humidity: "7 (13}
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
e/ kst ( 2t 3.4/ MPa)

Specimen Identification: L1 L
Specimen Bending at Minimum Load: ,{/g )& %
Specimen Bending at RMS Mean Load: AT N )
RMS Mean Cyclic.Frequency: ;LN Hz
Number of Flights to Initial Visible Crack: A ) Flights
Size of Initial Visible Crack: ,/.//-) in. ( mm)
Number of Flights to Catastrophic Failure: - o EC Flights.
Fatigue-Crack-Initiation Site:

See  SIAHC 7 Sketeh
Description of Abnormalities: St E.
Description of Buckling Restraint (If Used):
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DATA SHEET

A e D e e s ot aTa s TRLL S AL

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM i

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION ‘
STRUCTURAL FATIGUE LABORATORY J

1. Date of Test: Start é»l7—-7§7 End /’2 b/’?é)
2. Manufacture/Model of Fatigue Test Machine: é@ _£| e mMmT.S

3 3. Test Temperature: éj or ( A0 oc)
: 4. Relative Humidity: S‘S )

5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

34 kst _234.4 MPa)
6. Specimen Identification: A F—- 43

7. Specimen Bending at Minimum Load: O %
{3
8. Specimen Bending at RMS Mean Load: 2.3 %
~
9. RMS Mean Cyclic Frequency: IR Hz
10. Number of Flights to Initial Visible Crack: NA Flights
11. Size of Initial Visible Crack: A}IA in. ( mm)
1
12. Number of Flights to Catastrophic Failure: '7 4 3 { Flights ’

13. PFatigue-Crack-Initiation Site:

Sce  PHerd

Sketch

) -
! 14. Description of Abnormalities: Nc’/\/f-:

15. Description of Buckling Restraint (If Used):




DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start R End S04
2. Manufacture/Model of Fatigue Test Machine: A e K0
3. Test Temperature: o F of ( & oc)
4. Relative Humidity: N (44
5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
5/ ket ( T 3 </ wpa)
6. Specimen Identificatfoa: )T S
7. Specimen Bending at Minimum Load: Lo ) %
8. Specimen Bending at RMS Mean Load: PR T 1
9. RMS Mean Cyclic Frequency: s \/ Hz
10. Number of Flights to Initial Visible Crack: e Flights
11, Size of Initial Visible Crack: A in. ( mm)
12, Number of Flights to Catastrophic Failure: g 8¢ Flights
13. Patigue-Crack-Injtiation Site:
S S5 ST
: Sketch
_‘ /.
14, Description of Abnormalities: PR EE P

15. Description of Buckling Restraint (XIf Used):
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1.
2.
3.
4.
3.

14.

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start L= Hd )N End =7

Manufacture/Model of Fatigue Test Machine: N IR AN

Test Temperature: - € oF ( T oc)

-

Relative Humidity: > N %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
7/ kst ( = 32Y-4  upa)

Specimen Identification: J) =73

Specimen Bending at Minimum Load: s e %

Specimen Bending at RMS Mean Load: S 3 %

RMS Mean Cyclic Frequency: Sld N Hz

Number of Flights to Initial Visible Crack: o /A Flights

Size of Initial Visible Crack: V4 /*} in. ( nm)

Number of Flights to Catastrophic Failure: R Flights

Fatigue-Crack-Initiation Site:

St sWe 'A

s
Description of Abnormalities: A€

Description of Buckling Restraint (If Used):




1.
2.
3.
b,

7.
8.
9.
10.
11.
12.
13.

14.

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COL!MBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Scart ')—J -78. End /-2 -7 L
Manufacture/Model of Fatigue Test Machine: AL e #7007
Test Temperature: - & op ( & °c)
Relative Humidity: TS (v 3]
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

B kst ( 234 MPa)
Specimen Identification: £ 7/ - - 7f
Specimen Bending at Minimum Load: S e 3
Specimen Bending at RMS Mean Load: e B
RMS Mean Cyclic Frequency: S ST Hz
Number of Flights to Initial Visible Crack: /] Flights
Size of Initial Visible Crack: s/ s fa. ( om)
Number of Flights to Catastrophic Failure: 523/ Flights
Fatigue-Crack-Initiation Site:

N P ,/'//';u' S
Sketch

Description of Abnormalities: ,/-'/! ‘) E

Description of Buckling Restraint (If Used):
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2.

6.
5.

7.
8.
9.
10.
11.
12,
13.

1“'

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES

STRUCTURAL MATERIALS AND TRIBOLOGY SECTION

STRUCTURAL FATIGUE LABORATORY

Date of Test: Start /- 2- 78 End 7-3-7%
Manufacture/Model of Fatigue Test Machine: 12T Lo
Test Temperature: £ E op ( on & oc) :
Relative Humidity: £ < *)
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32) j
3> kst ( T4 A</ upa)
Specimen Identification: s Py R4
Specimen Bending at Minimum Load: LAl % é
Specimen Bending at RMS Mean Load: Sl 3 %
RMS Mean Cyclic Frequency: ey Hz |
Number of Flights to Initial Visible Crack: o Al Flights
Size of Initial Visible Crack: s/ A) in. ( wm)
Number of Flights to Catastrophic Failure: “ 772 Flights
Fatigue~Crack~Initiation Site:
B Yo /)/7‘-" S
Sketch

Description of Abnormalities: /-//.!' /)€

Description of Buckling Reatraint (If Used):




DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start [/ -3-78 End 7-4-2 g

Manufacture/Model of Fatigue Test Machine: oSN T s/

Test Temperature: & £ op ( s °o¢)

——

Relative Humidity: s N\ %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

’

R kst ( T 2/ MPa)

Specimen Identification: VYR A4

Specimen Bending at Minimum Load: AL e %

Specimen Bending at RMS Mean Load:

RMS Mean Cyclic Frequency:

Number of Flights to Initial Visible Crack: Flights

Size of Initial Visible Crack: /) mm)

Number of Flights to Catastrophic Failure: : Flights

Fatigue-Crack-Initiation Site:

See /W C

14. Description of Abnormalities: e S

15. Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start “) - S -VE End T 2y

2. Manufacture/Model of Fatigue Test Machine: ST AP
3. Test Temperature: & E op ( N °C)
4. Relative Humidity: SN %)

S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

5~/ ksi ( ?'3/. ¢/ MpPa)
6. Specimen Identification: /y’/--"— <723
7. Specimen Bending at Minimum Load: s S sy e %
8. Specimen Bending at RMS Mean Load: s 53 %
9. RMS Mean Cyclic Frequency: /< \_ Hz
10. Number of Flights to Initial Visible Crack: s Flights
11. Size of Initial Visible Crack: /4] tn. ( om)
12. Number of Flights to Catastrophic Failure: AP ) Flights

13. Patigue-Crack-Initiation Site:

N Phe Yds
Sketch

14, Description of Abnormalities: S ) L

15. Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABQRATORY

1. Date of Test: Start DN End ‘PP E
2. Manufacture/Model of Fatigue Test Machine: oSS Y2
3. Test Temperature: EE op ( = °C)
4. Relative Humidity: Sk S )
S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

4 kst ( T 3w -/ wra)
6. Specimen Identification: A= YN
7. Specimen Bending at Minimum Load: . /.’ /e %
8. Specimen Bending at RMS Mean Load: LYY %
9. RMS Mean Cyclic Frequency: el S Hz
10. Number of Flights to Initial Visible Crack: e - Flights J
11. Size of Initial Visible Crack: A7) tn. ( am)
12. Number of Flights to Catastrophic Failure: SN Flights

13. Fatigue-Crack-Initiation Site:

e R S
Sketch

5 14, Description of Abnormalities: el

15. Description of Buckling Restraint (If Used):

T e
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14.
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start D& -7 & End 7 -//-"75
Manufacture/Model of Fatigue Test Machine; SN T 2T A
Test Temperature: v of ( >z o¢)
Relative Humidity: N %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

F kst ( .25y ./ upa)
Specimen Identification: Pa '/:- ek 74
Specimen Bending at Minimum Load: PARS L}

Specimen Bending at RMS Mean Load: 2 s 3 %

RMS Mean Cyclic Frequency: JL K Hz

Number of Flights to Initial Visible Crack: s Flights
Size of Initial Visible Crack: 1/ 4} in. ( mm)
Number of Flights to Catastrophic Failure: 7 7E ) Flights
Fatigue-Crack~Initiation Site:

See LR AcC

Sketch

Description of Abnormalities: LS €

Description of Buckling Restraint (If Used):
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8.
9.

10.

11.

12,

13.

14.

!
[ 15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE' TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start T ) PE End -y 77
Manufacture/Model of Fatigue Test Machine: TS e Sl ?
Test Temperature: ey OF ( LA °¢)
Relative Humidity: S %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
S ksi ( Z2 2. MPa)

Specimen Identification: /-’-)/"”— /N

Specimen Bending at Minimum Load: A_/ & E %

Specimen Bending at RMS Mean Load: 233 %

RMS Mean Cyclic Frequency: PR S Hz

Number of Flights to Initial Visible Crack: / /// Flights
Size of Initial Visible Crack: / / /-'») in. ( mm)
Number of Flights to Catastrophic Failure: S LSy Flights
Fatigue-Crack~Initiation Site:

\Sc_‘:’ & /QAL” 7/C7
Sketch

Description of Abnormalities: /d' s ) €

Description of Buckling Restraint (If Used):
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14,

15.

DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start V-2 7& Bnd __7- /3 /F
Manufacture/Model of Fatigue Test Machine: ST LTl P
Test Temperature: R OF ( T oC)
Relative Humidity: ey %)
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

o kst ( 7 2Y. Y MPa)
Specimen Identification: L) 7 40
Specimen Bending at Minimum Load: . /f, zra %
Specimen Bending at RMS Mean Load: ©T.33 %
RMS Mean Cyclic Frequency: sa N Hz
Number of Flights to Initial Visible Crack: ; /73 Flights
Size of Initial Visible Crack: /et in. ( o)
Number of Flights to Catastrophic Failure: ST P/ Flights
Fatigue-Crack-Initiation Site:

See Phat

Sketch

Description of Abnormalities: / / )€ .

Description of Buckling Restraint (If Used):




DATA SHEET ;

AIR FORCE/AFML ~ METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start =R 7 End T« -7F

2. Manufacture/Model of Fatigue Test Machine: AT 2 A1) 3
3. Test Temperature: o oF ( S oc) i
4. Relative Humidity: S < )

5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
. kel (.  Z3Y.Y wpea)

6. Specimen Identification: L)y =</ )]

7. Specimen Bending at Minimum Load: oS € %

8. Specimen Bending at RMS Mean Load: Ot e S

o

9. RMS Mean Cyclic Frequency: sat s Hz

10, Number of Flights to Initial Visible Crack: ~/ /7 Flights
11. Size of Initial Visible Crack: s/ fa. ¢ om)
12. Number of Flights to Catastrophic Failure: & A7/ Flights

13. Fatigue-Crack-Injtiation Site:

S N 7/(-’

14. Description of Abnormalities: yi ./( 21

15. Description of Buckling Restraint (If Used):
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E MACROGRAPHS OF FAILURE SURFACES
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SPECIMEN AF-26

SPECIMEN BF-242
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SPECIMEN BF-235
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SPECIMEN AF-45
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SPECIMEN AF-47
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SPECIMEN BF-227
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SPECIMEN BF-281

SPECIMEN AF-78
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SPECIMEN BF-323

SPECIMEN BF-228
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SPECIMEN AF-123

SPECIMEN AF-88
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SPECIMEN AF-43

SPECIMEN AF-138




SPECIMEN AF-114

SPECIMEN BF-223
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SPECIMEN AF-112
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INTRODUCTION

A pilot program has been initiated by the AGARD SMP Subcommittee on
Critically Loaded Hole Technology in an effort to promote a mutual confidence
in fatigue test data generated by participating countries. The successful com-
pletion of the program will lead to a more uniform quality of fatigue testing
and evaluation of critically loaded hole parameters among its participants.
The objectives of the three-phase program are as follow:

Phase I - Generate baseline, open hole, fatigue data

in order to examine laboratory-to-laboratory

variations

Reaffirm the exchangeability of baseline data
and investigate the effect of hole quality on
open hole fatigue specimens

Phase III - Conduct independent fatigue evaluations of

various fatigue-improvement fasteners and
exchange data.

Participants in the program included representatives from Belgium,
France, Germany, Italy, Netherlands, Sweden, United Kingdom, and the United
States. All specimens for the program are to be prepared by Metcut Research
Associates, Inc., from a single heat of 7050 material procured from Alcoa in
the form of 7050-T76 bare sheet, 0.196-inch (5 mm) thick. Battelle's Columbus
Laboratories (BCL) has been designated as the USA testing facility.

The report contained herein details the results of the Phase III effort.

GENERATION OF THE FALSTAFF SPECTRUM

In order to insure that all participants apply the same cyclic loads,
each country was to test specimens under the FALSTAFF (Fighter Aircraft Loading
STAndard For Fatigue). The BCL fatigue load control program was generated using
the computer program detailed in the definitive description of the FALSTAFF
spectrum, dated March 1976. The details of the BCL load control program genera-
tion were presented in the Phase I report dated February 1978.




PROGRAM CONTROL

This section describes the BCL system and equipment used to apply and
control FALSTAFF program loads. In general, the HP 2100 computer provides load
steps to a hybrid unit which generates a constant ramp rate function for the MIS
20,000-pound (88,960 N) closed-loop electrohydraulic fatigue machine. A null
pacing unit makes a constant comparison of programmed load-to-load cell output
and signals the hybrid unit when the programmed load has been reached, at which
time the ramp direction is reversed and a new load is called from the computer.
This procedure continues until a preprogrammed number of flights has been reached
or until the test specimen fails. A graphic presentation of the program control
cycle is presented in Figure 1. A gecondary computer subroutine, STATS, makes
it possible to determine the flight number, total number of cycles, and percent

of a pass through the spectrum completed at the moment of questioning.

Pretest Checks

Prior to initiating the fatigue test program, pretest checks were made
(as in Phase I) using the Phase I spare specimen (without a hole in the test
section) instrumented with two strain gages located near the specimen edge on
each face of the specimen. The output of the four strain gages made it possible
to determine specimen bending and buckling (if any existed) and to confirm that

dynamic loads matched static calibration loads.

Bending Check

Strain gage data were obtained at incremental load steps for loads to
an equivalent of 38 ksi (262 MPa) maximum and -19 ksi (131 MPa) minimum. Data
were obtained for three loading cycles. The strain-load data were submitted to

a linear regression analysis with resulting R statistic values ranging from
1.000 to .9994. Strain values were computed for the load equivalent of 30 ksi
(206.85 MPa) gross stress. Analysis of the strain values indicated that the

maximum error due to specimen bending was 2.50 percent. Analysis of the
compressive load data indicated that no buckling could be detected.
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Load Data Tapes

CDC 6400 Formats
Data on Magnetic Tape

Il

Master Tape Taken to
Laboratory HP 2100 Computer

i

Master Tape Read and Formatted For
Hybrid Generator and Stored on Disc

i

Input Data to Computer From Teletype
to Start Test - Interrupt System Turned Om

Program is Started and the Hybrid is Cleared
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Digital Step Becomes s Slope
|

h | No - Ramp
Continues

Yes Hybrid Generator Has the Comparators Set to ‘
Watch for the Ramp to Reach the D/A Value to Run at &
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Number of Passes Called for at
~ If Reached Program Goes to End

il
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PIGURE 1. PROGRAM CONTROL CYCLR




Static-Dynamic Loads Check : é

Comparison of strain gage output and calibrated load cell output
indicated a maximum axial load error of 1.50 percent at 38 ksi (262 MPa)
static load. Application of cyclic loads at the same level provided the
same strain outputs at frequencies of 1, 5, and 10 Hz.

FALSTAFF Loads Check

The specimen was subjected to FALSTAFF loads cycling and ramp rate
and MIS uuit controls were adjusted so that fatigue machine load output matched
the command signal (reference Figure 2). Once setup was complete the controls
were locked and not changed during the rest of the test program. The mean
cyclic rate was determined to be 10.5 Hz. In addition, staff members of the
University of Dayton Research Institute made locad and spectrum accuracy measure-

ments, These data are reported separately.

TEST RESULTS

Fatigue Load Selection

Tests were conducted on specimens assembled by Metcut Research
Associates. In order to determine a reference stress level for the low-load
transfer specimen used in this Phase, these specimens were assembled using
HiLok fasteners installed in a tight interference fit. Analysis of the data
presented in Table I indicatéd that a reference stress of 51 ksi (351.6 MPa)
would provide a fatigue life of approximately 10,000 FALSTAFF flights to

failure.

TABLE I. LOAD LEVEL DETERMINATION

Specimen Reference Stress, Flights to
Number ksi/MPa Failure
2 57.0/393.0 1,632
4 50.0/344.7 11,371
6 51.0/351.6 10,970
7 52.0/358.5 7,210
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Fati Test Program

Fatigue test specimens, as supplied by Metcut Research Associates,
Inc., were selected at random from all three specimen types (K-Lobe fasteners
in high and low quality holes and blind fasteners). All specimens were cycled
at a reference stress of 51.0 ksi (351.6 MPa). A summary of the fatigue test
data is presented in Table II and detailed data sheets are included as an
appendix to this report.

NOTE: The data for the blind fastener specimen J44-J54, which
failed at 3,764 flights, is not tabulated because it was tested
at 42 ksi (289.6 MPa) instead of the required level.

TABLE II. FATIGUE TEST RESULTS*

Specimen Number Flights to Failure

K-Lobe in High-Quality Holes

J41-J48 15,160
J20-J42 12,344
J8-J43 9,964
J2-J17 12,734
J45-350 7,597
J25-J35 7,080

Mean Life 10,813
Standard Deviation 3,160

K-Lobe in Low-Quality Holes

J4-J33 : 9,164
J18-J12 9.924
J47-310 17,228
J22-326 6,164
J13-353 10,164
J2-J16 13,755

Mean Life 11,070
Standard Deviation 3,875

Blind Fasteners

J32-J51 1,364
J6-J40 1,964
J5~J55 1,534
J7-336 1,544
J24-330 1,597

Mean Life 1,600
Standard Deviation 221

* FALSTAFF reference stress - 51 ksi
(351.6 MPa)
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

] TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
1 STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
k STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start May 5, 1979 End May 6. 1979

2. Manufacture/Model of Fatigue Test Machine: MTS

3. Test Temperature: 70 oF ( 21 °oc)
4. Relative Humidity: 42 [v3)

S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

51.0 ksi ( 351.6 MPa)
E 6. Specimen Identification: 8 (5A) J25-J35
7. Specimen Bending at Minimum Load: None %
8. Specimen Bending at RMS Mean Load: 2.6 %
9, BRMS Mean Cyclic Frequency: 10.5 Hz
7 10. Number of Flights to Initial Visible Crack: - Flights
l 11. Size of Initial Visible Crack: - in. ( - mm)
12. Number of Flights to Catastrophic Failure: 7080 Flights

13. FPatigue~Crack-Initfation Site: 3/8" below bottom fastener

o
o y Sketch

14. Description of Abnormalities:

15. Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start May 8, 1979 End May 9, 1979
Manufacture/Model of Fatigue Test Machine: MIS 50 KIP
Test Temperature: 70 OF ( 21 oc)
Relative Humidity: 42 %)
Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
31.0 ksi ( 351.6 MPa)

Specimen Identification: 5 J45-J50
Specimen Bending at Minimum Load: None %
Specimen Bending at RMS Mean Load: 2.6 %
RMS Mean Cyclic Frequency: 10,5 Hz
Number of Flights to Initial Visible Crack: -~ Flights
Size of Initial Visible Crack: — in. mm)
Number of Flights to Catastrophic Failure: 7597 Flights
Fatigue-Crack-Initiation Site:

Sketch

Description of Abnormalities:

Description of Buckling Restrainc (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

1. Date of Test: Start July 13, 1979 End July 13, 1979

2. Manufacture/Model of Fatigue Test Machine: MTS§ 50 KIP

3. Test Temperature: 70 oF ( 21 °c)
4. Relative Humidity: 50 %)

S. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

51.0 ksi ( 351.6 MPa)
6. Specimen Identification; 10 J24-J330
7. Specimen Bending at Minimum Load: None %
8. Specimen Bending at RMS Mean Load: 2.6 %
9. RMS Mean Cyclic Frequency: 10.5 Hz
10, Number of Flights to Initial Visible Crack: - Flights
11. Size of Initial Visible Crack: T in. ( )
12, Number of Flights to Catastrophic Failure: 1597 Flights

13. Fatigue-Crack-Initiation Site:

e & P
l 2 Sketch
7 ;

i
1] R
1 14, Description of Abnormalities:

15. Description of Buckling Restraint (If Used):

RN e 2 ~oaig
4
¥

100




DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start July 16, 1979 End July 17, 1979

Manufacture/Model of Fatigue Test Machine: MIS 50 KIP

Test Temperature: 20 OF ( 21

Relative Humidity: 50 %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)
42.0 ksi ( 289.6 MPa)

Specimen Identification: 11 J44-354

Specimen Bending at Minimum Load: None %

Specimen Bending at RMS Mean Load: 2.6 %
9, BRMS Mean Cyclic Frequency: 10.5 Hz

10. Number of Flights to Initial Visible Crack: == Flights

11. Size of Initial Visible Crack: - in. ( mm)

12. Number of Flights to Catastrophic Failure: 3764 Flights

13. Fatigue-Crack-Initiation Site:

16. Description of Abnormalities: Wrong Stress

15. Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION

STRUCTURAL FATIGUE LABORATORY {
; 1. Date of Test: Start July 17, 1979 End _ July 18, 1979 |
.‘: 2. Manufacture/Model of Fatigue Test Machine: MIS 50 KIP
3. Test Temperature: 69 op ( 20 °¢)
4. Relative Humidity: 49 %)

5. Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

51 ksi ( 351.6 MP2)
6. Specimen Identification: 12 J4-J33
7. Specimen Bending at Minimum Load: None %
8. Specimen Bending at RMS Mean Load: 2.6 %
9. BRMS Mean Cyclic Frequency: 10.5 Hz
10. Number of Flights to Initial Visible Crack: —-— Flights
11, Size of Initial Visible Crack: - in. mm)
12. Number of Flights to Catastrophic Failure: 9,164.06 Flights

13. Fatigue-Crack-Initiation Site:

g \/ - R Sketch
- —— .
e
—

14. Description of Abnormalities:

v
P

15. Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

Date of Test: Start July 18, 1979 End July 19, 1979

Manufacture/Model of Fatigue Test Machine: MIS 50 KIP

Test Temperature: 71 oF ( 22 oc)
Relative Humidity: 42 %)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

51 ksi ( 351.6 MPa)
Specimen Identification: 13 J18-J12
Specimen Bending at Minimum Load: None %
Specimen Bending at RMS Mean Load: 2.6 %
RMS Mean Cyclic Frequency: 10.5 Hz
Number of Flights to Initial Visible Crack: -= Flights
Size of Initial Visible Crack: - in. ( o)
Number of Flights to Catastrophic Failure: 9,923.66 Flights

Fatigue~-Crack-Initiacion Site:

_ A Sketch

g
P

Description of Abnormalities:

Description of Buckling Restraint (If Used):
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DATA SHEET

AIR FORCE/AFML - METCUT RESEARCH SPONSORED
AGARD CRITICALLY LOADED HOLE TECHNOLOGY PROGRAM

TESTS CONDUCTED BY: BATTELLE'S COLUMBUS LABORATORIES
STRUCTURAL MATERIALS AND TRIBOLOGY SECTION
STRUCTURAL FATIGUE LABORATORY

July 19, 1979 July 20, 1979

Date of Tast: Start End

Manufacture/Model of Fatigue Test Machine: MIS 50 KIP

Test Temperature: 70 op ( 21 °c)
Relative Humidity: 40 &)

Reference (Gross) Stress Level of FALSTAFF Spectrum (Step 32)

51 ksi (__351.6 MPa)
Specimen Identification: 14 J47-310

Specimen Bending at Minimum Load: None %

Specimen Bending at RMS Mean Load: 2.6 %

BMS Mean Cyclic Frequency: 10.5 Hz

Number of Flights to Initial Vigible Crack: - Flights
Size of Initial Visible Crack: - in. ( mm)
Number of Flights to Catastrophic Failure: 17,228.46 Flights
Fatigue-Crack~Initiation Site:

l Sketch

Description of Abnormalities:

Description of Buckling Restraint (If Used):
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DATA SHEET

AIR PORCE/AFML - METCUT RESEARCH SPON