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FOREWORD

This report wag prepared by Standard Pressed Steel Co., Jenkintown,
Pennsylvania, under United Strtes Air Force Contract No AF 33(616)-3646,
This contract was imtiated under Project Na. 1318, T:ak No. 1:444, The
work was administered under the direction oi the Speciai Projest Brand b,
WCLSJ -3, Aircraft Laboratory, Wright Air Develcpment Center with Mr.

A. B. Nutt, Braach Chief, Mr. J. W, Evans, Section Chief, Mr. F. A,
Hannen. Project Engineer.

Thit report covars the period of work from April 2, 1956 to February

15, 1958.
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ABSTRACT

The object of thus project was to establish the tension-tension fatiguc pro-
petiies of exiernai threads without the influence of sirecs concentraticns re-
sulting from engagement; and further, to compare the fatigue characteristice
of bolts to those of unengaged threads. These comparisons were to be made
on parte heat treated to two strength leveis, 160,000 psi and 220,000 psi.
Alen, fa2igys propesiies of ias higher sirength parts with thread roots to
MIL-B-7838 and high radius thread roots were to be compared.

A stud with a reduced diameter thréaded section in the center was de-
veloped (0 evaluate the fatigus characteristics of unengaged threads. The
bolts used to determine the (al't;un propertiea of engaged threads conformed
to M8 20004 series 2nd SPS EWD 22 disncnsions. The nuts used were SPS
42 TW and SPS EWN 22 type without elote or jocking action. Faligue tests
were aleo run using standard eelf locking ail metal nuts and those with a non-
metaliic lacking element

S-N tension-tension fatigue curves were developed on studa and bolts
heat treated 1o €0, 050 po. and 225,800 psi. These were made from the
{sllowing materials: AISI 8740, AISI 6150, AISI 4340, Hy Tuf and Vascole:
1900, The teat thread diameters ranged from 1/4 inch to one inrh

Threads were fiormed by each of these mettods. cutting, grinding and
ng after neat treatment. Teadtls were run o both studs and %o'ts with the

All bolts were cadmium plated. The studs were tested with and without
plating., The tension-tension fatigue tests showed:

1. The fatigue strength of unengaged threads1s ] /4 to 2 1/2 tiines
greater than the engaged threads.

2. By increasing the material streagth from 160,000 ps: to 220,000 pai
(1.4 times) the fatigue streagth incrzases 1.2t0 2.8 times.

3. The fatigus sirength of the hugh radiue thread s 1. 4 times greacer
inan the MIL-BE-7938 thread.

4. All meta! locknute vield higher boit fatigue strength than those with
non-metallic locking elements.

5. Fiusting reduces the fatigue strength of threads about 15%.

b. The fatigue strength of unengaged threads rolled afier heat treatmant
iz i 1/¢ to & Umiés greater than cut or ground threads under similar
conditioas.
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PUBLICATION REVIEW

Thia ranort haa haan raviawed and is apbroved.

FOR THX COCMMANDER:

SH Hanvingior-
RANDALL D. KEATOR
Colonel, USAP
Chisf, Aircraft Laborstory
Directorate of Laboratories
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Rapidly increasing speeds of aircraft-and missile: demand increased
static and dynamic propezrties per pound of material. Thie shjscsve y
L: gained by three different methods.

w
<

a. The development of alloys with higiier strength-to~weight ratios.
b, The development o1 procesting methods to attain increased pro-
perties from existing alloys heat treated to higher strengths.

c. Tha design of parts to utilize an increased percentage of the in-

herent properties of the alloy.

At thic present time prcgress i3 being made to develop alloys with
greater strength-to-weight ratios. The titanium alloys presently being
used are a step in this direction. New aiioys of both titanium and other
elements are being developed, but these wall require ame o evaluate and
further develop for commercial applicatons.

While this alloy developmant progresses, techniques of processing to
increase the strength-to-woight ratio must be continued. in this manner,
ev+:, greater improvemnent may be achieved with the use nf the new alloys.
Two of the improveinents realized 1n recent years through {abricaton pro-
cedures aie increased strength and fatigue life, These have resulted from
the sejection of exasting materials which have higher atrength with good
duztility, and the development of production methcds to produce threads on
nardened alicys.

Acduonal gains in the strengtii-to-weight ratio can be 2chieved by
utilizing designs which provide an increased percentage of the inierent
properties of the alloy. Studies of the stress distribution in structural
elaments have disclosed points of high stress concentration located in
areas where the stress had been estimated to be at a mimamumn. Ia other
instances, it has been known that stress concentrstiznz cxisied bul their
eifect nas nevers been determined. Design criteris developed {rom thaese
studies wil] be applicable when new alloys and fabrication techniques are
deveioped. Thus, an additional gain in the strength-to-weight ratio may
be realised,

Since threaded fasteners are used in many applications 2n aircraft,
s test program was established by the Aircraft Laboratory. Wright aiz
Devslopmusani Center, 10 determine some of the dynamic properties of
threaded fasteners. Basically, the object of the project was to determine
the tensjon-tension fatigue characteristics of:

a. present high atrength aircraft boits

Manuscript released by authnrs Jaouary 1258 for publicadon as a WADC
Technical Report.
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b. unengaged threads

¢. the high radius thread form
d, plated threads

e. cut threads

f. ground threcds

The bolts tasted were heat treatad to 162, 000/180, 080 and 220, 005/
240,000 pei. The studs with unengagacd threads were fadbricated to the same
strength levels. The thread forms tested were fabricated in accordance
with MIL-B-7838 and with high radiue threads. Thase threads were tested
on bolts in conjunction with nuts and on stu.is so designed that the threads
were not engaged.
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SECTION U1

TEST PROGRAM

Thia tsst program was set up L0 evaluate the static and dynamic charac-
teristics of threads. Comparisons weres made betwesn the fensiocn-tension
fatigue streangths of threaded assemblies and urengaged male threads. Threaded
parts 1/4 to one inch diameter were tosted. The throads were produced by
a single rolling operation on etuds and bolts heat treated to 160, 000/180, 00C ps:
and 220,000/240,000 psi. In addition, an evaluation was made of the fatigue
strength of unengaged male threads produced by cutting and grinding. A com-
parison of two modifications in the MIL-5-7742 thread {orm, which consisted
of different size radii in the thread root, were conducted on the high strength
pazts. Since alioy steel bolts are veuslly cadmiu-n plaied for torrosion re-
sistance, the effect of this coaiing on the fatigue life was determined,

Bolts were fabricated to standard configuratnons. Ali metal nuts were
used in determining the statac and fatigue properties of the bol's, Additional
tests were ccnducted using all-metal and non-metallic insert locknuts to
determine 1f there was any difference in the fangue life of a threaded aszembly
due U the desmign of the lockang element of the nut,

I'he {atigue properties of unengaged male thieads were determined on
studs which had the test thread located in the center. The goal of the stud
design was to develop a part wruch would fail in fatigue near the center of
the male tee® thread Thus the irfiuence ui stress concentrations resulting
from nut engagement and thread termiration could be eilininated. tlowever,
it was not found possible to completely eliminaie the effect of thread rurout.

The bolts and studs heat tr=ated to 162,000/180, 000 ps1 were fabricated
from JAIL-S-604C (AISI 8740) ailoy in all sizes except the on2 inch which was
made from MIL-S5-5000 (AISI 4340) alloy. The 220, 000/240, 200 pei caris
ware fabiricated from MIL-5-8503 (AISI 6150}, MIL.-S-7108 (Ky Tuf) and ¥Yasco-
Tet 1200,

Each lot of parts wes subjected to static and dynamic tests to determine
their properties, The following static tests were conducted on each lot of
bolts.

Teneils stroggih of Lhe tireaded fastener.,
b. Yield strength of the threaded fastener.
c., Shear strecgth of the bol: body,
d. Teneile strength of the bare material.
e, Yield strength ol the base material.
f, Percent elongation of the base material.
g- Percent reduction of area of the base n.aterial.
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The static mecharnical properties of the baae material of each lot of studs
weore dotermined. Tensile tests were conducted on some lots of studs, but
these teeis were discontinued because fracture did not occur ia the tost

sectioa,

Tenonion-tension fatigue tests ware conducted at five siress levels on
all iots of boito and studs. Four stress lavels were sslected to pruduce
failures between 10, 000 and 4, 000, 000 cycles. Five pleces wers (ested
at sach of these stress levels. The fifth streas level waz selected to pro-
duce 8,000,000 cycles with no failure, Two picces were tesicd 2t this

stress level.
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SECTION 1Ll

TEST PIECES

A. BOLT:

The 160, 000/180, 000 psi boits were made in 1/4, 5/16, 3/8, 1/2, 5/8,
3/4 ard one inch diameters to MS 20004 series dimensions, Figure |. The
threads were prodoced on the hardenad and ground parts by a eingle rolling
process to the dimensions, form and coutour shown in Specification MIL-B-
T7838. All diametsre except the one inch were fabricated from MIL -5-6049
(A3Sl 8740) alloy. The cae inch diameter was made from MIi-5-5000
{AlSI 4240) alloy. The bolts were cadmium plated o Specification QQ-P-416,
Type 1, Class C and baked at 37:F +25°F for a minimuam of thres hours.

Cme group of 20, 01.0/240,000 psi bolts was ma = .« ., 3/8, 1/2, 34
and one inch dametars to> SP2 EWB 22-4 series dimensions, Figure 2. The
threads were produced o1 the hardened and ground parts by a single rolling
procass to the dimensions, form and contour shown in Specification MIL-B-
7838. All these bolts were {abricated from MIL-S-7108 {Hy Tufy alloy., Thev
wese cadmium plated {rom a fluoborate batk ic accordancs with Specification
NAS 672 and baked at 375F 4259 for a minimurn of 23 hours. This type
plating was used to reduce the poseibility of embrittlement due to hydrogen.

Cme iot oi i/4-28 bolte heat treztad to 220, 000/240, 300G psi were made to
MS 20004 dimensions, Figure I. The threades were produced on the hardened
and ground paris by a eingls rclling process to the 2imensioos, formm and
contour shown {n Specification MIL-B-7838, These bolts were fabricated
from MIL-S-8%03 (AISI 61500 ailoy. These bolts were cadmium plated to
Specification QQ-P-416, Type |, Ciass C and baked at 275% 425°F for a
minimum of three hours. -

The 220, 000/242, 000 pai Lolié wero aiso made 1n i/2 and 3/4 inch dia-
meters io 3PS EWDB 22-4 series dimensionn, Figure 2. The threads were
produced on the hardened and ground parts by a single rolling process to the
dimensions, form and contour of the high radius thread formm. These bolta
were fabricated from MIL-5-7108 (Hy Tuf) alloy. They were cadmium
platzd from a fluoborates bath in accordance with Specificaton NAS 672 and
baked at 375°F +25°F for a miaimum of 23 hours,

One lot of 1/2-20 bolts heat treated to 220, 000/240, 0G0 ps1 were made
to SPS EWB TM 9-4 series dimensions, Figure 3, The threads were pro-
cuced on the hardened and ground parte by a single rolling process to the
dimensions, form and contour of the high radius thread form. These bolts
ware fabricated from a 5% Cr die steel (VascoJet 1000}, The bolts were

WADC TR 58-326 -



nickel-cadmium diffused plated io accordance with Speciication AMS 2416,
This plating was used to provide corrosiin resistance up to 1000,

B. STUDS:

To determine the tension-tension fatigue propertes of unengaged threads,
it was necensary to develop a test specimer.. The goal of this design was to
produce fatdgue failures in the center poriuon of the test threads. To achicve
this, the effect of strees concentrations ai the thread terminatien and those
due to the nut sngagament had to be eliminated Therefore, the test thread
could not be loaded through a aut and the effect of throad termination had tc
be minimized. Various doeigns of spacimens deecribed dalow were fabricated
and tested. it was found impossible to eliminate entirely the effect of the
thread termination. However, in the design adapted, the eifect of the thread
runvut wie minimiged. Failures occurrad predominantlyin the last fSll
thread except in the case of the cut and ground threads where fracrures
occurred near the center of the threaded porton.

The basic shape of sli specimens was a stud with a rediced threaded
section in the center, All development work on stud design ~as carricd
out on pazts fabvicated frrn AISI 8740 rnaterial heat treatad to 160, 000/
180, 000 psi. The threal form used conformed to MIL-B-7838 and was rolled
subsequernt to heat trea'ment,

The initial design, Figure 4, had a 1/2-20 tnread on each end with a
3/6-24 thread in the croter, The radius joining the two threads, the 1/2
1nch to the 3/8 inch, was made tangent to the root of the smailer thread.
A . 085 1nch radius fillet blended this to the thread, In fatigue, fatlure of
the 1/2-20 thread occurred prioz to the 3/8-24, Flgure 5. 1In all subee-
quent designs, the threads on the ende of the studs were made twice the
diameter of the tewt thread,

Since fatdgue occurred first in the 1/2-20 thread, it was decided to con-
duct aii future tests jor design development on studs with 1/2-20 threads on
the end and 1/4-28 MIL-B-7838 threads in the center. All such parts were
made from AISI 8740 material heat treated to 140, 000 psf minimum teasiie
strength.

The first stud of this design was made with a six inch radius bleading
the two threads ar tangent tc the 1/4-28 thread at its major dlameter. The
Armansizone 2r2 zheon ic Figure v. Opociai inread roil dies were made, as
shown in Figure 8, to produce the thread between iwo ruaicut angies. Aos
shown in Figure 7, failure occurred at the thread runout.

Next, studs were made with the 2ix inch radius blending the two threads
tangent to the pitch diameter of the amaller thread, Figure 9 shows the

WADC TR 58-326 6



dimensions of the parts. Fatigue faiiurce occurred at the thread terrmination
as saown in Figure 10.

These paris were modified as shown in Fagure 11 by machumieg 4 3/16
radius at the termination of the test thread. This fillet was tangsai to the
thread root and was cold workad oy forcing a roller sgainst the radius.
Figure 12 shows the fatigue failure located in the 3/16 radius.

The next stud desagn had the six inch radius tangent to the ihread root.
The 1/4-28 thread was rolled before grinding the six inch radius. Two fuli
threads at each end of the smailer thread were ground off when finishing
the six inch radius. This was made tangent to the thread root as shown in
Figure 13. Fatigue fracture occurred in the first full thread frcm the ter-
nuuaiicn as shown in Figure 14,

To iry and reduce ihe siress in the tharesd termination area further sc
that fatigue {a1inre would vccur nearer the center, a new design was tried.
This 1¢ shown 1n Figure ;5. The thread runout was tapered from the ful]
thread form to the six inch radius which was tangent to the major diameter
of the test thread. The shape of the dies used 18 shown in Figure 16, As
shown in Figure |7, fatigue failure occurred at the junction of the taper and
the full thread form.

Figure |8 showe the design of the next stud tested. A uniform taper
blended the rnajor diameter to the root diarmneter. Stardard thread roll dies
] 957 :nches wide were used 1o thread these parts  The fatigue faiiure
cccurred at the 1unction of the tapers from the /2 inch thread aad the 1/4
.ach thread. as shown in Figure i3,

The f:nyl design tcated '8 shouwn :n Fizire 2C Al 4-28 thraad faree
was pianned on ¢ ive 'nch radius. The axus of 2ach thread was perpendicuiar
to the ax13 of the stud. A satisfactory thread form could not be produced due
tc the difference :n surface spceds between the die and the part along the con-
tour. The special thread roll dies made ta producs thesse narte ars shawn in
Figure 21. As shown :n Figure 22, the thread was not fully formed over the
entire iength and had a4 protruding sliver of meta:. FEtched specimens showed
iaps and very rough surfaces. A satiefactory thread could not be produced.

At a meeting held at Wright Air Deveiopment Center, it was decidec to
disconu:nue (urther stud develpment and use the des:gn shown in Figures
arnd 14. This was the only drsign which produced fatigue faiiures :n the fully
formed threade. The (ractures were iocated in the iast full thread hefore
the run out thread. Stueds of all s.zes were fabr:cated to the dimensions
shown in Figure 212.

The stec]l specimens were prodiced :~ t-: strerngth leveis, 160,000/
180,000 ps1 and 220,000/240,000 psi. The 5. - s rength paris were .abri-
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ceted from MIL-5-60¢9 {AIS] 8740) with test thread diameters of 1/4, 3/8,
1/2 and 3/4 inch. The one inch sixe was {abricated from MIL-5-5000 (AISI
4340) material. The threads on these sizes were produced by a single rolling
process on the hardered and grcund studs. The thread form confcrmed to
MlL-5-7742 ne modif.ied by MIL-B-7838, Tahle ! and Fiaue= 24, Thg 33
inch size was alsc produced with both cut and ground throads. The threads
were cut before heat treating and confurmed to MIL-5~7742. The root of the
thread was flat with small radii blendiog to the flanks, Figure 15. The
ground threads were produced after heat treatment with root radii rounded

to MIL-K-7838,

Someae of the 1/4, 3/8 and 3/4 inch test threads at 160,000 psi with rolled
threads wera cadmium plated to Specification QQ-P-416, Typa 1, Class C.
These were baked at 375°F for 3 hours to remove hydrogen.

Migksr st angih levei, £20,000/240, 000 pei, epecimene were fabricated
from MIL-5-710% (Hy Tuf) material with test thread diameters of 174, 3/8,
1/2, 3/4 and one inch. ~lso, a lot was produced in the 1/4 inch size {rom
M!L-8$-BS03 (AIS] 615D) material. Threads were produced by a singie rolling
operation on the haraened and ground stude. The thread form conformed to
MIL-5-7742 284 mnodifed by MIL-B-T7838, Tabie 1, The 172 and 2/4 inch
sizez were also fabricated with the Mgh radius thread, Figure 26 and Table .
Test apecimens with rolled threads in the 1/4, 3/8 and 3/4 tnch size at 220,000
pei wese cadmium plated from a fivoborate bath to Specifization NAS 672.

These were baked at 375°F for 23 houras to remove hydrogon. Studs with
the 3/4 {ach size threads were also made by cutting and grinding. The
threads were cut to MIL-3-7742 before heat treating. The root was flat
with small radii blending to the flarn!:s, Figure 23. The M!L-B-7838 thread
form was ground after heat treatment.

A lot of 1/2-20 stude were produced from z 5% chromium hot work die
steel, VascoJet 1000 and were heat treated to 220, 000/240, 000 psi. The
hgn radius thoead form was rolled after neat treatment.

C. NUTE:

The lockmmuts tested in fatigue to evaluaie the effect of design were
standard external! wrenching nuts for 160, 000 pri bolts. The all metal de-
signe were the SPS 42X W 524 and 42FW 1018. The nuts with 3 non-metaliic
locking element were the ESNA EBO0524 and EB 1018,
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TABLE1

Thread Root Radii Specified in MIL-B-7838

Radius{inch)
Size Minimum Maximum
1/4 . 0040 . 005}
5/16 . 0050 . 0n60
/s LL350 . V060
1/2 . 0060 L0072
5/8 , 0080 . 0080
3/4 . 0070 . 0090
1 . 0089 .0103

TABLE 1
Thread Root Radii Specified for High Radiuas Thread

Radius (inch)

Size Minimum Maximum
i/2 .0078 . 0090
3/4 . 0092 L0112
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SECTION IV

TEST EQUIPMENT

A, TENSILE:
1. Machines

Tindus Olsen Universal Testing Machines which were ysed in this project
had the following capacities:

Max. Capacity-# Additional Tensile Ranges Type Operadon Figure

310, 000 6,009; 1, 200; 300 Electomatic 27
40, 000 12, 000; 1,200 Hydraulic 28
120, 000 24,000; 6,000; 1, 200 Electomatic z9
400, 000 80, 000; 20, 000 Hydrauiic 30

The elactoimatic machines operate by a variable speed motor driving the
loading screws, The locadie measured through 2 lever system and load cells
cousisting of differentinl transformers on 2 beam. The guaranteed accuracy
of these machinea is +.%.

The hydraulic machirnes are loaded by fluid pressure, The load1s
measured through differential transformers on sensitive Bourdon tubes,
The guaranteed accuracy of these machines is also 1%,

All tensile machines were calibrated using proving rings certified by
the U. S, Bureau of Standards. The rings shown in Figure 31 have the
following capacities:

3, 000 pounds
30, 000 pounds
300, 000 pounds

2. Accessories

Each machine is equipped with the following accessories:

a, Pacer - to control loading at a fixed rate in pounds per minute,
b. Recorder - to plot load in pounds vs extensicn,
. Strain rate indicator - to control loading at a fixed strain rate.

All tests were run with one of the extensometers shown in Figure 32,

The extensometer in the lower left corner was used to measure the elong-
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ation of bolts in inches., ‘Lhe "§'" series of extensometcrs was used tomeasure
smooth specimen elongation in ipch per inch. The particular gage lengths
used for the specitnen were 9.50, 1,0, 1.4 ynd 2. 0 inchas, Ar agplication of
the eXiensometer on 4 specimen may be seen in Figure 33. Figure 34 shows
how the bolt extensometer is used on bolts up to fifteen inches iong,

The lever arm »f the extensornsters actustes the differential transformer,
which in turn transmits the signal to the recorder. In this way the elongation
is plotted on the recordar according to ths maganification selected on the re-
corder panel., Each extesisometer has three magnification ranges. Thase
rangas vary from 50 to 1000 depending on the extensometer used.

To accurate!y locate the boit sxtensometer, & center drill hole is mrde
at the point and in the haad recess or socket., This gives point contact. The
specimen extensometers are put diractly on the smooth gage section of the
piece. The gage length ueed fur specimens was four times the gage diameter.
The quaranteed accuracy of the recorder is H%,

3, Fixtures

To attain the required aligament for accurate values, fixtures fabricated
to close tolerances viere uacd for tencile teeting.

The links used ire shoun in Figures 35 thru 39. These were also used
in fatigue testing,' With the use of aflapters, Figures 40 thru 42, these links
provided a means to test from 1/4 to 1 1/2 inch diameters., Both the Unks
and the adzpters were fabricated within very ciose tolerance io insure axial
lnading.

Bolt and nut combinations were pulled in tensils with links and adapters
at both ends, The stud specimens were pulled with the link set up on on¢ end
and a tapped bar on the other. The tappad bar w2z held in the tensile machine
by jaws. The tapped bars are pictured in Figures 43 and 44,

The drawings, Figure 45 and 46 show the top and Lottom of the room

temperature shear die. The sot up is shown in Figure 47. The shear tests
were run in the Universal Testing Machines.

E. FATIGUE:

1. Machianas

Fatigue machines of the following rﬁode}l and capacities wers used to
test the bolts and studs of this program:
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s, 5,000 pound Krouse operating at 1650 CPM, Figure 48.
b, 15, 300 pound Krouse operating st 1050 CPM, Figure 49.
c. 60,000 pouud !vy operating at 1200 CPM. Fizare 50.

4. 60,000 pound Krouse operating at 850 CPM, Figure 51,
e. 229,080 pound Amaler operating at 500 CPM, Figure 52,

Load mulﬁpiyin# fixtures were used on a 15, 000 pound Krouse and the ivy
machine to prodace 50, 080 pounds,

The 5, 000 and 15, 000 pound Krouss machines operate on the principle of
an adjustable throw crank applying the alternating load to the specimen thru
a levar and ¢ paraliclogram of flexture plates. The minimmum load is appliad
by a hydraulic cylinder rttached to a stationary holder. Duricg the test, con-
stant ioad }Yimits are maintained on the specimen by elzctrical contacts on
the lever. These contacts operate solenoids which permit oil to flow %o the
hydraulic cylinders. In this rnsaner, the loads can be maintained within 4$2%
at all times, : -

The 60,000 pound Xrouse is basically the same machiae as the 15,000
pound Krouze. The load is applied to the specimen through 4:1 multiplying
levera, Figure 51.

The 12, 000 pound Ivy machine ts an inertia-compensated machine thai
dovelops the alternating force by rotating an adjustable rnase. The static
load is spplied through a torsion bar, The loads are zpplied by means of
an oscillating beam. The load multiplier ircreases the capacity five times.
Since the dynarmnic load alternates about the mean static load, the static load
is controlled to maintain the lcad limits within4 2%. This 1 dornc by a re-
luctance gaje and an electronic circuit.

The 220, 000 pound Amsler machine applied all icads by hydraulic pressure.
The lozds 2ré maintained withis 420 2t 2ll mes by elestric contasts on pree-
sure gages.

2, Fixtures

The adapters and links provided a method for testing both studs and boits

"' of different diameters in the same machine, Figure 53 shows tae basic

tension-tension fatigus set up using a bolt, adapters, links and washsr.

Links were made in various sizes ranging {from 3, 000 to 220, 000 pound
maximum capacity as shown in Figures 35 thru 37 and 54. The wierances
of squareness and concentricity were held to very close limits to insure uni-
axial loading. In this way alignment is built into the s=t up and not left up
to the operator. The design of the links meet? the requirements of NAS 1049,
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. The adapters used in the links are shown in Figures 40 thru 42. Note
that the tolerances of squaraeness, concentricity and size were held to a

practizabla minimum 5 insure uniaxial loading. Figurss 55 and 56 show

the adapters used to teat the threaded stnds when nuts were not used.

Originally ail links were fabiicated in accordance with Specification
NAI 160 ""Tension-Tension Fatigue Test Standardization', Qctober 1956.
These are shown in Figures 57, 58 and 59. Threaded adapters to mount
these links on the 60, 000 pound Krouse are shown in Figure 60 and 61,
However, fallure of the links at low cycles and low loads forced the use
of the links as shown in Figure 52. Figures 62 and 63 show where the

failure occurred in the larga (200, 000 pound) NAI link at 173, 200 cycleas

undsr a 90,500 pound load. Figure 64 showsz fallure of the i5, 006 pound
NAI link, The design of these NAI links have since been changed to in-

creass the fatigur life, The NAJ 160 specification has been superseded
by NAS 1069,

3. Load Measuring

The loade were measured by recistance atrain gages bonded to the
loading column, Figure $5. To ipsure accuracy, the gages were cali-

brated under dynamic loading to develop 2 machine constant. A calibrated
load cell was used,

Figure 66 shows the electronic eguipment used tc measure the output
from the strain gages. These units are from left to right.

8. Baldwin or Ellis Associates, six channel switching and balancing
unit., This provides a convenient method of balancing the individual
circuits and switching from one set of gages to another.

5. Ellic Associates, BA-]12 Bridge and Amplifier. This uaii suppiies
DC power to the circuit, amplifies the output from the gages and
provides a means of mezgsuring the strain at the gage location.
Basically, it completes the Wheatstone bridge of the circuit with
various precision resistors to provide different ranges of operation.
The chopper circult, in which the cutput is controlied by a variable
precision resistor adjusted by an indicating micrometer screw.
nrowidas the noons wi moasuring the gage output accurately.

c. DulMont Type 304 A or 350 Oscillograph with a P-7 screen. Through
this instrument a meuns of visual sadjustment of the measuring cir-
cult, as well as a picture of the loading cycle, is possible.

Moasurements of loads are takeu by adjusting the variabls precii.u‘m re-
sisior on tha &rsplifier unit by & micrometer screw until the horige=2z! line

on the oscillograph i= tangent to the peak or trough of the Joad line wave.
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Figure 67 shows a typical pattern on the oscilloscope. The horizontal
measuring line is shown at gero stress. The readinge on the micrometer
are multiplied Yy the constant derived by calibration for that machine,

All cables were shielded with a metal covering. The shielding and all
instruments ~vere grounded to eliminate fux.iness and distortion from the
oscilloscope pattern.

C. NUTS:

The 160, 000 psi bolts were tesied with the fatigue nuts shown in Figure 68.
Anocther fatigue nut, Figure 69, was uoced to test the 220,000 pai bolts. The
studs were tosted with nuts and with threaded bushings.

Special 1 3/4" and 2" nuts, Figure 70, were used to test the one inch
unengzged threads.

All nuts varied frorm standard because they Fad neither locking device
nor plauing. The squareness of the bearing face with respect to the axis of
the pitch diameter was . 003 1nch TIR maximum,

To test the effect of nut locking devices on fatigue life, tests were run
with SPS 42 FW 524 and S5PS 42 FW 10i8 auts, Figure 71 aad ESNA EB 524
and EB 1018, Figure 72. The SPS nut had a metallic locking device, while
the ESNA nut had a non-metallic insert.

D. WASHERS:
To prevent the hoad-to-shank fillets from bearing directly on the adapters,

counteryunk washers per SPS WC 22, Figure 73, were uted under the bolt
heads for all tests, No washers were used under the nuts.
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SECTION V

TEST PROCEDURES

A. TENSILE:
" After Iabrication all parts were dimensionally inspected to the appli-
cable  rint., The thread form, contour, and dimensions were particularly

r-teu « ¢ to their conformance to specification requirements.

The bolts made for this test program are listed 1n Table 1V, The studs

© tested ars listed in Table V.

Twe smooth specimens of each 1ot of bolts and siuds were pulied in
tensile to determine the static mechanical properties of the base material
of the finished part. The specimene were fabriceted to sizea listed in
"Federal Test Standardse™, No. 151, published July 17, 1956. The gage
sizes usred for each thread diarneter tested are given in Table 111,

TABLE III

Gage 5izes for Paris Tested in Tens:le

Noimunai
Thread Diameter Gage Diameter Gage Length
1/4 . 113 0.45
/8 . 252 1.0
1/2 . 3587 1.4
3/4 . 505 2.0
1 . 505 2.0

The ultirmate strength of all parts was obtained directly {rom the dial
on tize tensile machine, The yield strength of the specimens was determined
by the 0. 2% offset method. Elongation and reduction of area were calculated
frorn direct measurament, Results of all tests are reported in Appendices
land I

Exicnsoroeciers ol tne appropriate gage iength were used on all specimens
teated 2s shown in Figure 33,

Two bolts of each lot were pulled in tensile to obtain the ultimiate and
yield strengths, The overall bolt extensomeiei was used to plot the load
sxtension curves as shown in Figure 34, The yield strength was determined
as that point where the slcpe of the plastic region of the load extenszion curvs
is equal to 2/3 the slope of the elastic range of the same curve. Tensile
tegts were not run on the studs since failure occurred in the shank rather
than the threaded portion,

WADC TR 58-326 15



TABLE IV

Diamaeter Configuration Material Thread Form
1/4-28 MS 20004 MIX.-S-6049 MIL-B-7553
3/8-24 MS 20006 MIL-5-6049 MIL-B-7838
1/2-290 MS 20008 MIL-5-5049 MIL-B-T7838
3/4=16 MS 20012 MIL-5-6049 MIL-R-TE3S
1-14 MS 20016 MI1.-5-5000 MIL-B-7838

220,000 psi Hazt freatment

1/4-28 EWB 22-4 M!1.-5-T108 MIL-B-7838
i/4-28 MS 20004 MIL-5-8503 MIL-B-7838
3/8-24 EWB 22-6 MIL-5-7108 MIL-B-7838
1/2=-20 EWB 22-8 MIL=-S-T7108 MIL-B-7838
1/2-20 EWSRB 22-.8 MIL-5-T108 High Radius
12-20 EWE TM 9 VasuoJet 1000 High Radius
3/4-16 EwWp 22-12 MIL-S-7108 MIL-B-7838
3/4-16 EWB 22-i2 MIL-S-7108 High Radius
1-14 EWHB 22-16 MIL.-S5-7108 mMill-B-7838

WADC TR 58-326 16



Diameter Material
1/¢-28 ML -8-6049
i/e-28 MIL-S-6049
3/8-24 MI1L-5-6049
3ig-24 MIL-8-6049
if2-20 MIL.-S-6049
3/4-16 MIL-5-6042
3/4-16 MIL-S-6049
3/4-16 MIL-S-6049
L ) MIL~-S-6049
1-14 MIL-S5-5000
1/4-28 M1L-5-7108
1/4-28 MIL-S-7108
1/4-28 MIL-S-8503
3/8-24 M1L-S-T7108
A/r-24 LIL-5-7ide
1/2-20 MIL-$-7108
1/2-20 MIL-5-7108
1/2-20 VascoJet 1000
1/4-16 MIL-S-7i08
3/4-16 Mi1lL-8-7108
3/4-16 MIL-§5-71G8
3/4-16 MIL-5-7108
3/4-1b6 MIL-5-7108
3/4-16 MIL-8=-TI08
1-14 MilL-5-7108

TABLE V

160, 00G psi Heat Treat

Thread Form Thread Formed By
MIL-B-~7838 rolling
MIL-B-78138 rolling
MIiL-B-7838 rolling
MIL-B-T838 relling
MI*.-B-7838 rolling
M]1.-B-7838 rolling
M11.-P-T7838 rolling
MIL-B-7838 grinding
MIL-B-7838 cuttings
MIL-B-7838 rolling

220,009 psi Heat Trest

MIL-B-7838
MIL-B-7838
MIL-B-7838

MIL 783
MiL 783

air oo

-B-
-

!

MIL-B-7838
High Radius
High Radius

MIL-B-7838
MIL-R-7R3R
High Radiue
High Radius
MIL-B-7838
MiL-B-7838

MIL-B-7838

rolliag
roliing
rolling

rolling
rolling

rolling
rolling
rolling

rolling
rzlilizg
rolling
rolling
grindirg
cutting®

relling

Studs For Testing Mechanical Properties of Unengaged Threads

Plate

None
Cadmium (Cyanids)

Nons
Cadmium {Cyanide)

None

None
Cadmium (Cyanide)

None

None

Noune

None
Cadmium {Fluoborate)
Ncne

MNone
Cadmium (Fluoborate)

None
Nocne
Noae

None
Cadniwn {F IsoDOTALE]
None
Cadmium {Fiuoborats)
None
None

Nons

* Threads cut before heat treatment; all other threads formed aifter heat treatment.

WADC TR 58-326
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All tensile tests wzre run at a rate of 65,000 psi per minute. The tensils
machines were calibrated with proving rings certified by *he Bureau of
Standerds.

B. SHEAR:

Double shear tests were conducted on the shanks of two bolits of each lot.
The shear die srt up is shown in Figure 47. The raie of loading was 100, 000
F£si per minute,

C. FATIGUE:

Each 1ot of studs and bolts was run in tension-tensipon fatigus io develop
a full 8-N curve with four stress levels between 10,000 cycles and the en-
durance limit. Five pieces were tested at sach stress level, Pieces were
run to determine the 8, 000, 000 cycle endurance limit, and two pieces were

tested at that stress level.

Cadmium plated studs were fatigue tested at a minimum of two stress
levels. These levels wr . e selected to determine the relative location of

the S-N curves.

Ir all fatigue tests the low load was ten percent of the maximum load.
Loads were maintained within $2% by the varicus methods described in the
s2ction on Test Equipment., Fatigue stress calculations were based on the
tendile stress area(l), and plotted values were maximum stresses.

In seting up a fatigue specimen, it is extremely important that the
alignment ind squareness of the adapters be as accurate as possible to
insure uniaxial loading. Therefore, it was standard procedure to check
the following:

a. That the adapte-s sat squaraely in the liaks without rocking.
b. That the part slid freely througn the adapters at both extremes of
the siroke.

{1)° The tenails stress area is calculated by the equation -

3,1416 (E/2 - 3H/16)2

z Tensile stress arca

= Basic Pitch Diameter

- Height of sharp V thread

where

ZmMme >

wnal ¢ta !!2 ha adsandnm of the axta

z te addendum of the axt
Tke tensile stress areas are listed in Table i. 3, page 12
Standarde for Federal Services' 1957 Handbook H-28.

el
2]
-8
%
"
®

]

)
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The first plece of any 1ot rum at & particular siress was assembied into
the machine and adjustments of the loading machariam wara mada until the
required loads were attained. This plece was rnun to failure and examined
for Indications of hending, as follows:

Bending is indicated by the fatigue fracture progreseing from cne
side of the part to the £inal tensile fracture, which is located on
the opposite side of the origin, Figure 74.

Uniaxial loading results in a fracture that shows fatigue crack pro-
pagation from all sides of the part toward the center, Figure 75.
Note the difference in appearance between Figures 74 and 75.
Ssevere bending is indicated hy rubbing marks cn the vody of the
bojt where it engaged opposite sides of one of the adapters, Figu.e 76.
If, in other samples tested, the .ucation of the start of the fatigue
crack is always located at the same relative pogition to the link
sid adapier, then the ivadiag 15 ol wiuaxsal,

Plotting ~f Dats

tae rangue 0ata were piotted on kemi-logarithmic naner Tma P

cvrls Lifs was plotied 20 0 alelinss on 3 Iogarithinic scaic.

saseq on the t&nBiies 6trees ared wae plotted 23 the ordin

Tne ruma .n pounas was snown oo the left hand #ide of the chari. The

results of each test were piotted and the curve of best 32 was drawn through
tre icgarithmic mean uves. These were computed by the eguation

WADC

iLog X1 4 Lng X2 4 log ¥- 4 Vns ¥, .

—_— = Log X
whz=a M = Test result 2t 3 given siress level
n - Number of Specimens tested at that swess level
X : logarithmic Mean Life
TR 58-326 19



SECTION VI

SUMMARY OF RESULTS

The rrw data for all tests are presented in the Appendices. Tne tencile
propertiss of the parts and base material are tabulated on data shests for
each iot of pieces. The tension-tension fatigue cycles are tabulated by 1ot
and also plotted to show an S-N curve. Appindix I {ncludes the results of
the tests on all parts hest treated to 160, 00¢: psi and Appendix 1l includes
thoos for the 220,000 psi parts.

To simplify the data, combined S-N curves piottod as tensile stress
area, which 18 mean area, vorsus logarithmic mean l:fe are given an
follows:

TITLE CHAR T NO.
S5.N curve of Eugaged and Uneagaged Threads '
S-N carves of 1/2 tach diametsr Unengagsd Threads zroiled oo
WiL-5-7103 and Yascolet i000 beat treated to 220, 000 psx 2
5-N curvee of 1/2 inch dlameter Bolts mgde from MIL-5-7108 g-d
Yascodet 100s 3
S-1 curves of /2 And 1-4 18ch charmeter Bolts made fram MIT -8-710R
and WIL.-S-8%0% 4

S-N curve of 1/2 inch diameter Unengaged Threads with high radius
and MiiL~B-7838 thresd forme
S-N carve of 3/4 inch diametez Unengaged 1hread with high radus

w

S-N curve of 1/2 inch dameter Engaged Threads with high radus

and M1L-B-7838 thread forms 7
S-N curve of 1/4 inch dlameter Engaged Thrends with high radius

azd MIL -B-7838 hread forms 3
S-N corve .i 5/16 inch a5 20005 Boits with Ali-Metal and Non-

Metalic Lockang Llement Nuts 9
$-N curve of 5/8 inch MS 20010 Belte with Ajl-Meta! and Nor:-

Metcliic Locking Element Nuts 10
S-N curvses ot 3/4 tnch Unengaged Thrsads formed by cutting and

rolling 11
5-N cwrves of 3/ inch Uncngaged Toreads formed Dy grinding and

roiling 34
S-N curves of /4 thru one inch diametar Unengaged Threads rolled

on MIi.-5-6049 matarial at 160, 000 pei 13
8-N curves of 1/4 thru one inch diametar Bolia heat treated to

166, 000 ost 14
3-N curves of 1/4 thru one inch diameter Unengaged Threads

rolied on hiji.-5-7i08 at 220, 000 psi 15
8-N cuzves of 1/4 thru one inch diamete: Bolts made from ML -8-7198

at 220, 000 ps! 1é

WADC TR 58-326 20
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SECTION V11

DISCUSSION OF RISULTS

A, STUD DESIGN:

To evaluate the propsrties of unengaged threads, it was necessary
to davelop & specimen with threads which were not loaded through fe-
male threads. As outlined in the secticn on Test Pieces, various de-
signs were tried, to determine 1f fracture could he ieduced near the
centar of the tast thread. This could not ba achleved on ths spoeimats
roll threadad after heat trsatment; therelore, a deeign waa selected which
induced fatigue fracture In the Iast full thread before the termination, Thus
tho effect ¢f the thread runout was raduced to the lowest possible degree,
However, in the largar slges, 3/4 and linch damaters, (¢t was neceasary
to cold work by shot-peening the radius blending the test aecton to tha
loadlng thveads, A P-33 shol was uaed at an intensity of . 014 C2, With-
ot thiw, fatigue fracture occcursed cutsldo the test avea, Figures 77
and 78,

‘vhe Inltel one-inch test epecimens viexo prodiccd with oo fneh cut
threads on the els, Fatgus falluve eccurred at the Junctlon of thle
thread and the raMus 28 ehown tn Figuve 79, Fatigus fellures were pro-
ducad in the 1-18 thread by using a l 3/48-12 relled thycad on tho cads,

Tho test speeimens with cut and grourd threads were made to the
samo configuraticn as the »oll threaded parts, In this cees, fatigue
fallure occurred near tha cester of the test cut and ground threads,
Figurs 80,

B. EFFECT OF ERGAGING T{HREADS ON FATIGUE LIFE:

The fatigue strength of unengaged threads in 1 1/4 to 2 1/2 imes
greatar than that of the engaged threads, This comparison i based on
thes maxiinum atross which would produce a fatigue life greater than
8,000,000 eycles, The difference batwoen the average fatigue Hfe of

_ )l atuda and balse oSl S48 m asss oo ay fo o in Ct i, Table

V1 lists ths fatigus ateangth at 8,000,000 cycles for each lot of bolts and
studs with MIL-B-7338 threads,

WADC TR 38-326 2



TABLX V1

Fatigue Strength st 8, 000, 000 Cycles
Stress Calculated on Teneile Stress Area

MIL-S-6049 Material -~ 160, 000 psi minimum -

Test Thread Diameter

1/4
3/8
1/2

3/4

MIL-B-7838 Thread Form

Siress to Produce Fatigue Life of More Than

8,000,080 Cycies

Stud Bolt
95. oco 40,000
80, 000 49,000
166, 000 €0, 0890
»03,000 40,000
100, 000 50, 000

MiL-5-7108 Material = 220, 000 pl minimum

1/4
3/8
ije

3/4

WADC TR 58-32¢

MIL-B-7838 Thread Form

120, 000 80, 000

100, 020 £0,000

120, 00 65,000

120, 000 85, 000

155, 000 80, 000
22



In the case of 160, 000 psi heat trestment, tha stud fatigue strength was
2 to 2 1/2 times greater than tha holt, For the 220, 000 pai strength level
with the MIL-B-7838 thread roots the stud strength was 11/2 toc 2 times
greater. The studs with the high radius thresd root made from Hy Tul at
220,000 psf had » fatigue strength only | 1/4 to 1 1/2 times greater than the
bolt with the same thread form. Sin. s the difference beiween the fatigue
strength of the etud and bolt is less with the high radius thread than the
MIL«B-'338 threcads, the strass concentration in the threads must be less
with the high radius thread than the MIL-B-7838 thread. This indicates
that bolta with larger thread root radii are affected less by the atresas con-
centration duy to the nut, This {s demonstrated by the bolt fatigue etrength
being nearer the unengaged fstigue strength,

C. EFFECT OF MATERIAL ON FATIGUE STRENGTH:

Ths fatiguo otrongin of tho etuds fabricated from VaecoJet 1000 is 107:
greater than aimilar parts raade froin MIL-8-7108 matazial, Chart 2, The
fatigue atrength of the VascoJet 1000 bolts ia 18% greatar than those made
feom BMIIL.-53-7108, Chart 3,

Tha fatigue strength of the MIL-S-8503 material is alightly lower than
tie Hy Tuf in both s:ud and holt teats, Chart 4,

D. EFPECT OF MATERIAL STRENGTH ON FATIGUE STRENGTH OF TURFADS:

Dy Incrcasing the strongth of the material fvom 100,000 pei to 220,000 psi
(1.4 ttrmesg) &n Increase af 1,2 to 1,45 was obtained in the fatigue gtrength of the
studs. MIL-S-8503 had a 1,2 increase in fatiguy life, MIL-5-7108 a 1.3 in-
creaso, while VageoJet 1000 showed & 1,45 1ncreare.

The increans in the fatgue sirengih of the bolts due to the increasc of
1.4 in tensile stroangth was betweer 1,4 and 2,8, The bolts made from MIL-S5-
7108 aznd MIL-S-B503 ware ahout the same at 1.4 to 2. The one lot of Vascolet
studs with the high raciys threads increased 2.8 imes. This is an increase
of twice the increasas {n teasile strength,

The instease in the bolt fatigue lUfe is equal to or greater than the ia-
cresso in tensilo sirengih. Howevar the stud fatigue tife increased slightly
~ © -~ Tasw thin the tensile atrength, This may ba due to the stress concentratien
in the thread tezminadon which was not completely eliminated by the deaign
of the atud,

E. EFFECTOF THREAD ROOT RADIUS ON FATIGUE STRENGTH:

The enmnavizon 3f the effect of Mil.-B-7838 and high radius root ra
on the fatigué life is baged oa parts heat treated to 220, 000 psi. These were
the only parts mada with both thread forms.
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At the high siress levels the fatigue strength of the unengaged high
radiua thread is superior to the MIL-B-7838 thrzad. This is shuwn in
Charti 5 and 6. At a Hfe of more than 8,000, 000 cycles, there was little
or no difference between the thread forms.

The fatigue strength of the bolts with the high radius thread form was
at least 1.5 times greater than the parts with the MIL-B-7838 thread,
This comparisca is shown in Chart 7for thel/2 inch diameter bolts and
Chart 8 for the 3/4 inch diameter bolts.

Sincy the bolt tests showed a definite superiority of the high radive
over the MIL-B-7538 thread, it i» probable that the same dif{lerence was
not found in the studs because ithe effect of the thread termination was
greater than that of the thread form, The etress concentration due to the
thread engagement with the holt waws sufficiently large enough to cause
fatigue failures to occur in the area of the nut bearing face ratner then
at the thread termination,

F. EFFECT OF NUT NESIGN ON FATIGUE STRENGTH OF BOLTS:

Charts 9 and 10 ghow comparative 8=N curves developed with lecknuts
having metalllec thresdo and those havihg a non-metallic element in the locking
scciion., In both tssts ths nuts with all-nmistal threads produced superior
fatigue lifo 4n the mating past. It appeare that ae tho slzs Increases the
difference between the two deeigne hacomae greater. Tho supsriority of
the all-matal nut can bz attributed to less etreas concentration in the bolt
regulting from beiter load distribution in the nut, With more metallic
threads rhe load per thread is loes; thus the stress concentsation is o~
duced,

G. EFFECT OF PLATING ON THE FATIGUE STRENGTH OF UNENGAGED
THREADS: -

Plating decreases the {atigue wirengih of ihreaded parin. A reduction
of 6% to 11% was found on the stude heat trezted to 160,000 psi, The cadmium
plating of the 220,000 pai studs reduced the fatigus strength 9% to 18%. A
ruoduction of 10% was tound in the one lot of 220,000 psi etude with the high radius
thread.

Ag shown in Table VII, size had no effect on the fatigue lif2 reduction due
Ctaplatiae, L L L L L L Ll oo e o e
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Size Strength

1/4
3/8
3/4
i4
3/0
3/4

3/

WADC TR 58-326

TABLE VII

Elfazr o Dlztuzg of the raiigue Strength of Uncngaged Threads
Fatigue Stress to Produce a Life of 160, 000 Cycies

160,000
169,000
160, 000
220,000
220,000
220,000

220,000

* Reducton

25

Thread Form  Stress Non-Plated Plated

MIL-B 127,000 120,000 5, 51
MIL-B 117,000 104, 000 1.1
MIL-B 128,000 120, 000 6.25
MIL-B 150, 000 122,000 18.7
MIiL-B 134,000 122,000 8. 96
MIL-D 157,000 135,000 14,0

High Radiue 158, 000 142,000 10,13



H. EFFECT OF CUT THREADS ON FATIGUE:

The fatigue strength of the unengaged cut threads is 34% to 6U% of the
roll.d MIL~B=7838 thread. The fatigue strength at a life of 100, 000 cycles
of the cut threads on parts heat treated to 160, 000 pet was 50% of that ob-
talned with rolled threads. Under similar conditions the fatigue atrength
of the cut threads on studs heat treated to 220, 600 psi was 34% of the rolled

threads, Chart 11,
Table VIII shows the comparative fatigue strength of unengaged cut and

rolled threads at a life of 100,000 cycles,

TABLE VI

Rolled Thread after Heat Treatment va Cut Thread
Fatigue Strength to Produco Fractore at 100, 600 Cyeles
All parts were 3/4-16 unengaged threads

Teneile Strength - psi minimumn Fatiguc Strength - psi
Rolled Cut
160,000 126,000 75,900
220,000 160, 000 55, 000

1. EFFECT OF GROUND THREADS ON FATIGUE:

The fatigue strength of ground threads is leaa than rolled threads but
greater than cut threads.

The fatigue strength at 100, 000 cycles of the ground threads on parts
heat treated to 160, 000 posi is 68% of that obtained by rolled threads, On
studs heat treated to 220,000 psi the fatigue strength of the unengaged
ground thread was 56% of the rolled thread, Chart 12.

Part of the difierence between the ground and cut threads can be dus
to the thread forms. The cut thread had a flat root where as the grou.nd thread

“"“had a Taduw- comormtr:g 10 MIL=DB-7030, "

Table IX showa the comparative fatigue strength of unengaged ground
and rolled threads at a life of 100, 000 cycles.
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TABLE I1X

Rulied Thread after Heat Treatment v Ground Thread
Fatigue Strength to Produce Fracture at 100, 000 Cyclas
All parts were 3/4-16 unengaged threads

Tensile Strength - pal min.imum. ‘ Fatigue Strength - psi
- Rolled Ground
160, 000 126,000 85, 000
220,000 160, 000 90, 000
WADC TR £8-326 21
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SECTION v

CONCLUSIONS

The fatigue strangth oi unengaged threads i¢ about 1 1/2 times that of -
engaged threads,

With the proper selection of the material the fatigue strength of rollsd
threads increases in direct proportion to the tenalis strpansth,

By increasing the thread root radius, the fatigue atrength of threads
can be increased.

Nut design affects the fatigue strength of fasteners, Generally as the
thread cngagement decreases the atrength decreasss,

Cadmium plating reduces the fatiguo strength of threads an average
of 15%.

The fatlgue strength of unengaged cut threads is 34% of the rolled threade
on parts heat treated to 160,000 psi and 60% of rolled threads on 220, 000

pel parte,
The fatigun strength of unengaged ground threads is greateg than that
of cut threads but less than rolled threade. The fatigue strength of ths

ground thread is 68% of tho thread rolted on 160, 000 psi material and 56%
on 229,000 psi material,

WADC TR 58-32b 28
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_ FIGURE 62

Cleae up of Fatigue Fallure of NAI-160 Fatigue Link
200, 000§ Capacity
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Full View of NALI-160 Fatigus Link
Fallure {s Noticeabls in Upper Parxt
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Fatigue Failuve o NAY 160, 15,000 Pound Link
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FIGURE 67

Ouocillograph Pattern of Bynomic Load and Measuring Clrcul
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VIGURE 75

wetigeo Frecinva Resoliing

Poflgen Fracteve Reowliting
From Yvlesiol Loadiog

Yroia Bendug
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" FIGURE 76 T
Bolt Body Showing Rubbing Marks Resulting
. From HNon-Axisl Loading
s WADC TR 58-326 108
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EIGURE, 77

Fatlsiuo Fractoro in Shank of 3/4 inch Toet Speelinen

i
1

FIGunr 78

Fofigus Fracturo dn Theead Scetlon of 3/4 #nch Toest Spoeimen
Resuliing fram Shot Pecntuy of itedlue

FIGURE 79

Fatigue Fracture in 2-12 Cut Thread Rather than 1-14 Rolled Thread
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TENSION - TENSION FATIGUE TEST RESULTS

10% P-aload - Straes Calculated on Tensile Stress Area

finit Dosign
Size
Matorlal
Heat Treatmont
Thread Forin
Plate

Stress Area

Nug Typn
Siyle
Maotowrlal

Heng Tecotment

A'cotdng Plneldno

ricke
Copoclty
Specd
Mosdsnwn Lood 4, 344¢
S¢x000 120,000 poi
19,500
. 100
8,600
7,900
_b,760
Avaraye 10, 360
Lagavithinle RMcan VT ) 9,882 '
Maximum Load 2,708

Lo o 2= aQ ANnls s

Dato: 11-18-54

MS 20004

1/4-28

MiL-5-6049

160, 000180, 000 pai
MIL-B-7838

Cadmium plato por QQ=-P-416
‘‘ypo §, Class C

. 0362 Squnre inchoo
A2V

HIET 0630
Re 27-32

e BEEs— - - m T T STy GUUIEILT

199,200

163,000

104,200

77,800

Average 136,000

Logarithmic Mean Life 128, 500
WADC TR $8-326

Fune e

fvoneco
5,000 pound
1650 epin
3, 6200 2, 0964
160,000 pst 00,000 pal
29,100 00,400
28,000 87,000
25,4600 16,400
23,4300 73,100
25,680
25,550
2,1724 1,440¢
oYy — - 09,000 psi 40,000 pst
833,200 8,477,000 NF
525,400 8,951,000 NF
427,360
277,900
22,100
455,120 8,714,000
409,700
n3

.L!L s
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MEGHANICAL PROPER TIES
—_——rirunL FROPER TIES
Datn Mavembeor 48,1559 For Ghart No. 17

Bolt Dascrintion .
Typo MS 20004
Sxe : 1/4~-28
Matevial JtL-8-4049

Bolt Stoaagth Paunds Spacimen ) Spcelmen 2
Uitdmnta Tensila 0,600 6,789
Yield Strength 5,500 5, 600

Hagerdal firength 831

' . Geo Dpmitiaen ’
Wearilo Stvength 158,000 165,000
Yicdd Hivorgih 149, 500 150, 500

Fleagotion - % in 4 Manstay

Gego Guscimen 12. 5 12,6

Refrstlon ol Avca »

Girgo Cicotrann 5.3 63,7

£xnoy Hixciaih - Dokt Nody

. Fowds - Poublo Shosy 10,460 10,080 -
. B&g 185,960 10, 000

e e - Eatigue Steenath 6 8, 000,000
[ o Cycles 16 Bow Load
. Pounds 1,448
o PEL (Mean Area) 40,000

108 No. 6S414E

M
. . et 3
WABC TR 58-326 n4g
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TENSION - TENSION FATIGUE TEST RESULTS

16% Preload - Stress Calculated .on Tenetile Streas Area

Bolt Dosign
Sizc
Material
i{eat Treatment
Thread Form
Plate

8irees Axesn
Nut Typo
- Siyle

teateniel

ifent Yreabinent
Teofing Maeldao

PMoko

Cauncity

Sipacq

Masdmum Jond
Stzean

Average
Logarithmic Mean Life

rMaxdmum Load
Strene

Average
Logazithmic Mean Life

WADC TR 58-326

W

Date: 1-4-58

MS 20006

3/8-24

MIL-5-6049

160,000~180, G600 pei
MiL-p~-7838

Cadmium Plate per QQ-P-416
Typo 1, Cinss G

» 80876 Squaro inchae
Q21

AL Q630
fte 2732

s

{revnn
15,080 g5uade
1050 cpin .
10, 5124 0, 7697 0,710)
128,000 50t 100,000 pst  MILoR)
11,000 21,400 72,0600
11,500 20,500 10%,600
10,000 20,580 69,600
11,400 21,400 71,800
17,000 20,800 69,600
12,180 Z0,920 97,840
1,960 20,95 76,710
5, 2963 3,508
60,000 pat 49,800 pst .
163,000 10, 373, 500
93,400 9,442,240
126,000
190,300
129,900 —_
140, 740 9,997,850
136,050 8,000,000
116 ;
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MECHAN:CAL PROPERTIES

Date Japuary 11, 1955

Bolt Dascription
Type
Eive
Materisl

Bokt Steenath ?cunds

Vitisunte Yensilo
Yield Strength

Maogerind Stvarn,th ]
ER A AR U A G
. 8520Gage Spachinen

Kcaollo Givensih

Yictd Civenpth
Bleaznatica = (5 dn 4 Blanoter
25240 ge Sptehinea
Reduetion of pres o 05
. 252Gage Spechncn

sheog Siveusih - Dolt Hody

Poundo - Bouble Sheay
P31

Fatigue Stvenuth O 6,000,000
Cyclen 10% Low Leoad

Fonnda
BSI (Riean Area)

Lot No.

WADC TR 58.326

For Chart No. 18
NS 20006
3/8-24
MIL-5-6049
Spocimen ] Specimen 2
15,000 15,400
12.600 12,600
171,300 NGO, 700
129,200 147,800
12.4 14.6
52,4 52,4
22,000 z2,500
9,600 101,900
3,504
40,000
12254K4TK
117
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TENSION - TENSIOM FATIGUE TEST RESULTS

L ey e b—————

109, Preload ~ Stress Calculated on Tensile Stresp Arvca

Bolt Design
Size
Material
Heat Treastment
Thread Form
Plxite

Streas Avca

Nut Typ?2
Style
Materind
Heat Teeatingnt

Teating Maehine
Plake
Capaecigy
Specd

tanhnum Load
Stecoo

Average

Logarithmic Mean Life

Masximum Load
Streoo

Average

Logarithmic Mean Life

WADC TR 58-326

Date:

MS 20008
1/2-20
MIL-5-6049
1690, 000-180, 000 psi
MIL-B-7838
Cadmium Plate pe¥ Qf}-P-416
. Type 1, Clasa €

12-20.54

. 1597 Square inches

a4z ¥rv
AIST 6200
fte 27-32
Krouce
15,000 pound
1050 ¢pm
17,0060 15, 1724 12,3004
S0, 100 poi 93,00 poi  MIL:D
19,700 39,500 103,000
18,000 37,600 90,000
15,000 37,000 86, 500
12,900 36,500 84,600
10,440 - 35,000 72,000
15,440 37,120 87,220
i5,057 37,090 86,642
29,5824 6, 388¢
60,000 poi 40,000 psi
T T T UR13,600 7777 78,000,000 NE T
645,200 8,982, 600 NF
331,800
131,900
130, 000
390, 500 8, 491, 300
113,720
119



MECHANICAL PROPERTIES

Date ___ Detember 20, 1954 For Chart No. 19
Bolt Dsecription
Type MS 20008
Size 1/2-20
Material MIL.-S-6049
Bolt Sirength Pounds - Spscimen 1 Specimen 2
Ultimate Teneile - 29,300 31,000
Yiald Strangth- 25,000 26, 000
Material Strength PSI
+ 357 Gago Speclmen
Tensllo Strcngth 172,700 176,100
Yiold Stycagth 167, 600 159, 600
flongation - & dn 4 Diuncter
. 357 Gage Speeten 14.8 16.4
Reduetlon of Aven -~ %,
. 357 Geao Speetwmci 50, 2 60,0
shear Steength - flolt Body
Poundo - Poublo Shoay 41, 699 41, 7150
sl 105,900 106,000

Fatiguo Stzength () 0,000, 000

Cycles 10% Low l.0ad

Pounds 6,308
PS5t (Mcan Avoag) 40,000
Lot No, 154M4E0A
i
VWVADC TR 50-326 120
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stress Calculated on Tensile Stress Area

Bolt Design
Size
Material
Heat Treatment
Thread Ferm
Plate

Strces Arca

Nut Type
Style
Matcerial
Heat Trecatment

Tooting Machinc
Malke
Capacity
Spsed

Masximum Load
Styeoo

Average
Logarithmic Mean Life

Maximum Load
Strcos

Avcrage
Logarithmic Mean Life

WADC TR 58-326

Date: 4.2L6.87

MS 20032

37/4-16

MIL-S-4049

160,000-180,000 psi
MIL-B-7838

Cadmium plate per QQ-P-416
Type 1, Class C

0. 3724 Squaro inches

42V
ALGTL D720
Rec 30-44
Kxoun2
60,000 pound
050 epin
37,2400 29,1004 22, 3448
100,000 pol  BML-B 60,000 poi
15,200 76,100 1,532,060
15,100 75,400 1,067,700
14,200 75,400 467,700
13,700 62,600 213,000
12,600 61,800 206, 39_:3
14,160 70,260 697,300
14,130 69,900 507,200
18, 6208 14,8964
50,000 pai 40,000 psi
) 1,214,600 8,746,000 NF
3,106, 300 8,681,500 NF
4,872,100
983,000
849, 700
2,205,140 8,713,700
1,728,000
122




MECHANICAL PROPERTIES

Date March 28, i95% For Chart No. 20

Bolt Description

Type MS 20012
Size 3/4-16
Matorial MiL-$-6049
Bolt Strength Pounds Specimen 1 Specimen 2
Ultimate Tenolle 70, 600 72,600
Yiold Strength 60,000 62,000
Materinl Steength PS1
803 Gage Spoctimen
Tenoilo Stecngth 177,700 177,700
Yiold Stvengeh 162, 800 162,000
Ltongotion §5 4n 4 Dicmctos
. 505 Goge Speetmen 14,7 13.9
Recugtlon of Avea - %
Gaogoe Speelmen 43.0 44. 2
Shear Steendth - Bolt Body
Pounds = Double Shear 92,000 95, 300
PSi 103,100 107,900
Fatiguo Steonath @ 8,000,000
Cyeleo 105 Low Lead
Poundo 14,895
PS5l (Mean Area) 40, 000
Lot No. 216594p72
VADC TR 58-326 123
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TENSION - TENSION FATIGUE TEST RESULTS

v

amad o2 s —
BT XFTOI0ATC = U CO9

Bolt Doaign
Size
Materiai
Heat Treatment
Thread Form
Plato

Stress Awvea
Nuet Yypo
Giyla
Material
Hoat Yreatiment
Togiing Miachiug
Binko
Capacity
Specd

Santwn Loond
Sivooo

Average

Logarithmic KMean Lifo

Logarithmic Moan Life

WADC TR 58-326

A S_a_ A ___ . _ _1 A Ao
siculaicd on Tenoile Girces I'A}tcu

Date: 7-18-%7

MS§ 20016

1-14

#Mii,-5-5800

160,000-180, 000 psi
MIL-B-7838

Cadmiura Plate par G0-0-419
Type I, Clasn C

0. 6791 Sqguave inches

---— - Maatidin LGIG— —- - -
Stresse
Average

X

a8 W
ALY 0740
tc 30-34
Asnslor
220,000 povad
500 cpin
03,4920 67,9108 53,7008
420,000 pst 100,000 pot  MI-N
12,400 35,000 60, 600
13,000 42, 360 105, 500
16,200 43,900 131,300
16,900 44,800 132, 300
18,100 51, 300 212,000
15, 00 43,460 128,200
15,160 42, 7490 516,400
- .40 7408 = 33 Q8R4
60,000 psi 50,000 psi
1,076, 800 8,000,000
2,276,000 8,000,000
2,831,000
3, 665,000
4, 190, 000
2,807,700 8,000,000
2, 544,000 8,000,000
125
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MECHANICAL PROPER TIES
Date July 28, 1957 For Chast No. 21
Bols Dcurlgﬁon
Type MS 20010
Else .14
Material MIL-8-5000

Holg Siwcngeh Pounds

Ulttmato Tensile
Yiold Sevength

P4
L 505 Goro Spoelinon
Fenclla Hizength
Yicld Seeenaih
Fineetien $4n 4 Prncior

. 505 Gage Speelinsn

Reduction of Aven =

. 505 Gago §aclmen

Shear Stzongth ~ Bolt Rody

Peuada » Ronbin Sheay
BaA

Fatigns Strensth @ 8,003,000
Cyciss 109 Low Load

Pounds
_?S! (Mean Ay ea)

mt H@.

WADC TR 58-326

Speeimen Spacfmen 2

126,000 V217,000
115,000 117,000
32, 500 34,000
31,250 32,459
0.0 10.8
€q,9 52,0
156,000 156, 000
99, 300 99, 360
33,955
50,000
8 T
126
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"TENSION - TENSION FATIGUE TESTAR,ESULTS

= 10% Preicad - Strees Calculated on Tensflé'Siséas Avea 7 :
: Date: 2-26-57
b
e__ Bolt Design Stud
¥ Size 1/4-28
_‘T Material MIL-S-6049
A Heat Treatment - - 160,000-180, 000 psi
B Thread Form MIL-B-7838
Plate Noae
L‘ Streas Area Unengaged
‘ Nut Type
" Style
1 Material
: Heat Treatmont
Y Teoting Machine )
Y Malke . : Lrouee
 ? Capacity 5,000 pound
. Speed 1650 cpm
Magimum Lead - 5,792% 5,0684 4, 3444
[ Stresa 160, 000 pai 140, 000 pei 120,000 pai
o wplated plated unplated plated
¥ 5, 600 70,000 12,300 362,800 61, 300
H 5,600 56,500 16,400 350,800 92, 200
7 4,800 32,400 17.100 159,000 101,300
7 4,700 18,500 17,260 133,500 124,600
,; 4,000 17,000 94, 200
E! Average 4,940 39,160 15,750 220,060 99, 350
ﬁ Logarithmic Mcan Life 4,912 33,540 15,610 191, 100 98,060
- Maximum Load 3, 6208 ) 3,258¢ ) o
s-- - Srregg c T T T T T ST T 100, 000@El T T 90,000 pei T T T “
3
11,501,200 NF 9,188,300 NF i
8,150,300 NF~ 6,183,800 NF 2
6,145, 300 =
3, 650, 900 o
Average 7,361,900 8,686,000 ety
j . b
Logarithmic Mean Life 6,772,000 f%
3
4
WADC TR 58-326 129 ‘;%
e S T b RS R € RS T T T e €SS SR T T T
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MECHANICAL FROPERTIES

Date March 14, 1957 For Chart tlo, 22 and 23

Bott Deacription

Typy Stud
Size . 1/4-28
Material . MIL~5-6049

.Boh Strength Pounds

Specimen 1 Specimen 2
Ultlmate Tenelle
Yiold Steangth

Mogeyial Strcnyth PSI

« 113 Gage Spoectinen
Tenoile Streagth 101,000 184,000
Yicld Strength 172, 600 171, 500

Elongation - (3 4n 4 DI

- 113 Gage Spaclinen 20. 9 n.o

RocGucion of Avea - %

4

+ 113 Gage Specimen 5.0 51, 0

Shaav Sivengih ~ Holt Dody
ot ' Pounds « Doubls Shear
e BS§1

- Fatigue Sirength & 9, 000,000
" Cycles 10% Low Load

. Pounds 3,475 . .
e = PRliMean Aves) . §BBBB - - m o e e

Lot No. 74

WADC TR 58-326 7 130
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TENSION- TENSION FATIGUE TEST RESULTS

Belt Dosign
Size
Material
Heat Treatment
Thread Form
BPlate

Hirege Aves

BNut Type
Siylo
Mntowlal
ricat Teontmont

‘FarHng Machine
PMake
Capaclyy

Hpeod

Mauisawmn Yead
Gtyena

Average
Logarithmic Moan Lifc

Maximum L.o04d
Strcoo

Avarage

Logarithmic Mecan Lifc

WADC TR 56-326

10% Ptela:zd = Strese Calculated on Tensile Stress Area

Date: 2-26-57
Stud 5
3ie-24

MIL-§-6049

169, €00-180, 0GD ol
MIL.-B-7938

Nong

- 0876 Square incheo

Uaengaged

Krouso
15,000 poung
1060 ¢pun

S22 e -

10, 5320
120,000 pos

91,200
86,400
77,500
67,200
63,400
36.800
12,080
70, 400

14, 0160 12, 264¢
160,008 poi 110,000 pot
' Unplated ™ " Flatea
6,100 29, 500 8,600
7, 700 26, 300 11, 300
6,400 22,600 11,400
5, 700 16,600 13, 200
5,300 13,300 i
6,640 21,540 i1, 130
6,550 20, 600 13, 000
a, 760p 7,008¢
.. 00,000 psi_ . _ 8o s8p .
Unplated Plated
1,656, 300 80, 700 8,000, 00D
478, 490 113, 000 8, 000, 000
258, 300 . 124, 800
242,400 162, 306
219, 700 B
450,9 1.0, 200 8,000,000
370,200 116, 600
133
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MECHANICAL PROPER TIES

Date February 26, 1957

Fog Chart No, 24 .nd 25

Bolt Description

Type
Size
Matcrial

Bolt Strength Pounlo
Uttimate Tenolle
Yicld Steength

. datorial Steenath B51

. 292 Gnge Speclmen
Tenslle Strongth
Yicld Steength
Fluagatdon = 9 in 4 Dlaactoy
. 252 Oapoe Specimen
Reduciion of Avea - %
. 252 Gaga Spachinen
Shear Styength - Holt Nody

Pounds = Double Sheay
PSsi

Latgue Steaayth - Polt Body
Cycles 109 1.ow J.oad

S Pounds
v $S1 (Mcan Axca)

v Lot No.

WADC TR 5H-326

Stud
3/8-24
MIL-5-6049

Specimoen | Spechimen 2

174,000 173,000
165, 000 161, 300
15.0 16, 0
5%.5 54. 5
?.008
80,000
32
134
o s e e s .»\": i ——
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TENSION - TENSION FATIGUE TEST RESULTS
'; - 10% Preload ~ Stroaa Calculatad on Tensils, Streaz Aven
1 Date: 5-29-57
: Bolt Design Stud
) Size 1/2-20
‘ Materxial MIL-8-6049
; Hoat Treatment 160, 900140, 000 pel
: ‘Thread Form - - MIL-B-7838
‘ ] Binte Noag
Stecas Avea - 1597 Squaro fuchoo
Nut Typo Uncngagadd
Stylo
Matorinl
Host Tecatiment
Yonttng Maching
tindo youze
60, 480 pound
050 €300
Mouhnvm Jaad 23,955 22,3500 19,1624
. 150,000 pit 140,000 poL 120,600 pss
t
10,900 20, 700 85, 862
11,000 34,200 161,900
15, 2060 317,200 229,000
15,100 - 66,900 - 555,000
18, 300 108,400 372,600
Average 14,220 53,480 241,660
Logavithinlc Mean Life 13,925 45, 310 212,100
i Marbwmum Load ' 17, 567¢ 15,9704
b Steess . M0.000msl 0D 00Oe . _.___
368,200 8,200,000 NF
1,836,100 8,280,000 NF
6,500,000 NF
166,900
1,107,200
Average i 295,700 8,200,000
Logavithmic Moan Life 959,200 8,200,000
% WADC TR 58-326 1%
T e i g e R T T RSN LT I U
) Haw Faim B e e ‘ e v
. (v» " \



; MECHANICAL PROPER TIES -
Date May 2, 1957 For Chart No. 26
Bol¢ Description
Typo Stud
Size $/2-20
Matoxial MI.-G-6049
Boly St ) 4 ’
Holy Strength Pounde Spechmen 1 Spocimen 2
Ulthmate Tensile
Yield Stvength
Mnatavial Stvenats bl
. 357 Gogo Gpoetenen
weasilo Sivepygih 162,000 172,500
Yield Givengih 144,000 165, 000
Plorzation o O dn 4 Plametay
. 357 Gego Gpechacon 16.4 12,1
Redngiton of Avea - %
N 357 Gaogo Spochmen 550 50,2
Shepy Strength - Holt Hady
: " Pounds « Pouble Shear .
_ 58 :
Fatlgue Strength € 8,000,000
- Cycloe 10% Low Load
i Pounds 15,970
i P51 (Mean Arca) 90,000 __ . _ =
4 o Fellhean Are® . — - T ;
i Lot No. o0 :
i
1 WADC TR 58326 137
q
1
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" TENSION ~ TENSION mm,xgs’ TEST RESULTS

DR FFraioan

0% Praload - Straas CAh:ulnml on Tenalls Sivons Arvea

Boit Dealgo
Size
Materlal
Heat Treatment
Thread Form
Plate

Styeas Aven

Nut Typa
Siyle
Riatexial

oo Wycalnizi?

repting Pchiae
Po
Capacity

Gized

Poanimvin ).od
Livesn

Average
L«ogaéiehmlc Mean Life

Max Imurn Load

2 <coaa

Average
Logarithmic Mean Life

WADC TR 58-326

Date: 9-19-57

Stud

3/4-16
MIL-5-6049

160, 300-180, 000 pul
M1),-B-7833

None

0. 3724 Eqawe inchea

ifncng;age:d

ey
(0,000 :ued
5200 cpia

146

5%, G346 52,1364
369,060 o 140,060 poi

’ o Yiplated ~  Elated

0.4580 35,508 FENAL

7. 100 45,000 10, 709

7,363 . seg. 1o 24, 100

A 4,608 28,200 -

9_;@0 68\ , 709 .

7,44 53,740 21,159

?7.302 52,280 20, 390

44, 6208 40,9644 37,2408
. 120i000pat . 110.000 nsi _100.2800 poi
Unpiated !’laled
75,000 82, 300 426,000 8,000,000 NF

194,000 . 96,800 498,000 6,000,000 NF
207,600 112,300 625,000
262,000 151,100 658,000
326,000 766,000 -
233,802 110,600 561,406 8,008,000
191,500 107,600 5582, 100 8,000,000

5 b e e e
:
'



MEGHANICAL PROPER TIES

*
: Date ___ Mey 17, 1957
Bols Description
Type
HNua
Materlnt
Fots frzength Pamds
‘Oitinnts Tenslio
Yield Strength
Piotoudol fimeugih 0
o505 Gooo Broisaci
we g ¢ ot
Whckd Cdve i
SHng primiaciay
ceacy 7
1ol ARcy - 4
soluicn
{
: Ll fivengih . V;\ﬁ:’g“;;,}[:;,:,
% Poands
i BP&i {kMcan AgeQ)
T T T T eine.
!
]
i

WADC TR 58-326

[ TP [RORE R YO

141

" For Chart No, _

27 and 28

Stud
374-16
M171.-5-~6049

Speebnenl  Specimen 2

3 85, 003 163,500
165,160 50,200

15,0 16,0

61.0 50. 4

37,240
169, 600

7
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload ~ Stéun Calculated on Tenstle Stross Ares

Bolt Design
Sise
Material
Heat Treatnent
Thread Form
Plate

Sicvass Aven

Nut Typo
Siyla
Maotasiol
Hieot Tranfurong

Wepting becline
: tMeke
Capacky
Lpnad

f.ond
Hivess

Luad
Stvase

load
Stress

WADC TR 58-326

Datn:

- Stud

3/4-15

AMS 6322

160, 000-160, 000 pat
Cut UNF 3A

None

- . 3724 Sheewe Inches

Unengaged

Ruy
60,060 povad
1200 ¢pm

G thvead

12/27/57

Stud -
3/4-16

AMS 6322

160, 000-180, 000 pas
Ground MI1,-N-7338
Notie

Unengaged

vy
60, 005 pound
1200 cjun

Grovnd ‘thyvend

37,2408 37, 2804
180,080 yyod 160, 000 pai
75, GO0 334,600
19,000 34,000
29,000 ) §2,000
41,000 58,000
29, 792§ 29,7928
80,000 ps) £0, 000 pst
%8, 000 63,000
82,000 98,600
917,000 165, 000
128,000 - — 75,888 - - —.
22,3449 22,3448
60,000 pss 60,000 psi
331,000 $,300,000NF
706,000
143
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MECHAN/CAL PROPER TIES

Date December 28, 1957 - For Chart No,

Bolt Description - Cut Thread

Typo . Stud
.Sige ' 3/4-16
: i»gntoﬂal ) © B31L-8-6049

Bolt Steength Pounda’/
B Spzcimen ]l  Specimen 2
Ultimate Tensile ’
Yiold Streagth
Motexhd Stronpth F5I

. 505 Gage $padtmen
Téilo Strength 173, 000 172,000
Yield Sivcengtn 165, 600 161,600

Kloniotlon - ¢ in 4 Bimactor
Z20UIEDMON © G AN ) 2ITICETN

. 505 Gago Epochinan 13,5 1.5

Reduection of Avea - %

e ey AT £

. 505 Gage Spechimon 55,7 54.1

Shear Strengeh - 1jolt Body

Povnda - Noublc Shcay
PS5l

Fatigue Strepgth € 8, 000, 000
Cyclos 10%: Low Load

Pounde
PII (Mean Area)

WADC TR 58-326 144

]
=]

f
~

Ground Thread

Specimen 1

Stud
3416
MIL-S-6049

166, 000
152, 500

13.5

506.9

Lot No. L B2 — - —— 380
.- A«0F N0 .

Specimen 2

150, 500
155, €00

16,0

6.1

i
;
*
¢
3
+
&
$

|

‘.

|



wowe'e _ oovogn s i =

AUNTIVL OL §XTORD

o o _ pibibEt | _ \\1‘\1“1 If\
v'e
141 o
) e
L}
i
. _ Ll d
016749 NRY B A
3E = L]
[ J'n
2671 - B e e
bkl R
050'66 cemnde i SV U DS SO S, ek ]
§95 ‘10 L O e o
eo'Col boed MRLLEL L L S §
SN S A - SN
! (et B T S e I S D S
IR o N e 1 N m L N L
e T . . ) (121
SEE&. 34D 009 : peedy Bupuey, PRV WUREY 01 - pEoY Ao A
6 1 HRD oJFY Gvely oywaIyiuloT ~@- ]

E8 -g-1N§ 2¢d wra0g proaqy,
184 GO0 ‘007> 00D *09T WWoUIIUASY, Vsl » TV7d0IWjN 0008-5-TIN

aniy #i-uv
1001 enfjyug uojstay - uojsusy

WADC TH £3.326

RN S

b ik s D B ol i T B bl

AT it S



- TENSION - TENSION FATIGUE TEST RESULTS

Bolt Design
Size
Material
Heat Treatment
Thread Form
Plate

Strees Area

Nut Typs
Sylo
F4ntorial
ook Trontsacng

Tocting Binching
Patia
Cagposity

agd

Egood

Maxirnom Load
£izono

Average
Logavithsnle Moan Lifo

Maximum Load
Stress

Average

Legarithmic Mean Life

WADC TR 58-326

Date: 8-29-57

Stud
114

MIL-5-5000 _
160, 000-160, 000 psi

. 6791 Square inches

16% Preload - Stress Caiculated on Tensile Stress Arocs

Unengaged
Amoley
229,000 ;ouad
500 copm
108, 6564 . 101, 8551} 95, 0744
150,000 pst 350,000 pod 349,000 pot
0,609 60, 600 124,000
13,100 69,000 73,100
14,200 66,000 76,800
19,209 63,069 135,000
22,300 G6, 60U 151,000
15,489 - 70, 200 111,680
13,900 69,0%0 93,609
81,4924 67,9104
120,000 p=ai 100, 66O pst
7 T ies.000 8,000,000 NF
174,000 8,000,000 NF
207,000
816,000
540, 000
380,600 8,000,000
306, 300 ¢, 600,000
146




MECHANICA L PROPERTIES

Date _ M& 29, 1957 For Chart No, .30
: Bolt Deacription
Type Stud
Sice =14
Material MIL-5-5000

Bolt Strenpth Founds

Uliimate Tensile
Yiald Stvength

Spoeimon | Spccimen 2

Materlol Stecnsth 251

« 50% Gago Speclimen
‘Tensilo Sevengeh

179,000 100, 600
- Yiold Sizpngin 172,500 172, 500
Flonndlon - %) dn § Mawctor
« 505 Gogo Sncelmen 13. 4% 12.5
Recaetlon of Avea - §
« 505 Gage Epsclinen 52,0 46,3
Bhoay Stxenzin = Dolt Bogy
Pouads o Doublo Shoar
Pt
Katigus Strenath 6 8, 600, 000
Cycles 10% Low Load
Pounde &7, 916
P51 (Mean Arca) 100, 000
1.0¢ No. 199

WADC TR 53-326

147
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload « Strees Calculated on Tensile Stress Area

Bolt Design
Size
Material
Heat Treatment
Thread Form
Plate

Stress Arca
Nut Type
Stylo
Material
Heat Tecatrnent
‘Tecting Machine
Make
Capacity
Spead

Maximum Load
Stress

Average
Logarithmic Mean Life

Maximum Load

- Average

Logarithmic Mean Life

WADC TR 58-326

Date: §.13.58

MS 20004
1/4-28
MIL-5-8593

220,000-240,000 psi

MIL-D-7638

Cadmium Plate por QQ-P-416

Typo 1, Class C

. 0362 Sguare inches

BWN 22

AIS1 0630
Rc 27-32
Krougo
5,000 povad
1650 cpm
5,0600 4, 3444 3, 6209
140,000 poi 120,000 poi 100,000 pei
31,100 52,100 842,900
29,000 50, 600 433,900
22,300 49, 300 354, 500
18,500 31,490 135,500
14,300 _83.800
73,040 45,0850 370, 000
22,140 44,830 271, 600
2,7108 2,5344
— —37,808 (MDY - T -

5,612,100 NF
5,421,000 NF
3,463,200
2,451,700

1,862,500
3,762,100
3,409,000

150

10,283, 300 NF
10,283, 300 N¥

10,283, 300

10,283, 300
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i MECHANICAL PROPERTIES
. Date___ Mayl3, 1956 ' For ChartNo. 31
]
é Bolt Description
1 Type MS 20004
: Sine 1/4-28
; Maetorial - $411,-8-8503
i
' Bolt Sty d
dolt Strongth Pounde Spzcimen 1 Speclmen 2
Ulilmato Tensllo 9, 300 9,350
Yield Stvength 7,900 8,000
+ Motoxia} Stveyath 851
¢ LH3 Gego Spochimon
! Fonshle Sivength 234,000 236,000
) ¥iold Givoiieh 190,000 190, 000
 Dlosnndlon - iy ¢ Mlamctox
+ M3 Gago Spoclinen 18.8 16.5
. Reduetlon of Aves - 6
i 13 Geyo Speclinen 60.4 47.2
§  Shoor Stresgth - Dokt Dody
g Pounds « Mouble shaar 13,200 14,270
; pst 134, 400 145, 000
! Faougue Strength O 8,000,000
1 Cyclog 109 Low Load
Pounds 2,534
: PSI (Mean Agen) 70, 000
4 _wetNe. . 27954148A
j oot } e
{
;
|
i
1
i i
! WADC TR 58-326 151
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload = Siress Calculated on Tenello Stross Area

Bolt Dosign
Siee
Material
i{eat Treaument
Thread Form
Plate

Sirass Area

Nut Type
Style
Materiod

fleat Trcatinont

Tentdng Machino

" Pate: 8-13-56

EWB 22-4

1/4-28

MIL-S-7108

220,000-240, 000 psi

MIL-B-7838

Cadmium Fluoborate per NAS 072

» 0362 Sauare lnches
EWN 22

QMS 6260
Ye 27-32

Moho Kroune
Capaciey 15, 0G0 povnd
Speed 1050 epin
Mastinma Lond 5,060 48,3444 3,6200
Sitveon 140,000 pot 120,000 51 100,000 pat
39,600 53, 690 1,837,100
29,200 56, 400 551, 300
16,400 49, 700 355, 300
13,100 41, 300 217,500
9,100 22,300 106,500
Average 21,480 95, 860 613,540
Logarithmic Mean Life 18,660 43,400 363,900
Maximum Load 3, 2584 2,8964 ,
Sirans 90, 000 psi 80, 000 pat i
!

1

TTN,222,600 7 9,784, B00NF T T
1,160,900 9,744,800 NF
1,085,000

387, 705 i
225,000 R
Avarage 816,200 9,744,800

Logarithmic Mean Life 569,400 9,744,800

WADC TR 58-326 183




MECHANICAL PROPERTIES

e s PAmda . Assasims 13 tOCL e s e ¥ ot Ao 23
ANWEE l'l‘T € By BTIV N - H D WITRE Y VWIS - ks "
———tn

Bolt Description - ) )
Type EWB 22-4

_Size ) " 1/4-28
Material ) MIL-S-7108

1t d
Bolt Strength Pounds Specimen 1 Spacimen 2

Ulimats Tenetle 9,620 9,940
Yicld Strongth 8,000 8, 300

Mateslol Stecnith PSY

.113 Gango Spcelmen
Tenoile Strongth 237,500 249,009
Yield Strengin 7 227,500 247,500

Blonqation = ¢ in 4 Dlomctor

.113 Gage Epucimen 12.5 12, 5

Reduection of Arga = ©

X .113 Gago Sgcelmen 32.0 34.0
i .
i Shear Strength - Solt Redy
Pounds - Double Shear 13,820 13,680
.. Psl 140, 700 139, 300
n Fatigue Strength @ 8,000,000

Cycloo 10% Low Load

Pounds 2,896
PS1 {(Mean Area) 80,000
o _LotNe. oot 62859172 _ -
. - =3
=
*4
4

T WADC TR $8-326 154




L —Date . Augses1d 1086 . ForChartNo,

[
W

Bolt Description

Type ~ EWB 22-4
Size 1/4-28
Material MIL-5§-7108

Bolt Strength Pounds

Spocilmon 1 - Spocimen 2

Ultimato Taneilo 9,620 9,940
Yield Strength 8,600 8,300
: Materlol Steongth BSE
. 113 Gagao Spacimen N
. Tenotle Sgvonrgeh 237.! 500 249, 808
Yiold Stvongth 227,500 247, 500

Elonqation - % 4n $ Dicmetor

113} Gogo Spoelmon 12.5 12,5

Reduction of Avea = &%

i .13 Gogo Speelmen ’ 32.0 34.9
; .
i Shear Siwcngth - Dolt Body
Ll Pounds - Doubhle Shear 13,820 13,680
A P8l 140, 700 139, 300
" Eatgue Strongth @ 8,000,000

Cyclon 16% Lny Load

- Pounds 2,896
PS1 (Moan Area) 80, 000
. LotMNe. e . b2ssl7RO o o B
o A.A?
o
"
o 4 WADC TR 58-226 154
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stresz Calculated en Tensile Strese Arca

Bolt Design
Size
Material
Heat Treatment
Threcad Form
Plaic

Strees Area

Nut Type
Siyle
Matervial

IHeat Arcatmont

Testing Machine

Date: 3.-28-57

EWB 22-6

3/6-24

MIL-S-7108

220,000-240,000 pai

MIL-B-7838

Cadmium Fluoborate per NAS 672

. 0876 Square inches
EWN 22

ARSS 6280
Re 27-32

Make Hyonoo
Capacity 16,000 pouvand
Speed 1050 cpin
Maximum Load 10,5124 0, 7600 7,000¢
strcoo 120,000 pol 100,000 pat 00,000 poi
28,6800 168, %00 433,400
21,400 107, 300 376,000
1¢, 700 98, 409 269, 800
18,500 7,000 - 214,400
15,800 _5¢,100 173,000
Awverage 20,840 101,040 294, 320
Logarithmic Mean Life 20,520 94, 180 29¢.500
Maximum Load 6,1324 5,2560
Stress 70,000 psi 60, 000 psi
T T T T T T T T 4,218,000 0,379,000 NFTT T
4,000,000 NF 8,379,000 NF
1,569,000 NF
547, 600
547,200 .
Average 2,174,660 8, 379,000
Logarithmic Mean Life 1,511,000 8, 279.000
WADC TR 58-326 156
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MEGCHANICAL PROPER TIEY

Nate March 28, 1957

Bolt Description

Typeo
Sire
Material

Rolt Strength Pounds

Uitimate Tensilo
Yield Strength

Materlal Sirengih P51
« 252 Gego Spoclmon

Tenzito Steenyth

Yiold Stvength
Ilenyetion « %) 4n 4 Blowmgctor

« 252

0730 Spochmcn

Redaciign ef dven = G

2 252 Groo Sacetion

Shgar Gtecngth - Rolt Bady
Pounds - Jjoublo Shony
P81

Fatlaus Strenath @ 8,000,000

Pty < pudirdedh

Cyeles 10% Yow 10ad

Pounde
BSi {Mean Arca)

Lot No.

WADC TR 58-326

For Chart No, 33
EWB 22-6
3/8-24 x 4 11/16
MIL-5~7108
Specimen § Specimen 2
23, 300 22,800
21,2715 18, 000
242, 300 242,900
206, 100 204,100
16, 50 19.0
46,0 47.6
30, 750 30,900
139, 300 139, 900
5,256
60, 600
629S9K 75

157
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, ~7" Tenalon - Tension Fatlgus Test
e g - HE }/2-20 M5 20008 FORM INTERNAL WRENCIING BOLT
P, 020 Mi~5-8503 Materlal - Flsat Treatinent 220,000.240,9000 2251

. San B TTE Thresd Form por BUL-0-7838 » Nu3 Type EWH 22

»@e Jogaplthmic Mean Lifo ' S
R Chaxt No : 24
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Sixeas

TENSION - TENSION FATIGUE TEST RESULTS

10% Profoad - Stress Calculated on Teasile Sireas Area

Bolt Design
Sizge’ )
Material
Heoat Treatment
Thread Form
Plato

Stress Avea
Nut Typo

Siylo

Matoxinl

3100t Treatmaent
Yeoting Moeldnn

| ¥ huldls]

Connclty

Socd

pirsimung Jond
Sirpcop

Avexayo
Logeelttunic BMean FAfe

Pasimum Load

Averwage
Logarithmic Monn 14fo

WABC TR 50-326

Date: 3-18-57
M5 20008
1/2-20
MIL-S-8503
220, 000-240,000 psi
MIL~B;7638

Cadmium Plato per Q2-P-~416
Typs I, Glaoe C

0. 1597 Squavo Inchen
IVIN 22

ALS1 8630
e 2932

Kyvouto
15, 680 povnd
10590 ¢pn
19,1679 15,9700 12, 3600
120,000 pot 100,000 pet  BL.h)
24,000 54, 800 747,C00
21,7700 49, 500 613,000
18,300 45, 400 564,500
- 145,588 : 43,200 29%,800
13,000 37, 900 250,600
18,700 456,169 493,240
18,290 4%, 810 451, 300
n, 1768 9,5024 )

_.. 70,000 08l _60.000 028 SN R
8,000,000 NF 8,020,500 N¥'
8,000,000 NF 8, 020,500 NF
3,780,000

2,393,000

1,114,400

4,663,500 8,020,500 P

3,564,000 8,720,500

159
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TENBION = TENSION FATIGUE TEST RESULTS

Hols Design
T
Material
Heat Tegatment
Theasd Form
Plats

Nivane Aven
ol ‘Typs
Niylo
Pacosing
Hoat Trentment
Yesitog Mechins
Makg
oty
aned

Blax lhnna Load
fiveny

Aveiage
bogngithnilo Mean 14/0e
Blesltipua 1iad

Hifson

Avavage
tugavithmio Mean 1d4fe

YA VIl 68326

10% Preload « Stvass Calculated on Tensile Stress Area

Dste: 8-13-5§

EWB 22-8
1/2-20
MIL-5-7108
220,000-240, 000
MIL-B-7838

pol

Cadinium Fluoborate per NAS 672

+1597 Squaro fuches

FWN 22

ARG 6200

Ne¢ 27-32

Krvouse

15,000 povnd

150 cpin
19,1644 15,9708 12,7769

170,000 pst 100,000 pot 00,030 pat
34,690 164,200 8,794,800
28,800 100,760 5,405,900
15,180 2,500 2,885,900
18,100 63,000 262,000
18,000 60,690 _ 221,000
23,720 96,080 3,517,700
22,160 87,340 1,530,000
11,1794 9, 5924
70,000 psi 60, 000 pai
5,820,600 8,290,200

5,346,800 8,290,200

4,038,100

3,223,300

4, 307. 200 8,290,200

4,685,000

162




MECHANICAL PROPERTIES

Date August 13, 1956

Holt Description

Typo
Sizo
Materiat

Bolt Strength Pounds

Ultmate Tenesle
Yield Strength
Matcrial Strength pS)
. 357 Gage Spechinon
Tennile Streagih
Yield Strength
Flongatton « % in 4 Digmeter

. 357 Goge Specimen

Reduction of Avea - &
- 357 Gage Spechinen
fihear Strength - Bolt Body
Pounds - IBouble Shear
PSi
Fatigue Strength @ 8, 000, 000
Gycles 10% Low Joad
Pounds
PSt (Mean Aeca)
Lot No.

WADC 58-326

For Chart No, 35

EWRB 22-8 - MIL-B Thrcad

1/2-20
MIiL.-S-7108
Specimen ) Specimen 2
41,700 41, 700
i, 500 31, 500
239,000 219,000
202,000 196,000
.o 1.6
50,2 8.6
56,900 56, 200
239,700 286, 200
10, 700
67,000
63059M94

163
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TENSIONM - TENSION FATIGUE TEST RESULYS

10% Prelead - Siress Calculated on Tensile Strens Altea

Bolt Design
Siee
Material
Heat Treatment
Thrcad Form
Plate

Stress Aven

Nui Yype
Liyle
Piaterial
Heag Frecatmaat

PTeotlng Machine
Rlake
Capacity
Sneed

Mositmvm J.ond
Streea

Average

Logaritiunic Mean Lifc

Maximumn Load
Streas

Average

Logarithmic Mean Life

WADC TR 58-326

Date: 7-18-57

EwB 22-8
112-20
MIL-5-7108

220, 000-240, 000 psi

itigh Radius

Cadmivm Fluoborate per NAS 672

0., 1897
LWN 22
ARYS 62060
Re 27-32
Kvouse
60, 000 gound
650 cpin
27, 3584 19,1644
140,000 pst 120,000 psi
18,000 82,900
19,500 93,200
23,100 43,800
54,100 202,000
37,800 121,300
39, 1g0 0P . 640
27,500 108, 600
14,3834
90,000 pat
Tt TR, auo, ooy
8 000,000
8,000, 000
8,000, 000
165

15, 2168
160, 000 pst

305,400
230, 500
2806, 500
125,900



MECHANICAL PROPER TIES

Date May 16, 1957

Bolt Deacription

Type
Sire
Material

Bolt St=engih ounds
Ultitmate ‘Tenoile
Yield Strength

Muoterial Strength LSE
- 357 Gage Specimen
Tenoble Streagth
Yicld Stecngth
Floagation = % in 4 tHemeter
387 Gage Spechnen

(24

Ileduction of Arca - €
pegdtilaamsl arca - o

- 357 Gage Speawmen
Shear Stecugth - Bolt Hady,
Pounds - Joubls Sheaw

PS5l

Fatigue Steength 2 8,000, 000
Cyclra10% Low Load

Younds
PS1 {Mean Arca)

Lot No.

WADC TR 58-326 166

For Ghart No. _

36

EWR 22-8 High Radius Thread

1/2-20

ML, -5-7108

Specimen |

43,000
30,600

231,500
198, YUY

49.4

56, 200
264,700

14,373
90,000

87

Specimen 2
43,000
30,000

210, 500
200, 000

Lo

19. 4

56, 200
256, 200
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TENSION - TENSION FATISUE TEST RESULTS

_10% Preload - Str=as Caleulated en FTansile Stress Area

Dolt Design
Size
Material
Heat Treatmens
Thread Form
ph\lc

Styeap Avca

Nut Yype
Styic
Matersizl
fleat Freatinent

Testing Maghine
Make
Capacity
Speed

Baximom foad 28,7408

e

Pate: 11-4-57 i
EWB TM 9.8

1/2-20

VascoJet 3000

220,9000-240,000 psi

High Radiue

AMS 2410

. 1597 Square inches

LWNTTM 9
AMS 6304
Re 27-32

Ivy
60,300 pound
1200 cpn

26,5544 22,3584

hivees 100,000 pai 100,000 psl 140,000 pel
6,030 19,000 85,000
6,000 23,000 135,000
7,000 32,000 154, 000
10,008 32,000 177,000
10,000 36,000 292,000
Avecrage 7,800 26,400 168, 600
Logarithmic Mean Life 7,591 27,630 155, 600
Maximum Load 19,1644 17,5674
Strees 120,900 psi 110,000 psi
T Tttt T T TR 41,000 U7, 136,600 T
1,333,000 8,746,000
1,545,000
2,195,000
2,240,000 I
Average 1,690,900 . 8,000,000
Logarithmic Mean Life 1,631,000 8,000, 08°
WADC TR 58-326 168
1]



Rate

July 26, 1957

MECHANIGAL PROPERTIES

For Chart No. 37

flolt Description

Type
Size
Material

Belt Sirength Pounds

Ultmate Tenolle
Yield dircugth

Goge Spechinen
Teneile Steength
Yicld Steength

EWR TM 9
1/2-20x %
VascoJet 1000

Spreimen 1 Specimen 2

Ileagation - ) ‘!l»cﬂ?”ﬂ)nljlgk‘_

Gaye Spechinen

Recuction of Avea « ©

Gage Hpechuen

Shear Steenygth - Bols Hrdy

Pounds
PH1

= flouble Sheay

¥atigue Strength €0 8,000, 000

d

Cyclea 10% Vow
Poundy
P51 {(Mcan Aren)

Lot No,

WADC TR 58-326

41,800 40, 000
31,500 30,000
235,000 235,000
205,000 200, 000
12.1 .4
1.3 3.3
i 17,567
190, 655
207

169
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TENSION - TENSION FATIGUE TEST RESULTS

0% Peeload = Stresn Calculated on Tenesile Streas Area

Date: 4-1-57

Bolt Desiyn Ewn 22-12

Size 3/4-16

Materinl MiL-5-7108

Heat ‘Frestinent 220,000-240, 00C pat

Fhread Yorm MiL.-D-7830x

Plate Cadmium Fluohorate per NAS 672
Giregn Aren . 3724 Square inches
Nut Type

Style BWN 22

Raterial AN 6200

leat tveatment ite 2432

Teoting Machine

| & Bt ¥ Heouse
Copacily 60, 000 pound
Spoed 850 epm
Mosidsawn Load 4% (U84 37,2408 29,4924
_Strean 120, 000 pot 100, €00 pai 80,000 pol
4,400 15, 100 74, 600
0,000 16, 100 128,000
7,100 19, 700 163,400
7,780 20,000 205,200
8,900 zi, 300 213,400
Average 6.960 18,440 157,409
logarithinic Mean Life 6,800 18,280 127, 100
Maximuwn foad 22,3448 18, 6208
Giresn 60, 00D psi 50, 000 pei

401,3000  B,143,200NF — " " T
547,500 8,143, 200 NF

2,321,800 )

7,398,900 .

8, 194,300 '

Average 3,772,800 8,143,200 ,
Logarithmic Mean Life 1,987,000 8,143, 200 i
H

WADC TR 58-326 171 %
i



MECHANICAL PROPERTIES

Date A___D_!_;i!_l‘ 1957 _ - Sor Chess 8o, R ETY
Bolt Descripticn
Type EWH 22-12 M11.-B Thread
Sire 3/4-16 '
Material ’ M11.-5-7108
Rolt Strength Pounds,
Spnedmen ) Spccitnen &
Ultkinate Tensile a4, 000 95, 100
Yield Strength 70, 100 70, 100
Matevial Styength Ny
L8905 Gage Gpechmen
Tenstle Stvength 240, 000 238,000
Yield Strennth 107, 500 191, 250
Elougation - % in 4 Biameter
, 805 Giage Spocimon 12.5 2.5
Reduction of Arcn - T
L5046 Uage Hpzcimen 4.6 49.0
Sheor Strength - Bolt Hody
Pounda - Double Sheay 126,000 127,900
s 142,900 144, 160
atigue Strength 6 8, 000, 000
__Lclos 10% Low load
 _Pewnds_ e o —oe VNPT SRS L
P53 (Mean l\rea) 55,000
Lot Nn. 85
WADC Tt 58-326 172 '
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TENSION - TENSION FATIGUE. TEST RESULTS

10% Prcload - Stress Calrulated on Tensile Siress Aroa

Date: 4-25-57

Bolt Deaign EwWh 22-12

Size © 3/4-16

Materind MIL-5-7108

Heat Treatment 220,000-240,000 pai

‘Thread Form thigh Radius

Plate Cadmium Fluohorate per NAS 672
Ltveoo Avea . 324 Squire dnchee

Nut fType

Style ’ N 22
Eatervial AMG 6260
Heat Frcatincant Re 27-32

Yeeting Pachine

Pe:ke Krouse
Capacity 60,000 poviid
fyced G50 cpin
Blasxbimama Load 57,1364 44,6984 37,2408
Livogs _l"‘.OAQUQ poi 120,000 pai 200,000 p=t
14,000 25,100 40,440
14. 600 39,400 706,600
19,900 43, 2UR 82,790
23,100 54, 300 91,100
22,300 76,280 103,200
Average 18,339 45,600 04,960
Logarithmic Mecan §.ife 18,050 42,260 83,R00
Maxtsnum Load 33,5108 29,792¢
Sirees 90,000 pai 60,000 pei
- 2,332,380  8,872,400NF
2,637,000 8,451,200 NF
3,500,000 NF° 8,194, 300 NI
4,837,500
8.9000,000 NF _
Average 4,261,560 8, 506,000
Logarithmic Meoan Life 3.838,000 8,506,000
WADC TR 52.376 174



MECHANICAL PROPERTIES

Date Aprii 25, 1957 For Chart No. 39

B-élt Dencription

P

DL MV oAbl et e ot [ B e

Type EWR 22-12 High Radius
Sike 3/4-16 .
Materinl Mil.-5-7108
Bolt Strength Pounds,
Spechimen 1 Sipzcihmen 2
Ultimato Tenuilo 91,200 93,200
Yield Strength 67, oo 19,000
Matexbal Sivength PHI
08 Ginge Hpectinen
Feusile Stvenyth 234,000 232, 300
Yiold Stvongth 194,400 198,000
Filonuation 1-7;‘3 fg} '?'! his;r.mlnvk.
09 ticao Epnchinen 13,2 1. 0
Hedecttonof Aves = %
. 805 Gage Speetmien 51.0 50.4
bheoe Stecngth o Mot Pody
BPounds » Doukle Shear 123,400 125,000
fEN ) : 139, 580 141,800
Fatiguo Strength € 8, 000,000
Cycles 10k kow Load
Pounda 29,192
_______¥®SiiMcanAveay ___ __ @9,0600
. Lot He. ' 86
WADC TR 556-326 175

41 17 ET TR ARt . .
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TENSION - TENSION FATIGUE TEST RESULTS
10% l’rclo.u} - Strean Caleulated on Tenaile Stresa Area

Date: 12-13.57

Bolt Design B 2z-16

Sive 1-14

Material paLL.-5-7308

Heat Treatment 220,000-240,060 pm

Theead Form M -B-7838

Vate Coudinsuen Flualwrste pyer NAS 672
Stre s Ares DD Hguave tns hes

Nut Yy

Style : LN 22
A RN S MY WMs 08U
fleat Preatment IO A B T

Veating RMacinne

[ ARVEYE Sstenter
g oty S0, 000 povad
Siedd HHe e
Misunnt £ oad W, 0146 i, 4926 O, 9008
Streag 'l 40, ﬂ(!gl pos ‘L’.U/, UU(‘).!“,'!.\ 4‘ Q0, p‘.f" pat
6,200 22,300 1149, 300
4,800 22,500 156, 700
v, 300 217,000 95,200
4,800 . 27,700 170,000
10.200 47,300 300,000
Average H,H60 29, 360 167,440
Logarithmiz Mean tafe u,73 20,870 154,200
Musimumn Load bl 1198 54, 3284
Steess 99,000 poi 80, 000 pei
479, 3100 8,134,000
1.121,000 B,032,000
1.523,200
2,215,500
3,706,000 -
Average 1.869.000 8,000,000
Logarithmic Mean Lide 1,653,000 8,000,060
WADC TR 54- 326 177




MECIHANICAI. PROPERTIES

2ate  November 8, 1987 . For Chart No. 40

e -

Tolt Noacription

1ot Ro.

WADC TR 58-326

EWD 22 16

178

Type
Sine 1-14
tfaterlai MIE.-5-7108
it Sitecngih Tannds
Gpaehaen d Spechaen 2
Uithaate Tenoite 165, 000 165, 1ot
Yokl Steeanth 126,080 ich, 000
MMatestal Stvength 3000
05 ot Svechaen
Tenstie Hwvendth 243%,000 230, 000
Yichit Soron:gth 200,000 At 06O
Fobratton ~ Sdn 3 Disnaetey
L 005 Coage Spreimon 15. 0 145, 649
totaction of Avea - )
L B9% Liage Spochnon ) 494 402
Shear Steeagth - Dol Boily
rownds -~ Frouble Shoear 201,600 204,500
AR 138,000 £33, 400
Fahgue Strenyth £ 8,000,000
Cyclen 10% J.ow Load
P £ Seor e e U A6 328 0 __ ——— e
1’51 {Mcean Arca)d 80, 000
778595131
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Stress GCalculated on Tenslle Siscas Area

Holt Design
Sire
Material
Heat Treatment
Theend Yorin
late

Ntroue Arex

at Pypo
Htyle
Poateriad
Hlent Y etinent

yeoting Machine
Fioke
tayacity

Fpoed

Moavhinvuy Lawd

Seenn

Averige
Logavithinic Mean Lie

Maxbimum ).osd
Strose

Average

Logaréihmic Mecan Life

WADC TR 58-326

Date: 6-12-57

stud
1/4-28
MIr.-S-8503

220, GU0-240, 000 sl

MIL-1}-78308
None

« 0302 Squave fnches

e nggoned

LivousRe
15, 600 v
1650 crin

G, 5165
H!(hvﬂllﬂ peid

5,°¢)74

212,400

9, 000
10, 006 91, 300
%.600 28,400
7,600 §3,200
12,000 44,400
9,201 57,420
9,201 41,060
4, 34498

120,600 pai

l(;(),r(““ll.'! pot

18,080 psi_

4, 0608
140, 000 ool

36t, 300
13, 500
2414, 200
253,500
535, 60U

303, Gov
284,990

3,9824

1,301,900 8,123,000 NF
3,701,600 8,123,000 NF
2,618,800

3,179,000

#, 900,000

3.538,400 8,123,000
2,772,000 8,123,000
180




MECHANICAL PROPER TIES

ate Ju “"-',0,',, 1957

Nots Neamcription
Type

Siko

Material

Bithinate Yeuslle
Yield Givength

‘PS.ﬂf‘rlri!J fil:r('n;;ﬂb 1103
3 Gago Spechingn
Wennbe Stvoanth
Yicld favensth
Floaatios - é‘, i 4 bismcter
CHY Geoo SBacctmen
Regtica of Avea = &
CH3 inge Spechaen
Gheay Segength - Bolt Nody

a:

Pounds ~ Faubile &

vt

hoav
Fatlgus Steength 9 8, 600, 600
Lycles 1U% Low Load '

. Pounds
. . __DLE {Megn Avend

Lot Ho.

WADC TR 58-326

o
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For Chart No, 41
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pectnien @ fpecimen 2
23, w0 PAYIRRILY
227,400 21y, 000
oy .5
44,1 44,7
3,982
110, €00
173
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TENSION - TENSION FATIGUE TEST RESULTS

10% Preload - Streas Calculated on Tensile Sireas Arca

Bolt Design
Size
Materxial
Heat Yreatment
Thread Form
Plate :

LHireen Avea

Nutl ¥Fype
Hiyte
Fiatewsat
fleat Freatinont
Yestimg Ffache
Bl
flap ity

Gpeed

Edamitnuus Bl
iyveas

Average
Fougavithinic Meau Jife

Masismum Load
Strese

Average

Logarithmic Mean Life

WADC TR §8-326

Stud

1/4-28
AesL,-S.

Date: 6-i0-57

Fi08

220,000-240, 000 pai
®IL-13.7838

Nene

L0302 Lquare dnctics

thirngaged

Hreoey

15,000 povnd
1050 djan

&, T 08

_!.{50, (JQO e

16,400

S 12,300

15,600
8, 100
&, 400

10,920

10, 360

4,7068
130,000 pui

4,470,000

767,500
4,981,000
1,823,000
2,492,200

1,642,000

16845

5, 1028 5, 04648
_lfz!')! figo 4):_‘? »!?0,(_(_’(1»(_,‘ pat
Honptated  giated
THUL 6500 12,100 %63, 200
30, 300 13,800 463,900
33,7900 10, 300 460,000
32,100 22,900 425,000
a6 162,160
37,260 16,230 403,200
36,680  1%,790 350,900
4, 344¢
}}_9.00_0 Pl
L __Unplated Plated =
9.115.900 NF 30, 300
9,115,900 N¥ 69,909
$38,700
160,200
9,115,900 i04,780
9,415,900 88,200



MECHANICAL PROPERTIES

Date March 14, 1957 ) F‘Vor Chart No. 42

Nolt Description

Type , Stud
Sire 1/4-28
Matertal AAE,-5-7108
ot Sirength Pounds
Specihmen t Spechaen ¢
Uitiinate Ienaetle
Yield Strengtiz
‘?.'fah‘-yhﬂ_figi'§i1qtf1 il
LN Gage Dpredien )
Foareklo Piedigth 227, 300 23, 7o)
Yield Strenyth 20, st A9, 700
Flongaticn = T In 2 Picwcter
AP tinge Spechiaen .6 12.1
af Heduction of sven - 5
; LM3 Gage Spechinen - 5203 63.9
]
' Sheag Hteengih - Holt Body
Vounds < Pouble Shear
Bsi
Fatigus Steength ) 8, 000, 000
Cycles 10% 10w T0ad
Pounds 4,344
___;7"_‘ -l (Mesw AvYERy - T T T T RO — — T T T T T
T Lotne. 75

WADC TR 56-2326 185
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TENSION - TENSION FATIGUE TEST RESULTS

10% Prclead - Stress Calculated en Tensile Stre” Area

Bolt Pesign
Siee
Material
Heat Treatinent
Vhread Form
Platc

Styeps Avea

Hut Fype
Heyle
Etatevial
tleat gFreatinant

Veating Pacbhine
¥iok
oy ity
Hparrd

Pastyiitng §avud
Ly con

Average
Lugarithinte Mean ) ite

Maxhaurs Load
Stvess

Average

WADC TR 58-326

l.v_ggarlthmlc"an Life

Date: 2-26-57

Stud
i/p.-24
wi-5-7108
220,500-240,000 pat
T MIL-H-7838
None

L0871 Sgueoeve fudchae

tinsngaged

Krougr
15, 000 powd
105 (pa

36, Yeud
160,008 psy

2, 2048
140, 00D pat

12,0800
360,000 poy

Unphitet  Pated
15, CoU 23,000 Hi, 400 20, 300
i3, ap 11,406 66, ¥0o £9.8460
30,200 1k, 40D 14,100 26,300
9,800 £0,000 1,000 27,100
‘5,75{}{} E'\' éﬁg, 13 aan . li A/an
14, 520 12,480 65,430 76, 140
10. 160 12,910 62,560 36.&{;0
16,5026 8, 7608
120600 Lol 1G5, 596 poi
Unolared “Hare S L
3,136,900 69,800 8,067,300 -
§, 375,000 97,400 8,067,350
492, 300 128, 300
307,400 172,100
. 286,400 , ,
1,101,600 136,900 8,067, 300
686,800 510,700 8,067,300
388



MECHANICAL PROPERTIES

Date . February 26, 1957 =

Bolt Description 7

Typo
Sice
Matervial

Nolt Stecudth Poundn
B AA BLLARNLF LALN Ml

Hittinnte ,'ﬁ‘t-nshh’
» Yield Strength

Marorlal Siteength D8

L5 Gage Lpechaen

venoile Sivenuth
Yiell Lsvcugth

Finngasion o 4 in ¢ Riameter
LA atage Spothinen

teduction of Avea - 4

2B Goege Speclmen

Sheay Htvength - ol Dody

Pounda: -« Bouble Shicar
51

Fatigue Bteength (< 8,000, 000
Uyclus g LY Lew Load

Younda o

Stud
3/0-24
MIL-5-7108

Hpechoen Spechngne 2
£27, 400 244,000

9L, Yo 197, nun

53. % 5%, 4

8.769

_For Ghart No. 48

- PRT {Mean Area)

Lﬁ! No.

WADC TR 58-326

100, 600

63

189
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TENSION - TENSION FATIGUE TEST RESULTS

" Holt {lesign

Sive
Material
fieat Treatinent
Thread Form
Plate

Stresn Aveas

Yype

Liyle

rMaaevial

Hoat Trveatinent

Rt

Teating Mavhine
Mike
Caproity
Speed

B ngrpurn Load

28, 1408

104 Preload - Strene Calculated on Tensile Stress Arca

Date: 92657

Stud

1/2-20

MI1,-5-73068
220,000-240.000 psi
Mil.-B-7838

None '

L1597 Hguate inghes

Unengayped

vy
({0, 088 pound
F200 e

25,5526 &2, 35564

Strew: 180,000 pry JUO000 poi 40,000 par,
u_ 206 26.200 74,000
. 10,860 27,000 16,000
10.900 34,800 19, 100
11,000 41,000 4,500
13,000 41,000 9%, 300
Average 16,950 33,420 HQ,QBO
Logarithinic Mean fafo 16,910 13,240 g0, 558
Mandnimn Load 20, 7614 19, 1640
Stepan o 130,080 jui _[?O.O(I_Q_Le{i
132,060 6,431,000 :
126,000 8, 306,000 ¢
196,000 8,640,000 .
208,000 i
210,000 ] §
Average 184, 460 8,000,500 o
P
Logarithmic Mean Life 176, 14D 0,060,000

WADC TR 58-326

R e e gt
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MECHANICAL PROPERTIES
EE Date Mayw 8, 1957 For Chart No. o 45
Helt Description
Type Stud .
! Size W2Z-20 MLY,-D Thread
v Matexial MIL5=1H08 -
Bolt ftrength Pounds,
i . - Specimen Speciimen 2
; Uitimate Tenslle
: Yield Strength
] Matorial Stvength DS
: A4%Y inge Spoetinen -
; Fenodle Swength 732,000 430,000
: Yietd Stvength \ 400, 000 20%, 0006
H Elongatton « fin § Dimncter
; 357 Gagte Spnechaen o6 0.5
! :
R Weduction of Avea = S5
. 35% Gage Spechacn 4.0 40.1
Sheay Sesenth - Bult Hudy
- ' Pounds - Boublo Shear
' 151
ELE&!EP? Slren&h 8, 000!_9(}9
Cycles 107 j.ow Load
) Pounds 19, 164
T T T T TP [MEai Aveal 120,000
- : Lot No. 81
o

wADC TR 584326

192
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TENSION - TENSION FATIGUE TEST RESULTS

10% Prcléad - Stm;s Calculated on Tenolle Sireas Arca
fate: 9-28-50

Nolt Beoign ‘ Stad

Size 12-20

Materbal MIt.-S-7108

Heat Treatment 220,0600-240,G00 pol
‘Thread Forin High Radiya

Plate Nune

Stveus Aven . 0. 199% Sguare fuches

Nut Type:
Hiyln
Matexfol
oot Ty eatinor

Fenting Mechine

Liake - vy
Capagity B Gy, O !n.\nnl
h'prrﬂ i [TAULE U A1
Flanizamn Foad A, e A8, Fa0y 24,5028
btress 200,100 i B, 000 pai_ 160, 000 pe)
5,400 1,800 " 4p. 700
0,400 FAI L TU 4i,000
9,600 3,608 54, 500
10,100 / 4%,300 60, 500
| e BLs00 03,200
T Avcragr - 4,080 _ 431,549 53,480 -
j.ogavithime Moan J4ddc FoPegee C3L nen Sl ale
Maximumn Load 22,3568 20, 654 19, 1694
Sl50ae : ian, 000 pei 130, 600 pai 120, 000 pai
. _ .3 400 1. 3H0. 000 8. 500,600 N¥ '
169, 360 3,315, 700 8,290,000 NF
251,600, -
346,000
- 576, 000 , : :
Averape - 286,900 2,351,000 8,350,000
L-ogarithmic Mean tifc 238,900

WADC TV. 582326 © 194



‘ :  MECHANICAL PROPERTIES

Date  _ MayB, 1957 For ChartNo, __ 47
Nlolt Dewcription
- Type - - : bHtud
Sire , 1/2-20 High Radiue
2f.aterial r8L.-5-7108
#olt Steength Founds
' Speehiien 1 - Hpovémen &
Mrtimate Penelle : .
Yicld Strength
KMatovtal .'=!_x_’(_rni7;t,h .!f.*-l
e 3 UBape Hpeeumen ) .
© o Fenwile Dteenpth 2R2 000 F ML
Yiell Sivcugth 200, 000 205,000
;;;l(!‘\ya“;nlil" < G in g lfi_f}*lm:i}‘\j
R e Spactien - .6 l___“,f»
liedu inpu of Aves o %
Ce 357 Gage Spectmon 42,0 46.1
Sheax Strength - Bolt ¥ady
A
" Founda - FTouble Ehicar :
pss
| Fanigus Strength 6 8,000,000
' Eyctos {7 Fow Loxd
. Pounde 19,164 : ‘
— s — e ——HE Mo Aves) e — - - - -
Lot No. P : 82
WADC TR 98-326 . 195
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TENSION - THNSION FATIGUE TESTR FSULTS

105 Prelowl - Strees Calculated on ‘fenmle Stress Area

Lokt 12epapn

Iate: 12-19-57

Stad - v
1f2-20

Yaa olet 4000
20,008 -240, guo
High Rads

Neane

LBGEe SgpraRe dns e

Mo

t
pit, 00 pound
FauE g

Hle, HRLh

iMhUUU fint

2, e

_I,‘f’l). \‘@lﬂ por

2ii, 11,0

110, BT o

15,000 +2, U yug, vy
e 00 B HUR Y] UG, Gl
1,000 105, 00D 12, (i
P JRUIUN 142,000 229,000
EERT) W00 838,000
FORUHY 317,000 Ly, 000
240109 1ip, 00t - 370,480
22,3518 20, 1618
140, U8 dene 130.U%U pa¥k

3%7,000 34, 523, 000 NF

Siee
Materisd
Yieat Treatyment
* Tiread Foym
* prlate
stross Avea
Wut Fype
Htyle
LI IS RITT Y |
F-af Eae elens add
!
; Ve piing Machune
, Bl
i . oy
] et
P Lwsentiieg Yol
N HEenn
:
3
Rpr pe
Lugoeithnon Muean §afc
KY .k ospute Lind
Sleion.
TAYETage
f.ogarithinic Mean bafe
WADC TR S4-326
e i

= e Ao 2s. £24 3. .
Froiy 00 35,048, 000 MU

i, b3, 300 fi. 139,000 NF

3,221,000
3, 361,000
3. 361,000 P
1,747,000 . 00, OUD
1,287,000 "8, 00, 00U
197

s e AR, AT
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MECHANICAL PROPERTIES

Date hecember 28, 1957 For Chart No, 48

Bolt Description

Tygo Stud

Siee 1/72-20
AMatorial Vasucolet 1000

- Holt Strengyh Poundp
R Spechnen § Specbmen £ SpEelmen 3
ifitesto Tupsile . -
Yicld Siverigin

Materia !'M rength 1Beg

« 3% Gage Spoctiaen
Yenotle Steength 235, A0 &g, 900 249,200
Yicid bhivengih 190, e 194, 60D FALE M S111}

Flongation « % U ?V?erz!in'mr_

« 307 Gage Spoacihiaen 12,4 : 12,0 2,6

_l_k‘srhr',;r;rirlf:p of Aven o 0

« 38¥ Gage Epochnnn : 48,9 a0 40,4

gheay Streggth « Holt Pody

Yaunda = Ponhie Simar

ity

Fatigur Strength €3 8, 000, 000
Cycles 19% Jow Load

Hounde ' 20, 471

PSSl {Mean Area) 130. GO0

Lot No, 529

WADC TR 58-326 198
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