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5* ‘ SECTION I
& INTRODUCTION
;
There are currently many types of threaded metal inserts which are

commercially avatlable, These inserts are used to allow the fastening

of one materfal with screws or bolts to another material without having

the screw or bolt threaded directly into the second material., The last
overall testing of threaded inserts was accomplished about 1964. Many

of the products tested then are no longer available. Tharefore, 1t was
desirable to test several of the currently available inserts to characterize
mechanical and corrosfon characteristics.

Threaded inserts are used in many of the softer materfals such as
aluminum, magnesium, and nonmatallics. The hard material of the insert can
withstand the frequent removal of the screws or bolts more sv than the soft
materials,

The number and type of insert systems was nacessarily 1imited due to
the cost and manpowar involved in an evaluation program. The particular
systems selected were chosen to be represaentative of systems found in
aircraft structura, In general the program was limited to not more than
two products of a given type (e.g., self-tapping) and only one type of
threaded insert from each manufacturer,

The evaluation of threaded inserts reported herein was requested by
the Deputy for Engineering, Flight Equipment Division, Mechanical Branch
of the Air Force Aeronautical Systems Division, (ASD/ENFEM). The inserts
were tested for static pullout strength, the effect of insert on fatigue
11fe of parent material with and without fasteners installed, locking
and unlocking torque of the fastener, and corrosfon susceptibility, The
approach was to have the participating insert manufacturers install inserts
in half of the specimens to be tested. The other half were installed

e e e e o e e oy o i i o ot maeee ¢
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at the AFML. Tasting of all the inserts was accomplished by the Afr
Force Materials Laboratory, Systems Support Division, Materials Integrity
Branch (AFML/MXA) at Wright-Patterson AFB.
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SECTION II
0BJECTIVE

The main objective of this program was to provide engineering test
data on threaded inserts, for general use in airframe structures., The
information derived from this study 1n conjunction with data from other
sources. can be used in evaluating 1nsert systems for Air Force use,
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SECTION III
THREADED INSERT SELECTION

The tests were designed to determine several characteristics of the
threaded insert system.

The following insert types were selected as being representative of
those found in typical aircraft structures: (1) solid wall bushing type
inserts, (2) wire coil type inserts, and (3) a self-tapping type insert.
A11 of the inserts were the self=-lTocking type, internal and external.

1. SOLID WALL INSERTS

There are several varieties of the solid wall bushing type insert,
For this evaluation program the non-self-tapping solid wall inserts used
are shown in Figure 1. Both of the {nserts shown have a thin wall made
of type 303 stainless steel. These inserts have an 'ntegral plastic
(nylon) self-locking element which extends through the wall of the in-
serts., On one type the plastic is longitudinal in the threads and 1in
the other the plastic is radial in the threads. A dry f11m lubricant
13 used on the insert to prevent galling and seizing between the inter-
nal threads of the insert and the bolts and 1t alsc prevents seizing on
installation. The inserts shown in Figure 1 can be installed into the
parent mater{al either end first.

The other variety of solid wall inserts are shown in Figure 2,
Both of these inserts also have a thin wall, One is made of CRES PH 17-4
stainless steel heat treated to 180-200 KSI. The other insert 1s made
of a heat treated alloy steel and is cadmium plated. Both inserts are
coated with a dry film lubricant, The {internal thread locking mechanism
for both inserts 1t mechanical caused by deformed thread shape. The two
inserts also have external locking in which the area at the top of the
insert 1s serrated. The serrated area is swaged cutward into the
parent materfal during installation locking the insert to the parent
material,
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2. HELICAL COIL INSERTS

The two helical coil type inserts operate on the same principle.
These inserts are shown in Figure 3. In the free state the diameter of
the insert {s larger than the tapped hole in which it will be installed.
In assembly the insert 1s reduced in diameter, threaded into place, and
retained by the insert attempting to expand to its original diameter.
Internal locking between the insert and the bolt is achieved by a series
of cords on one or more of the insert convolutions., The threading of
the holes for the coil wire inserts requires a tap designed for wire
inserts.
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3.  SELF-TAPPING INSERT

The self-tapping insert is a bushing with internal and external
threads, The insert 1s designed to cut its own threads as it is screwed
into a drilled or cored hole. The cutting edges are formed by several
transveise holes drilled through the wall of the pilot portion of the
insert as shown in Figure 4. These transverse holes also allow for the
discharge of chips during the self-tapping operation. The insert material

1s hardened stairless steel. The internal and exterral thread lockina

mechanism 1s a nylon pellet nressed intn a hole drilled throuah the
wall of the insert,

Figure 4, Self-Tapping Insert

L
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SECTION 1V
INSERT MANUFACTURER AND INSERT DESIGNATIONS

The seven insert manufacturers and the insert designation are shown 4n Table 1.

TABLE 1
INSERT SIZES AND IDENTIFICATION FOR EVALUATION PROGRAM

10-32 1/4=28 3/8-24
Insert Stze* Size* Size*
Mfg. Length Part No. Length Part No, Length Part No.
Groov-Pin .286 NM-15032-9C 375 NM-=25028-90 562 NM-37524-90
Lung-Lok .290+.01 T 02 P59 .380+,01 T 048 P59 .560+,01 T 064 P59
Hel{=Coi1 285 3591-3CN-0285 375 3591-4CN-0375 562 3691-6CN-0562
Kaynar .300Max  K8000-3 .390Max  KB80OD-4 +570Max k80006
Rosan ,290+,01 SR-192L .380+.01 SR-268-L .560+.01 SR-374L
Tridatr 288 TLF=-3C-0285 375" °  TLF-4(-0375 562 TLF-6C-0562
Torkon .250+.01 T 1011117 <380¢£.01 T 1011-119 .660+.01 Tt 1011-223

Open hole threaded spaciman will be from tha 1/2 inch plate with 1/4-28 tap threads only.

* 10-32 parts were installed in .312" plate
1/4-28 parts were installed 1n .500" plate
3/8-24 parts ware installed in 750" plate

+ Length values are shown only when spscified by the manufacturer.
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SECTION V
TENSILE TESTS OF PARENT MATERIAL

Tensile specimens from each thickness of materfal were machined in
accordance with the drawing shown in Figure 5,

Six tensile specimens were prepared from each thickness of the 7075-T73
plate material, The plate thicknesses were 5/16-inch, 1/2-inch and 3/4-inch.
The tensile test specimens were testad in a 10,000-pound capacity Instron
test machine. The specimens were tested at ambient temperature and at a
strain rate of 0.005 inch/inch per minute. The mechanical properties of
the 7075-T73 aluminum alloy are given in Table 2.

TABLE 2

RESULTS OF TENSILE STRENGTH TESTS OF 7075-T73
ALUMINUM ALLOY - PLATE

SPEC, MATERIALS YIELD ULTIMATE ELONGATION REDUCTION IN
NO. THICKNESS STRESS STRESS Z - 1" ¢C.L. AREA - %
KSI KST
1 5/16" 53.5 65.7 13.0 29.0
2 " 54,0 65.1 11.0 31,0
3 " 54.5 65.4 12,0 33.0
4 " 53.5 £5.6 12,0 31.0
5 " 53.6 65.7 11,0 31.0
6 ! 83.9 £3.2 3.0 32.0
AVERAGCE =--4- 53,8 65.45 12.0 31.2
1 /2" 50.9 63.7 14,0 33.0
2 " 50,9 64,1 15.0 39,0
3 " 51,7 63.7 15,0 38.0
4 " 50.9 64.1 14,0 38.0
5 " 50.5 63.7 16. 38.0
6 " 50.5 03.5 16.0 38,0
AVERAGE ==4~ 50.9 63.8 15,0 38.2
1 /e 56,6 69.7 14,0 33.0
2 " 56.4 69.7 13,0 31.0
3 " 55.1 68,2 13.0 31.0
4 " 56.6 69.3 12.0 33.0
5 " 56.0 69,2 2.0 33.0
6 " 57.4 70.3 13.0 33.0
AVERACE -=+4= 56.3 69.4 13,0 32.3
9
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SECTION VI
EXPERIMENTAL

1. SPECIMEN PREPARATION FOR FATIGUE TESTS

e T g et b

The fatigue specimens were made as shown in Figures 6, 7, and 8.
The specimans were machined by the Millat Industries Corporation, Dayton,
Ohfo, The aluminum materifal was received in the 7075-T6 condition and
was over-aged to the 7075-T73 condition. Fatigue spacimens for the 10-32
s1za inserts were machined from §/16-inch thick aluminum, the fatigue
specimens for the 1/4-28 size inserts were machined from 1/2-in¢ch thick
aluminum plate and the fatigue specimens for the 3/8-24 size inserts were
machined from 3/4-inch thick aluminum plate,

k! The 1nsert holes were prepared in accordance with the manufacturers'
recommended instructions. All holes were checked after they were tapped
for go/no=-go. Tha tapped holes for the wire inserts required a tap
designed for helical coil inserts.

2, INSTALLATION OF INSERTS

The installation of the various inserts required installation tools
designed for that type of insert., These tools were furnished by the
participating insert manufacturers. The program was set up so that the
manufacturers would install inserts in one half of the specimens to be :
evaluated. These spacimens were shipped to the manufacturers for installa- f
tion of the inserts., AFML installed the inserts in the remaining half
of the specimens at WPAFB,

The Long-Lok, Torkon, Tridair, Heli-Coil, and Groov-Pin inserts
required only one operation for installation after hole preparation,
The Kaynar and the Rosan inserts required two operations for installation
after hole preparation. These two inserts had to be first screwed into
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the parent material and then the top knurled portion of the insert
swagged into the wall of the parent material so as to prevent rotation
of the insert. An alignment fixture was used for starcing the self-
tapping insert. The alignment fixture was used to ensure against the
insert being threaded into the hole eccentrically. Such a fixture is

not normally used in actual aircraft production, The self-tapping insert
required much more installation torque than the inserts with the pre-
tapped holes, The 3/8-24 size self-tapping insert required an average
installation torque of 65 foot/pounds. It was not determined what the
torque was for tapping the threads for the pre-threaded holes,

When installing the Heli=Coil and Tridair inserts care has to be
taken so that the threads of the insert and the parent material are not
mismatched. After the installation of the insert, the tang which is used
to drive the insert was broken off. The Hali-Coil installation tool was
used to install both Heli-Coil and Tridair inserts.

3. TOOLS REQUIRED FOR INSERT INSTALLATION

The tools used for installing the inserts are shown in Figures 9
and 10. Tools for installation are available in automatic and manual
varieties. A1l inserts were installed with the manual tools for this
program.

1 It m ettt
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SECTION VII
FATIGUE TESTS

The fatigue testing phase of the evaluation was to dotermine the
effect that the insert had on the fatigue 1ife of the parent material and
the effect of fatigue loading on the breakaway torque of the insert system.

In order to obtatin control fatigue data, specimens from 1/2-inch
thick 2luminum plate were tested in the tapped open hole condition and
also with only the insert installed fn the hole.

A fatigue specimen with the bolts installed in the inserts 1s shown
in Figure 11, A washar with a recessed hole was installed under the
bolt head so that when the bolt was torqued down there would be a load
transfer through the bolt into the insert and into the parent material,
The 10-32 s{ze bolt was torqued to 35 inch=pounds, the 1/4-28 s{ize bolt
was torqued to 70 inch-pounds, and the 3/B=24 size bolt was torqued to
245 inch-pounds. The initial torque for each size bolt was recorded.
The breakaway torque before starting the test was also recorded. The
bolt was then retorqued to the original value and the spaecimens were
cycled to failure or 106 cycles. After failure of the parent material
the breakaway torque of the two remaining bolts was recorded. The
torque data are shown in Tables 3 through 23.

A1l fatigue specimens were cycled at 50 percent of the parent material
(7075-T73) ultimate tensile stress.

The test machine used to conduct the fatigue tests was a MTS 50 KIP
capacity universal fatigue test machine. The test set up 1s shown in
Figure 12, A1l tests were conducted at room temperature in ambient air.

\
. [
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A11 of the fatigue tests wera conducted at a stress ratio of Min. Stress/
Max. Stress of 0.1 (tension-tension). The test frequency was 25 Hz for
the 5/16-1nch and 1/2-1nch thick material and 15 Hz for the 3/4-inch
thick material,

1. RESULTS

Fatigue tests on tha 7075-T73 alloy were conducted on specimens
with: (1) threaded holes, (2) with inserts in the threaded holes, and
(3) bolts installed in the inserts. A statistical analysis indicates
that the installation of the inserts alone increased the fatigue 1ife
over the threaded holes for a1l cases except for specimens with Torkon
and Groov-Pin inserts. This analysis is based on data taken from Tables
25 and 26 and the results are shown in Table 34. Additional tests with
bolts installed i{n the inserts indicated a further increase in fatigue
1ife for a1l specimens including the specimens with Torkon and Groov-Pin
inserts; although the overall increase for specimens with Torkon and
Groov=Pin inserts when compared with the threaded hole only, was less.
More important; however, is the total fatigue 1ife of the overall system
with the fastener installad.

The results of all of the fatigue test data are tabulated fn Tables
25 through 33 and summarized in the bar graphs shown in Figures 14 through
17. The pattern of the fatigue failures did not seem to change betwaen
the 5/16=inch (10-32 inserts) thick plate, the 1/2-inch (1/4-28 inserts)
thick plate, and the 3/4-inch (3/8-24 inserts) thick plate. A failed
fatigue specimen is shown in Figure 13, Photo macrographs of representa-
tive failed specimens are shown in Figuras 22 through 45, The averages
of the breakaway torque before and after fatigue testing are shown in
Table 24. In genaral the breakaway torque either increased or remained
assentially the same, Abave tests were for 1/4-28 inserts only.
Results of other size inserts with bolts are shown in bar graphs in
Figure 16 and Figure 17.
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SECTION VIII
TENSILE STRENGTH PULL OUT SPECIMEN PREPARATION

The specimens as shown in Figure 18 were machined by Mi1lat Indus=-
trias Corporation, Dayton, Ohio., The specimens were machined from 1-1/2
inch diameter 7076-T73 aluminum bar. The holes for all three sizes of
inserts (10-32, 1/4-28, 3/8-24) were drilled and tapped 1n accordance
with the insert manufacturer's recommended instructions, All holes were
checked for go/no-go., The installation of all inserts were tiie same as
detailed in the section on insert installation.

1. EXPERIMENTAL

The tensile strength pull out tests were conducted on a 50,000=-pound
capacity FGT testing machine, A1l tensile tests for insert pull out were
conducted at room temperature at a loading rate of approximately 100 KSI
per minute. The test set up is shown in Figure 19. The bolts used were
as follows. Bolts for the 10-32 size inserts were part number BM55132-3-30A,
bolts for the 1/4-28 size inserts were part number BM9022-4-36, and the
bolts used for the 3/8-=24 size inserts were part number BM3306-6-35.

The bolt material was H=11 steel.

The length of all inserts was approximately 1-1/2 times the insert
diameter. The inserts were installed in the specimens to a depth equal-
ing the full length of the insert. The bolt used for pulling the insert ;
out of the parent material was screwed into the insert until two threads ]
of the bolt extended beyond the length of the insert., A new bolt was
used for each test.

Tensile strength pull out tests were performad on six specimens of ‘
each sfize submitted by all seven manufacturers. A1l tensile tests were 3
conducted to failure so as to establish the ultimate pull out load of
the fnstalled insert or the failure load of the bolt.

14
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2. RESULTS OF TENSILE PULL OUT TESTS
The results of the axial strength tests 1s given in Table 35,

The type of axial strength test failure for all of the inserts
tested was efther the bolt failed or the threads of the parent material
Pulled out. There was never a failure of the insert material or the
bolt threads stripping off. In Table 35, 1t is indicated by an asterisk
(*) denoting the tests in which the bolt failed prior to 1nsert pull out.

Shown 1n Table 36 1s an average of the axial tensile strength of the
inserts according to type.
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SECTION IX
LOCKING AND BREAKAWAY TORQUE TESTS

1.  SPECIMEN PREPARATION

The inserts of all three sizes were installed ina 1" X 3" X 12"
7075=T73 aluminum plate as shown in Figures 20 and 21. A separate plate
was used for each manufacturer's insert, The insart installation proca-
dures were the same as previously stated. The tests were performed in
accordance with the general provisions of Specification MIL-N-25027C.

In a1l cases cadmium plated steel bolts were used. Each test consisted
of 15 locking and breakaway cycles. The locking and breakaway torque
were recorded for each cycle. A new bolt was used for each 15 cycle
test, The 1" X 3" X 12" plate was clamped to the surface of a work
banch. A1l tests were accomplished manually. The torque wranches used
ware as follows: for the 10-32 inserts a Sturtevant Memory Model M(C25-1,
0-25 inch-pounds; for the 1/4-28 inserts, a Sturtevant Memory Model MCBO-1,
050 inch«pounds wrench; and for the 3/8-24 size inserts, a Sturtevant
Memory Model MC300-1, 0-300 inch-pounds wrench was used. To start the
test, the test bolt was finger screwed into the insert to the locking
mechanism, Then using the torque wranch the bolt was screwed several
revolutions into the insert making sure the locking machanism was fully
engaged, A1l inserts had both external and internal locking mechanisms,
There were three types of locking mechanisms; nonmetallic, metallic and
what Hel1-Coi1 and Tridair refer to as resilient locking thread.

2, RESULTS
The results of the locking and breakaway torque tests for the 10-32
size inserts are given in Tables 37 through 43. There is no data for

the 10-32 size inserts installed by Kaynar because the specimens were
not returned to AFML. The results of the locking and breakaway torque

16
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tests for the 1/4-28 inserts are given 1n Tables 44 through 50. The
results of the locking and breakaway torque tasts for the 3/8-24 size
inserts are given in Tables 51 through 57. The average of first cycle
locking and breakaway torqua, the average of the saventh cycle locking
and breakaway torque, and the average of the 15th cycle locking and

breakaway torque for each size insert and for each manufacturer is given
in Table 58,

During the torqus tests no rotation of inserts wera observed.
There was only one noticeable abnormality. During the testing of one
of Tridair's 10-32 {nserts after five cycles the insert lost its lock-
ability. The torque was not measurable, and the bolt could be screwed
past tha locking mechanism with fingars.

17
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SECTION X
CORROSION TESTS

=
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The corrosion test specimens were machined as shown in Figure 18.
The specimens were made from 1-1/2 inch diameter 7075-T73 aluminum.
Specimens were made only for the 1/4-28 size inserts. The installation
of all inserts was the same as detailed in the section on insert installa-
tion.

Prior to the installation of inserts into the corrosion specimen,
and after all machining was completed, the specimen blocks were treated
with MIL-C-5541 chemical surface treatment.

1. EXPERIMENTAL

The corrosion test specimens consisted of 42, 1-1/2 inch dfa., 1=inch
Tong aluminum block. A 1/4-28 hole was made in each blank. Then six
1/4-28 s12a inserts from each manufacturer were installed, Each specimen
was then assembled with NAS 1351 serias bolt and a corrosion resistant
washer as shown in Figure 46. Each 1/4-28 bolt was torqued to 70 fnch=
pounds, Tha corrosion tests were conducted in accordance with ASTM-G44-75,
The corrosion media was 3-1/2 percent NaCl solution. The specimens were
immersed in the solution for ten minutes and out of snlution for 50 minutes.
This procedure was repeated for 30 days.

S St b

The corrosion madia was changed weekly. The cpecimens were examined ’
periodically during the 30-day corrosion test. ‘g
!

After the completion of the 30-day corrosfon test, the specimens were
sectioned in half with the bolt still intact. Due to the hardened surface
of the Groov-Pin inserts, it was not possible to cut through that insert ,
with the saw baing used. ; :

LB M
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2. RESULTS OF CORROSION TESTS

The corrosion test specimens were sectioned in half after the com=
pletion of the alternate immersion corrosion tasts, Figures 47 through
53 show the specimens immediately after sectioning with corrosion products
in place, and Figures 56 throug! 62, show the same specimens after clean-
ing. A1l of the specimens showed evidence of pitting corrosion in the
Tower portfon of the drilled hole below the insert. Surprisingly, and
considering the lack of any sealant or other protective medium, no evi-
dence of corrosion was observed at the insert-parent material interface
of any of the inserts configuration except for the self-tapping. Pitting
was observed throughout the length of the hole in the parent material
where the self-tapping insert was used. At Teast part of this corrosion
was due to the intrusion of the corrosive medium through the transverse
cutting holes. It is possible that the corrosion was due to a lack of
plating on the self-tapping insert. In no case was there evidence of
any corrosion of any of the insert material fncluding the self-tapping
insert material,

1t 1s emphasized that these corrosion tests were conducted under
laboratory conditions, 1imiting the total exposure period to approximately
720 hours under no loads. Long-term field effects of corrosion should
not be predicted from these results.
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SECTION XI
CONCLUSIONS

The work in this report was conducted at the request of the Air
Force Aeronautical Systems Division to obtain data necessary for the
design of structures containing various types of inserts. While the
inserts varied in relative performance under different conditions, none
failed to meet any Air Force standards or requirements. Obviously many
other factors including cost, availability, etc, should be considered
in making insert selections., With this in mind, the following con-
clusions are offered,

1. It was found that hole preparation 1s very important, The hole for
the self-tapping insert is less critical than for the pre-tapped
hole, The hole should not be out of round, If 1t is, the threads
cut will not be uniform in depth.

2. The torque required when installing the larger diameter self-tapping
{nsert 1s relatively high, The torque required to {nstall the
3/8-24 size insert in the 7075-T73 alloy was greater than 60 ft-1bs.

3. The fatigue 11fe of the parent material with a thraaded hole was
genarally increased by the installation of an insert. The fatigue
1ife of the parent material insert system was further increased
when & bolt was installed and torqued to the specified load.

4. The breakaway torque of the bolts in the inserts was measured after
J,fat1Eue cycling and showed increased values over the initial measured
breakaway torque.

6. 1In the tensile pull out test the threads of the parent material
sheared or the bolt 1tself failed.

6. The locking and breakaway torque of the bolts were highest after
the first few torque cycles, The locking and breakaway torque

declined thereafter to a point where they seem to level out for the
remainder of the test.

7. There was no evidence of corrosion of the inserts installed in the
7076<773 aluminum alloy or of the threads of the parent material,
except for the threads of the parent material with self-tapping
inserts which were not plated,
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TABLF. 3

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLT INITIALLY TORQUED TO 35 IN-LBS

KAYNAR INSEQTS

10-3?, AFML INSTALLED

HOLE TORQUE IN-LBS,
LOCATION TEST 1 TEST 2 TEST 3
BLFORE T 26.4 28.8 27.6
TEST
BEFORE c 25.2 33,6 32.4
TEST
BEI'ORE B 30 32,4 31.2
TEST
AFTHR T 12.4 - 26.4
TEST
AFTER c ——— 28.8 -
TEST
AFTER B 6.0 26.4 28,8
TEST

_10-32, FACTORY 1NSTALLED

BEFOKE T 26.4 32,4 28,8
TEST
BEFORE ¢ 26.4 31,2 27.6
TEST
BEFORF. B 25,2 0.0 1.2
TEST
AFTER 0 - 43,2 25.2
THST
AFTER c 27.6 28,8 26,4
TEST
AFTER B 25,2 - ———
TEST

NOT:: T = TOP HOLE DURLING TEST
C = CENTER HOLE huRlng TLST
o= BOCICM BOLE DURINC LET

e o

S
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TABLE 4

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLT INITIALLY TORQUED TO 70 IN-LBS

KAYNAR INSERTS

1/4-28, AFML INSTALLED

HOLE TORQUE IN-LUS,
LOCATLON TEST 1 TESY 2 TEST 3
BEFORE 2
TEST T 54 55. 57.6
BEFORE 2 &
TEST c 54 55. 57.
BEFORE B R 0
TEST 52,0 55.2 6
AYTER 7 p 5 :
PEST 49.2 4 62.4
AFTER c 66 —— -
resy
AITER B - 57.6 55.2
TEST

1/4-2B.FACTORY INSTALLEL

BLFORE T 52,8 49.2 60
TEST

BEVORE ¢ 35.2 52,8 67.2
TEST

PEFORR B 61.2 49,2 61,2
TEST

ATTER T 51.6 - -
TEST

AFTER c 52.8 61.2 50.4
TEST

AFTER B — 48 4%.6
Ths?

NOTE! 1 w 7OP NOLE DURING TEST
C w FRUTER NOLE LURING TEST
B o« APTOM HOLE DURYING TESY
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TABLE 5

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLTS INITIALLY TORQUED TO 245 IN-LBS

KAYNAR INSERTS
3/b-24, AFML INSTALLED

HOLE TORQUE  IN-18S,
LOCATION TEST 1 THST 2 TEST 3
BILFORE " 194.4 177.6 188.4
E TEST
BEFORE ¢ 192.0 177.6 194.4
i - TEST
BEFORE B 192.0 164.4 174.8
TEST
AVTER r —- 2.2 271,2
‘ TRET
43 AFTIR o 247.2 289.2 -
M TEST
AVTER A —
TEe 256.8 184,8
824, FACTOHY INSTALLE
BEFORE " 204 183.6 187,2
TEET
BEFORE ¢ 198 249,6 188, 4
TEET
i
BLYORE
st B 195.6 284.4 122.4
AFTER —— ——
TEST T 360.0
A¥IUR
AT ¢ 303.6 332.4 399.6
APTER 8. ——
ArTe 3 398.4 316.8

NOTE:

T = TOP 1OLE LURING '[1RY
C ~ CENTER HOLL DURING TR
B = ROTTOM HOLL DURING 7PUSY
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TABLE 6

BREAKAWAY TOR?UE BEFORE_AND AFTER FATIGUE

TESTS - BOLT

NITIALLY TORQUED TO 35 IN-LES

GROOV~-PIN INSERTS

10=32, AFML INSTALLED

HOLE TORQUE IN-1BS,

LOCATION THST 1 TEST 2 TEST 3
BEFORE r 37.2 32.4 30.0
TEST

*

BEVONE g 100.8 21,6 28,8
TRST
BETORY B 28.8 3.2 6.2
THST
AFTER T bdnd ) 39, 6 Ll L]
TESY
TEDT
A¥TER 3 44.4 - 63,6
TEST

10~32, FACTORY INSTALLED

BEFORE 7 45.6 36.0
THST

BEVORE ¢ 33,6 31.2
TESYT

BEYORE B 36,0 30,0
THST

AFTER i akaing 32,4
TESY

APTIR ¢ 3.4 45.6
TEST

ATTER B 38.4 ——
T

3.8

24,0

55,2

49,2

38.4

NOTR) T = TOF HOLE LURING TIST
C = CENVEI UOLE DURING TEST
B » DOTTOM HOLE DURTNG TEST

*Bolt was abnormally tight in the insert threads,
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TABLE 7 b
BREAKAWAY TOR?UE BEFORE AND AFTER FATIGUE 5
TESTS - BOLT INITIALLY TORQUED TO 70 IN-LBS A
ke
18
GROOV-PIN INSERTS 3
1/4=28, AFML INSTALLED . ;\;
HOLE TORQUE IN-LBS. 3
LOCATTON TeeT 1 TEST 2 TEST 3 -
K-
BEPORE 58.8 61.2 56, |
TEST T 4 %;
BEFORT 62.4 60.0 6. a
TEST ¢ 76.8 g
BEVORE: B 66.0 66,0 .
TEST 61.2
AFTIR T ——— —— B2.8
THET
AVTER ¢ 81.6 51,6 —
TEST
AYIER B 57.6 56.4 62,4
TEST
1/4=28, BACTORY INSTALLED
BYTORK T 52,8 62,8 67.2
TUST
BEPORY ¢ 62,4 57.4 57.6
THST
BEFORE B 60.0 60,0 62.4
TEST
. ATTER T
Een 73.2 78.0 76.8
ATTER c ——
i 76,8 68.4
AFTTR B A ——— —
TES’I‘ 6 (¥ 8
NOTEL 1 = TOP HOLE DURING TEST
C v CLUTLR HOLK BURING JRST
B ow BOTTOM NOLE DURTNG THNY
26
Tl b ek Yoo e ptzail Lo LR A R R R e ks it Kt s et ity s
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TABLE 8

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLTS INITIALLY TORQUED TO 245 IN-LBS

GROOV-PIN INSERTS

3/8=24, AFML INSTALLED

ROLE TORQUE IN-LBS,
LOCATION TEST 1 TEST 2 TEST 3
BEVORE T 184.8 183,6 176.4
TEST
BEFORE ¢ a11,2 193,2 208.8
TRST
BEPORY B 188.4 163,2 211,2
TEST
AFTER T ——— 121,2 252,0
TRST
APLER ¢ 297.6 410.4 29,6
TEST
AFTER B 29),6 — -
™Y
!{Q-Qh, FACTORY INSTALLED
BEFORE x 178,8 187.2 195.8
TEST
BEFORE ¢ 213,86 204,0 220,8 :
TEET :
BEFORE . 175.2 195.8 206.4 P
TEST P
o
AFTER i 4
e T 312,0 ——— 95,2 ; .
AFTER " |
ki c . 21,6 134.8 ]
AFTER B N ]
ki 345.6 3444 -
3
NO'WH: T = TOP HOLE DURTNG ey E
€ = CUNTLK NOLE DURTNG TRBY
B o= BOTTOM HOLE DURING THST
]
27 4
— e rat sl e S T AR WSS ARSI R L BRI L TR R -y
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TABLE 9

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS = BOLT INITIALLY TORQUED TO 38 IN-LBS

B » BOTTOM HOLE DURING TEYY

JHELI-COIL ANSERTS
10-32, AFML INSTALLED
HOLE TOROUL IN-LBS,
LOCATION TEST 1 TEST 2 TEST 3
BRYORE T 3.2 3.2 32,4
18T
DBEFORK ¢ 26,4 33,6 31,2
THST
BEFORL » 28,8 36,0 33,6
TRST
AYTER T e .
R8T 43,2 51,6
AFTER ¢ — ) .
TLST 42,0 45,6
AYTER » . \ ——
TEST 43,2 46,8
10-32, FACTORY INSTALLED
; BEFORE T 3.6 60.0 33,6
o ‘ T
& BRFORR ¢ 3.8 3,8 3,2
% THST
| BEFORE B 33.6 36.0 3.2
1 THST
: AFTER T 37.2 - -
. VERY
- N AWER c - 3“ [} 8 39 ) 6
L TERT
A AFTER A 48,0 45,6 39,6
i TEST
NOTRY T = TOP HOLE hUIING Trar
C w CENTER 1QLE DURING 1THST
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TABLE 10

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS = BOLT INITIALLY TORQUED TO 70 IN-LBS

HELI~COIL INSERIS

1[6-28. AFML INSTALLED

HOLE TORQUE IN-LBS.
LOCATION TRST 1 TRST 2 TBST 3
BETORE 61.2 70.8
TEST T 60,0
BEFYORE g 81,2 63.6 60.0
TEST
BEFORE B 62,4 63.¢ 62,4
TEST
AFTER T $3.6 P26 94.8
TEST
AFTIR e i 91.2 93.6
THBET
AFTIR B 105.6 - .
R8T

1/4=28, PACTORY INSTALLED

BEFORI T 0.4 66,0 62.4
TRST

BEFORE ¢ 67,2 62.4 60.0
TEST

BEYORE B 52,8 58.8 66,8
TEST

AYTER T —

TEST 60.0 8L.6
AYTER c o

s 93.6 85,2
AFTER b . ——
e 93.6 86,4

HOTR: ¢ w 1P HOLE LURING TEST
€ u GENTER NOLE DURING THE"
B » BOTTUM HOLU LURING THE7

I Y T A A/
o i 5
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TABLE 1
BREAKAWAY TOR?UE BEFORE AND AFTER FATIGUE

L
SRR L
- 7

s

3/8~24, APML INSTALLED

"‘} TESTS = BOLT INITIALLY TORQUED TO 245 IN-LBS é
HELI-COIL, INSER1S ;E.“‘
f

3 HOLE TORQUE IN-LBS,
b LOCATION TEST 1 TESY 2 TEST 3
i ' '
gy BEFORY T 188, 4 204,0 187.2
B TEST
k: BEFORE 0 2040 237,6 249.6
g TEST
TRST {
ATTIR T . |
k o 336 321,68 (:f
;4 AFTER c y .
. APLE 368, 4 3k.h 33,2
iy ; A¥TER B - — .
j pemt 356.4
ke 3/8=24, PACTORY INSTALLED
; BLFORE 206.4 208. 8 .
it T 339.6
BEVORY 1884 208, 8
B ¢ 324,
BRFOR: B 198.,0 187.2 336,
8T 4
APTER T 296, 4 288,0 348.6 -
TRSY i
! AFTER ¢ 3372 345,6 ——
THET
ATTER B = - 3384
THSYT

NOTI T = 701 HOLE DURING PRat
€ ow CENTER HOLE DURTNG TS
B ou ROPIUM HOLE DURING THBY
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TABLE 12

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS « BOLT INITIALLY TORQUED TO 35 IN-LBS

LONG-[0K_INSKRTS
_10-32, AFMIL INSTALLED
HOLE TORQUE IN-LBS.
LOCATION TEST 1 THST 2 TEST 3 E
BEFORE 32.4 12,4 30,0 !
TEST i
BEFORL ¢ 3.8 32,4 30.0 1
THST
BETORE g 33,6 33,6 36.0 i
TRST l :
AFTER 38,4 33.6 34.8 !
THST ;
AFTER ¢ — — -
T0ST |
AFTER 3 324 38.4 38.4 Pl
TEST L

10-32, FACTORY INSTALLED

BUFORE T 3.2 34.8 85,2
sy
TEST
1 BEFORE g 30.0 33.6 34,8
] TEST
3 i
oy i
{ AFTER " - — 0.6
i, THET
A TEBT
: APTER B 23.6 18,4 e
TEST

NOTEY T » TOD HOLE DURING 1182
’ 0 w GENTER NOLE MIRTNG UFP8T
ﬂ B w BOTOH HOLE DURING TEST
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TABLE 13

AKAWAY TORQUE BEFORE AND AFTER FATIGUE
%EETS - BOLT ?NITIALLY TORQUED TO 70 IN-LBS

NG~

1/4-28, AYML INSTALLED

HOLE TORQUR IN-LAS.
LOCATION TEST 1 TEST 2 TEST 3
BEFORYE 7 64,8 56.4 62,4
TEST
BEFORE 0 62,4 58.8 6.6
TI8T
BRFORE B 62.4 58.8 83,6
THST
AFTER T 48,0 — 58.8
TE8T
AVTER c 57,6 68.4 86.0
TRAT
AFTER B - 61.2 -
TEST
AL4-2%), FACTONY INSTALLLD
BEFORE T 60.0 64.8 $0.0
TESY
BLFORE c 62.4 88,2 60,0
TEST
BEFORE B 58.8 60.0 57.6
TERT
APLER T 48 - -
R8T
APTER ¢ - 6.2 51.6
18T
ABTER B 62,4 62,4 $7.2
TEST
Norp

T = TOF HOLE DURING TEHT

€ = CENIRR 1HOLL DURING T1&Y
B » BOTTOM HOLE DURING TESY
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TABLE 14

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS « BOLTSQINITIALLY TORQUED TO 245 IN-LBS

LONG-LOK_INSERTS
3/8=24, AYML INSTALLLD
MOLE TORQUE IN-LBS,
LOCATION  TRST1  TEST 2 TEET 3
BEYORE " 180.0 176.4 202.8 :
TRST
BEYORE a 180.0 183.6 228.0
TRST ,
BEFORE » 190.8 192,0 188.4
TEST
AFTER 7 - ——
AYTE 353.2
AFTER ¢
Arr 184,8 360.0 273.6
AFTER B 108, . ——
A¥TE 06,8 273,8

3/8=24, FACTORY INSTALLED

BErONE . 202,8 178.8 195.2
TEST
BEFORE ¢ 294,0 193.2 180,0
TiSY
BEFONE " 213.6 242,4 180.0
TEST

AFTER
TisT

AFTER
TE8Y
AFLER
TUST

NOTE T ~ TOP 6nLE DURING TRy
€ = CENTER HOLE DURING PRSY
B ow BOTTOM HOLY DURING TEGST
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TABLE 15

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLT INITIALLY TORQUED TO 35 IN-LBS

BOSAN_INSFRIS.. ..
10-32, AFMI, INSTALLED b
HOLE TORQUE IN~LBS., :
LOCATION TRET 1 TEST 2 TEST 3
BEFCRE ¢ 8.8 26.4 30,0
TEST N
BLFORE ¢ 30.0 3,8 34.8 A
TEST .
BEFORE 30,0 30,0 32.4 '
TES
AYTIR T 34,8 13,6 32,4
; THST
AFITR ¢ - 36,0 -
TEST
AFTER )] 33 . § - 27 ] 6 "
TEST 4

10-32, FACTORY INSTALLED

BEFORE 2.4 34,8 36,0 1
RS
BRPOURE ¢ 34,8 28,8 .
TE8Y 3.2
BEFORE g 33,6 31.2 33,6
TEET
A¥TER P 26,4 34,8 1.6
THET 3
b
AFTHR ¢ 28,8 24,0 31,2
LS
AVTER B —— - ——
THeT
NOTI Tow PO HOLE DURTHG PRy %
C o QENPER HOLE DBURING TEST
B o= BOTTOM HOLE DURING TESY
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TABLE 16

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE

TESTS - BOLT

NITIALLY TORQUED TO 70 IN-LBS

ROSAN INSERTS

1/4=28, APML INSTALLED

HOLE TORQUE IN-LBS.
LOCATION TEST 1. PEST 2 TEST 3
BETORY
8T T 46.8 44,4 43,2
BEFORE
g ¢ 57,6 44,4 50.4
BEFORE B
et 54,0 45,6 51.6
APTER 0y 73,2 69.6 _—
TEST
AFTRR ¢ 4.8% ——— 85.2
TEST
AFTER B — 72,0 ——
TEST
1/4-28, FACTORY INSTALLED
BEFORE T 55,2 49,2 62,4
TEST
BEFORE ¢ 62.4 74,4 58.8
TEST
BEFORE B 69.6 54,0 62,4
TEST
AVIER T 62.4 50.4 61,
TEST 1.2
AVIER ¢ — 64.8 56,4
TEST
APTER B 55,2 — —
R8T
NOLE: 1 w top oLk DURING TEST
€ w CENTER IOLE DURING Tiir

B w BOTTOM HOLK

* Partial failure st center hola.

DURING TRST

3

it o DB M o B i i 55
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TABLE 17 E
BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE 3
TESTS - BOLTS INITIALLY TORQUED TO 245 IN-LBS i
ROSAN_INSERTS 3
3/8-24, APML INSTALLED %
-
q
HOLE TORQUE 1IN-LBS. :
LOCATION TEST 1 TEST 2 TEST 3 i
i?
BEFORE T 154.8 147.6 1702 "'
TEST
BEFORE c 156.8 200.4 177.6
TEST
BEFORE B 169,2 170.4 157.2
TEST
A?TER T — ——— ,
TEST 286.8
ST 186 308.4 30
AFTER B 232.8 242.4 e
TEST

3/8-24, FACTORY INSTALLED

BLFORE T 165.6 172.8 164.4 :
TEST ?
BEFORE ¢ 165.6 172.8 1644
TFST
|
BEFORE B 165.6 286.8 147.6 J
TEST
: AFTER T —— - 256.8
1 TEST
AFTER ¢ 249.6 253.2 ——
TEST
: AFTER B 231.6 237.6 201.2
Y TEST
f ' NOTE: 1 - TOP HOLK DURING THST
€ « CENTER UOLE DURING TUST

B = BOTYOM HNOLE DURLRG THRT

36
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TABLE 18

BREAKAWAY TORQUE BEFORE ANL AFTER FATIGUE
TESTS - BOLT INITIAILY TORQUED TO 38 IN-LBS

TRIDAIR INSERTS

10-32, AFML INSTALLED

HOLE TORQUE IN-LBS,
LOCATION TEST } TEST 2 TEST 3
BEFORE ;
TERY T 33.6 3,2 28,8
BEFORE
THST c 30,0 34,6 32,4
REFORE
TEST B 33,6 3,2 32,4
AFTEK T -
TE8Y 37,2 43,2
AFPTER ¢ 6.8 -
b 4 45,6
APTER 44,4 36.0 . :
TEST !
10-32, FACTORY INSTALLED
BLFORE o 33.6 36,0 31.2 S
TEST , 8
AEFORE ¢ 34,8 7.¢ 3.2
TEST
: BEFORE B 36.0 34,4 32.4 :
r TEST i
AFTER 30,0 - -
4 TEST T
]
f AFTER ¢ 39.6 3.2 37.2
TEST
£
5 AFTER B - 2.0 40,8
i TRST
&
) NOTEI v W oo popy DURING ¥nny
_ C % CENTER NOLE DURING Thyr
B~ BOYIOM HOLE DURING Trsp
.
3
. ] ;
3 5
. ‘
kY i
i, !
4
.. - Mgy, sekdiemiine e i i RS B Siaack A



IR, T Y

AFML~TR-78-107

TABLE 19

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS ~ BOLT INITIALLY TORQUED TO 70 IN-LBS

RID. 8
.1/4-28, APML INSTALLED

HOLE TORQUE IN-LbE.
LOGATION TEST 1 TEGT 2 TEST 3
BEVORE
BEFO 7 68.4 62,4 52,8
; BLFORE . .
il _ BrFo ¢ 63.6 61.2 61.2
s |
/A DEFORE B ) 2
. : pero 43.2 63.6 67,2
i : AYTER T 78.0 --n 85.2
L 4] TEST
A APIER ¢ —— 64.8 -
’ TEET
o AFTER 8 £9.6 92,4 62.4
L TEET
‘ A/4=28, EACIORY INEXAVLED
BEPORE 7 60,0 63,6 57.8
TERY
DETORE ¢ 61,2 61.2 £0.0
‘ THEY
e BIVORE B 63.6 49.2 64.8
i TEST
AFIER P — —
THSY 80.4
{
AFILR ¢ ¥ .
n 68.4 8.6 7444
AVTRR 8 o
p 69.6 6.6
NOTEY  y w roP lOLE DURING THST

C w CRENPER NOLE DURING 1587
B ow BOTLON HOLY DURING PLEY
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TABLE 20
BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS ~ BOLTS INITIALLY TORQUED TO 245 IN-LBS
TRIDAIR INSERTS
3/8-24, APML INSTALLED
HOLE TORQUE IN-LBS.
LOCATION THST 1 TRST 2 TEST 3
BEFORE 1 174.0 178.8 186
TEST
ro BEFORE ¢ 190.8 181.2 192
L TEST
BEFORE B 1944 199,2 188.4
TEST
APTER T 339, 6 — e
TRST
APTER c - 331,2 320.4
THST
X% TEST
H
i 3/8-24, FACTORY INSTALLED
b BEFORY v 188.4 192 189.6
¢ TEST
1\'4
&E BEYORE ¢ 189.6 204 228
%::' TEST
i
¢ BRIORE B 220.8 206.4 207.6
# TRSY
b i T 302.4 2136 367.2
v
APTER c — ——
‘) THST 2352
e
b AITER B o
- ke 258 327,06
s NO'W' T « TOP UOLE BURTMG TRET
[ C = CRILIEN NOLE DURING FRST
L B w BOTTOM HOLE DURING TEST
b
B
. 39
b

3 - R
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TABLE 21
BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE 4
TESTS - BOLT INITIALLY TORQUED TO 38 IN-LBS '
TORKON _INSERLS
10-32, ATML INSTALLED
HoLY TORQUE IN-L8S,
LOCATTON TEST L UKST 2 TRST 3
il
BEYORE ¢
s .2 30,0 31.2
by BEYORE
Toen ¢ 28.8 3.2 32,4 1
= BEFORE : E
e 28.8 28,8 31.2 3
APTER r . , . &
. AvTE 39,6 3.2 33,6 .
AFTIR g . . . p
§ AT 46,8 20,0 34,8
AYTRER B —— - - {
i TESY
e;;'\‘. | 4
s 10=32, FACTORY INSTALLED !
¢ BEFORE 1 26,4 26,4 26.4
TERT E: .
BEFORE ¢ 30,0 28,2 27.6 P
TRST
BrYORE g 26,4 27.6 27.6 ’
TEST ;
A¥TER
AvIE T 27.6 31,2 32,4 o
APIER ¢ — . -
; TEST -
' APITR ’ , , .
Ao 28,8 30,0 39,6

NOTI T o= TOP HOLE DURING TRRY
€ » CENTER MOLE DURING ‘THST
B » BOTTOM HOLE DURING THST

40
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TABLE 22
BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE
TESTS - BOLT INITIALLY TORQUED TO 70 IN-LBS
| ZORKON nemws
1/4=28, ATML INSTALLED
oy TORQUE IN=LBS.
LOCATION TEST 1 TEST 2 TEST 3
BET'ORYL T 60.0 32.¢ €0.0
TEST
BETORE ¢ 58,8 60.0 8.8
TEST
BREVORE B 6Ll.2 5.2 63,6
THET
AFTRR T 60,0 ——— ———
TEST
APUER ¢ 64,8 60.0 62.4
TBST
AFIER B - 8.8 42,0
1887
;(ﬁ-aﬂ, FACTORY INSTALLED
BEFORE T 57,6 33,2 31.6
R8T
BEPORE c 2.8 5.8 42,0
TEST
HErore B 52,8 57.6 52.8
TE8Y
AVTER T 88,8 - 49,2
TESY
AlITR c 2.8 57,6 50,4
THEY
AFLRR 1] —— 0.8 —~——
TS
NoTR,

T = TOP HOLE DURING TEET
Q = CENIER How DURING YEgT
B = HOLTOM llOLL DUKING TUsT

oy

il
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TABLE 23

BREAKAWAY TORQUE BEFORE AND AFTER FATIGUE

TESTS « BOLTS INITIALLY TORQUED TO 248 IN-LBS

TORKON INSLRTS
3/8=24, APML INSTALLED

HoLY TORQUE IN-LBS.
LOGATION THST 1 THST 2 TEST 3
BEFORE " 196.8 2016 180
TEST
BEFORE 0 230.4 199.2 192
TEBT
BRFORE B 336 i78.8 200, 4
THAT
APTER 1 --- 340.8 230, 8
TU8T
APTER c 284.4 231.6 208.4
TEST
AFITR B 2%6.8 a-— -
THAT
3/6-24, FACTORY LNSTALLED
BRFORY P 177.6 177.6 184,8
Tr8T
BEFORY ¢ 175.2 186 181.2
TesT
BLNORT » 102.4 177.6 193.2
Te87
AFTER —
TRED ¥ 207.6 264
AFTER
TERT ¢ 28,4 me- 228,0
AFEER ;
it B 36,4 246 -
.‘ﬁbTH\ T = T0P HOLE DURTHO 8T

G ow CINTER HOLY DURTIG TRSY
B~ BOTTOM HOLE DURLRG TEST
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TABLE 24

THE AVERAGE BREAKAWAY ROLT TORQUE

BEFORE AND AFTER FATIGUE TESTS °

INSERT SIZE~10~32 SI2E-1/4~28 S1ZE~3/8=24

MANUFACTURER BOLTS INITIALLY BOLTS INITIALLY BOLTS INITIALLY
TORQUED TO 35 IN~LBS TORQUED TO 70 IN-LBS TORQUED TO 243 IN-LBS
BEFORE AFTER BEFCRE AFTER BEFORE AFTER
TEST TEST TEST TEST TEST TEST

KRAYNAR 29.2 29,5 56.1 54,5 198.2 299,7

ROSAN
HELI-COIL
TRIDAIR
LONG=LOK
TORKON

GROOV=-PTIN

32.2
34.0
32,4
33.4
28.7
35.3

3l.4
43.1
38,5
38.4
33.8
46.2

55.2
61.7
60,2
60,6
56.4
61.7

67,4
89.4
75.7
59.9
57.3
69.2

173,3
216.3
199.9
200.2
197.2
194.3

252.1
328.6
308.9
276,6
255.1
300
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Table 25

b RESULTS OF FATIGUE TESTS OF 7076-T73 .
: ALUMINUM ALLOY WITH 1/4-28 THREADED y
4 HOLES AND SMOOTH HOLES 5
SPEC, | CONDITION MAXIMUM | CYCLES TO 4
NO. OF HOLDS STRESS | FAILUKE -
K8I ;
) 2-1 SMOOTH HOLES | 32,0 34,900 b
4 2-2 , 350" DIA. 32,0 43,109
23 MJ " 32,0 21,600 i
% AVERAGE 35,200 i
4 THREADED WITH
e 2=4 1/4-28 Tap for 232.0 31,700 o’
2-5 Helical Coft | 32,0 27,000 f
- 2-6 Insart 32,00 33,200 3
2-7 " 32,0 30,900 !
2-8 " 32,0 30,200 :
2-9 “ 32,0 30,000 {2
¥ AVERAGE 30,507 )
’ THREADED WITH 3
2-10 1/4-28 TAP 32,0 27,300 15
2-11 5 32,0 33,200 ¥

2-12 " 32,0 35,200

kL 2-13 " 32.0 27,900
13 y 3.0 | 29600
j - ’ 2 ’
AVERAGE 30,400 ]
ke 3

. A SR
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TABLE 26
RESULTS OF FATIGUE TESTS OF 7076-T73 ALUMINUM
ALLOY WITH 1/4-28 THREADED INSERTS ONLY
SPHC. INSERT DATA INBRRT MAX, CYCLES TO | COMMINTS
NO, [NO=-BOLT [MANUFACTURER | TART SR, | INSTALLED |9TRESS | PATILURE FAILUR
INSERT BY LoCAT 10N
ONLY
2-4 e KAYNAR K8000-4 APMY. 32,0 24,300 Bottom
2-5 - " " " 32,0 32|‘0°° TGP
208 | == " " " 32,0 | 31,100 |Center
2-14 | - " " KAYNAR 32,0 | 27,400 |®ottom
=18 | == " " " 32.0 44,100 Cent ar
216 | ~e " " " 32.0 | 35,000 |Bottom
24 | -= ROSAN §R-2587, AFML 32,0 | 32,700 |Tep
2-5 -~ " " " 32,0 33,300 Bottonm
26 |- " " " 32,0 | 31,3060 |Tap
2-13 |-- Con " ROSAN 32,0 | 30,300 | Cantar
2-14 | == " " " 32,0 | 30,500 | Center
2=18 | = " " " 32,0 | 50,800 |Top
359 L=bCNW|

2m4 |- HELI=-COIL 0173 APML 32,0 | 130,000 | Canter
2-8 |- " " " 32,0 | 25,500 | dottom
2e6 | ne " " " 32,0 | 35,900 | Bottom
2-13 | == " " HELL~ 32,0 | 34,500 | tTop
2uly |- “ " coIL 32,0 | 32,100 | Center :
2018 | = " " " 32,0 34,600 Conter E
b = TRIDATR PLE =l O APML 32.0 | 41,400 | Top '
2-3 - " m n 32.0 33,500 Bottom
T n " " 32,0 | 31,500 | Center
213 [=~= " " TRIDAIR | 32.0 | 27,800 | Top 4
2=14 | == " " " 32,0 | 238,300 | Top 3
2-18 |- " " n 32,0 | 35,100 | Bottom P
2ed | om LONG=LOK PuD48 AFML 32,0 | 28,600 | Top i %
2.3 e " " " 32,0 37,700 Bottom -
230k | am " " " 32,0 | 30,200 Bottom i
2=13  |um 4 " LONG=LOK | 32,0 | 31,700 | Conter i
2-14 |ne " " " 32.0 | 29,500 | vop s
218 == " " " 42,0 | 28,000 | Conter Co
2-4 ~ TORKON 1 1011 AYML, 33.0 29,000 Hot tom o
2-3  |-w " -119 n 33,0 | 28,200 | Botvom
2e6  {am " " " 33.0 | 27,800 | Top P
2413 |em " " TORKON 33,0 | 26,500 | Cantar Iy
=14 |e- " " " 33.0 24,100 Cent a1 :
2Ly o " " " 33.0 | 24,400 | Bottom ;
27 |am GROOV-PIN | NM=25028~ | AFML 32,0 | 23,700 | Top P
2-8  |-w " «90 " 32,0 | 29,%0 | Top ﬂ
2=10 [m= " " " 32,0 | 22,800 | Bottom “
13 |- " " NROOV-PIN| 32.0 25,400 Conter .
2l |mm " " " 32,0 | 29,300 | Boteom i
2418 | e~ " " " 32,0 | 27,200 | canter

45
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TABLE 34

PERCENTAGE INCREASE OR DECREASE OF THE FATIGUE LIFE OF
7078-773 ALLOY WITH THREADED HOLES WHEN 1/4-28 INSERTS
ARE ADDED OR WHEN INSERTS AND BOLTS ARE ADDED

INSERT 7075-173 ALLOY 7075-T73 ALLOY WITH
MANUFACTURER WITH INSERY INSERT AND BOLT
HFLI-COIL 5.2% 61.4%
TATDAIR 13.4% 49,0%
ROSAN 25. 6% 52.7% o
KAYNAR 6.5% 34.3% '-"-‘;
LONG-LOK - 2.4% 39.8% | -
TORKON ~10.0% DECREASE 22.0% 3 ;,
GROOV=PIN ~12.3% DECREASE 18.8% 8
[
|
! ;
1
|
i
g
53
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TABLE 36

PULL QUT TENSILE STRENGTH AVERAGES OF
INSERTS INSTALLED IN 7075-T73 ALUMINUM

e ol A B e ti Ir L b B i SFeb

THREAD I INSERT TYPE AN INSERT TUNSILE
SI2E MANUFACTURER LENGTH=IN | STRENGTH~LRS.
AVERACE
(L
10-32 Heli~Coil Wire
Heli-Coil Products 0.283 4,538
10-32 Helical Coil Wire
Tridair Inc, 0.285 4,743
10-32 Thin Wall Bushing
Kaynar 0.300 4,636
10-32 Thin Wall Bushing
Rosan 0.290 4,668
10-32 Thin Solid Wall Bushings
Long=Lok 0.290 4,813
10-32 Thin Solid Wall Bushinga
Toxkon 0.290 4,806
10-32 Self=Tapping Bushing
Groov=Pin 0.296 4,849
1/4=-28 Hellcal Coll Wire
Heli~Coil Products 0.375 8,531
1/4=28 Helical Coil Wire
Tridair, Ine. 0.375 9,683
1/4~28 Thin Wall Bushing
Kaynar 0.390 7,920
1/4-28 Thin Wall Bushing
Rosan 0.380 9,753
1/4=28 Thin Solid Wall Bushing
Long-Lok 0.380 10,116
1/4-28 Thin Solid Wall Bushiung
Torkon 0,380 8313
1/4-28 Salf=Tapping Bushing
Groov-Pin 0.37% 8,641

(1) Insert Lengths Are Taken From Manufacturers Spocification
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TABLE 36

PULL QUT TENSILE STRENGTH AVERAGES OF

INSERTS INSTALLED IN 7075-T73 ALUMINUM

(CONTINUED)
THREAD | __INSERT TYPE _AND ‘INSERT TENSILE
SIZE MANUFACTURER [ LENGTH-IN, SI‘R}M&ELBS.
(1)
3/8-24 Helical Coil Wira
Heli~Coil Products 0,862 19,450
3/8-24 Helical Coil Wire
Tridair 0.562 19,650
3/8-24 Thin Wall Bushing
Kaynar 0.570 15,233
3/8<24 Thin Wall Bushing
Rosan 0.560 19,600
3/8=24 Thin So0lid Wall Bushing
Long=Lok 0.560 21,300
g 1/8-24 Thin Soldd Wall Bushing
_ﬁ! Torkon 0,560 22,250
4{ 3/8-24 Sslf~Tapping Bushing
e Groov-Pin 0,362 19,300

st

(1) 1Insert Lengths Ara Taken From Manufacturars Specification




AFML-TR-78-107

TABLE 37

Hali-Coil Products
Scrow Locking CRES=3591-3CNW = 10-32

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUPACTURER -
INSERY TYPE & SLuE -

INSERT COATING - None Usad
BOLY - NAS 1303-3
INSERT MATERIAL! CRES 18-8
BOLT LOCKTUG/UNLOGRTING TONOUD = IN-11S,
CYCLE INSERTS IHSTALLED Y AL INSERTS INOTALLED BY MIG.
SAMPBLE NUMYER
1 2 2 1 2 7
1 9/7 8/7 /7 9.5/8 8,5/7.5 9/8
2 8/7.5 |71.5/7 7/7 7/6.5 |7.5/7.5 8/8
3 114 6/6 6/5 77 /7 8/7.%
4 6/7 6/5.5 6/5 6.5/6.5 7/6.5 7/7.5
5 6/6 5/5 5/5 5.5/5 6/7 6/7
6 5.5/5 5/5 5/58 6.5/6 5.5/5 17
7 5/5 5/5 6/5 6/5.5 6/6 6/7
8 5/5 6/5.5 5/5 6.5/6 6/6 5/5
) 58/5 5/5 7/5 6/5 6/6 5/5
10 6/5.5| 5/5 6/5 6/5 6/6 6/6.5
11 6/8 5/5 6/5 5.5/5 5/5 5.5/5
12 5/5 5/5 5/6 5.5/5 5.5/5 6/6
13 5.5/5 5/5 6/5 5.5/5 5/3 6/6
; 14 5/5 5/5 5/5% 5.5/5 6.5/5% 5.5/5
15 5/5 5/5 5/5 5.5/8 6/5 5.5/5

ﬁi NOTE: Tost in accordanca with MIL-N-25027
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TABLE 38 '
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS V

INSERT MANUFACTURFR - Tridair Industries
INSERT TYPE & SIZLK - Coil Lock 18-8~TLF~3C~028% 10~32

INSERT COATING - Dry ¥Film Lubricant
BOLT ~ NAS 1303-3
INSERT MATERTAL: CRES 18-8
3oL LOCKING/UNLOCKING TORQUE = IN-LBS, 4
CYCLE i INSTRTS INSTALLLD BY MFG. Cd
.
1 Afzf M ?,Ljf N U qﬁﬁ_gvn 2 3 f ;
1 s/s |33 | 32 sis |aos/s | s.s/s | g
2 2/2 414 3/2 5/5 1,5/1.5 5/5 .
3 1/1 4/ 2/2 5/4 11 5/5 P
4 /1 |1.3/1.5 2/2 5/4 11 4/4
5 1/1 12 2/2 *| s/4.8 | 1 04 L
6 1/1 & 2/2 | 4.5/4.5 1 4t L
7 1/1 E;ﬁ 2/2 4,504,5 1/1 416,5 B
8 1/1 P 1.5/1.5 | 4.5/4.58 1/1 404
9 1/1 8 ﬁ 1.5/2 4.5/5 1/1 414
10 /1 - g 2/2 4,515 1/1 4/h
11 11 g § g 2/1 4.5/% 1/1 474
12 1/1 g H 1.5/1 4,5/5 in 414
13 /1 5o 5 1.5/1 4,575 1/1 4/3.5
14 1/1 A g b | 1.5/1 4,515 11 4/35 :
15 1/1 mOM 1 an 4.5/5 /1 4/35 |
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TABLE 39
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER = Long-lek Corperation
INSERT TYPE & S120 - TwSert (TO2P39) 1.0-32
INSERT COATING - Dry Film Lubricant
BOLY =~ NAS 1303-3

INSERT MATERIAL} CRES 188

R T TR o R R

il g ;_ .‘.}‘; e

‘ BOLT LOCKING[UNLOCKINC TOROUL = TN-TNS,
CYCLE [ INSERTS INSTALLLD BY AFML INSLRTS INSTALLED
SANPLE NUMBERR
1 2 3 1 2 1

L 2,5/2 44 44, 4,84 5/% 85

2 2,5/2 3/3 4/3.5] 4,504 4/4 4,5/4.8

3 2/2 3/3 3/3 3/3 4/4 4.804,8

4 2.5/2 3/3 3/3 3/3 NI 44

5 2.5/2.5 3/3 3/3 3/3 404 b/

6 2.5/2.5] 3/3 3/3 3/3 4/4 3.5/3.5

7 2,5/2.5 3/3 3/3 3/3 404 3.5/3.5

8 2.5/2.5] 32,5 3/3 3/3 4/4 3,5/3.5%

9 2.5/2 3/2.5 3/3 3/3 3,5/3.81 3.5/3.%
10 2,5/ 3/2,5| 2.5/2.5] 2.5/2/8% ) 3,5/3.5| 3,5/3.5
11 2.5/2 3/2,5] 2.5/2.5| 2.5/2.5 | 3.5/3.% 3/3.5
12 2.5/2 3/2.5| 2.5/2.5| 2.5/2.5 414 3/3.5
13 2/2 3/2.% 2,5/2,5) 2.5/2.5 41y 3/3.5
14 2/2 3/2.5| 2.5/2.5] 2.5/2.% 414 3/3.5
15 2/2 3/2.5| 2.5/2.5] 2.5/2,5 | 3,5/3.5 3/3.5
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B TABLE 40 i
5 ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS 4
INSERT MANUFACTURLR = Torkon Fastener Corporation ;
YNSERT TYPE & SIZE =  Threadline (TL 1011-117) 10-32 %
INSERT COATING = 2
poLy = NAS-1303-3 4
INSERT MATERIAL! CRES 188 Y
L LACKTNG/UNLOCKTNG TOROUI = TH-LRS, | o
CYCLE [INSERTS INSTALLED BY AFWL | LINSCRTS INSTALLLD DY MrGe | o
SAMPLE NUMDER o
_]; 2 3 k| 2 k] : ‘ ’
.
1 1 |6.5/7 8/7 6/5 8/8 6/6 .
k 2 6/6 5/6 6/6 6/5 11 6/6 e
i 3 6/6 5/5 6/6 6/3 6/6 4/4 X
4 6/7 17 6/7 4/4 6/6 4f4
Rt s 5.5/6 6/6.5 [6.5/6.5 | 4/4 6/6 4/3 L
N 6 5.5/6 5.5/5.5 [6.5/7 414,58 5/6 3.5/3 2
i 7 5.5/5.5 | 8/5.5 | 6/6.5 | 4/4 575 4/3.5 o
8 5/3 5/5 ik 4/4 5/5 4/3.5 -
9 5.5/5 5/5 |6.5/7 4/4 5/5 3.5/3 F
30 5.5/5 5/5 717 414 5/5 3/3
11 5/5 5/5  [6.5/6.5 | 4/4 5/5 3/3
12 5/5 44 6,577 4/4 5/4 2,5/2.%
13 5/5 4/4 5.5/5 3/4 5/5 2,5/2.5 ,
24 5/5 44 6/6 3/4 414 2.5/2.5 f
15 575 3/3 6/6 374 4/4 2.5/2.8 |
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TABLE 41

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER =  Rosan
INSERT TYPW & SI2E = Slim Sert (SR-192t) 10-32

INSERT COATING - Dry Film Lubricant
BOLY w NAS 1303-3
INSERT MATERTAL! 17-4 PH Stainless Staal
. | _BOLT LOCKING/UNLOCKING TOWQUE = IN-LRS.
CYCLE [TINSERTS INSIALLLD BY AUML | INSERTS INSTALLED BY MG,
SAMPLE NUMBER
) 2 3 1 2 3

1 9/7.5 14/12 | 9/8 15/13.5 [ 10/8 16/15

2 10/10 15/15 | 6/5 17/14 10/8 16/16

3 "7 13.5/12.5] 6/3 15/14 |[9.5/8 15/14.5

4 8.5/8 11,5/11 |5,5/5 13,5/12.5 7/6 14/12,8

5 7/8 10/10 | 5/4.5 |12.5/11 6.5/6 12,5/11.5

6 6/7 10/9 8/5 11.5/11 | 6.5/6 9/9

7 6/5 9/7 8/4 11/10 5/5 10/9

8 6/5 9/8 5/4 11/10  [6.5/5 11/10

9 5/5 a/8 5/4 10/9.5 5/5 11/9
10 6/6 B.5/8 5/4.5 10/10 5/5 9/7
11 6.5/% 8.5/5 [4.5/4 11/10 6/5.8 8/7.5 :
12 5/3 10/9 | 44  [10.5/10 6/5.5 | 8/8.5 3
13 6/6 8/6 | 4/4 11/10 5/5 8/8.% ;
14 6/6 8/6 | 4/3.5 | 11/10 |s5.5/5 |8.5/8 :
15 6/6 8/8 4/3.5 |10.5/10 5/5 8/7 ;
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TABLE 42
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER = Groov=Pin Corporation
INSERT TYPE & SIZE = Tap'Lok (NM 19032-90) 10-32 NYLOK
INSERT COATING -

BOLT - NAS-1303-3
INSERT MATERIAL: Hardened Stainlass Steal
LOCKING/UNLOGKING TORQUE ~ IN-LRS,
CYCLE [ INSERTS INSTALLED BY AFML INSERTS INSTALLED LY MFG.
SAMPLE NUMBER
1 2 3 1 , 2 3

1 10/8 9/8 9/7 9/8 12/12 12/8

2 10/8,5 | 8/7 6/6 17 11/9% 9/6

3 117 6/6 6/6 717 9/8 8/8

4 7117 6/6 6/5.5 6/7 717 717
5 717 6/6 5/5 6/7 217 8/8

6 6/6 5.5/5.5 5/5 6/6 717 717

7 6.5/6.5 5/5 4,515 6/6 17k 6/6

8 6/6 5/4 4,575 5.5/6 6.5/6.5 6/5

9 6/6 4.5/4.5 4/5 6/6 174 6/6
10 5/5 4/4,5 4/5 5.5/6 " 6/6
11 5/5 4145 5/5 5.5/6 777 6/5.5
12 5/% 4.5/4.5 4/4 6/6 7/ 5.5/5.,5
13 5/5 4,.5/4.5 4/ 6/6 717 5.5/5.5
14 5/5 4/4 4/4 6/6 27 5.5/5.5
15 5/5 bl4 4/4 6/6 717 5.5/5.5

63
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TABLE 43
ROOM TEMPERATURE LOCKING UNLOCKING TOPQUE TESTS

INSERT MANUFACTURER ~  Kaynar
INSERT TYFE & SIZE - Thin Wall Self Locking (K8000-3) 10-32
INSERT COATING - Cadmium Plated & Kaylube Moly-disulfide Dry Film Lubdbu,
BOLT ~ NAS-1303-3
INSERT MATERIAL: Alloy Steel, Heat Treated
_ BOLT J.OCKTNG/UNLUCKING TORQUE - IN-LRS.
CYGLE |TINSCRTS INSTALLED BY AFML INSERTS INSTALLED BY HEG.
SAMPLE NUMBER
1 2 3 1 d_2 3 ;
1 8.4/9.6/8.4/7 6.0/5.5 f
2 8.4/8.0{8.5/7 6.0/5.5 b
3 6.0/6.0] 8.0/7 6.0/5.0
4 6.0/6.0/8.0/7 6.0/5.5 |
5 6.0/6.0/8.0/7 5.5/5.0 ;
6 6.0/5.5 7.5/7 5.5/5.0 k
? 5.5/5.5]7.5/7 5.0/5.0 i
8 5.5/6.0]7.0/6.5 | 5.0/5.0 A
9 6.0/6.0{7.0/6.5 | 5.0/5.0 1 3
10 5.5/5.0(7.0/6.0 | 5.0/4.8 ? %
1), 5.5/5.0{7.0/6.0 | 5.0/4.8 4
12 505/5.0 7-0/6;0 5-0/‘0-8 -g
13 5.4/5.017.0/6.0 | 5.0/4.5 i
14 5.4/5.007.0/6.0 | 5.0/4.5
15 5,4/5.0{7.0/6.0 | 5.0/4.5
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TABLE 44
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS
INSERT MANUFACTURER -  Heli-Coil Products
INSERY TYPE & SIZE - Scréw Locking, CRES-3591-4CNW - 1/4-28
INSERT COATING - None Used
ROLY - NAS-1304-~5
INSERT MATERIAL: CRES 18-8
BOLT LGCKING/UNLOCKING TORC
CYCLE [ INSERTS INSTALLED BY AIMIL
SAMFLE NUMBER
1| 2 3 1 2 3
1 23/20 | z0/20 22/19 22/20 24/20 22/18
2 21/20 | 19/19 217/27 20/18 20/20 16/1.6
3 2120 | 18/18 17/16 | 16/16 20/22 16/14
4 20/19 | 20/18 ‘| 17/16 16/18 20/18 14/14
5 18/18 | 18/17 16/15 16/14 18/18 12/11
6 18/16 | 16/16 16/16 14/14 16/16 12/11
7 15/35 | 16/16 16/16 14/15 18/17 12/11
8 15/15 | 17/16 15/15 15/15 16/16 12/11
9 15/14 | 17/16 15/15 15/15 16/16 12/11
10 15/15 { 16/26 | 13/12 14/14 16/16 12/11
11 14/14 17/16 13/12 14/15 16/17 12/11
12 14714 | 16/16 13/13 14/14 17/17 12/11
13 14/14 | 16/16 13/12 14/14 17/16 12/11
14 14/14 | 15/14 13/12 13/13 15/14 12/11
18 14/14 | 15/14 13/12 13/13 15/14 12/11
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TABLE 45

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS
INSERT MANUFACTURER =  Tridair Industriles

INSERT TYPE & SIZE -  Coil Lock - 18-8-TLF~4C-0375 - 1/4~28
INSERT COATING - Dry Film Lubricant
BOLT - NAS-1304-5
INSERT MATERTAL: CRES 18-8
| BOLT LOCKTNG/UNLOCRING TOROUE - IN-LBS. -
CYCLL |TINSERTS INSTALLED BY AWML | INSERTS INSTALLED BY WFG. 3
SAMPLE NUMBER ?
1 2_ 3 1 2 3 H
1 26722 | 20/18 | 22/22 | 24/24 | 23/22 | 20/20 E
2 24/23 | 20/18 21/21 24/24 23/22 20/19 g
3 24/23 | 20/18 | 21/21 | 23/23 | 22/22 | 19/19 !
4 24/23 | 20/18 | 20/21 | 23/22 | 22/22 | 19/18 i
5 24/23 | 20/18 | 20/20 | 22/22 | 22/21 | 19/18 1
6 24/23 | 20/18 | 20/20 | 22/21 | 20/20 | 18/18 :
7 21/21 | 20028 | 2020 | 21/20 [ 20/20 | 18/19 k
8 22/22 | 20/18 | 19719 | 21/21 | 20/20 | 18/17 i
9 22/22 | 20118 | 19/19 | 2/21 | 20720 | 18/18 1
10 22/22 | 20/18 | 19/20 | 21/21 | 20/19 | 17/18
11 22/22 | 20/18 | 20/20 | 20/20 | 18/17 | 18/19
12 22/22 | 20/18 | 19/20 | 20/21 | 18/1y | 18/18
13 22/22 | 20/18 | 19/19 | 20/20 | 18/18 | 18/1B
14 22/22 | 20/18 | 19/19 | 20/20 | 18/18 | 18/17
15 22/22 | 20/18 | 1s/19 | 20/20 | 18/18 | 18/18
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TABLE 46

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACIURER -  Lonmg-Lok Corporation
INSERT TYPE & SIZE -  T-Sert (T048P59) 1/4-28

ol s, gl ke v AL

INSERT COATING - Dry Iilm Lubricant 3
BOLT -~ ' NAS-1304~5 E
INSERT MATERIAL: CRES 18-8 -
' BOLT LOCRING/UNLOCKING TORQUE = IN-LBS. | g 'i
CYCLE | INSERTS INSTALLED BY AFML INSERTS INSTALLED BY MFG. ; .
SAMPLE NUMBER ! ﬁ
1 2 a1 2 3 : ¢
1 4/2 2/2 3/4 6/6 8/8 5/5 :
2 2/3 2/2 3/3 6/5 /7 5/5 2
3 2/2 2/2 4/3 6/5 6/7 5/5 4
4 2/2 2/2 3/3 6/6 6/6 4/4
5 2/2 2/2 3/3 6/6 6/6 4/5 ;
6 2/2 2/2 2/3 6/6 6/6 415 [
7 2/2 2/2 2/2 6/5 6/6 4/4 3
8 2/2 2/2 2/2 6/5 6/6 44 1
9 2/2 2/2 2/2 6/5 6/6 4/4 3
10 2/2 2/2 2/2 6/5 6/6 4/4 3
11 2/2 2/2 2/2 5/5 6/6 4/4 3
12 2/2 2/2 2/2 5/5 6/6 4/4 3
13 2/2 2/2 2/2 5/5 6/6 44 | ;
14 2/2 2/2 2/2 5/5 6/6 4/3 ! -
15 2/2 2/2 2/2 5/5 6/6 4/3 ! |
] 7
| ,
67 3
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;. TABLE 47
ﬁ}; ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

QQ, ' INSERT MANUFACTURER -  Torken Fastener Corporation
" INSERT TYPE & SIZE ~  Threadline (T4 1011-119) 1/4-28

e INSERY COATING -
2 BOLT ~ NAS-1304-5

K INSERT MATERIAL: CRES 18-8

“ , BOLT LOCKING/UNMLOCKING 'TORQUE - TN-1BS.

ik CYCLE [ INSERLS INSTALLED BY AFML INSERTS INSTALLED BY MFG,

. SAMPLE NUMBER

5 1 2 3 1 2 3

4 1 20/20 | 28/24 | 25/25 | 30/28 | 2s/23 | 27/25

&y 2 18/18 | 20/19 | 25/24 | 25/23 20/20 24/23

k. 3 18/17 | 20719 | 26/24 | 19/18 | 1919 |  20/20

= 4 17/16 | 20/20 | 24/23 | 15/14 17/18 19/19

i L5 17/16 18/16 | 23/23 15/14 17/17 19/19

A 6 17/16 16/15 | 20/22 16/14 16/16 17/17

z 7 17/16 | 15/15 | 16/15 | 13/12 16/16 17/16

3 8 17/15 | 15/15 | 16/16 | 13/12 16/16 16/16

. 9 15215 | 15734 | 1515 | 13412 16/15 16/16

10 15/15 15/15 | 15/14 13/12 15/14 15/15 !

, 11 15/15 14/14 | 13/14 14/12 14/14 13/13 Z
L 12 14/15 | 14/14 | 14/13 | 13/12 14/14 13/13 ;
9 13 1415 | 14/ | 14713 | 13712 | 14/14 13/13 :
E 24 14/15 | 14/14 | 14713 | 1312 14/14 13/13 '
g 15 15/15 | 14/14 | 16713 | 13/12 14/14 13/13 2
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ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

TABLE 48

INSERT MAMNUFACTURER = Kaynar

INSERT 1YVE & SIZE -

INSERT COATING -

BOLT =~

INSERT MATERIAL:

NAS-1304-5
Alloy Stecel, Heat Treated

Thin Wall Self-Locking (KB000-4) 1/4-28
Cadmium Plated & Raylube Moly-disulfide Dry Film Lube,

BOLT LOCKING/UNLOCKING TORQUE = IN-LBS.

CYCLE | LNSERTS INSTALLED BY AFNL™ | INSLRTS INSTALLED BY MIG,
SAMPLE NUMBER
1 2 3 1 2 3
1 24/24 24/23 | 25/23 30/30 26/26 28/25
2 20/20 18/20 | 23/21 28/28 24/24 26/24
3 19/18 19/19 | 20/20 28/28 24/24 25/23
4 19/18 19/20 | 20/19 28/28 22/22 22/22
5 19/18 18/19 | 18/18 28/28 22/22 22/21
6 19/18 18/20 | 18/18 26/26 22/23 22/20
7 13/18 13/19 | 18/18 26/26 22/23 22/20
8 19/18 18/19 | 19/18 26/26 22/23 21/21
) 19/18 19/19 | 18/18 26/26 22/22 21/21
10 19/18 18/19 | 18/17 26/26 22/22 20/20
11 19/18 18/19 17/18 24/ 24 22/21 20/20
12 19/18 18/19 | 17/17 24/24 22/21 20/20
13 19/18 18/19 | 17/18 24/24 20/20 20/19
14 19/18 | 18/19 | 17717 | 24/24 20/20 20/20
15 19/18 18/19 | 17/17 24/24 20/20 20/19
69
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ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER =
INSERT TYPR & SIZE -
INSERT COATING -

TABLE 49

Rosan
Slim Sert (SR 258L) 1/4-28

Dry Film Lubricant

BOLY ~ NAS 1304-5
INSERT MATERIAL: 17-4 PR Stainlesg Steel
| BOLT LOCKING/UNLOCKTNG TOROUE - IN-LES,
CYCLE INSENTS INSTALLED BY AFML INSERTY INSTALLED DY MFG.
S AMPLE NUMBER
i 2 3 1 2 3
1 28/28 30/29 28/28 30/26 30/26 29/27
2 26/27 25/25 27/26 24/24 20/20 25/24
3 26/27 25/25 28/27 24/24 23/19 25/24
4 24725 25/24 26/26 26/22 21/21 25/25
5 24724 24/24 26/25 22/20 22/2) 23/23
6 23/23 24/24 26/24 22/20 24/20 23/23
7 23/23 23/24 24/24 22/20 21/21 23/22
8 23/22 23/24 23/23 22/20 22/22 23/22
9 21/22 24/24 23/23 22/20 21/21 23/23
10 21/21 23/24 | 23/22 21/20 20/21 23/22
11 21/20 23/23 | 22/23 21/20 22/22 22/21
12 20/20 22/22 22/22 21/20 22/21 23/21
13 20/20 22/22 21/21 21/21 21/21 22/22
14 20/20 22/21 22/21 21/21 21/21 22722
15 20/20 22/21 | 21/22 21/21 21/21 22/22
N
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TABLE 50 ; g
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS i
: i

INSERT MANUFACTURER -  Groov-Pin Corporation i

INSERT TYPE & SIZE = Tap Lok (NM-25028-90) 1/4-28 NYLOK 1

INSERT COATING = i

BOLT - NAS 1304=5 H

INSERT MATERIAL: Hardened Stainless Steel §

§
BOLT LOCKING/UNLOCKING TORQUE < IN-LTS. K
CYCLE [ INSERTS INSTALLED BY ATMI INSERTS 1NSTALLED BY MFC.
SAMPLE NUMBER
1 2 3 1 2 3.
: |
1 18/16 16/14 18/15 14/12 16/14 19/18 5
2 10/10 10/10 12/12 10/10 16/14 10/10 ?
3 10/10 10/10 12/11 9/8 13/13 10/10 ;
4 9/9 10/10 11/11 9/8 13/13 10/10 :
5 9/8 9/8 11/11 8/8 12/11 10/10
6 8/8 10/10 11/11 8/8 12/12 10/10
7 8/8 10/10 11/10 8/8 11/12 10/10
8 8/9 10/10 10/10 8/7 1/11 10/10
9 8/9 10/10 10/10 8/7 11/10 10/10

10 8/¢ 10/10 10/10 8/7 10/10 10/10

11 8/8 10/10 9/9 8/7 10/10 10/10

12 8/8 10/10 9/9 8/7 10/9 10/10

13 9/9 10/10 9/8 8/7 8/9 10/10 ;

14 8/8 10/10 9/8 8/7 8/8 10/10 ?

15 8/8 10/2.0 a/9 8/7 8/8 10/16 l
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TABLE 51
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER =  Heli-Coil Products ¥
INSERT TYPL & SIZE - Serew Locking, CRES 3591-6CN -~ 3/8-24 f
INSERT COATING ~ None Used :
BOLT = MS-21250 :
INSERT MATPRIAL! CRES 18-8 3
~ BOLT LOCKTNG/UNLOCKING TORQUE ~ IN-LNS, H §
CYCLE [ INSERTS INSTALLED BY AFML INSCRTS INSTALLED BY MFG. ;
SAMPLE NUMBER f
1 2 3 1 2 3
1 70/60 | 70/70 | 65/65 | 70/70 80/70 80/65 ;
2 65/60 65/65 | 65/60 60/50 60/60 65/65 '
3 55/50 60/55 65/55 55/50 60/60 60/65
4 60/55 60/55 60/55 60/55 55/55 55/55
5 55/55 55/55 | 55/50 65/60 55/50 50/50
6 55/55 50/55 55/55 65/65 55/50 50/50
? 55/50 50/50 | 50/50 55/60 50/50 50/50
8 50/50 50/50 | 50/45 50/50 50/50 50/50
9 50/45 45/50 | 50/45 50/50 50/50 45/45
10 45/45 45/45 | 45/45 45/40 50/50 45745
11 h5/45 45/45 | 45/40 40/40 50/45 45/40
9 19 45/45 45/40 | 45/40 40/40 50/45 40/40
b 13 45745 40/40 | 45/50 30/30 45/45 40740
: 14 45745 | 40/40 | 45/40 | 30/30 45/45 40/40
15 45/45 40/40 | 40/40 30/30 45/45 40/45
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? TABLE 52
g{ ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS
%: INSERT MANUFACTURER =  Tridair Industrics
. INSERT TYPE & SIZE - Coil Lock-18-8-TLF-6C-0562 ~ 3/8-24
3 INSERT COATLING = None Used
%i BOLT = M§~2150
i INSERT MATERIAL: CRES 18-8
BOLT LOCKING/UNLOGKING TORQUE = IN-LBS.
CYCLE [ INSERTS INSTALLED DY AFML INSERTS INSTALLLD BY NIG.
SAMPLE_ NUMBLER
1 2 3 ), 2 3
b} 45/45 40/40 | 45/40 40/40 45/40 45/45
2 40/40 40/35 | 35/40 30/30 35/40 35/35
3 40/35 35/30 | 35/40 30/25 40/35 35/35
4 35/35 35/30 | 35/35 30/25 35/35 35/30
5 35/35 35/30 | 35/3s 28/26 30/30 35/30
6 35/30 30/30 | 35/30 28/26 25/25 35/30
7 30/30 | 30/25 | 30/30 26/25 25/25 30/30
8 30/30 30/2% | 30/30 26/25 25/25 30/30
9 30/25 25/25 | 30/2% 25/25 30/22 25/25
10 25/3n 25/25 25/30 25/26 25/25 25/25
11 25/28 25/26 | 25/25 23/24 25/25 30/25
12 25/25 25/26 | 25/25 24/23 25/25 25/25
13 25/25 25/25 | 25/25 24/23 25/25 25/25
- 14 25/25 25/25 | 25/25 24/23 25/25 25/25
! 15 25/25 25/25 | 25/28 24/23 25/25 25/25
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TABLE §3

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER ~ Long=-Lok Corporation
INSERT TYPE & SIZE -  T-Serts (T064P59) 3/8-24

INSERT COATING - Dry Tilm Lubricant
BOLT ~ M$-21250
INSERT MATERIAL: CRLES 18-8

narr LOCKING/UNLOCKING TORQUE - IN-1RS,
CYCLL INSER'LS INSTALLLD BY AIML TNSERTE INSTALLED BY MIG.
SAMPLE NUMBER
i 2 3 1 2 3
1 10/10 20/20 | 15/15 18/18 15/15 13/13
2 10/10 10/15 | 15/15 18/17 15/13 13/11
3 10/10 10/15 | 15/14 18/17 15/13 13/13
4 10/10 15/15 | 15/14 17/16 15/13 12/12
5 w/10 | 15/15 | 15/18 | 17/17 10/12 12/12
6 10/10 10/13 | 15/14 17/15 10/12 13/12
7 10/10 10/12 | 12/13 16/14 10/11 12/11
8 10/10 10/10 | 12/13 16/14 10/11 11/12
9 10/10 10/10 | 12/12 15/12 10/10 11/10 :
10 10/10 | 10/20 | 12722 | 15/12 10/10 12/11 &
11 10/9 10/9 10/11 13/10 10/10 11/10 '
12 9/9 10/9 10/12 13/10 10/1.0 11/10
13 9/8 10/9 10/10 10/11 10/10 10/10
14 9/9 10/9 10/10 11/10 10/9 10/10
15 9/9 10/9 10/10
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e
o TABLE 54
8
£ ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS
?HJ INSERT MANUFACTURER - Torkon Fastener Corporation
1o INSERT 1YPE & SIZE - Threadline (T1 1011-223) 3/8-24

128 INSERT COATING - Dry Film Lubricant

. BOLT ~- MS-21250

INSERT MATERTAL: CRES 18-8

BOLT LOCKING/UNLOCKING TORQUE = TN-LRS,
CYCLE | INSERTS INSTALLED BY AFML INSERTS 1HSTALLED BY MFC.
' SAMPLE NUMBER
1 7 3 1 2 3

1 55/55 40740 | 50/50 50/50 45/45 55/50 ‘
2 50/45 30/30 | 50/45 45/45 40/40 50/50 E
3 45/40 | 30/35 | 45/45 | 45/50 40/35 50/45 1
4 40/35 | 30/30 | 45/40 | 45/40 40/30 45/45 3
5 30/30 | 30/30 | 40/40 | 40/40 40/30 40/40 9
6 30/40 | 30/25 | 40/4s | 40735 30/30 40/35 A
? 35/35 | 30/25 | 35/35 | 35/35 30/30 35/35 3
8 35/35 | 30/25 | 35040 | 35/35 30/35 35/40 E
g 30/35 | 2s/25 | 35/30 35/30 30/30 35/35 3
10 30/35 | 25/25 | 30/30 | 30/35 30/25 30/25 3
1n 30/35 | 25/25 | 30/30 | 30/35 30/25 30/30 4
12 30/35 | 25/25 | 25/25 30/30 25/30 30/30 3
13 35/35 25/25 | 25/25 30/30 25/25 20/25 i
14 30/30 | 25/20 | 25/25 30/30 25/20 30/25 ;
15 30/30 | 25/20 | 25/25 30/30 25/20 30/25 %
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TABLE 55
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS
INSERT MANUFACTURER -  Kaynar

INSERT TYPE & SIZE -  Thin Wall, Self-Locking (K8000-8) 3/8-24
INSERT COATING ~ Cadmium Plated & Kaylube Moly-disulfide Dry Film Lubae.
BOLY - MS-21250
INSERT MATERIAL: Alloy Steel, Hoat-Treated
[ BOLT LOCKING/UNLOCKING TORQUE ~ IN-LBS,
CYCLE | INSERTS IMSTALLED BY AFML | LNSERES INSTALLED BY MFG.
SAMPLE NUMBER ‘
1 2 3 1 2 3 3
) 65765 | 70/65 | 60/60 | 65/65 60/60 65/65 :
2 50/50 55/55 | 60/55 60/60 55/50 60/60 %
3 50/50 50/50 | 55/50 55/60 55/55 60/65
4 47/50 | 50/50 | 40/42 | 55/55 55/50 55/55 k
5 45/50 50/50 | 45/45 55/50 50/45 $5/50 j
6 45/50 | 50/50 | 45/45 | 50/50 50/45 50/50 ]
7 40/45 | 50/50 | 45/45 | 45/45 40/40 45/50 ]
8 40/45 50/50 | 45/45 | 45/40 40/40 45/45 4
9 45/50 50/50 | 45/45 45/50 40/45 45/45 3
10 45/50 50/50 | 42745 45145 40/40 45/45 P
11 45/50 45/50 | 45/45 40740 40/40 45/45 )
12 40145 50/50 45/45 40/45 40/40 45/40 .
13 40/45 45/45 | 45/45 40740 40/40 45/40 :
14 40/45 45/45 | 45745 40/40 40740 45140 #
15 4o/4s | 45145 | 4s/60 | 40/40 40/40 45140 i
|
|
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TABLE 56
ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS i
INSERT MANUFACTURER ~  Rosan ;-
INSERT TYPL & SIZE -  Slim Sert (SR 374L) 3/8-24 3
INSERT COATING - Dry Film Lubricant !
BOLT - MS-21250
INSERT MATERIAL: 17-4 PY Stainless Steel

_BOLT_LOCKING/UNLOCKING TOROIE = IN-LBS, 3

CYCLE INRERTS INSTALLED BY AFML | INSERTS INSTALLED BY MYG.
SAMPLE NUMBER 1

1 2 3 L. 2 3 i 9

1 8o/75 | 85/80 | 75/75 | 85/80 70/70 75/7s 3
2 70/70 | vs/75 | 18775 75/70 70/70 70/70 4
3 70/70 | 78/75 | 70/70 | 75/75 70/75 70/70 1
4 70/70 | so/80 | r0/70 | 80/80 70/70 75/70 3
5 70/70 | 80/80 | 70/70 | 75/78 70/65 70/65 P2
6 70/70 | 80/80 | 70/70 | 75/70 70/65 70/70 -
7 10/70 | 75175 | 10/70 | 70770 65/65 70/70 1
8 70770 | 70/75 | 70175 | 70/70 65/65 70/65 !
9 70/70 70/70 70/65 70/15 65/65 70/65 4
10 70/70 | 70/70 | 65/65 | 70/70 65/65 70/65 4
11 70/70 | 70/70 | 65/65 | 70/70 65/60 70/65 i
12 70/70 | 70/70 | 65/65 | 70768 65/60 70/65 3
13 70/70 | 710170 | 65/65 70/65 65/60 70/65 E
T 70065 | 70/70 | 65/65 | 70/65 65/60 70/65 3
15 70/65 | 70/70 | 65/65 | 70/65 65/60 70/65 :
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TABLE 57

ROOM TEMPERATURE LOCKING UNLOCKING TORQUE TESTS

INSERT MANUFACTURER ~ Groov-Pin Corporatlon

INSERT TYPE & SIZE -  Top Lok (NM 37524-90) 3/8«24 NYLOK

INSERT COATING ~
BOLT - M8-21250

INSERT MATERIAL: Hardened Stainless Steel

wa daihedts.

BOL™T,LOCY.INHC/UNLOCKING TOROUE ~ IN-LES.
CYCLEZ [ INSERTS LIUSTALLED IY AFHL TWSERTS INSVALLED BY MNIG.
SAMPYLE NUMBXER
1 2 3 1 2 3
1 50745 45/35 | 45/45 46/40 50/50 45145
2 30/30 30/30 | 40/40 40/40 40/35 40/40
3 25/25 30/30 | 40/40 40/35 30/30 35/40
4 20/20 25/25 | 35/40 35/35 30/25 35/35
5 20/20 25/25 | 35/35 35/30 25/25 25/25
6 20/20 20/25 | 25/25 20/20 25/20 20/20
7 15/15 20/20 25/20 15/15 14/15 14114
8 15/15 20/15 20/20 15/15 14/15 14/14
9 15/15 15/14 | 20/20 15/15 15/15 14/14
10 15/15 15/15 | 15/15 15/15 15/15 14714
11 15/15 15/14 | 15/15 15/15 14/14 13/14
12 15/15 14/14 | 15/15 15/15 14714 13/14
13 15/15 14/14 | 15/15 15/15 14/14 13/13
14 15/15 14/14 15/15 15/14 14/14 13/13
15 15/15 14/14 | 15/15 15/15 14/14 13/13
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AFML-TR-78-107

TABLE 58

AVERAGES OF THE FIRST CYCLE, SEVENTH CYCLE AND FIFTEENTH CYCLE
OF THE LOCKING AND BREAKAWAY TORQUE TEST FOR EACH SIZE INSERT
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Figure 11. Fatigue Specimen with Inserts and Bolts Installed
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Figure 12. Fatigue Specimen in MTS Universal Test Machine }
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Figure 18. Insert Pull Out Specimens and Corrosion Specimen
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Figure 22.

LA
Groov=Pin Long=Lok

Close-up of Fatigue Failure of Specimens with Groov-Pin and
Long-Lok 10-32 Size Inserts. Inserts Installed by Manufacture.
Torqued Bolts in Insert During Tests.

Figure 23.

Rosan Tridair Hel{-Coil

Close-up of Fatigue Failures of Specimens with Rosan, Tridair,
and Heli-Coil 10-32 Size Insert. Inserts Installed by Manufacture.
Torqued Bolts in Inserts During Tests.
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Long=-Lok Rosan Kaynar

Figure 24. Close-up of Fatigue Failures of Specimens with Long-Lok, Rosan,
and Kaynar 10-32 Size Inserts. Inserts Installed by AFML.
Torqued Bolts in Inserts During Tests.

Tridair Groov-Pin

Figure 25. Clnse-up of Fatigue Failures of Specimens with Tridair and
Groov-Pin 10-32 Size Inserts. Inserts Installed by AFML.
Torqued Bolts in Inserts During Tests.,
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5
' Hel1=Coi1
: Figure 26. Close-up of Fatigue Failure of Specimen with Heli{-Coil Insert.
= Insert Installed by AFML. Torqued Bolts in Insert During Test.
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Finure 27. Close-up of Fatigue Failyre of Specimens with Rosan and Groov-Pin
1/4-28 Size Insert. Inserts Installed by Manufacture. Torqued

Bolts in Insert; During Tests. 1
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: Tridair Long~Lok

il Figure 28, Close-up of Fatigue Failures of Specimens with Tridair and

e Long-Lok 1/4-28 Size Inserts. Inserts Installed by Manufacture.
vz&; Torqued Bolts in Inserts During Tests,
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b
i Heli-Coil
1

Figure 29. Close-up of Fatigue Failure of Specimens with Heli-Coil 1/4-28
Size Inserts. Torqued Bolts in Inserts During Tests.
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Figure 30, Close-up of Fatigue Failure of Specimens with Heli-Coil 1/4-28
Size Insert. Inserts Installed by AFML. Torqued Bolt in
Inserts During Test,

~.w-'+

Hmm:umfm; T ILw{Hm

o e,

Rosan Groav-Pin Long-L ok
Figure 31. Close-up of Fatigue Failure of Specimens with Rosan, Groov-Pin,

and Long~Lok 1/4-28 Size Insert. Inserts Installed by AFML.
No Bolt in Inserts.
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L Figure 32. C1ose-up of Fat1gue Faﬂure of Spec‘lmens with Heli-Coil,
v Tridair, and Kaynar 1/4-28 Size Inserts. Inserts Installed
3. by AFML. No Bolt in Inserts.
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Figure 33. Close-up of Fatigue Failures of Specimens with No Inserts,
1/4 Inch Diameter Holes.
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Figure 34, Close-up of Fatigue Failure of Specimen with Rosan and
Kaynar 1/4-28 Size Inserts. Inserts Installed by AFML,
Torqued Bolts in Inserts During Tests,

i 3
i ‘ p
£ Figure 35, Close-up of Fatigue Failures of Specimens with Groov-Pin !
g and Tridair 1/4-28 Size Inserts. Inserts Installed by !
. AFML. Torqued Bolts in Inserts During Tests.
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Figure 36, Close-up of Fatigue Failure of Specimens with Long-Lok Insert.
Inserts Installed by AFML, Torqued Bolts in Inserts During
Test.
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Figure 37. Close-up of Fatigue Failures of Specimens with Long-Lok and
Heli-Cail 3/8-24 Size Inserts. Inserts Installed by AFML.
Torqued Bolts in Inserts During Tests.
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- N . : 4 :
Figure 38, Close-up of Fatigue Fracture of Specimens with Tridair 3/8-24
Size Insert. Insert Installed by AFML. Torqued Bolt in Inserts
During Test.
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Figure 39, Close-up of Fatigue Fajlures of Specimens with Groov-Pin and i
Rosan 3/8-24 Size Inserts. Inserts Installed by AFML. Torqued ]
Bolts in Inserts During Tests. E
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? Figure 40. Close-up of Fatigue Failure of Specimens with Tridair and

i . Groov-Pin 1/4-28 Size Insert. Inserts Installed by Manufacture.
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Flgure 41. Close-up of Fatigue Failures of Specimen with Rosan and Tridair

3/8-24 Size Inserts. Inserts Installed by Manufacture. Turqued
Bolts in Inserts During Tests.
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Figure 42, Close-up of Fatigue Failure of Specimens with Groov-Pin Size
Inserts, Inserts Installed by Manufacture. Torgqued Bolts

A in Inserts During Test,
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Figure 43. Close-up of Fatigue Failure of Specimens with Heli-Coil 3/8-24
Size Inserts. Inserts Installed by Manufacture. Torqued Bolts

in Inserts During Test
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Figure 44, Close-up of Fatigue Failure of Specimens with Heli-Coll and

Rosan 1/4-28 Size Inserts. Inserts Installed by Manufacture.
No Bolt in Inserts.
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Figure 45, Close-up of Fatigue Failure of Specimens with Long-Lok 1/4-28
Size Inserts. Inserts Installed by Manufacture. No Bolts
in Inserts,
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Figure 47. Corrosion Specimen
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Figure 54, Corrosion of Parent Material Surface
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Figure 55. Corrosion Specimen with Bolt Removed
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Figure 57. Corrosion Specimen after Cleaning
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Figure 58. Corrosfon Specimen after Cleaning

Figure 59. Corrosior Specimen after Cleaning
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Figure 60. Corrosion Specimen after Cleaning
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Figure 61. Corrosion Specimen after Cleaning
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- Figure 62. Corrosion Specimen after Cleaning

122

k-
k. EPRT T
o e b sk o




AFML-TR-78-107

APPENDIX

1
i
{
!
i
i
4

. 123

4
E




"'WF“P‘F‘%

AFML-TR-78-107

INTRODUCTION

A statistical amalysis of the angineering test data was made by the
Unfversity of Dayton Ressarch Institute. This analysis was undertaken
to determine if there is a sfgnificant difference in the enginearing
test data obtained on threaded inserts supplied by several different
insert manufacturers. Analysis of variance was used as the basic too!l
in the analysis of the experimental data.
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SECTION 2
SUMMARY OF RESULTS

2.1 FATIGUE LIVES

Average fatigue 1ives for manufacturers displayed significant
differences for each bolt size but the differences were not consistent
over all three sizes. The installecr (AFML or manufacturer) did not
affect average fatigue 1ife in the 10-32 and 1/4-28 bolt sizes but
manufacturer installed inserts displayed larger average lives in the
3/8-24 bolts for some insert types. The fatigue T1ives with bolt
inserted were significantly larger than those with inserts but no bolt.
The average fatigue 1ives for fnserts without bolts were not signifi-
cantly different from specimens with hole but no insert installed.

2.2 BREAKAWAY TORQUE

In general, a larger breakaway torque is required to loosen the
bolts after fatigue cycling than before. The difference in breakaway
torque (before and after cycling) depends on the manufacturer and in the
1/4-28 bolts also depended on the installer.

2,3 AXIAL STRENGTHS

Average axial strengths displayed significant differences in the
1/4-28 and 3/8-24 size specimens. In the 1/4-28 sized specimens, the
manufacturers could be divided into two strength groups with Rosan,
Tridair, and Long-Lok having the greater average axial strength. In
the 3/8-24 sized specimens, the Kaynar inserts had a smaller average
sirength than the others.
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2.4 LOCKING AND BREAKAWAY TORQUE TESTS

The reduction 1n locking and breakaway torques after repeat bolt
fnsertions averages approximately 35% at the 15th ¢ycle. On the average
about 64% of this reduction occurs during the first five cyclss., Differ-

ences due to installers were small in comparisan to differences due to
specimen variation tested under fdentfcal conditions.
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SECTION 3
STATISTICAL ANALYSIS

Data from three types of tests were subjected to statistical analyses.
These were fatigue tests with the dependent variables of cycles to failure
and breakaway torques after cyclic loading; axial strangth tests; and the
locking and breakaway torque tests. The analyses of the data from these
three types of test are presented in-the following paragiraphs. Analysis
of variance was used as the basic tool in the analysis of the ixperimentd1
data. The fatigue 1ife tests on 1/4-28 size bolts will be presented in
detail to show the application of the analysis of variance technique to
experimental data.

3.1 FATIGUE TESTS

Two types of data were collected for analysis during the fatigue
tasts: number of cyclas to failure and breakaway torque bhefore and
after fatigue cycling.

3.1.1 Life Tests

The objective of the analysis of the fatigue 11fe data was
to ascertain if significant rasults were obtained from the different
manufacturers: from the differant installers; and from the specimens
without inserts, the spacimens with inserts only, and the specimens with
inserts and bolts. To test these hypothesas constant amplitude fatigue
tests were run at R » 0,1 and maximum stress of 50% of ultimete for each
of three specimen thicknesses (bolt sfzes). Note that each specimen
contains three inserts and the fatigue test terminated at the failure
of any one of the three, The location within the specimens of the
failing insert occurrad at random among the three possible locations.
For the 10-32 and 3/8-24 bolt size specimens, the fatigue tests were
only conducted with bolts inserted, For the 1/4-28 size, specimens
were tested with and without bolts and some specimens were also tested
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without inserts (smooth and threaded). For cach manufacturer-size
combination half of the inserts ware installed by the manufacturer and

half by the AFML. Since all combinations of the experimantal conditions

were tasted for a bolt si;e. the data comprise of;factor1a1 expcrimont.

Table 59 prasents the data layout for the 1/4-28 bolt size fatigue
tests when viewed th factorial format. (Since this data s simply a
raarrangement of the data {n Tables 26-33 simflar tables for the othar
experiments will not be presented.) The statistical model for the
analysis of the data of Table 59 1s given by

Yidld oy o+ M', + 15 '«'Mxm + Bk + MB“‘ + "’Jk + anm + £ 4K
where:

Yijkl » obsarved cycles to failure
u » overall average
My = differantial effect of manufacturer i
IJ = differential effect of installer { (AFML or MFG)
MI1J » differential Jjoint affect of My and Ij
Bk = differential effect due to presence or absence of bolt
MB1k = d{fferantial joint effect of M, and By
IBJk = differential Joint effect of IJ and By
Mlaidk' differential joint effect of M1. Id. and B,
0" T TS om0 fcatfon of the wxertmena

1t 15 assumed that “4 411 are independent, normally distributed random
variables with zero mean and common variance, uz. A1l uncontrolled
sources of varfation 1n the experiment sre measured in the estimate




A

R T T R T RSy e T

ST e e T

AFML-TR-78-107
of cz. The analysis of variance (as applied here) is a technique for
testing whether the differential effects are significantly different
from zero. For axample, 1f the installer doas not affect fatigue 1ife,
the differential effect due to installer should be zero and the I terms
can be eliminated from the model. For those differential effects which
are significantly different from zero, further statistica) tests, based
on the estimate of o (the standard error) are available to identify
specific significant differences. The analysis of variance rasults for
an experiment are summarized in an analysis of varfance table, Table
60 summarizes the analysis of variance for the data of Table 89, In
these experiments the F ratio 1s the ratio of the mean square for a
source of variation to the random error mean square., Large F ratios
indicate significant effacts where largeness is dafined by degreas of
freedom and level of significance desired for the tasts and can be ,
ascertained from tables in most texts on statistics. For these expari-
ments, the level of significance (the probability of rejacting the null
hypothesis when true) was fixed at 0.05. Thus, 1t was concluded that
the presence or absénce of the bolt significantly affects fatigue 11fe
and that the fatique 1ives from the diffcrent manufacturers arc signifi-
cantly different. The effect due to installer was not significant.
Figure 63 plots average 1ife for each manufacturer by bolt combination
with 95% confidence 1imits for the mean 1ives with bolt inserted. The
average 1ifae for the Heli-Coil insarts with holts were significantly
longer than those of the Torkon and Groov-Pin. The other differences
among the average 1ives with bolts were not significant.

Three hole conditions wera fatigue tested without inserts (Table
25). An analysis of varfance indicated that there were no significant
differences batwaen average 1ives of the smooth and threaded holes.
The composite average of all 15 specimens was 31,400 cycles with a
standard deviation of 4,180 cycles. Thus, 95% confidence 1imits on
mean 11fe without inserts are given by the interval 31,400 ¢,t°‘95‘14(4180)//73
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%ﬂ or {29000, 33,800), Since the composite average of the fatigue lives

with insert only was 31,600 cycles, there was not a significant difference
between the spacimens with and without inserts.

'In the fatigue tests of the 10-32 and 3/8-24 bolt sizes, all tests
were performed with bolts. The analysis of these data could only evaluate
the manufacturers and the installers,

Table 61 presents the analysis of variance table for the 10-32
bolt size experiment. The only significant effect was that dus to the !
manufacturer. Figure 64 presents the average 1ife for each manufacturer 3

. with 95% confidence 1imits, The Heli-Coil inserts had significantly 3
longer average 11fe than all except the Groov-Pin inserts for this bolt
length. The Groov-Pin average 11fe was significantly longer than all
except the Tridair insert . The Torkon insert had a significantly
shorter average 1{fe than all other inserts for this bolt size.

The analysis of variance table for the 3/8-24 bolt sizes {s pre-
sented in Table 62. For this bolt size, significant differences existed
among the manufacturers, between the installers, and the differcnces due
to installers were not consistent among the different insert manufacturers.
Average 11fe for each combination of installer and manufacturer is pre-
sented in Figure 656. For the Rosan, Tridair, and Groov-Pin inserts the ”
manufacturer installed specimens had longer average lives than the AFML i
specimens., The difrerences in average 11fe between manufacturer and
AFML installed specimens were not significant for the other brands of
inserts. The manufacturer installed specimens had significantly longer
average lives than the AFML installed specimens. Specific comparisons
between any manufacturer-installer pair can be made by declaring the
average difference statistically significant (at the 95 percent level
of confidence) 1f 1t exceeds 8,4K cycles.
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3.1.2 Breakaway Torques After Cyclic Loading

To determine 1f cyclic loading had a significant effect aon
breakaway torque, measurements were taken on all inserts before the
fatigue tests and on the unfailed inserts at the conclusion of the fatigue
test (Tables 3 through 23). The difference between the ufter fatigue
cycling breakaway torque and the before from the unfatled inserts provided
the measure which was used in the analysis of these data. For each bolt
size, the torque differences were analyzed for differences due to insert
manufacturers or insert installers and whether or not significantly more
torque was required after cyclic loading.

Table 63 presents the analysis of variance table for the
breakaway torque differences measured on the 10-32 specimens, The
average differences due to manufacturers contained significant differ-
ences but the average differences did not depend on installers, Figura
66 displays the average differance for each manufacturer with 95 percent
confidence 1imits for the means. The average differences in breakaway
torques were significantly less for the Kaynar and Rosan inserts than
for the others. Further, the differences in breakaway torques between
bafore and after fatigue testing were not significantly different for
the Kaynar and Rosan {nserts but the others required greater torque
after fatigue cycling.

The analysis of variance table for the differences in
breakaway torque of 1/4-28 size bolt fatigue tests is presanted in
Table 64. For these data the manufacturer and joint manufacturer by
installer effect were significant. The average before minus after
torque measurement for the manufacturer by installer combinations are
presented in Figure 67. For these bolt size specimens, the AFML
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instzlied Rosan inserts required significantly greater breakaway after

fatigue cycling than did the manufacturer installed Rosan inserts. The
Kaynar, Long-Lok, Torkon, and AFML installed Groov-Pin Rosan installed

inserts required equivalent torques before and after fatigue cyciing.

The analysis of vartance table for the 3/8-24 bolt size
breakaway torque bolt differences 1s presented in Table 65. The
difference batween manufacturers and instaliers are not statistically
significant for this bolt size specimen. Note, however, tha: these
data exhibitad significantly more variabilfty (larger standard error)
than did those of the torque differences in the narrower specimens.
Figure 68 presents average difference for each manufacturer (with confi-
dence 1imits) even though the manufacturer difforences are not signifi-
cant. Note that for all manufacturers significantly grezater breakaway
torque was required after fatigue cycling than before.

5.2 AXIAL STRENGTH TESTS

Tensile strength pull out tests were conducted in accordance with
the factorial experiment which permits comparison of axial strengths
for the intert manufacturers and installers for each of the three

specimen thicknesses (Table 35). This section presents the analyses
of these data.

Table 66 contains the anulysis of variance table for the axial
strength tests of the 10-32 size specimens. There were no differences
in zverage strength among the manufacturers or between the installers.
However, differences between installer-manufacturcr average strength
combinations for the Kaynar and Grouv-Pin fnserts as compared to the
Long-Lok inserts produced a significant joint effect. This can be
seen in the plot of average strengths for manufacturer-installer combina-
tions of Figure 69. MNote tlat the differences in the average strengths
for the installers of any one insert are not significant.
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The analysis of variance table for the 1/4-28 axial strength
tests is presented in Table 67. Only the manufactur:r effect was
significant and average strengths for each manufacturer with 95 per-
cent confidence 1imits fs presented in Figure 70, The 1/4-28 inserts
from Rosan, Tridair, and Long-Lok had significantly greater average
strengths than the others,

Table 68 presents the analysis of variance 1oble for the axial
strength tests in 3/8-24 size spacimens. The manufacturer-installer
Joint effect was significant as well as the differencaes in average
strengths among the manufacturers., Figure 71 preserts average axial
strengths tor these thick specimens. The Kaynar {r.art specimens had
significantly less average strength than the others while the Torken
specimans, manufacturer installed displayed significantly greater
strangth than the other combinaticns., The joint effect is due to tho
greater average strengths for the Torkon and Groov-Pin inserts when
installed by tne manufacturer than by AFML while the Kaynar AFML in-
stalled inserts had greater strength than the Kaynar installed inserts,

3.3 LOCKING AND BREAKAWAY TORQUE TESTS

To investigate the wear resulting from repeated engagement of
bolts in the fastaners, three inserts from each manufacturer-installer-
bolt size combination were cycled through 16 engagements and disengage-
ments of bolts. The resulting data (Tables 43-57) displayed minor
differences beiween installers as compared to sample variation of
replicate conditions. Figures 72 through 78 display averzge torque
tor each cycle of each manufacturer by bolt size combination. At the
15th cycle, locking and unlocking torques are reduced by an average
of 36 percent of their orginal values (first cycle). As can be seen
on the figures, much of this reduction generally occurs during the
first few cycles. Table 69 presents the percent reduction of average
torques for each manufacturer=bolt size combination at the 5th, 10th,
and 15th cycle.
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TABLE 59
FATIGUE LIVES FROM 1/4-28 TESTS
(K Cycles to Failure)
N Manufacturer
KAY ROS HC TRI Ji TOR GP

With | AFML | 49.5 | 43.2 | 43.4 | 45.9 | 39.9 | 37.6| 40.7
Bolt 39.8 | 39.0 | 46.4 | 45.3 | 52.8 | 38.5(-29.1
33.6 | 61.2 | 58.9 | 47.1 | 52.1 | 35.9| 39.0

MFG 43.6 48.1 | 43.5 | 37.4 41.8 35,9 45.4
33.0 36.9 53.8 52.8 34.8 37.3 24.7
45.5 50.2 49.5 | 44.3 33.7 37.5 32.9

gg;t 32.4 | 33.58 | 25.5 | 33.5 | 37.7 | 28.2] 29.5

al.l 31.3 35.9 31.5 | 30.2 { 27.8 22,8

MFG 27.4 80.3 34.5 | 27.8 31.7 | 26.5 £.4
44.1 30.5 [ 32.1 | 38.3 | 29.5 | 24.1 29.3
35.0 50.8 39.6 | 35.1 | 28.0 | 24.4 27.2
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TABLE 60

ANALYSIS OF VARIANCE TABLE FOR FATIGUE
LIVES FROM 1/4-28 TESTS

“Bource of ~Degrees of Mean F
Variation Freadom Sguare Ratio
Manufacturer (M) 6 217.20 6.14 | Significant
Installers(I) 1l 0.63 0.02
I 6 41.83 1.18
Bolt (B) h 2489.56 70.34 | significant
B 6 27.37 0.77
IB 1l 108.12 3.06
MIB 6 25,68 0.73
Random error 56 35.39
Total 83
Standard error = ¢35.39 = 5,95 (X cycles)
TABLE 861
ANALYSIS OF VARIANCE TABLE FOR FATIGUE
LIVES FROM 10-32 TESTS
BEAurce of "Degrees of Mean F
Variation Freedom Square Ratio
Manufacturer 6 881.8 15.3 Significant
Installer 1 89.2 1.55
MI 6 43.8 0.76
Random error 28 57.6
Total 41

Btandard error = v57.6 = 7.59 (K cycles)
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TABLE 62
ANALYSIS OF VARIANCE TABLE FOR FATIGUE

LIVES FROM 3/8-24 TESTS

~ Bource of Degrees of Mean T

variation Freedom Square Ratio
Manufacturer 6 177.5 9.76 | 8ignificant
Installer b 174.0 9.57 | significant
MI 6 109.3 6.01 | Bignificant
Random error 28 18.19
Total 41

Standard error = vVIB8.19 = 4,27 (K cycles)

ANALYSIS OF VARIANCE TABLE FOR BREAKAWAY

TORQUE DIFFERENCES

TABLE 63

- 10-32 FATIGUE TESTS

[ Source of

o

Degreas of Mean F
Variation Freedom Square Ratio
Manufacturer 6 170.4 3.94 Significant
Inataller 1 136.3 3.15
M1 6 60.4 1.39
Random errxor 70 43.3
Total 83

Standard error = v43.3 = 6.6 in.~1lbs.
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TABLE 64

ANALYSIS OF VARIANCE TABLE FOR BREAKAWAY
TORQUE DIFFERENCES - 1/4-28 FATIGUE TESTS

37 2L Y g el e R B
o R e gy

i “Bource of Degrees of | Mean ¥
e Variation Freedom Bquare Ratio

;. Manufacturer 6 1311.6 11.12 | significant

k. Installer 1 5.79 0.05
ég MI 6 386.4 3.28 | significant

Random error 68 117.9
Total 8l

o g

Standard error « ¢II7.9 = 10.86 in.-1ba.

i 1 " X

TA,

e TABLE 68

. ANALYSIS OF VARIANCE TABLE FOR BREAKAWAY |
» TORQUE DIFFERENCES - 3/8-24 FATIGUE TESTS |

g ~Bource of | Degrees of | Mean F

- 4 Variation Freedom Square | Ratio '
L Manufacturer 6 6031.2 1.86 }

2 Installer 1 106.1 0.03 ‘
b MI 6 6584.5 2,03 j
Random aerror 68 3245.1 |
Total 81

standard error = /5245.1 = 57.0 in.=1bs,
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TABLE 66

ANALYSIS OF VARIANCE TABLE FOR AXIAL

STRENGTH - 10-32 SIZE SPECIMENS

Source of

Degqrees of Mean F

Variation Freedom Square Ratlio
Manufacturer 6 67,000 0.70
Installer 1l 191,000 2.00
MI 6 310,000 3.25 | significant
Randeom error 28 95,000
Total 41

Standard error = /95000 = 308 1lbs.
TABLE 67
ANALYSIS OF VARIANCE TABLE FOR AXIAL
STRENGTH - 1/4-28 SIZE SPECIMENS

Bource of Daegrees of Mean ¥

variation Freedom Square Ratio
Manufacturer 6 4,267,000 15.13 | significant
Installer 1 144,000 0.51
MI 6 317,000 0.41
Random error 28 282,000
Total 41

Standard arror = V252000 = 530 lbs.
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TABLE 68

ANALYSIS OF VARIANCE TABLE FOR AXIAL

STRENGTH - 3/8-24 SIZE SPECIMENS

“Bource ot
variation

~Degrees of
Preedom

Mean
Square

—yr
Ratic

Manufacturer
Installer

MI

Random error
Total

6
1
6
28
4l

31,942,000
3,691,000
5,884,000

935,000

34.16
3.94
6.29

Significant

Significant

Standard error =

/335000 = 967 1bs.
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TABLE 69

PERCENT REDUCTION OF AVERAGE LOCKING
AND BREAKAWAY TORQUES

cycle
Bize Manufacturer & Aig 15
10=-32 Kaynar 18 28 28
Rosan 23 39 4l
Hall-Coil 28 29 3l !
Tridaly 40 a3 39 ;
Long=~Lok 2l 3l 3 i
Torkon 22 29 41 :
Groov-Pin 37 48 49 §
1/4=-28 | Kaynar . 17 20 23 %
Rosan i 23 23 i
Hell=Coil 24 32 36 i
Tridair 5 10 1l 1
Long=~Lok 15 22 26 3
Torkon 28 42 45 q
Groov=Pin 40 41 45 i
3/8-24 | Kesynar 21 27 32 '
Rosan 7 11 11 j
Heli-Coil 21 35 42 1
Tridair 25 39 42 4
Long=Lok 12 26 36 R
Torkon 26 40 46 :
Groov=-rPin 40 67 69 '
140 :

B BRLE S LA B AL 2 e Sintid A i e ek s S bt g oy e o L
JESHHPE s i S 7 1




T N TS TG e T PR AT K P e s U e T T RS I T s TE LT M e TN T T S

SPona gt o Spesorme. = "o

2t ertonie b

R e L S PR

S1S3] 8Z-b/1 - S4i34njoejnuey Joy 3417 2besdAy g9 3unbry

33¥4NLIVIANVN

49 %L L bt I M SGd AV
i i ! i 1 LD

4

<
(%) 911 eBwdeay

—

531108 12n043 ¢

S31108 Y3t
i 1

-
0 ——O—
<
1
2

AFML.-TR-78-107




AFML-TR-78-107

BT Lol et

el vt b DL T ST DRI oot LI N oS e .-
i e S A

$1S3] 2€-0] - SJ43a03depnuey 40j 2417 Ibeasay -9 aunbypy

¥3U4NLIVINNVH

d9 (1]} mn bt 1 M SOy AVX
] 1 1 | i 1 i
i | i 1 1 1 1

0L

(M) 9447 ebudeny

142

& et dhaomsan -




iS4 st S G

$1S31 $2-8/¢ - Ssdamyoejnuey J0j 3L AbesdAy -gg aundly

d43¥01LIVIONYN

4FML-TR-78-107

e %01 T 1L 2 oY AVX
! T T T T T T
\V4
o v 0] o
Q]
o

qg 0

POLLEISUL 93N 7

POLLEISUT AV
| 1 1 ! | | |

05

03

143

8))}1 abuvdeAy

()




s3sa] anbiied Ze-0L - SINLBIIILH anbao] Aemeyeaug a5es0AY 99 aanbi4

4IWLLIOIVIANVH

d9 ol mn bt 18 N SOd AVA
’ o1~
T T 1 T ! _ : i
< : §
23 < 4
— {2 — ; &l
s 3 |
: = §
— -4 0o 32 11
D > .m,
% .z il
= T ] i
[ b
~~ i
+ < -4 L
W O :
— T
D
- =
o
T~
[~}
i
w
i
o
T
)
Fra
- 4




Ayt .

¥ oow

AFML~TR-78-107

$359] anbijey gz-p/i - SINRIILQ anbaoy Aemeyeasg abesaay 79 aunbry
YIYNLIOIVIANVYNR
d9 BOL T I oM SOY A2
1 1 1 1 1 1 t
v
O 0} v
v ©
© v
v
\V4
o
puasI NV o
peiiesul By O]
] i ] ] | 1 i

0L

111

(5971=U1) 95uUBAB,, |0 BnbuoL AeMD)RIUG b Ay



AFML- TR-78-107

p— 8 R

s3s3) onbiLjey p2-8/€ - SIS, 2nbao) Aeme>raag abeussAay -g9 auanbig
dJIWNIIVIONVHK
dd 0L 1 ¢ 11 M SOy AV
I BB i ! I 1 1
—q 02
L -1 ot
’ s
? 7 "
L.V o ~] oot
Y .r
m —4 oz2i
=1 0¥y
—§ 691
1 1 | i 1 1 i

(sq7u1) @oudues}ia anbaol Aemeneaag ebwuasay

146




AFML-TK-73-107

suampIads 371§ 2c-0L - SY36UIAIC |eixy IBRUIAY 59 34ndig

434NRLIVIANVN

¥oL 1 .Mxh M SOy AYA
| T T 1 I
O
\V/ \V
0] v
O]
19/ v O
O]
N/
paLmsuy g WV
prLesul WY O
1 J ] L 1 i

00Cw

oost

0005

($97) uibuaagy eyxy abedaay

147




TR S P T Y T A S S T e T S T A T

-*
| J
suamy3ads az1§ g2-p/1 - SyIbuaJls |erxy abesaay -/ 24nbiy
Y43IYNLIVIANVH
49 301 n iy M SOy AV
1 L | | I | l
L — oooc
z
<]
=
(/=]
[ ]
>
x
— — o008 o o
-5
wr L aund
S
S
7= ]
[
. p=
: - —q 0006 —
; a
S | —{ oooot
&
T =
A
£ i 1 I 1 I ! |
A .




suwamLdads 321S $2-8/¢ - sylbuaaic (egxy abesRAy -2 danbij

dIERLIVIONVYN

AFML-TR-78-107

‘.‘_ 1 1 [ 1

©
(5Q7) yabueuis Lvpxy abedaay

Y o,@

paLi®asul 93 V/

patlelsu] TV o

SRRV S JOPREEI R SR RS

149

TR NN

ol
£

b e e R .




AFML-TR-78-107

v

o
..
P

escp
4

sjJasuy Jeuley - suo13ediiddy
pa1eaday 403 sanbuo) Buiydojun/buryd0] 3108 abesday -z7 aunbiy

S Alb

HIGWAN I T0AD
14! 4 oL 8 9 N 5
I T 1 T 1 T 1 T 1 T ] ' T '
| T B T ° o z
]
s
("]
* o
[ - - - —4 02
o
(2]
j H
a
5
— OF a
F— :
o 2
=y
3
=
| 1o g
¥2-8/¢ - AV =
g-v/i - (A m
oL - 0] Z
1 1 1 1 | 1 | 1 1 1 1 ' | ' 08

Frn g
ﬁ..tﬂ.ﬂﬂ..q

SR ey b




L P B M e T T

LA fadiaihlbaais st Rk et

e+ AT 3 b et e+

$3JISU] uesoy - suoilIediiddy
po1waday Joy sanbao] Gupyoouf/buiyd07] 1|0g 26RJBAY -g/ 24nb14

YI9WAN T10A0

4 at oL 8 9 1] 2

15

e
(sQ1-ur) enbuoy Bujxyoofun/bujyaoy d¢braany

AFML-TR-78-107

e




S349SU] j10)-1]3 - suoijedyddy
Poleaday 4oy sonbuoy Guiyd0|un/6uLyIo] 110g obesaAy -y anb1y

ISR 300D

(397-ul) enbuoy Bupyoo|un/Buiyo0T abeaaay

AFML-TR=78-107

[RIURUS




R i T o

S3ASU] JIPpla} - SuO13eo1iddy
P3323d3y 4oy sanbuoj buixdoqug/butydcy 110§ dbesaay 57 aunbiy

UINAN 34D
7} 24 o1 s 3 ¥ 2z
" hl 1 ) \W‘ T {r ] b R L— H N ¥
@ — —c |
t >
L9
3
L . ] :
‘ ) a je .
13
3
S
| et
_ 3
l‘ o 3
.
5
[
o
b
0
- - | -
- — o9 =
~ yesits - @ 5
2 gl - g 7
& o
5 =0l -~ O =
W i 1 } 1 ] 1 1 L | 1 { L i 1 08
o T A e B e ReBEN | s o §i e Ay CTAGR - -



S}J43su] P1-Huo] - suorredyidey
pIjeaday 40) sanbioy Suiydo)up/Burydo] log sbessay -9/ unbiy

WIAN 314D
1 F4) 1]} 8 9 4 é
——t——3—4
=
-«
——— —e- .
- 3
o
«a
-
— 02 —
o
o
=
=3
o
S
=
2
u o 2
=
o
—
P
=
o
c
: r
s [ 73
- £
.n-lu lew“M } Q .WC..-
2 8z-¥ 8| g
o w9 _ I _ 1
..m i 1 1 1 ] 3 1 1 1 1 08
<C




$343St] UON40] - suopjediiddy
pojeaday J03 sanbaoj Huiyoojun/burydo] jlog Ibesaay -77 aanbig

YMNN 310D

eL oL 8 9 v 4

L

AFML-TR-78-107

02z
oy
09

ve-sre - V

gz-v/1 - U

0L - O

166

(897-ul) anbuol BujpyooLun/Bupyd07 sBrUBAY

g e B 1 [

e o S R

By




. S$3J435U] U14-A00.49 - Suoj3edt jddy
pajeaday acj sanbao] Bupiydojun/buiy>o] jiog 2beusaay -gz 2anbir4

YIZWN I0AD

i r4} nt 8 9 L c

2
> s
< o
[ ~
3 s
L e ] |
o o
o s
_ 3 2 o
~ H
[ oy -
> k3
= .o
—te £
= c
= 3
P s
3 “
=] 2
= Y
< ]
_ -4 09
S vZ-8le - Y 7
L
o sz-»/1 - [ a
& - a
D | o mu i ] i I
= 1 1 1 1 1 1 i 08
=
=g

I o L T R I T S R e el PR

T RN N e e



