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ABSTRACT

An investigation of bolting practices specific to the duelear industry was

performed. The report covered a large spectrum of topics e.g. bolts embedded4

in concrete, specifications, inspection of bolting, both at receipt and inserv-
ice. Plots of preload versus yield strength for different bolting materials
in different environments are presented as well as information relative to the
stress corrosion cracking resistance of the more recent reactor internals

bolting materials A286 and Inconel X-750. Part of the report contains input

by Standard Pressed Steel Inc. (a bolting consultant) relative to bolting
staadards, cottering methods and potential areas for bolting improvement.
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1.0 INTRODUCTION

A great deal of concern has arisen (over the past several months) in the
nuclear industry over the steadily increasing number of botting failures

|
reported at nuclese power plants.

Since the Materials Engineering Branch (MTEB) of the United States Nuclear

Regulatory Commission (U.S. NRC) has the primary responsibility for evaluating
performance of materials used on nuclear power plants, this regulatory concern,

!-

I was expressed in the form of a contract to Brookhaven National Laboratory to
j assist the NRC staff in developing acceptable criteria for bolting for nuclear

applications.

The primary objective of the program was to obtain information leading to
a regulatory position on material selection for bolting used in water

| reactors. This program was an extension of a previous U.S. NRC contract to
Lawrence Livermore Laboratory, which produced NUREC/CR 2467 ' lower-Bound
KISCC Values for Bolting Materials - A Literature Study," and encompassed

; the following tasks:

|

a. Convert the information presented in NUREG/CR 2467 to yield strength
equivalent (hardness) vs. preload.

|
'

b. Perform a literature search for information on internals bolting (A286

and Inconel X-750) similar to that reported in NUREG/CR 2467 on low
alloy and maraging steels.

c. Provide verification that information presented in NUREG/CR 2467 for
chlorine is representative of environment of bolting embedded in

concrete (i.e., high pH).

d. Review test sample requirements of frequently used fastener specifi-
cations and provide recommendations on statistical sampling of
fasteners.

|
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e. Provide recommendations for receiving and inservice inspection of

bolting.

f. Provide written recommendations for acceptable methods of cottering

that would not defeat the primary purpose of fasteners.

g.- Provide recommendations for written improvements in bolting and

bolting materials specification.

h. Provide a final technical report incorporating the above tasks into a
technical position on bolting application requirements, to be issued
as a NUREG report by-the NRC.

Appendix A of this document is a report prepared for BNL by Standard Pressed
Steels Inc. (SPS) under subcontract. The report encompasses tasks e, f and g.

2.0 CONVERSION OF NUREG/CR 2467 DATA [1] TO YIELD STRENGTH

EQUIVALENT (HARDNESS) VS. PRELOAD

The data presented in NUREG/CR 2467 were in the form of KISCC vs. yield
strength for various bolting materials.

In order to evaluate a given material's susceptibility to stress corrosion
cracking (SCC) it is necessary to postulate a reference flaw size and then
demonstrate that for a given environment at a certain applied stress level
that the material's toughness is sufficient for preventing brittle fracture.
The most common method of describing these conditions is through the use of

Linear Elastic Fracture Mechanics (LEFM). LEFM is a correlation of three
pertinent parameterst the reference flaw size and shape, applied stress, and
the fracture toughness of the material. The stress intensity factor K is an
integral part of LEFM in describing local crack tip response to surrounding
conditions. This factor is calculated in terms of the crack length, applied
stress and a geometry factor in accordance with the following relationship:

KI=Fcr da

2



_ _ _ _ _ . - - .. _ _ _ _ . _ _ . _ _ ___ ..- _ , __

For a loading condition in which the load is applied perpendicular to the
crack face (e.g. a bolt in tension) fracture would be predicted when the
applied K1 value reached a critical point. A conservative estimate of this ,

critical point would occur when plane strain conditions existed at the crack i

; tip. The conservatism occurs due to the material's lowered resistance to
fracture resulting from geometric restraint and the tri-axial stress state at
the crack tip. For plane strain conditions, the critical point is referred to
as KIC (plane strain fracture toughness) with a boundary condition of;

KI < KIC

! required in order to prevent fracture.

If a SCC mechanism were to be predicted, then the applied stress in a

j material would have to be high enough to raise the KI level above a critical
point called the threshold stress intensity factor for SCC (KISCC).

i
'

If the goal is the prevention of SCC of a bolt, then an allowable preload
must be determined which would not propagate a stress corrosion crack from an
assumed flaw of unlikely size and configuration. This condition occurs if:

i

KI < KISCC
,

then, the allowable preload can be described by the following relationship:
4

# = KISCC/F da

a = allowable preload based upon SCC

KISCC = threshold stress intensity factqr
i

a = reference flaw size

i

!

3
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In order to convert the data in NUREG/CR 2467 from KISCC vs. yield
strength data to preload vs. yield strength, it was necessary to use the

preceding formula. Initially, a major drawback in the conversions was the

determination of both the reference flaw size and the geometry factor needed
to provide conservative preload for field bolting applicability. By mutual

consent between Brookhaven National Laboratory and the Materials Engineering
Branch of the NRC, the references used for this purpose were generated by

APTECH Engineering Services [2, 3]. Figure 1 is a graphical representation of
stress intensity curves as a function of stud or bolt diameter with four and

eight threads per inch originally developed for the Electric Power Research

Institute (EPRI) under RP 1757-2. The following assumptions were used by
APTECH in developing the curves:

The flow geometry was assumed to be a semi-elliptical surf ace crack of
depth "a" and length "2c", with a = 0.02 inch and 2c = 0.08 inch providing an

aspect ratio of (a/2c = 1/4). The flaw is considered to exist at the thread
root with the load perpendicular to the crack face. A computer program was

then used to calcu* ate KI at two locations along the crack f ront, 1) the

point of maximum crack depth and 2) the point where the crack front inter-
sects the free surface at the thread profile boundary. Peterson's book,

Stress Concentration Factors. Wiley (1974) was the source used for approxi-
mating the stress at the thread root surface, which was treated as a single
notched bar in tension. All bolt and thread dimensions taken from ANSI
Standard B.1-1974, " Stress Gradients in Grooved Bars and Shafts". SESA

Proceedings Vol. XII, No. 1, November 1955, was used to determine the thread
attenuation along the thread root plane moving inward toward the center of the

bolt. This was done by using the results from a circular shaft with an in-
finitely deep hyperbolic groove under tension. Thread radius values between
0.08 and 0.036 inch were used dependent upon thread pitch and APTECH's
engineering judgement. The K valucs on the graph are the root mean square

average values computed at the two different locations.

2 + 2KB )/3)1/22K = KRMS/ = [(KA
6

KA = stress intensity factor at the maximum depth point

4
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KB = surface stress intensity factor j

6 = uniformly applied stress based upon the thread's net section '

For purposes of this report, the nominal diameter was taken to be four

inches and plots are made for both 4 and 8 threads per inch (TPI). An

example of the approximate preload range exhibited by different diameters

is given below for a bolt with a yield strength of 120 Kai and a KISCC

of 75 Ksi inl/2:

Diameter 4TPI 8TPI

2 1/2" 133.0 Kai 150.0 Ksi
3" 129.3 Ksi 147.0 Kai
3 1/2" 127.0 Ksi 144.0 Ksi

4" 125.0 Rai 141.5 Ksi
4 1/2" 123.0 Kai 139.5 Kai
5" 121.5 Kai 138.4 Kai

The next 36 figures are the result of these data conversions. All of the

graphs have a linear regression line (average) plotted and data are presented
for both 4 and 8 threads per inch for 4 inch nominal diameter bolts.

The conversions of yield strength to Rc hardness values were done using
the graphs provided in SAE Information Report SAE J4136 (Mechanical Properties
of Heat Treated Wrought Steels) and the ASM Handbook, Vol. l'1, eighth edition.

Figures 2 and 2a are graphs of combined aqueous data for SAE 4340 steels.
Although the data are reasonably consistent at the high yield strength end of
the scale, the data below 130 Kai yield strength include those in which

preload levels were equivalent or in excess of the yield strength. This
situation could give rise to fast fracture of the material.

5
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,

I

i Figures 3 and 3a are representations of SAE 4340 steels in environments of
distilled water, humid air, aqueous solutions of NaC1, natural and sea coast

i cea water and synthetic sea waters. It is again seen on these graphs that

the data will produce preload values that will exceed yield strength at the
;

i 120 Ksi preload and higher values.
:

:

Figures 4 and 4a are graphical representations of data in dry gas H2S, j

j wet gas H2S, aqueous solutions of H2S and some data points in 6% H3B03
j colutions. Some of the aqueous solutions of H2S contained chloride and/or
t +

ccetic acid. Goldberg [1] noted that the chloride additions did not have a
f

significant effect on the KISCC but that the acidified solutions did appear

to accelerate the cracking process. Again, considerable scatter is evident ini
.

| both of the graphs. !

I i

[
Figures 5 and 5a contain data for several 43XX steels heat treated to

ultra-high tensile strength and subjected to combined aqueous, moist air,

equeous NaC1, H2O or industrial environments. For these two curves, all of

the preloads f all below the yield strengths of the material with no point

! falling below about 185 Kai yield strength.
: !

I
'

! Figures 6 and 6a contain data for 4335 V, 4340 and 300M steels in H2

; gas. The large variations for a given yield strength were related to the

| variations in H2 Partial pressures.
I

:

,

j Figures 7 and 7a contain data generated for 4130 and 4140 steels tested in !

! combined sqeous, H2O and aqueous chlorides. *

|

! Figures 8 and 8a reflect data generated on 4130, 4130 modified, 4135

aodified and 4140 in H2S aqueous environments. There is scatter on the low
sud of the yield strength similar to that observed on prior graphs.j

;

{ Figures 9 and 9a are a plot of hydrogen effects on SAE 4130, 4135, 4140,

j 4145 and 4147 steels. As in Figures 6 and 6a, considerable scatter is again
; attributable to the varying partial pressure of H2.

i

|
,
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Figures 10 and 10a reflect the er.vironmental effects of combined aqueous,
distilled H2O and aqueous Nacl on D6AC steels. This series of data had

reasonably good correlation when converted to preload data.

Data of H-11 die steel is presented in humid air, sea water / sea coast,
aqueous NaC1, H2O and humid air (0.1 - 100% relative humidity) environments

; in graphs 11 and lla. Reasonably good correlations between preload and yield

strength are also evident on these graphs.
1

Figures 12 and 12a are plots for HY 80 to HY 150 steels in aqueous NaC1,
sea water, synthetic sea water, pt,larized Zn anode, combined aqueous, dry
H2S gas and aqueous H2S. It is quite evident that these steels exhibit
quite a large amount of scatter in these environments. In the case of these

steels, the preload versus yield strength relationship would be extremely
limiting in order to prevent SCC in these materials.

Foreign steel data (low alloy) in various aqueous chloride environments is
plotted on graphs 13 and 13a. Above approximately 75 Kai preload, there is
scatter of the data with a few points allowing preloads up to or exceeding the

materials yield strength.

Figures 14 and 14a are graphs of the effect of both aqueous H2S and
H2S gas on miscellaneous low alloy steels. The aqueous H2S solutions were'

normally saturated, 3.5% Nacl - 0.5% acetic acid NACE solution. It is evident
.

that use of these steels is extremely limited in these types of environments.

Miscellaneous low alloy steels, as well as, HY 80, 100, 130 and H-11 die
steel in gaseous H2 are shown in Figures 15 and 15a. These data again have

scatter, related to the partial pressure of the hydrogen gas.

.

Custom 455 stainless steel data are presented in aqueous NaC1, synthetic

sea water, laboratory air, distilled H20, H2S gas - 50 psig and 6%!

H3B03 solutions in Figures 16 and 16a. The linear regression curve is
>

almost a horizontal line at a yield strength of approximately 220 Ksi.,

't
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Figures 17 and 17a depict the effect of combined aqueous, aqueous NaC1,
coastal and sea water and synthetic sea water environments on 17-4 PH

; stainless steels. Good correlation of data is evident up to a preload of

approximately 160 Ksi, above which allowable preloads by this correlation
would exceed the yield strength of the material.

i

; 18 Ni - maraging steel data in combined aqueous environments are presented
# in Figures 18 and 18a while Figures 19 and 19a display the 18 Ni-maraging

steels in aqueous NaC1, distilled H20, air, synthetic sea water, and
coastal / sea water environments. It is evident from all four graphs that

considerable scatter occurs in the data.
, ,

;

Since virtually all of the graphs exhibited a large degree of scatter
in the data, two suggestions are made for obtaining a higher degree of ;,

confidence for specifying allowable preloads for a given material used in a {
j particular . environment. The first suggestion is that the data in NUREG/CR
3

2467 be refined in order to remove points considered questionable due to
;

} facility test results, experi:nental question, etc. The second suggestion is
that any particular material proposed for use in the reactor environment be |

t

subjected to stress corrosion testing in the anticipated environment prior to'

its general use.
.

[ 3.0. LITERATURE SEARCH FOR INFORMATION ON INTERNALS BOLTING (INCONEL X-750 AND

A286)
i

! 3.1 Inconel X-750
.

!

! Inconel X-750 is an age hardened nickel-based supera11oy. It has been

used extensively -in LWR's for reactor internals in the form of bolts, guide
pins, springs etc. Since reactor internals are extremely diifficult tor

inspect, it is necessary that materials used for this purpose be as SCC

|
resistant as possible. Due to the recent stress corrosion failures observed
on components of this material in both BWR's and PWR's, it was felt that this

f material'should be included in this report.

I

i
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An extensive literature search only produced one reference [4] which corre-

lated X-750 yield strength versus KISCC in a simulated PWR primary coolant

environment. It was quite fortunate that this reference encompassed twenty-

four heats of X-750 and generated a large data base. This particular study

was divided into four separate series of tests. A commercial heat of Alloy

X-750 was evaluated in the first series using different age-hardening heat

treatments. The most common heat treatment recommended for Alloy X-750 is a
solution anneal at approximately 1093*C, water quench and then aged for 20

hours at 704*C. This is referred to as the HTH treatment.

The second series of tests involved 16 laboratory heats of high purity

alloys which were used to study the high and low levels of four minor elements

using a solution annealed at 1093*C for 2 hours, water quenched and aged 20
hours at 704*C. The test matrix for this series was used to evaluate the

following levels of minor alloying elements:

Naminal Nominal

Element Low Level % High Level %

C 0.02 0.07

S 0.003 0.008

Mg 0.0005 0.03

Zr 0.005 0.08

| The third test series involved 7 heats of laboratory prepared alloy which
were used to explore the effects of P, N, La and La plus Ce alloy additions.

These heats were solution annealed at 1093 *C for 2 hours, water quench and
i

aged 20 hours at 704*C.'

The fourth series of tests wesi performed to see if the benefits of higher

| Zirconium contents and the following alternate heat treatments would enhance

| the alloys' SCC resistance:
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a) 1093*C solution anneal for 2 hours, water quench

b) 1093*C solution anneal for 2 hours, air cooled, 704*C
age for 20 hours, then air cool

c) 1093*C solution anneal f or 2 hours, furnace cooled, 704*C age for 20
hours then air cool

d) 1093*C -solution anneal for 2 hours, water quench + 760*C age for 96
hours then air cooled.

The stress corrosion specimens for these tests were 12.7 mm thick, wedge
,

opening loading (WOL) samples, oriented so that the crack ran down the plates'
length. The testing was carried out in flowing deaerated pH 10 water at

360*C. The 02 level was kept to less than 10 ppb while the pH of the

solutions at room temperature were adjusted with NH40H. Neither LiOH nor
NaOH were added to the test solutions.

All of the data generated for these tests have been plotted on Figures 20

and 20a. As can be seen on the graphs, there is a significant amount of

scatter above the 75 Kai preload level. Note - It was felt that all of the

generated data could be plotted on two graphs as one of the objectives of the

test program was to stay within the compositional ranges of commercial grade
X-750 alloy so that a new material need not be qualified for service.

It should be noted that these may not be relevant to BWR environments or
to PWR at the low pH end of the operating cycle.

3.2 Inconel Alloy 722

Some data were also found [5] on another precipitation hardened

nickel-base alloy -- Inconel Alloy 722. The chemical composition of the alloy
was as fc110ws: (wt. %)
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Cr - 16.02 Si - 0.28

Fe - 8.19 Mn - 0.15

Ti - 2.36 C - 0.08

A1 - 0.53 S - 0.007

Ni - balance

Various heat treatments were investigated using 12.2 mm thick wedge

opening loaded (WOL) specimens in two environments. The environments tested

were: 1) . a deaerated 50% NaOH solution at 316*C 2) undeserated high purity

pH 10 water at 316*C. (The high purity water tests had approximately 6 ppm
02 at the start of the test with no attempt at either aeration or

deaeration.)
.

The results of the tests follow:

Threshold Stress Intensity Yield

(MPayfm) Strength

Heat Treatment 50% NaOH Undeseratt-d Water (MPa)

1) 1093*C solution anneal, I hour, 37 36 310

water quench

.2) 1093*C solution anneal, I hour, 41 24 434

water quench + 649'c age for
1 hour

3) 1093*C solution anneal, I hour, 17 18 751

water quench + 704*C age for

24 hours
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Threshold Stress Intensity Yield

(MPa[m) Strength

Heat Treatment 50% NaOH Undeaerated Water (MPa)

4) 1093*C solution anneal, I hour, 20 14 696

water quench + 704*C age for

240 hours

5) 1093*C solution anneal, I hour, 43 67 676

water quench + 760*C age for

96 hours

The primary conclusions drawn from this series of tests is that the stress
corrosion resistance of an age hardened nickel-base alloy can be significantly
improved in both environments tested through selective heat treatments. This -

appears to be consistent with the previously discussed data on the X-750

alloy.

3.3 A286

Although an extensive literature search was performed for information
relative to KISCC versus yield strength data f or Alloy A286, none could be
found. One reference [6] was found, however, which at least provided some
information regarding the SCC resistance of this alloy.

The A286 alloy used in this test program received a solution heat

treatment of I hour at 1800*F followed by a 1325'F age for 16 hours then air
cooled.

The chemical analysis of the alloy tested: (wt. %)

C - 0.053 Cr - 14.82 V - 0.28

Hn - 1.18 Ni - 24.68 A1 - 0.21

P - 0.02 Mo - 1.38 B - 0.004

Si - 0.71 Ti - 1.93
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The typical mechanical properties of the alloy are:

I
Ultimate tensile strength, psi 143,000 )
0.2% yield strength, psi 93,000

Elongation in 2 in, % 24

Hardness (Rc) 29

The majority of the testing was done in typical BWR environments with some
tests performed to determine the effects of higher oxygen and chloride levels
in high temperature water.

The test results for this program were as follows:

Applied Stress No. of

Ib/in2 Test Environment Specimens Remarks

Overyield 1.2 ppm 02 3 3 failed in 700 hrs.

(0.7 % strain) 0.2 ppm 02 3 No failures 4700 hrs.

O.02 ppm 02 9 No failures 4500 hrs.'

173,000

(overyield) 1.5 ppm Cl- 2 2 failed 1800 hrs.

1.2 ppm 02 3 No failures 2200 hrs.

0.2 ppm 02 3 No failures 2200 hrs.
!

i
i Applied Stress No. of

Ib/in2 Test Environment Specimens Remarks

100,000 1.5 ppm ci- 2 1 failure 2600 hrs.
.

120,000 0.02 ppm 02 18~ No failures 4800 hrs.

i
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The conclusions drawn from this testing program were that although the
A286 had greater SCC resistance than 17-4 PH (H900) alloy in BWR environments,
it exhibited a greater susceptibility to SCC than 17-7 PH, AM-350, cold worked
Type 304 stainless steel, Type 405 stainless steel and boron stainless steel
alloys. The wear properties were also considered poor and difficulties were

I ~ encountered in fabrication. The final conclusion was that A286 be disregarded

f as a reactor structural material since safer materials are available.
|

4.0 PROVIDE VERIFICATION THAT THE INFORMATION PRESENTED IN NUREG/CR 2467 FOR
' CHLORINE IS REPRESENTATIVE OF THE ENVIRONMENT OF BOLTING EMBEDDED IN

CONCRETE (i.e. HIGH PH)
,

Concrete has simply been described [7] as an inhomogeneous mixture of
approximately 50% silica (SiO2) by weight with additions in lesser amounts,

of A1, Fe, Ca. K and Na oxides, complex aluminum and magnesium silicates

(cement) and a percentage of fixed water (approximately 7%) hydrated to the
cementing agent. Additionally, there is free water present which evaporates

with time.

I

The corrosion of steel in concrete requires the presence of an electrolyte
and available oxygen. In the normally alkaline (pH 10-13) environment in set

,

cement, a protective oxide film forms on the steel making it passive in the

concrete. Normally corrosion starts at a localized breakdown in this film

with available oxygen present. The stability of this passive film is

dependent upon the matrix pH of the concrete. If the pH is high enough, the

oxygen access is ef f ectively neutralized. This pH value can be affected by
,

CO2 ingress (combining with moisture to form carbonic acid) which can lower
the value to pH 10 or less allowing corrosion to occur and by the presence of
chloride ions which have been reported [8] to raise the pH required to;

stabilize the passive film to a value exceeding that of a saturated calcium

hydroxide solution, again, allowing corrosion to occur.

|

i

,

53

-._, -__ _- _. , _ -- - _ . - . - - .- - _-. _ _ .. - - , . - - - - -



|

|

|-

Although this discussion is primarily concerned with the chloride levels
found in concrete, the effect of CO2 (carbonation) on the pH level in

concrete and the subsequent effect of the low pH lev el in concrete has on

corrosion is significant to embedded bolts. This type of phenomenon has been

reported [9] as being of minimal concern in good reinforced concrete of normal
water-cement ratios af ter being exposed to weathering for many years. How-

ever, it is worthy to note that excessive water-cement ratios, excessive
concrete cracks, or insufficient concrete covering of steels can lead to

corrosion by local decreases in pH in the concrete.

As previously mentioned, the concrete environment, although normally ideal
for corrosion prevention of steels, can be greatly influenced by the presence
-ot chloride. Chlorides may enter concrete ~oy various mechanisms [8,10-11].
The chlorides may be present in fresh concrete, (chlorides may permeate the
concrete from an environment containing chlorides, occasionally sea water

(salt water) may be added when fresh water is unavailable for making the
batch) and finally, the most frequent cause of chloride in concrete is the use
of calcium chloride (CaC12.2H2O) as an accelerator for strength of the

concrete. The normal practice is to use between 2-3% calcium chloride by
weight in the concrete mixture [8,9].

The amount of calcium chloride is normally offset with tricalcium

aluminate (C3A), a constituent in portland cement, which reacts with the
calcium chloride to form an insoluble (C3A.CaC12 10H2O) compound. The

amount of chloride removed in this manner is dependent upon the amount of

C3A in the concrete. Figures 21 and 22 show the effect of cement com-

_ position (1% and 9% C3A concrete) on the chloride concentration in the
aqueous phase of the mixture with time. It is clearly seen that the chloride

concentration is extremely dependent on the amount of C3A available in the
concrete. Others [9] have shown that, when 2% CaC12 added to a 12% C3A
concrete (initial mix), the CaC12 level will drop as low as 0.37% af ter 28
days. It would seem that aqueous chloride levels in concrete would then be
much lower in concentration than the chloride levels reported in NUREG/CR-2467

(e.g. 2-5% NaC1). This is not necessarily the case, as there is a competing
ion effect in cements due to the normal addition of sulfate in the form of

,
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A

4

. ypsum (CaSO4.2H2O), used for regulation of time of set. This competitiong

.of both sulfate and chloride ions for available aluminate forms compounds in
-this order [8]: formation of trisulfoaluminate hydrate until the sulfate is

consumed.. .then . formation of chloroaluminate hydrate until the chloride is

|# consumed and then formation of monosulfoaluminate hydrate from the trisulfo-
aluminate and excess aluminate or'cluminoferrites present in the concrete.,

!

Since concrete batches will vary from location to location and since the
,

amount of si:1 fate available will also vary by amount of gypsum added and the
f amount of sulfate present in the water used, it is extremely difficult if not

impossible to state that the chloride levels in concrete will be extremely low
! .and of no concern to the corrosion of embedded bolts. It is therefore con-
I cluded that, although the levels used in NUREG/CR-2467 may be conservative in

some instances, they are probably representative of the levels of chloride

which may be present in concrete at a nuclear site.

5.0 REVIEW TEST SAMPLE REQUIREMENTS OF FREQUENTLY USED FASTENER SPECIFICATIONS ;

AND PROVIDE RECOMMENDATIONS ON STATISTICAL SAMPLING OF FASTENERS.

In a given SCC environment, it is known that a high strength low alloy
steel's resistance to SCC decreases with increasing tensile strength of the
material. This has been amply shown in NUREC/CR-2467 [1] where KISCC vs. >

yield strength plots for various alloys prove the validity of this
; relationship.

This being the case, it is to a utility's benefit to have an idea of the

.

tensile strength of its bolts. This can be difficult as the bolting
t i

| specifications specify minimum tensile requirements, not maximum and a I

' utility's only indicator of maximum tensile strength may be the material's

hardness values.

:
'

The specifications reviewed for this section included:

;

i
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A-193 Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature
Service |

,

g.
A-194 Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-
Temperature Service'

|

A-307 Carbon Steel Externally and Internally Threaded Standard Fasteners

A-320 Alloy-Steel Bolting Materials for Low-Temperature Service

|
A-325 High-Strength Bolts for Structural Steel Joints Including Suitable Nuts
and Plain Hardened Washers

!

!

A-354 Quenched and Tempered Alloy Steel Bolts and Studs with Suitable Nuts

A-540 Alloy Steel Bolting Materials for Special Applications

A-564- Hot-Finished or Cold-Finished Precipitation-Hardening Stainless and
Heat-Resisting Steel Bars and Shapes

A-637 Precipitation Hardening Nickel Alloy Bars, Forgings, and Forging Stock'

for High-Temperature Service

A-638 Precipitation Hardening Iron Base Supera11oy Bars, Forgings, and Forging
Stock for High-Temperature Service

{
Hardness measurments are a reliable method of estimating tensile strengths

I on carbon and low alloy steels. This is due to the fact that there exists a
reasonably close relationship between compressive strength and tensile
-strength of these steels and that resistance to indentation (hardness testing)

4

is directly related to the steel's compressive strength. Estimates of a
material's tensile strength can be approximated in most cases to + 5000 psi
with a hardness test. These tests, when performed on bolting materials are

58

1

. _ . - . - - , . . , _ . - . . - - _ _ . . _ _ _ _ - _ _ . . _ . . . - . . _ _ , - _ .-- _ . .,._,._.. --_. _.._ _ ___ _ , ,.._.-_._. .-.,. _ ~._. ,_-,, ,



|

,

!

normally nondestructive in nature and would not affect the bolts' or nuts'

primary function. This indirect measurement of the materials' tensile strength
without impairment of its primary function is extremely important in deter-
mining the susceptibility of a material to SCC, as shown earlier in this

report. Since the hardness test is nondes tructive in nature, it is the

hardness sampling requirements which will be discussed.

The number of hardness tests (manufacturer) required by the aforementioned
specifications use a statistically small sample size in order to qualify a
test lot. For example:

ASTM-A194 requires hardness testing of only one nut in order to accept a lot
size of up to 800. The maximum number of samples required is 5 in order to
accept lots of over 22,000 nuts.

ASTM-AS40 requires hardness tests be accomplished near each end of each mill
treated length for bars 2 inches and over. For bars under 2 inches, not less

than 10% of the bars mus: te tested near each end.

<

For most applications, these standards would be acceptable but, in light

of the fact that one inspectica at a nuclear site [3] found that of 384 bolts

reviewed (comprising 12 heats of material) all of the heats were essentially
in violation of the hardness specifications, they need upgradin3 for critical

nuclear applications.

Due to the fact that A540 bolts have f ailed [12,13] in nuclear applica-

cations by SCC mechanisms attributed to the sulfur compounds used in various
lubricants, it is reasonable to apply the industry standards for hardness

testing requirements of bolts for " sour gas" service. " Sour gas" has as its

major corrodent, H2S which has been found to be a byproduct of MoS2 dis-

sociation (with moisture).

These corrosion resistant bolts have as their hardness requirements

(ASTM-A193-B7M paragraph 10.2.2):
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10.2.2 Grade B7M - Provided an in-process sampling plan is used, a final
sampling of 100 pieces selected at random per lot, as defined in 11.1.2, not
exceeding 10,000 lb. shall be tested for hardness, using an accept.oce rusbn
of zero. The hardness of this grade shall be determined on the end of the

bolt or stud by the Brinell or Rockwell B test methods as described in

Sections 16, 17, and 18 of Methods A 370. Conversion of Rockwell B readings

shall be based on Table 3B of Methods A 370. If any one sample exceeds the

specified maximum hardness, the lot shall be rejected and either reprocessed
and resampled, or tested 100% to reject nonconforming material. In the event

in-process sampling plan is not used (Supplementary Requirement S3),that an

the hardness shall be measured on the end of each bolt or stud as outlined
above.

Supplementary Requirement S3 for this specification states "Each Grade B7M
bolt or stud shall be tested for hardness and shall meet the requirements

specified in Table 2." This requirement is often invoked if the application
is critical.

There are currently discussions by ASTM committees [14] regarding the use
of electromagnetic sorting techniques as an alternative to 100% indenta tion
hardness testing. Electromagnetic sorting of ferrous materials is

accomplished using eddy-current instrumentation. These instruments measure

impedance changes in a test coil. Once the system is balanced, any change in

the tested part will affect the impedance measurement. This type of

inspection is generally of the "go, no go" variety.

ASTM E-566 recommends this type of inspection (Eddy Current) primarily for

repetitive test. on material, " identical in shape, composition, and

metallurgical structure, and not for tests on grossly different materials,"
which would appropriately lend itself to bolting inspections.

>

|
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This change, if adopted, would require 100% electromagnetic examination of
the bolts in accordance with ASTM E-566 with a supplemental indentation
measurement of 100 pieces of each heat in each purchase lot. The indentation
tests must have a 100% acceptance of the 100 pieces in order to qualify the
lot.

A third alternative to the current specifications for number of hardness

tests is to require indentation testing in accordance with a sample size

consistent with Mil Standard 105. The type of inspection would be most easily
facilitated as a receiving inspection of already purchased bolts / nuts. In

order to implement this type of plan, an appropriate Acceptable Quality Level
would have to be established which would be acceptable to the regulatory
agency.

6.0 PROVIDE RECOMMENDATIONS FOR RECEIVING AND INSERVICE INSPECTION OF BOLTING

6.1 Receiving Inspection

There are currently no definitive rules for the receiving inspection of

bolts at nuclear sites. The only requirements are general in nature e.g.

10CFR50 App B- Section VII, Control of Purchased Material. Equipment, and

Services. states in Part 'heasures shall be established to assure that pur-
chased material, equipment, and services, whether purchased directly or
through contractors or subcontractors, conform to the procurement docu-

ments..." It is therefore up to the individual utility to tailor a

receiving inspection program for its own purchased material.

In addition to the previously mentioned reference |3] re trding studs

being out of specification for hardness measurement, Koo [15] has cited at

least six other instances where either a improper heat treatment of material,
fabrication quench cracks, or use of the wrong material were contributing
factors to premature failure of fasteners. If a more extensive receiving

inspection had been in effect; possibly these problems may have been avoided.
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|

A possible intensified receiving inspection plan for bolting / fastener
material could consist of:

|

1) A visual inspection of all incoming bolting material.

2) Hardness testing of 5-10% (at random) of the "as received" bolts /

studs. If any fall outside the specified hardness range of the material,
all bolts should either be returned to vendor or 100% hardness tested to
eliminate non-conforming items.

3) A surface nondes tructive examination (dye penetrant or magnetic

particle) of a percentage (1-5%) of the "as rec eived" bolts in order to
preclude the possibility of pre-existing flaws in the bolts. This to

supplement 1 and 2.

In all cases, the higher percentage of inspection would be used in the
more critical bolting structures / installations.

6.2 Inservice Inspection

Although' the ASME Boiler and Pressure Vessel Code Section XI Inservice
Inspection Requirements governs all inservice inspections on nuclear powerr

plants, this code is still a minimum requirement and not an optimum inspection
standard. This statement is not made to denigrate the Code; but to amplify
the fact that additional inspections could and in some cases probably "should"
be added to the normal inservice inspection program to provide assurance of

continued plant reliability and safety.

An example where possibly more comprehensive examinations might be
required:

The only circumstance where both a volumetric examination and a surf ace
examination are jointly required in evaluating a bolt / stud (ASME Section XI)
is during the inservice inspection of reactor vessel closure studs (when
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removed). In all other pertinent sections of "able IWB-2500-1, volumetric

examination alone for bolts 2" in diameter and treater, and visual inspection
alone for bolting 2" and less in diameter are the only required inspections.

Between these two modes of examinat on lies the surface inspection methodsi

(dye penetraut or magnetic particle) which even performed on a sample basis
would provide considerable supplemental assurance of continued trouble free

operation.

7.0 PROVIDE WRITTEN RECOMMENDATIONS FOR ACCEPIABLE METHODS OF COTTERING THAT

WOULD NOT DEFEAT THE PRIMARY PURL'OSE OF FASTENERS

In this section, the tenn "cottering" is used in the broad sense as a

method of securing a bolt / stud or nut in place in order to maintain the

required preload. Since preload on the bolt is the primary method of

preventing joint separation under external loading; "cottering" without

impairment of function is of primary importance for fasteners in the nuclear

industry. For purposes of this discussion, two general methods of cottering

will be discussed: mechanical and welding methods.

7.1 Mechanical Methods

These would include: cotter pins, self locking nuts, staking of bolts,

and self locking bolts. To date, no failures have been directly attributed to

any of these methods; however, in at least one instance, staked bolts (which
had failed in service) [16, 17] had many of the heads broken off the bolts

during the f ailure which allowed the small stakes to become potential addi-

tional impediments to the reactor coolant pumps' operation. It is recommended
that if mechanical methods are used, an evaluation be made of the potential
for additional loose parts in a critical system or component.

-
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7.2 Falding Methods |
|

I

During the review, one instance was found of tack welds on bolts causing
failures. This instance occurred in 1975 on the Sequoya Units 1 and 2. An

improper welding procedure was used to weld the steam generator and reactor
coolant pump anchor bolts to embedment plates, which resulted in underbead

cracking in the bolts. Iack welding of bolts is considered unadvisable for

the following reasons:

1) The shrinkage force of tack welds may cause relaxation of the bolt
which may reduce the preload on the joint. This could make the joint more
susceptible to a fatigue failure.

2) The main reason for not tack welding a bolt is that there is no

means of controlling the heat input into a tack weld. This lack of heat input

control can easily cause detrimental microstructures to be developed in the

bolt / weld metal heat affected zone which might make the bolt susceptible to
hydrogen embrittlement on SCC.

Possible altenatives to welding the bolt would be welding the nut or

weld locking tabs adjacent to the nut. Either of these methols would
provide a less potentially detrimental joint configuration.

8.0 PROVIDE RECOMMENDATIONS FOR WRITTEN IMPROVEMENTS IN BOLTING AND BOLTING

MATERIALS SPECIFICATIONS

In the first quarter of 1983, Koo [15] reported a total of 44 significant

incidents of bolting degradation at nuclear power stations between October

1964 to March 1982. Of these 44 incidents, 19 involved a SCC mechanism, 13

boric acid wastage corrosion, 3 fatigue, 1 erosion-corrosion; and the other 8

incidents were either materials related problems or the cause could not be
determined.
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Even though the number of incidents of bolting degradation has been on the
rise (over the past several months) at nuclear power plants; they must be
viewed with the perspective that there are probably millions of fasteners

which have been installed on the 100 or so nuclear power stations in the

United States with only a f ew instances of significant f ailures.

Specifically, this report did bring to light areas which needs "evalua-

tion." The term " evaluation" is used in lieu of " improvement" as these areas
should be discussed with the utilities, EPRI, and bolting consultants in order

to determine if " improvement" is required owing to the safety significance of

a particular bolting application.

The first area of " evaluation" is the data compiled in the first section

of this report. Serious consideration should be given as to the data's

validity in various areas of a nuclear reactor. If it is determined that the

probability of a particular environment being encountered is negligible, then
the data should be refined to reflect this low probability. This would also
hold true for the Inconel X-750 data provided, if a new standard heat treat-

ment is decided upon for reactor environments.

There is one area in which it is believed that " improvements" should be
made af ter appropriate evaluations; this is the area of fastener specifica-

tions. The extremely small sample sizes used for qualifying huge lots of

material is currently considered unacceptable for any bolts which would have a
safety related function at a nuclear station. The tightening up of the

specifications to require at least the minimum standards of A193-B7M bolts
would be a large step in assuring more uniform tensile strength bolting

materials for nuclear applications.

An " evaluation " of the more widespread use of surface inspections (dye
penetrant or magnetic particle) to supplement the visual inspections and

volumetric examinations of critical components during inservice inspections is
deemed appropriate.

4

65

- _ _ - _ _ _ _ _



Cottering methods should be discussed and perhaps a more uniform method of
cottering be used industry wide. The elimination of tack welding bolts is

'

considered to be a first priority in this area. In the area of cottering, the

consequence of having loose components free in the system if a bolt failure
occurs (cotter pins, staking pins) must be evaluated for each new bolt

design.

An area of definite concern r.ot specifically expanded upon in the report
is the use of lubricants in bolting connections. The judicious application or
non-application of moly-disulfide type lubricants is considered a priority
item for evaluation. Additionally the coefficient of friction (a necessary
known for determining preload in a given joint) of an applied lubricant must
be determined in the environment in which it is applied. Most manufacturers

give a large range of coefficients depending on the environment; (if it is
allowed to dry, temperature, etc.)
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PURPOSE:

1. To make recommendations, based on aerospace bolting experience, to
*.morove bolting inspections and acceptance practices.

2. To eview methods commonly used to prevent loosening of threaded
fasteners.

3. To provide broad recommendations, based on knowledge of bolting prac-
tices in other industries.

RECOMMENDATIONS:

1. Establish Joint-Design Methods and Joint-Analysis Techniques

Standardization will insure that everyone in the industry designs
each joint to the same accepted methods. The appendix includes
several industry-accepted analysis methods.

Proper joint design will help:

a. Control, or in many cases, completely eliminate fastener fa-
,

tigue.

b. Control fastener overload.

c. Control stress corrosion cracking.

d. Control hydrogen embrittlement.
,

e. Control corrosion.

f. Eliminate the problem of fastener self-loosening.

2.
,

Upgrade Fastener Design to Utilize Modern Practices and Materials

a. Materials should be specified for various classes of fastener
applications.

b. The design of the head-to-shank fillet should be improved to
utilize larger radii.

c. The juncture o' the thread with the shank, known as the thread
runout area, should be improved so that large notches are not
permitted in this highly stressed area.

d. Modern thread forms, such as MIL-STD-8879, should be used.
Large radii thread forms will reduce the stress concentration
factor in this area.

A-1
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3. Specify Fastener Manufacturing Documentation

a. Require material heat identification.

b. Require fastener lot identififcation.
,

1

c. Establish and insist on in-process inspection requirements.

d. Establish an in-house inspection and shipping authorization
requirement by the vendors.

e. Establish AQL inspection levels per MIL-STD-105.

f. Require manufacturing documentation for all critical fasteners
to be kept on record.

4. Require that Receiving Inspection Standards and Documentation be
Established

a. Require that physical measurements of fasteners be verified.

b. Require that fastener mechanical properties be verified:

Hardness measurements, surface and core, should be taken..

Tensile strength should be verified..

Fastener yield per Johnson's Two-Thirds Law should be.

verified.

Plating thickness and adhesion should be verified, where.

applicable.

Tests for hydrogen embrittlement should be established,.

where applicable.

All testing should be performed per MIL-STD-1312 or a.

similar document.

-5. Establish Fastener Preloading Methods and Standards,

l

a. Torque-tension.

b. Load-elongation measurements.

c. An angle-of-turn tightening method.

d. A yield-control tightening method.

e. An ultrasonic measurement standard that includes proper specimen
. preparation.

f. Other preload-measuring methods should ')e identified and, where
applicable, should be evaluated so the t additional preloading
standards can be established.
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g. A requirement of the preloading method should be on the assembly
drawings.

6. Identify and Evaluate Fastener Preload Verification Methods; De-
lineate Standards for their Use and Shortcomings

The methods listed below are for inspection at a period later that
initial assembly,

a. Ultrasonic length measurement.

b. Mechanical length measuring methods.

c. Load-indicating washers.

d. Use of residual torque as an indication of fastener preload.

e. Preload-indicating pins.

f. Other methods as may be found for use in other industries.

7. Establish a Fastener Failure Documentation Procedure and Indentify a
Central Evaluation Location

a. Classes of fasteners failure modes should be established.

b. Problem areas should be identified and the severity of fastener
problems quantified.

c. Corrective action should be taken.

Emergency reports should be published and distributed to.

identify problems and mandate corrective action.

Upgrade design and manufacturing methods where necessary..

Upgrade assembly and maintenance records..

8. Perform an In-Depth Study into the Physics of Fastening

The time allotted for this study was not sufficient to cover all as-
pects of the fastening problem in great detail.

BACKGROUND:

Recently, the number of reported bolting failures in reactor vessels has
increased drastically. These failures have occurred in reactor main-pres-
sure boundary components, such as the steam generator, manway closures,
reactor coolant pumps, pressurizers, reactor vessel closures, lower ther-
mal-shield bolts, and upper core barrel bolts; they have degraded a number
of plants and required extensive and expensive replacement of fasteners.
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All types of fastener failures have occurred -- stress corrosion cracking,
fatigue, borated-water corrosion, and erosion-corrosion failures have been
documented. Bolt failures due to quench cracks caused by improper heat
treatment, incorrect materials and improper torque have been observed.

l

|
Because of the large number of fastener failures and the broad range of 1

failure mechanisms, Brookhaven National Laboratory was asked to prepare a |
report on bolting applications. SPS Technologies Corporate R&D, Jen-
kintown, PA received a subcontract from Brookhaven to look at several
aspects of bolting and to provide recommendations to improve bolting
inspection and means to to prevent loosening of fasteners. SPS is pro-
viding a system of sample requirements and recommendations for receiving
inspection. As the result of a literature survey on bolting failures, SPS
Technologies is also providing recommendations based on their knowledge of
bolting practices in other industries.

PROCEDURES:

A search of the report and journal literature published by the nuclear
power industry, the Nuclear Regulatory Commission and other pertinent
sources was conducted. For the sake of accuracy and expediency, the NTIS

. database (produced by the National Technical Information Service) and the
COMPENDEX database (produced by Engineering Information, Inc.) were
searched on the DIALOG Information Service available in SPS' Corporate
Technical Library.

The following subject terms were searched in various combinations, and
each combination required either the term " bolt" or "f astener" to appear in
either the title of the document or in its abstract.

Locking
Failure
Specification
Steam
Aerospace
Joint
Nuclear
Power

The results of the search were evaluated, and applicable titles were
ordered from the appropriate sources where they did not already exist in-
house.

The comprehensive, in-house indices to SPS Technologies' report literature
was also searched to uncover any documentation of fastener failures in the
nuclear or other energy-related industries.

A-4
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RESULTS:
s

The results of the investigation are reported in the following sections.
Most of the information has come from the bibliography or from SPS' in-
ternal report literature; some is a result of the author's twenty years of
experience in the fastening industry.

SUMMARY OF FASTENER LOCKING PRACTICES

There are basically two types of nuts a designer may choose from -- normal
and locking. Since most are f amiliar with the function of the normal nuts,
only locknuts will be covered here.

The primary function of a locknut is to prevent the nut from backing off the
bolt or stud if the tension load is lost. This precludes or lessens the

danger of a bolted assembly coming apart during operation. Jam nuts,
cotter pins, lock wires and similar devices also prevent backing off but
incur added weight, inconvenience and cost. Weight savings are particu-
larly important in aircaft where each pound saved is worth $100 or more. In
missiles, the weight savings may be worth much more.

A locknut must resist rotation not only on the first installation but also
after reuse. Most aircraft specifications call for a minimum reusability
of fif teen cycles on and off while maintaining torque within certain
limits.

Retention of locking torque has received a great deal of attention from
various bodies concerned with fasteners. The Industrial Fastener Insti-
tute, for example, requires that the actual prevailing torque on first re-
moval be "not less than 40% of the actual prevailing torque during first
installation."

An effective locknut also should enhance the bolt's fatigue properties.
Seldom is there a question about the ability of a bolt or stud to carry its
service load when tight. More often the fastener will fail when preload
fails and the joint becomes loose. A major function of the locknut then is
to help maintain a tight joint and to prevent fatigue failure in the bolt.

Prevailing torque locknuts should be used in applications requiring short
bolts, which quickly lose tensile load with shrinkage of the joined parts;
where imbedding of the bolt head or locknut in soft materials may cause
loss of tension and allow the nut to become loose; if adjustment of locknut
position on bolt or screw threads is needed; and when safety and
reliability are desired.

TABLE I

Functions of a Locknut

1. Support load

2. Be wrenchable

3. Resist rotation
4. Enhance bolt properties

A-5
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Essentially, there are two types of locknuts: the free-spinning nut that locks
when the nut is tightened on the bolt and the prevailing-torque locknut that
locks before the nut is seated. |

|

Prevailing-torque locknuts create controlled friction between the mating flanks
of the external and internal threads, causing the nut to resist rotation. )
Locking action is maintained even with no load on the seating surface; however,
maximun. holding and locking power is attained when the nut is tightened on the
bolt at a clanp load.

The prevailing-torque locknuts available may be grouped into two classes --
those requiring inserts to obtain the locking action and the all-metal, one-
piece locknut.

Insert types have a locking device such as nylon or fiber, a soft metal, or
spring wire or pin. The nonmetallic or soft-metal inserts are plastically
deformed by the bolt threads to produce a frictional interference fit.
Nonmetallic inserts may be either a ring set in the locking portion of the nut
or a patch (or plug) in the threaded portion. They are used extensively in
both the commercial fields and in the aircraft industry. They provide

vibratgon dampening characteristics and have good reusability but are limited
to 250 F maximum.

The spring wire or pin engages the bolt threads to produce a wedging or ratchet
locking effect. They are better for higher temperature use than nonmetallic
inserts but sometimes require a release mechanism to remove.

The all-metal, one-piece locknut is the most practical for the great majority
of. self-locking applications. The temperature range is much higher than for
nonmetallic-insert locknuts and is limited only by the material from which it
is made.

All metal, one-piece locknets are available in three types: deflected beam,
deflected thread and out-of-round threaded collar.

In the deflected beam, the locking section is slotted and squeezed radially
inward, providing a spring which produces a frictional drag on the bolt (Figure
1). As the bolt enters the locking area, the slotted section is expanded, and
the nut starts to lock.

The high-beam type of nut is preferred for most applications since the higher
beam provides maximtrn flexibility in the locking section. It has greater
reusability and is more tolerant of variations in bolt size. This type of

locking device has the least tendency to gall of the all-metal types. If,

however, space requirements limit the height of the nut, the beam height must
be compromised.

The deflected thread type of locknut may be deformed at the end of the nut or
in the center. The latter type may screw onto the bolt from either end and
requires no orientation. This simplifies assembly and eliminates the need for
complicated hoppers in automated assembly work. Deflected-thread locknuts have
a cost advantage over the deflected-beam and out-of-round threaded-collar types
but with some sacrifice in reusability and resistance to galling.
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Figure 1. Three types of one-piece, all-metal, pre-'

vailing-torque locknuts -- deflected beam
(top), deflected thread (left) and out-of-
round threaded collar (right).

The out-of-round threaded-collar locknut is the most commonly used; in
this type, the locking collar is squeezed in either two or three places,
giving an elliptical or triangular displacement of the collar. The tri-
angular displacement provides somewhat more bearing area of locking sec-
tion against mating bolt threads and thus reduces the tendency to gall. As
the bolt enters the locking section, the out-of-round collar is displaced
to a more circular form, and the resistance of this displacement produces
the locking action.

Choice of a locknut with an out-of-round collar versus one with a deflected
beam depends on the application. The out-of .ound collar doesn't require
as large an outside diameter of the locking section as does a deflected
beam nut in the same thread size. Therefore, the diameter (or width) of the
wrench flats may be reduced to provide a smaller nut when space or weight
is at a premium. For maximum reusability, nuts with out-of-round collars
should be made of heat-treatable material.

The three types of drives (Figure 2) on industrial and aerospace nuts and
their principal applications and functions are:
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Hexagon drives are good to 160 ksi inclusive and possess good auto-
matability.

External 12-point and spline drives are used for nuts f rom 180 to 300
ksi but also are desirafilslor 125 and 160 ksi nuts. Automatability
is good for the 12-point and moderate for the spline.

1
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Figure 2. Three drives on industrial and aerospace nuts:
i

hex, shown by a castellated nut with deflectedi

threads (top), 12-point with out-of-round col-
lar (left) and spline, also with out-of-round
collar (right).

Prevailing-torque locknuts are available in almost all the common forms of
standard nuts such as acorn, flange, jam or washer f ace. in some applica-

.

tions, however, the nuts cannot be wrenched on the bolts and self-retained;
} self-wrenching nuts must be used. These are held in place on or in the

structure by riveting, welding, swaging, or other means and are used pri-'

marily where the structure is accessible from one side only and function as
blind or semi-blind fasteners.
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Another type of locking mechanism is the cotter pin or lock wire. The stud
(or bolt) is cross-drilled to receive a cotter pin after the nut has been
tightened to correct torque, angle-of-rotation or preload. A slot in the
nut is lined up coincident with the cross-drilled hole, and the cotter pin
(or lock wire) is installed.

Bend tabs are often used to prevent the nut from turning relative to the
male thread. These tabs are part of a washer which is installed under the
threaded member. After the nut or bolt has been tightened, the tabs are
bent up to rest firmly against the flats of the drive of the locked member.
A disadvantage of the bend tabs is that the material rpust be ductile enough
to bend; therefore, the washer part under the nut or bolt head will almost
always relax and cause a loss in fastener preload.

In power plants nuts are sometimes welded to the bolts to prevent
loosening. This is poor practice as overheating may distort the nut or
soften either member, caus.ing a loss in load-carrying ability. Fastener
relaxation may also occur and result in a loss of joint preload.

Jam nuts are an expensive, but technically satisfactory, method of
achieving a locking system. Whereas the nut torque may be limited because
of preload maximum limits due to stress-corrosion-cracking considerations
or other joint-design limitations, the differential torque between the two
locking nuts is limited only by the male thread's yield point. Of course
the bolt thread must be long enough to accorraodate the additional nut.

Chemical locks are used in places where the upper-temperature limit is
rather low. These adhesives are of a number of types: thermoplastic,

, thermosetting patches, anaerobic adhesives, microencapsulated two-part
adhesives.

Ramp-like teeth on the bearing faces of either the nut or bolt are also a
! popular solution to a locking problem. As the nut or bolt is tightened

against tne mating part, relatively shallow ramps slide past the mating
surface. When the nut or bolt tries to turn in the loosening direction, the
other side of the tooth has a ramp essentially perpendicular to the bearing
surface. This digs in and causes a very high resistance to turning. This
torque to loosen may bc as high as twice the torque which was applied to
originally preload the fastener.

Interference threads are but another way to prevent self-loosening of
threaded fasteners. The interference can be a result of male deflected
threads or as a result of the male-thread major-diameter being in contact
with the nut thread-root.

FASTENER ACCEPTANCE METHODS USED BY THE AEROSPACE INDUSTRY:

Military specification MIL-D-68128 for aircraft bolts is mandatory for use
by all departments and agencies of the Department of Defense. There are
federal specifications for cadmium plating, entitled "QQ-P-416"; military
specifications such as MIL-H-3982 for hardware, packaging and packing for
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shipment and storage; military specifications for various aircraft steels
and forgings (including ones for heat treatment, screw threads, steel
bars, forgings, billets, etc.). There are military specifications such as
MIL-STD-105, entitled " Samplings, Procedures, and Tables for Inspection by
Attributes"; AN3 through AN20 for aircraft machine bolts; AN315 for plane i

and frame nuts; AN320 for castellated shear nuts; and MS21083 for self-
locking, hexagon nuts. A complete listing of these specifications and a
complete listing of MIL-B-68128 appear in the Appendix.

In summary, there are material requirements and geometric requirements for
the head of fasteners (i.e., the bearing surface, eccentricity of head-to-
shank, and straightness of shank). There are also requirements for the
physical properties of fasteners, such as tensi.le strength, shear stren-
gth, hardness and decarburization limits. There are limits for cracks,
seams, inclusions, nicks or gouges. There are limits on defects on washer
faces, bolt head-shank junction, threads, thread length, after- plating
and finishing dimensions, and finish. It is also necessary for the
identification of the product to be on each fastener. There are quality
assurance provisions, such as responsibility for inspection, classifica-
tion of inspection, definition of a lot, and sampling plans. There are also
definitions of defect classes (such as minor and major defects); defects
have been classified and are characterized as critical, minor-A, minor-B,
major and noncritical.

Sampling plans for tension, shear and hardness tests are also delineated
clearly (such as which inspection level should be used; what AQL; and
exactly what table should be used). All attribute sampling plans should be
in accordance with MIL-STD-105; a copy of this standard is also included in
the Appendix.

A. Summary of Applicable Specifications:

1. MIL-S-4472 -- This specification is for screw threads and in-
cludes all the basic data, such as the thread form, dimensions,
thread classes, thread series, and a definition of terms. The
specification also makes reference to the sections on unified
and unified-miniature threads in Handbook H28.

2. MIL-H-7839 -- This is a specification for aircraft structural
screws and is included in this report's appendix.

As on reads through these various documents, it becomes clear that a
' lot of work and thought has gone into the writing of these various
specifications. It is only because of hard work by the fastener nanu-
facturer", the users and the military that usable specifications like
these exist. Their purpose is to delinieate clearly and precisely the
geon.etry and functionality of aircraf t fasteners. These specifica-
tions also include quality assurance provisions.

3. MIL-N-7873A -- This specification for 12000F self-locking nuts
describes the requirements as to retention and fastener vibra-
tion. The materials, design, construction, condition of the
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bearing surface, threads, plating and surface treatment are
clearly defined as well as tensile strength and stress-rupture
strength. There are tables showing the minimum strength
requirements, the recommended wrench torque at room temperature,
and the torque af ter a six-hour bake at the required 12000F
working temperature. The locking torque at ambient temperature '

is also defined.

4. MIL-B-7874 -- A copy of this specification is also included in
the Appendix; it covers machine bolts which are furnished for
use where temperatures will not exceed 12000F. This specifica-
tion includes a list of other specifications that this fastener
must conform to, such as MIL-H-3982 (Hardware packaging and
packing for shipment and storage) and MIL-S-8879 (Screw threads,
controlled radius with increased minor diameter). Specifica-
tions for sampling procedures, tables for inspection by attri-
butes, and test report requirements are also included.

It is interesting to review the requirements of these fasteners
as specified in MIL-B-7874.

Qualification: Bolts furnished under the specification.

shall. be a product which is in accordance with the
applicable standard and which hu been subjected to, passed
a qualification. test specified herein, and has been listed
on or approved for listing on the applicable qualified
products list.

Material: The bolts should be fabricated with heat- and.
'

corrosion-resistant material. Unless'otherwise specified,
this material shall have a minimum tensile strength of 140
ksi; a minimum .2% yield strength of 95,000 psi; and a
minimum stress-rupture strength of 65,000 psi in 23 hours.

Design and Construction: The threads must have a specified.

form and dimensions in accordance with MIL-S-8879. The
grain flow of the threads shall be continuous. The heads
must be forged. The bearing surface if the bolt heads must
be at right angles to the shank within the specified limits
of this document.

In short, the complete geometric, mechanical and metallurgical
properties of this fastener are clearly defined. The means and
methods of qualifying this product are clearly defined. The
standards by which this fastener will be tested are completely
defined.

In order to install a good fastener into a joint it is necessary to ensure
the following.

1. The fasteners must be manufactured from a material whose heat
and origin are.known and whose basic material properties are on
file. The f astener must be manufactured according to a well-
definid and controlled manufacturing process.
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2. In-process inspection is the only way to obtain a final product
which meets all specifications.

3. The fastener most he heat treated properly under controlled
conditions (temperature, temperature profile, atmosphere).

4. The parts must must be inspected to an agreed upon specification
before leaving the manufacturer's plant.

5. The parts must be packaged in such a way so that they are not
damaged in transit to where they will be assembled into a larger
product.

6. There must be a procedure for incoming inspection to insure that
the fasteners received are the same as the fastcners which were
procured.

The aerospace industry has found through many years of practice that there
are a number of elements necessary to ensure that a fastener meets the
appropriate standards. The simplest of these tests is the hardness test;
the next is tensile (to ensure that there is no embrittlement of the mate-
rial). If a fastener has been plated, it should be in accordance with QQ-
P-416. Lastly, the fastener must be installed correctly into the joint
using a well-defined method of installation, be it torque, angle-of-rota-
tion, hydraulic tensioning, or some other method.

~ FASTENER DESIGN AND SELECTION:

SPS Technologies has always considered fasteners to be a structural design
problem. In bolts and nuts there can be found all of the classic problems
associated with highly stressed, high-strength materials which have high
stress concentration factors. The strength properties of the part and its
functional usefulness depend on the dimensions. If the part is too large,
it will not assemble; if it is too small, it may not carry the required
service loads. Here will be presented some of the problems associated with
the design of fasteners and those characteristics incorporated to overcome
them.

As is obvious, bolt configuration, illustrated in Figure 3, consists of
three major components -- heads, shanks and threads. In the following

discussion, each will be treated separately. This will be followed by
sections on selection of those components, materials and finishes. The nut
section will also consist of recommendations for their selection, ma-'

terials and finishes.

The bolt head must perform numerous functions. It must first support the
service load and, in most cases, it also contains the drive or wrenching
surface. Its bearing area must be adequate enough to support the required
load without causing indentation in the components that are holding it
together. Suprisingly, this problem appears from time to time as parts are
installed in soft materials and an unexpectedly heavy load is imposed on
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Figure 3. Bolt evolution.

the components. Some must be smooth and round for better appearance. An
additional feature may be added to make it a lockbolt.

The proper drive must be selected. Some drives are economical but rela-
tively weak; some are more adaptable to automatic installation equipment.
Double hexagons offer high wrenchability. Spline drives give the highest
torque values of all but need special wrenches.

The strongest heads are forged. In forging, the metal fibers are made to
closely follow the contour of the part. This produces a head with un-
interrupted flowlines to increase the tensile strength and fatigue life.

Increasing the size of the fillet radius will also improve properties.
Photoelastic studies of fasteners with different size fillet radii are il-
lustrated in Figure 4. In this study, a flat model of the part is made in
direct proportion from plastic. The model is stressed and viewed with po-
larized light. Each black band represents a plane of equal shear stress.
The greater the number of changes from bicck to white from a neutral point
to a point on the surface, the greater the magnitude of the stress. The
closer the lines are to each other, the more concentrated is the stress. In
the upper lef t view of Figure 4 is shown a part with a 0.010" fillet radius;
the fringe lines are closely packed in the fillet area. There are a total
of twelve changes from black to white from the neutral axis to the surface
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Circular Fillet . 012 inch Circular Fillet . 025 inch

Fringe Order - 12 Fringe Order - 9

1
Circular Fillet . 050 inch

Fringe Order - 6

Figure 4. Photoelastic study of fillet configuration
-- 3/8" socket head cap screws,

of the fillet. The upper right view shows a part with a 0.025" radius
fillet. In this model, the fringe lines are not packed as closely to-
gether, and there are only nine changes from black to white. Thus, the
concentration of the stress in this part is less than that shown in the lef t
view. Carrying this concept further, the fringe order has been reduced to
six, or one-half of the original amount, by using a circular fillet of
0.050" radius. Through this reduction of stress concentration, the
fatigue life of this area can be increased.j

However, by increasing the fillet radius, the bearing area under the head
is reduced. This can be increased by making the head diameter larger,
which would add more weight to the fastener. Throug.1 laboratory studies,
a shape of the fillet has been developed (Figure 5) which reduces the
stress concentration with no sacrifice in bearing ar2a. This is desirable
to keep the head from imbedding in the mating surface. The left side of
Figure 5 shows the dimensional and stress characteristics of the ellipti-

,

cal, or compound radius, fillet. In the upper views of the preceding
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Figure 5. Research study on fillet configuration --
relation to tension-tension fatigue life.

chart, the comparative dimensions of the circular fillet and the ellipti-
cal fillet are shown. The junction of the fillet with the bearing area of
the head is the same in both cases at a distance of 0.0175" from the shank.

. The radius of the circular fillet was 0.0175". The compound-radius fillet
'

shown on the right blends different size radii to form the fillet. The
radius which is tangent to the shank is much larger than the circular
fillet. Thus, the stress in the critical area -- the junction of the radius
to the shank -- should be reduced. The middle views show comparator
photographs of parts produced with these fillets. The lower views show
photoelastic studies of the two fillet configurations. Notice the
difference in the stress distr W,ution at the junction of the fillet to the
shank. With the compound radius, the lines are much more spread out +han
in the case of the circular fillet.
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Figure 6. Effect of fillet radii configuration on
fatigue life of socket head cap screws.
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Parts produced with tnese two configurations were tested in tension-ten-
sion fatigue; the results are presented in Figure 6. The vertical scale is
the cycles to failure. An average life of 27,000 cycles was obtained on the
parts with a circular fillet, and a life of 57,000 cycles was obtained with
a compound radius. These pieces were made from the same lot of material and
were processed in the same manner in all operations, the only difference
being the shape of the fillet. Thus, an increase of two times was obtained
in the fatigue life. By changing the fillet's contour, no sacrifice in
bearing area was made, and the weight cf the two parts. was the same.

Another method of increasing head-to-shank fillet life is to prestress it.
This is accomplished by cold working the fillet after heat treatment. The
combined effect of increased fillet radius and prestressing is shown in
Figure 7. It should be noted that, in the case where the fillets were pre-
stressed, the fasteners failed in the threads; therefore, no separation
can be seen. Although the stresses with the compound radius are less and4

better distributed, the form does not lend itself to practical fillet
rolling after heat treatment.

Shanks are the most trouble-free part of a fastener. As long as the
fastener is made from good material, manufactured within the dimer.sions
specified, and heat treated properly, it gives reliable performance.
Shanks for tension bolts normally have some clearance in the hole in which
they are installed. .This is to allow the bolt to act as a spring more
easily. Reduced shanks can be used to increase the fatigue life by allowing
the fastener to become still more springy and to absorb some of the
cyclical loading. However, this appears to be an advantage only in the

j thicker sections. Shanks for shear bolts usually are a very close fit.
Shear bolts do not feel the tensile loads, therefore, they can fit closely.

into their holes. This close fitting prevents the components of the joint
from sliding. In some cases, it may be beneficial to have the shanks
interfere with the hole to increase fatigue life of the surrounding
structure, especially in thin-section applications. Ohank clearar.ces are
illustrated in Figure 8.)

What are the important elements of a thread? The root is probably one of
the most important; it determines not only the fe.cigue strength tit also
the stress-rupture characteristics of the bolts. The IflL-S-8879 thread
consists of the standard thread form with a much lages radius in the root.
The thread permitted by MIL-S-7742 allows the sharp corners at the junction

'

' of the flank to the flat root. The first step to improve this point of high
stress concentration was the form specified in MIL-B-7838 which nas a
continuous and smooth radius tangent to the flanks at a depth of 83.33%.
The second step was MIL-S-8879 which is tangent at 75%; others have
followed and are shown in Figure 9.

The geometry of the 600 screw-thread form is such that the root radius, R,
can be designated as a function of either the pitch, p, (the distance be-
tween consecutive threads) or the thread form's height, H, more commonly
called the thread depth. Actually, these two dimensions are directly
interrelated since thread depth is a function of pitch. Thus, in Figure 9,
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the full theoretical maxmimum height of the thread form, from apex of crest
to apex of pointed root, is 0.866p.

The commonly-used standard reference of thread depth is that distance be-
tween the crest and root of the truncated thread form, shown by solid lines
in Figure 9. This form represents the limits of the present American

' Unified thread standard. It is this basic difference between the flatted
root and crest, h = 0.75H, that is referred to here as 100% thread depth.
The flatted root and crest each turn out to have a length of one-eighth of
the pitch; hence, the frequent use of "p/8" as the designation for this
truncated thread-root form.

Pursuing the interrelationship of radius, pitch and depth further, it will
be seen that each root radius has a point of tangency with the flanks of the
600 thread at a specific deptn. Thus, the 0.144p radius is tangent at a
depth of 83.33% of the full truncated form, measured from the crest down.
It is the largest radius that can be used if the thread depth is to be held
to a minimum of 83.33%h. Since this depth is a limiting factor in gage
engagement, the root -- and the entire radiused thread form -- is often
referred to 'as "83.33% thread." Similar reasoning leads to the 75% thread
(0.180p radius), the 65% thread (0.224p radius) and the 55% thread (0.268p
radius).

'R = 0.144p This root radius is tangent to the flanks of the thread at
at depth of 83.33% of the truncated form. It is comparable
to the thread root used on some industrial fasteners and is
favored in most aerospace specifications for tension bolts
up tp 180,000 psi tensile strength (MIL-B-7838).

.

R = 0.180p Also called the 75% thread radius, this root is tangent to
the flanks of thread at a depth of 75% of the full truncated
form. It is the basic thread form for aerospace bolts of
180,000 psi tensile strength and up (MIL-S-8879).

R = 0.224p This root form has a still larger radius with a point
tangency at 65% of full thread depth. Since most nut
threads and mating holes are tapped to a depth of no more
than 65%, this is the largest radius that would have any
degree of interchangeability with conventional internal
threads. This thread form has been used for refractory
metal bolts such as columbium and tantalum.

R = 0.268p This root form, the so-called 55% thread, is comparable to
that used on critical bolts made of beryllium and other
highly notch-sensitive materials. It perhaps represents
the limit in reduction of thread depth before significant
loss of thread stripping-strength is encountered with
conventional nuts.

Shown'in Figure 10 are actual comparator photographs of different thread
forms in use teddy on fasteners. In the top view is shown a thread con-
forming to MIL-S-7742 which allows a flat root with a small radius joining
the root to the flank.,
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Figure 10. Actual unretouched comparator photographs
|of 1/2-20 thread forms (approximately 30X '

magnification).

The asymmetric thread in Figure 11 is a modified thread form having a non-
symmetric flank and special lead control. This thread has been patented by
Standard Pressed Steel Company and was developed to overcome the uneven
load distribution encountered when the bolt is engaged with the internal
thread and subsequently stressed dynamically. This thread form has
greater fatigue strength than the MIL-B-8879 thread form.

A higher fatigue strength was obtained with UNJ thread when compared to the
MIL-B-7838 thread. The S-N curves in Figure 12 were developed on two lots '

of heat-treated bolts. All threads were rolled subsequent to heat
treatment, and the only difference en the two lots was the thread form. The
endurance limit for the MIL-B-7838 thread was 55,000 psi, whereas, for the ,

|

UNJ thread, the endurance limit was 83,000 psi. At all stress levels, the
UNJ thread was superior to the MIL-B-7838. This would be true for threads i

rolled before or after heat treatment, i
1

,
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TABLE II

Thread Form Effect

Fatigue Life

Thread Designation RBHT* RAHT**

83.33% h MIL-B-7838 100% 100%

75.00% h MIL-S-8879 110% 146%

65.00% h SPS-T- 162 180% 162%

55.00% h SPS-T- 147 240% 230%

* Rolled before heat treatment.
** Rolled after heat treatment.

TABLE III

Effect of Increasing Root Radius
According to Fastener Material

Increase in
Material Threading Method Tensile Strength, %

90,000 psi steel, Rolled 1

no heat treatment

i 160,000 psi steel, Rolled after HT* 6

heat treated

180,000 psi steel, _ Cut before HT* 3

heat treated Rolled before HT* 7

180,000 psi steel, Rolled after HT* 5

heat treated
i

* Heat treatment

,
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The effect of -thread form as it is influenced by threading method is
graphically presented in Table II. Tests were conducted on 180,000 psi
studs manuf actured from the same lot of material and heat treated together.
The studs thread-rolled-before-heat-treat were tested with a maximum
fatigue load of 9,852 lbs.; studs with threads-rolled-af ter-heat-treatment
were tested at 12,900 lbs. maximum load.

- As much an effect on fatigue life as has the root radius, it does not have
a significant influence on tensile strength. The data in Table 11I
compares the tensile strength of flat root, virtually no radius to the 55%
thread form. The increase in tensile strength is a function of the
increase in the cross-sectional area of the bolt.

|- Although room-temperature properties are not significantly increased, the
increased root radius does seem to improve elevated properties.
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Figure 13. Effect of notch radii on stress rupture,
fatigue, and stress concentration factor3

approximately 7/16" diameter.
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i

in an ef fort to evaluate the effect of the radius at the root of a thread
on stress rupture, tests were conducted on standard stress-rupture
specimens in which the notch was established to be equivalent to a 7/16-20
thread. By varying the radius at the base of the notch, a very great change
in stress rupture and fatigue occurred. Figure 13 shows the results of
this testing. It should be noted that a slight change in this radius had
a very marked effect on stress-rupture life at 12000F and 65,000 psi. We
have also plotted the room-temperature fatigue life for specimens of the

- same configuration and the reciprocal of stress concentration factor "K".
These also increased with an increased notch but not in such great
proportions.
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Figure 14. Effect of thread root radius on stress
rupture life at 12000F, AMS 5735 mate-
rial, 1/4-28 MS9034.

These studies indicated that a marked benefit could be derived from
controlling the radius at the root of the thread of a fastener. Figure 14
lists stress-rupture results obtained when testing 1/4-28 A-286 bolts
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which were fabricated from the same heat of material and in the same lot
except.for thread rolling. Half of the lot had UNJF threads while the other
had UNF threads. Again, a very marked increase in stress rupture was
experienced through the use of a larger radius. At 65,000 psi, the UNF
thread f ailed after 33 hours while the UNJF thread withstood 45 hours
without failure. These facts have been substantiated in many other tests.

Similar improvement is observed in the stress-relaxation properties of
fasteners when the root radius is increased (Figure 15). As opposed to a
stress-rupture test where a constant load is held until failure, the
stress-relaxation test maintains a constant gage length and reduces the
load with respect to time.
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Another area of importance to be considered is the thread runout section of
the bolt. This is an excellent example of a highly stressed area. In
addition to a sharp notch, there exists a cross-sectional change along with
an inherent nonaxial load.

.

| |

Standard thread form Radius root runout

Figure 16. Comparison of a standard thread form and
the radius root runout.

Laboratory tests have shown that fatigue life of screws along with the
tensile strength can be irifluenced by the configuration of this section. In
ductile materials, fatigue strength is the concern, whereas significant
changes in tensile strength have been noted with high-strength titanium
and 300,00-psi steel bolts; sample results are reported in Table IV.

TABLE IV

Typical Test Results, 1/2-13 Socket Head
Cap Screws, 180,000 psi Screws

R = 0.1
Maximum 65,000 psi

Average Cycles to
Failure, 10 Tests Failure Location

Sharp Runout 30,740 9 TRO, 1 T
Radiused Runout 57,300 10 T

Whenever male threads are engaged and loaded, the stress is not uniformly
distributed over all of the engaged threads. The stress tends to concen-
trate on the threads near the bearing f ace of the nut. Figure 17 shows the
stress distribution in a conventional nut. The bearing face is at the
bottom of the figure, and the load is being applied dowrward. The stress
concentration is greatest in the first two or three thre ads at the bottom

P
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and then rapidly decreases further up the nut to the top thread which
carries very little load. % shape of this curve is affected by the
hardness of the material, b) number of metallic threads and the amount
of material around the threads. With fewer metallic threads, the stress
would be greater in the bottom for a given load because the stress per
thread would be increased. The more material around the tapped hole, the
more rigid the threads. Therefore, the stress in the bolt is greatly
dependent upon the mating threads.

The adverse load distribution is caused by the difference in the axial
strains in the internal vs. the external thread. As the load is applied to
the fasteners, the nut tends to compress while the bolts want to stretch.
An uneven force distribution is encountered to allow internal and external '

threads to seek an equilibrium displacement condition (Figure 18).

The top S-N curve in Figure 19 was developed on unengaged threads. The
lower group of curves were developed on a single lot of bolts using various
styles of locknuts. The endurance limit of the u.iengaged threads was only
40,000 psi. In the lower curves, the effect of fatigue on the style _of
locknut used on the bolt is shown. The greatest fatigue strength was
obtained by using full-height, all-metal locknuts. The next curve below in
Figure 19 was rieveloped on the same group of bolts using a locknut of
similar height and dimensions which had a nonmetallic insert for the
locking element. Lower fatigue life resulted because there were fewer
metallic threads to carry the load, resulting in a high stress concen-
tration.

JOINT DCSIGN CONSIDERATIONS:

Joint design and component selection is influenced by many factors. The
-loads and the environment are the two basic considerations. Once these
have been determined, then the other constituents, such as material, con-
figuration, temperature, servicability, reliability and repairability,
can be taken into account.

Joints may be f astened together mechanically, chemically or metallurgi-
cally. In this discussion, however, only mechanically-fastened joints will
be considered.

In a well-designed mechanically-fastened joint, the strength of all the
members is in balance. All joint members, including the fasteners, may be
subjected to tension, torsion, shear, bending and compression, and they
may feel those factors singularly or in any combination.

In the ideal joint design, the fastener is used to clamp together two non-
elastic members. A load diagram for this type of joint indicates that the
fastener will not feel any increase in load until the working load of the
joint exceeds the preload or clamping force. Actually, this is not the
case, because all materials are slightly elastic. The more realistic case -

is -- the working load is applied to the joint and the fastener senses an
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increase in load at a level below the preload. As the working loal is

applied and they move, the fastener senses the chand. Ano%r type of
. problem centers arouni the joint in which an elastic membe", such as a
gasket, is used at the interfan. ' Inter corv11tions such as these, it

becomes impossible to achieve metal-to-metal contact, and externsi
. joint loading is.dirw tly cl4itite to tb fastener preload.

The . designer's problem is to calculate what elastic deformations and
forces actually exist in the bolt when the joints are subjected to
external tensile loads. To solve this problem, the designer may use e

joint diagram.

The most important deformations within a -joint are elastic bolt
elongation and elastic joint compression in the axial direction. If

the bolted ' joint in Figure 20 is subjected to the prelosi, v, thei
bolt elongates as shown by- the line OB in Figure 21, and the joint
compresses as shown by the line OJ.

These two lines, representing the spring characteristics of the bolt
and. joint, are combined into one diagram in vigura 22 to show total
elastic deformation.

If a concentri: etternal load, F,, is applied under the bolt head and
nut in Fig.tre 20, the bolt elongates . an aiditional amount while the
compresse1 joint nenbers partially relax. These changes in deformation

with external loading are the key to interaction of forces in boltet
joints.

In Figure 23, the external loa 1, F,, is added to the joint diagram.
is located on the diagram by' applying the upper end of an

F, tensionex of OB and movine it in until the lower end contacts OJ.
Since' the total amount of elastic deformation (bolt plus jointi remains
constant for a given preloni, the external load changes the total bolt
elongation to A1 B + A and the total joint compression to A 13 - A .

is divided into an additional.In Figure 24, - the external load,
F,losi,

,

? which unloads thebolt load, F .- and the joint

compressed joint membera. The naximum bolt N,ad is the sum of the
preload and-the additional bolt load:

F =F + F,3B max j

If - the - external load, F, is an alternating load, v is that ertg
alt'ernating bolt -load , as shown in Figure 24.

of F, joint diagran also illustrates that
working as an

This the joint absorbs more of the

external load than the bolt, a fact that is very importana to the
fatigue life of a bolt subjected to an alternating ex':ernal load.

The importance of adequate prelott is shown in Figure 25. Comparing
F, will remain relativelyFigures 24 and 25, it can b* seen tha t

small as long as the preloni, v, is greak,er than v vigure 29
i y.

represents a joint with insufficient preload. Under this condition,
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' the amount of. external load that the joint can absorb is limited, and
the excess loat must then be applied to the bolt. If the external load<

is alternating, the increased stress levels on the bolt produce a
- greatly shortened fatigue life.

When seating requires a certain minimum force . or when transvarse lotis
are to be transformed by friction, the minimum clamping load , P

J min'
is important.

F =F9 max - F,J min

To construct a-joint diagram, it is necessary to determine the spring
- rates of both the bolt and joint. In general, spring rate is defined

as:

~
K =

At

1 From Hook's law:

At ' = -

Therefore:
EA

K =

1

To calculate the spring rate of bolts with different cross sections,
the reciprocal spring- rates, or compliances, of -each section are
added.

1 1 1 1, + , ,
, , , ,

K K K K
B 1 2 n

Thus, for the bolt shown in F16ure 26:

{0.4d _t1 , _12, , _tJ_. , 0.4d\1 1 ,,

B 1 l 2 A, A, )E I A A A

the minor thread diameter andwhere:. .d =

A, the area of the minor thread diameter=
,
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This formula considers the elastic deformation of the head and the
engaged thread with a length of 3.4d each.

Calculation of the spring rate - of the compressed joint members is more j
difficult because it is not always obvio23 shich parts of the joint are

-deformed and which are not. In general, the spring rate of the clampei

part is:

. EA
K = sJ

I J

where: A'= the area of the substitute cylinder to be deternined.
s

When the outside diameter of the joint is smaller than or equal to the
bolt head diameter, for example, as in a thin bushing, the normal cross-
sectioned area is computed:

DA D"

{
-

c hs

outer dineter.of cylinder or bushing andwhere: D -
e hole diameterD =

h

When' the outside dineter of the joint is larger than the' head or
washer diameter, stresa din t albation is . in the shape of a
barrel, Figure 27. g , the

A series , of investigations proved that the areas of the following
substitute cylinders are close approximations for calculatind the-
spring constants of concentrically loaded joints.
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Figure 27. Lines of equal axial stresses in a bolt joint
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When the -joint diameter, D, is greater than D but less thany 3
3DH

A " 2 - D 2
Ds =

4 (H h j

D I I2 hfDJ H J J ;w
T V-1 ++

j 100.)5

When the joint diameter, D , is equal to or greater than 2D :y y

0.1 tg} 2 DA D +" -

hs 4 H

These fomulae have been verified in laboratories by the finite-element
method and by experiments.

Figure ' 28 shows joint diagrams for a springy bolt and stiff joint and
for a stiff bolt and springy joint. These diagra,ta tiemonstrate the

desirability of desiging with a springy bolt and a stiff joint . to
obtain a low additional bolt load, F and thus a low al ternating

eB,
stress.

Due to the geometry of the joint diagran:

F, KB
F "

eB K + - E
B J

.,

*e
Defining 4 "

g + g
B J

F
e8p

e e and 4, called the force ratio, p-F =
eB
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Figure 28. Joint diagram of a springy bolt in a stiff
joint (A) is compared to a diagram of a
stiff bolt in a springy joint (B). Preload
F1 and external load Fe are the same, but
diagrams show that alternating bolt stresses
are significantly lower with a spring bolt
in a stiff joint.
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Figure 29. Analysis of external load, F , and deriva-etion of force ratio.
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For a complete derivation of 4 , see Figure 29.

To assure adequate fatigue strength of the selected fastener, the fatigue
stress amplitude of the bolt resulting from an external load, Fe is com- !

puted:

O
B 1 or

B 1*=

2A

F F
4 j

EK and tan =tan *= =

3;B B AI J
J

F I F F
eB eJ eB ed

A " * "
tan a tan B K K

B J

A tan B and FF A tan a==
eJ eB

Since F, F + F=
eB eJ

F, F + A tan B=
eB

Substituting F fr A Produces:eB-
tan a

FeB tan B
F +F =

e eB tan a

Multiplying both side by tan a:
F

F (tan a + tanB) and F e tan aF tan a "=
eB --tan a tan Be eB

f r tan a and K for tan B:Substituting KB g

K

F
eB F, g + E

=

B J
K E

B BDefining 4 =
K + K

B g

4FF =
eB e

F

[e
and it becomes obvious why 4 is called4 =

the force ratio.
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The joint diagrams in Figures 25, 28 and 29 are applicable only when the
external load, Fe, is applied at the same loading planes as the preload, F ,1
under the bolt head and nut. However, this is a rare case because the
external load usually affects the joint somewhere between the center of the
joint and the head and the nut.

When a preloaded joint is subjected to an external load, Fe, at loading
planes 2 and 3 in Figure 30, Fe relieves the compression load of the joint
parts between planes 2 and 3.

The remainder of the system (the bolt and the joint parts between planes 1-2
and 3-4) feels additional load due to Fe. Therefore, it is necessary to
distinguish between clamped and clamping parts. In the case of external
load Fe applied in planes 2 and 3, the joint material between planes 2 and
3 is the clamped part, and all other joint members, fastener and remaining
joint material, are the clamping parts. Because of the location of the

i

loading planes, the joint diagram changes from the short line to the long
line. Consequently, both the additional bolt load, FeB max, decreases
significantly when the loading planes of Fe shift from under the bolt head
and nut toward the joint's center.

Determination of the length of the clamped part is, however, not that
simple. First, it is assumed that the external load is applied at a plane
perpendicular to the bolt axis. Second, the distance of the loading planes
from each other must be estimated. This distance may be expressed as the
ratio of the length of clamped parts to the total joint length. Figure 31
shows the effect of two different loading planes on the bolt load, both
joints having the same preload, F . The lengths of the clamped parts are1
estimated to be 0.751J for joint A and 0.251J for joint B.

In general, the external bolt load is somewhere between FeB = 10 Fe for
loading planes under head and nut, and FeB = 0 0 Fe = 0 when loading planes
are in the joint center (Figure 32). To consider the loading planes in
calculations, the formula, FeB = 4 Fe~ must be modified to FeB = n4 Fe where
n equals the ratio of the length of the clamped parts due to Fe to the joint
length, J. The value of n can range from one, when Fe is applied under the
head and nut, to zero, when Fe is applied at the joint's center.
Consequently, the stress amplitude:

oB 2. cFo__ becomes"

2Am

* + n 4 Fo8 _,

2Am

Previously, construction of the joint diagram has assumed linear resilience
of both the bolt and joint members. However, investigations have shown that
this assumption is not quite true for compressed parts. Considering this,
the joint diagram is modified to Figure 33. The lower portion of the joint's
spring rate is nonlinear, and the length of the linear portion depends on

The higher F , the longer the linear portion. Bythe preload level, F . 11
choosing a sufficiently high minimum load, Fmin > 2fe, the nonlinear range
of the joint's spring rate is avoided, and a linear relationship between FeB
and Fe is maintained.
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i Also from Figure 33 the following formula is derived:

(1 - 4 )Fe + aF1FJ minF1 min +-

| where F1 is the amount of preload loss to he expected. For a properly
1 =-(0.005 to 0.10)F , should be expected.designed joint, a preload loss, F 1

The fluctuation in bolt load that results from tightening is expressed by
the ratio:

F1 maxa=
! F1 min
|

where a varies between 1.25 and 3.0 depending on the tightening method.
,

General design formula are:

F1 nom = FJ min + (1 - 4)Fw

1 max =a[FJ min + (1 - 4)Fe + AF]|- F

|
. -

,J min + (1 - 4)Fe' AF1 + 4FF e| FB max = a

! The three requirements of concentrically-loaded joints that must be met for
an integral bolted joint are:

1. The maximum bolt load, FB max, must be less than the bolt's yield
strength.

2. If the external load is alternating, the alternating stress must
(

be less than the bolt's endurance limit to avoid fatigue
failures.

! 3. The joint will . not lose any preload due to permanent set or
|- vibration greater than the value assumed for aF .1

1
i

i

|
,

|
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TABLE V

Symbols Used in Joint Diagrams and Analysis

A Aces f.a 26 F e ma n Ma u emum Boat load 901
FA. Area of rmeet TMtead d ANfee f.n 25 J m,n M.** mum Joict load f of

A, Area of substitute cy6.cde, bn 2; K Speing rate Obt n ie

A. Area o' TWT pa , t, g,n 2, K SD'.ag rate of Bo't lib /*n is
4 01a~+e of m.nor tweed tin p K Spring rate of Jo.nt l'b, a ea

C Outvoe d amere, of bushag (evi,ed.et t,n 3 K. SDnag '8'e of Bo't part t, fib'en )
' Leagth (m 1D O amete of Bott head (+n I:

C. D.amre, of t ote em p a' Change on length (.c !
lC, D ame ee of Jornt e Length of Bott im I

3
codu us of Elast.c,ty tosip Ole Bo't e'oagat'on due to F, (.n pE rg

8F Load Dbt J Length of Jo at ten iW
8 E=ve eat med (Ibn a'J J0'"' Co*D'ess oa due to F, sen pe

F,9 Att<t.oaat Bott Load due to enternal load (tbl '" "S D' U" O##I ' '* '
8,s Reduced Joeat load due to esteenal load Obi Le g h a Wyrtsn
8 P etoad on Bott and Jo.at Obi Total Jo at length

__

28, Preioad 'oss ( tbl a T.ghtearng factor (---1
F. . Minemum peeload t'b) @ Forca ratio (---I
8.... Mammum preioad erbt A Bolt and Joint etoaoat.on due to F, f.a i
5. nom Nompat peeload Cbt

e 80'' '"'55 8*D'tude is psalc
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FASTENED JOINT PER:!A!! TIT SET THEORY :

'- There are many factors whiah tent to destroy the initial preload -- to
name a few: permanent set, alternating load , vibr'ition, bending and
temperature.

The designer must be aware of these influences in order to avoid their
|
' detrimental effect on the finished product.
|

Permanent set is defined as all plastic deformation within the mating
and exposed threads, on bolt and nut bearing surfaces, and on all other .
interfaces. Permanent set can occur from elongating the bolt beyoni

its yield point during tightening, ' overloading from external londs, and
embedding the relaxation due to normal service conditions.

|

TABLE VI

Main Effects and their Order of Influence on
the Amount of Dermanent Set "S"

Range of Factors Effect Order of

High Low on "S" Influence

Joint Hards.ess, HB 180 260 18 3 1

Preload, kai 180 100 11.8 2

Thread Fit 0.44 0.75 10.3 3

Number of Interfaces 6 2 9.1 4

Nut Type 6 1 8.7 9

Bearing Stress, ksi 100 70 8.6 6

Nut Hardness, R 26 46 4.4 ?

C
Bending,0/ inch 1 0 2.8 8

Load distribution in loaded ' nut and bolt threads is nonuniform and
causes very high stresses in the higher-loaded thread elements. "hese
stresses can result in -local plastic deforma tions and bending of the
threads, the amount of deformation being a function of the thread
clearance.

F. O. Kwami proved that there is no significant difference in prCosi
loss whether the applied external. load is static or dynanic. The

greatest amount of permanent set occurs during tightening.

Approximately 80% of the set occurs after the first loading by a stati
or dynamic service load, while the remaining 20T is causei by further
loadin6 or relaxation.

Published guidelines suggest a ' permanent set of 90 in. per joint

interface for smooth surfaces, (less than 60 in. rmsY 160 in. per
y u

interface for rough surfaces, and an aversgo of 200 in. for the nutu
and bolt threads should be expected.
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Figure 33. Modified joint diagram shows nonlinear
compression of joint at low preloads.;
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e=(p , therefore Se = q,
A 1F

tan a = K
4-So-4 Sa *-

gp AF
therefore S; = y,T ten 0 = K; *''

,

A F,
S . S, + S, AF, + AF,

<b

SKe = 4F, + AF, Ks
K,p'

S (Ke Ka) = AF, K; + AF, Ke
g

E. = AF.(Ks + Kelg i

K, K % Ke KJ3w
6F, = S *I'n'M *ge , g, j K, + K,
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_

I0 ole ;g: 41 ---+3

Figure 34. Diagram shows joint diagram immediately
after preloading and after preload loss
due to permanent set. Derivation shows
that preload loss Fj is equal to permanent
set, S, times spring rate ratio, K.
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The sum of these plastic deformations, the permanent set, has to be |

compensstei .by the elast'.c elongation and compression of the preloadei
|

bolt and joint. As shown in Figure 34, the preload loss, A] , in i

directly proportional to the amount of permanent set, S, and the~totsi
joint spring rate, K: AFi = SK.

How can the effect of permanent set on preload be minimized? Pigure %
shows diagrams of three bolted joint designs, all having the same
preload, F; the- same .xternsl load, F,; and the same permanent

f
set, S. Increasing the flexibility of both' the bolt and clampei parts
reduces' the preload loss caused by the permanent set, f Av ,< A

i

F if the elasticity is created mostly by the clariipei
jN.).However,nt members, the additional bol t load, ? increases

possibifity
,

of bolt
fatigue failures, Fi*gure 35b ,.g )Therefore,

F raising thesignificantly. (F >
B2 a springy bolt and stife

clamped - parts as in Figure 35c, are the best design for mininizing
preload loss as well as dynamic bolt loads, (P,g < F,g and

AF13 < AF ).
Confusion exists on how much preload loss will occur when a bolt is
tightened beyond its yield strength. Various papers indicate that

bolted joints can be tightened safely beyond the yield strength of the
bolt. The main advantage of this is the assurance that the bolt is
always tightened to the highest possible preload. '1 hen tightning

beyond the yield strength, an additional amount of plastic bolt
elongation is created, but this is compensated immediately by further
tightening. However,- an additional external load causes further'

-plastic elongation, S', which creates a preload loss, A F't .

Figure 36 shows that the _ total amount of preload loss in the elastic-
plastic joint is grester than the elastic joint due to the plastic bolt
elongation, S'. However, the remaining load, F (which is theintEnn, in the plasticj#

|
important clamping losi), is significantly higher
joint because of the high (maximum) preload. A similar situation
exists when a bolt is tightened to the end of the elastic range and
external loading causes plastic elongation. If the bolt has enough

ductility to yield without crack initiation, this preloading technique
is a safe method to achieve _ tood functional joint.

a testTo develop an equation to calculate the amount of permanent set,
program waa designed to use the joint and fastener configuration,
surface finish, hardness levels, and load application as functions of
permanent set.

The technique used to plan the tests and analyze the results is known
na a "factorini experiment." This method allows the influence of many
varisbles to be evaluated qusntitatively. After the indepanient

variables of. interest are selected, a high and a low value are chosen
for each variable. The particular values chosen should have a large
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Figure 35. The effect of bolt and joint stiffness
on preload loss and external load absorbed
by the bolt.
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Figure 36. Comparison of preload loss and remaining
load in elastic joint (left) and elastic-
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TYPE 1 TYPE 2 TYPE 3
VERY HE AVY TYPE HEAVY TYPE ME0tUM TYPE

w.. _ . , - - - . . . .-

-v====. . ,e

b' *
a,,, . *-

hy_I- {H
'_- a . 0 700 r B 0.685 ' ~

8 0 885*=

0.500 f M. H= 0.568 ?, : H= 0.505-- =
,

[ S 0.260 l // S 0.2000.255 S' a =*

fV=-
'

0.103 ) ) .V. 0.045 .) ) *V= 0.031.

a iW* 0500 } } W* 0.500 W= 0.500, .3
.

' --M_ _ _ . _ L 3 _ T. -m

TYPE 4 TYPES TYPE 6 i

ME DIUM TYPE LIGHT TYPE LIGHT TYPE >*

., _ . q. ._ ._ . - . . .

.._._ __
.

q -- + ._._

0 624
~

'f B]{B* H* 0.350 -- '} H =
0.575= 0.609 O =

7
0.28 2H= 0 438 Ir- i

0,148 k_ S *
,, *

0 173 h- *S(~~
'j V= 0.056
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i, W= 0.440 p- W= 0.440

| *S 0.125==
- V* 0.065 V= 0 030'

6} a
| ,W= 0 500
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Figure 37. For the purpose of calculating preload
loss due to permanent set, aircraft nuts
are classified into six types. (Measure-
ments refer to 3/8" nut.)
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F_igure 38. Derivation of thread overlapping ratio, T. 1
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TABLE VII

Reaction of Preload, Fj, and External Load, Fe, on
Bolted Joint (Left) and Load v$. Elongation Diagram

for Bolted Joint (Right)

/
" "

p, p, / F.eF.

kF*
"

I[[ ]] 2 aF,2

Y,,..*
V//' Y/,/' "

F==*=
"

,/

F,' F,,,,,,,

a a b b F,,,,,;

b _ b u o., 4. u m

2 '4 Se W YS_ O INtronsesroon
' '2

F. . A/, 7 a/,1

Symbols Symbols

a Load vs. Elongation curve of Bolt h/D Nut height ratio
A,,, Area of minor thread diameter (en.al H, joint Hardness (Srinell)
A Stress area (in 'l H,, Nut Hardness (Brinell or R,)s

K Spring Rate Ratio (Iblin.) [K = ')b Load vs. Compression curve of Joint 8

,B Bending offect- Angle between joint and bolt \ x, e K,/
head or nut per mch of joint length (*/in.) Ke Spring Rate of Bolt (Ib/in )

C. Nut Confipration, type K, Spring Mate of Joint (ibhn.)

D Nominal Bolt Diameter (in.) Ol Elastic Bolt Elongation due to Preload (en.)e

Fe ... Manimum Solt Load (Ib) (F. ,,,,, = F, + F .) 6/, Elenic knt Comprenion due to Preload (in )

F. E n ternal Load (1b) N Number of interfaces in bolted joint
P Thread Pitch (in )Fee Additional Bolt load from E aternal Load lib)

F. Preload on Bolt and Joint (Ib) R Surface finish lym, rms)

F ,' Rememing preioad af ter loss due to S Permanent Set (pin )

permanent set (Ib) (F,' * F,- AF,) 5 Permanent Set in Bolt (yin )

AF, Preload Loss due to Permanent Set (Ibn 5, Permanent Set in Joint (pin )

AF ,' Preload Loss due to Permanent Set from S' Permanent Set due to Plastec Deformation
plastic deformation of bolt (in ) ofBoltIM'n)

AF, i.,,a Total Preload loss due to Permanent Set T Ratio of Diametrical thread overlappmg to

(in I (aF, total * AF, + AF,') theoretical thread depth.

Fatigue Stress Amplitude (kii)[o,. a Sf3F,,,,,,, Minimum clampmg force on poet (Ib) o,
*

( F , ,,, ,. * F ,,, , , - F ,) \ 2 A,,, /
S'*'*8 I"'" I" *I#8F,,,,,.' Remaining mmemum clan pmg force on goint
Prestress due to Preload (ksil fe, aafter preload loss (Ib)(F, ,, ..'' F , ..- AF.) o,

A*''
h Nut height im )
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1 TABLE VIII |

!Factors and Range of Factors Tested
for Industrial Fasteners

Test Range

Test Factors High Low Average

Preload stress in ksi 110 90 100

Number of interfaces 4 2 3

Thread overlapping ratio 0.61 0.78 0.7

Nut height ratio 0.9 1.1 1.0

Surface finish in uin. rms. 70 50 60

| Joint hardness in Brinell 216 264 240

Nut hardness in Brinell 204 257 230
|

Bending slope in degress per 1.2 0.0 0.6
in. length

+9Fatigue stress amplitude in ksi --- ---

,

TABLE IX

Factors and Range of Factors Tested
for Aircraft Fasteners

i

Test Range ,

Test Factors High Low __ Average

Preload stress in ksi 130 110 120
,

Number of interfaces 5 3 4 :

Thread overlapping ratio 0.56 0.64 0.60

Nut configuration, type 5 3 4

Bearing stress in ksi 95 85 90

Joint hardness in Brinell 185 255 220

Nut hardness in Rockwell C 36 44 40'

Bending slope in degrees per 1.0 0.0 0.5
in, length

50Surface finish in utn. rms. --- ---
1

+15Fatigue stress amplitude in ksi --- ---

i
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and a small influence respectively on the independent variable, which.
for the tests in question, na permanent set. While the high and low
values are selected arbitrarily, they should be chosen with judgement
and respect to realistic coniitions.

'Separata factorial experiments were conducted for industrial sni
d low test valuesaircraft joints. The factors selected and the high an

are shown ' in Tables VIII and IX. Since preliminary tests showei no
significant influence from thread pi tch , that in, coerse or fine
threads, this factor was not investigstet.

Nut height was expressed as the ratio of nut height to nominal threni
diameter in the industrial-joint study. The aircraft-joint study retai
nuts according to their height, flange diameter, and mass, in order
from one to six, Figure 37 Because of the existing variety of
aircraf t nuts, nut height was included in this rating. When using the
resultant formuls, a designer must estimato which nut type Ishown i r.
Figure 37) best approximates the nat ha intenis to use. Thread
engagement for both studies wss exprasaat as the ratio of the
diametrical overlapping of bolt and nut threads to the thoretics1
thread overlapping of bolt and nut threads to the theoretical thread
depth, h, as explained in Figure 38.

""n t o t p'. od ee Nd limits the number of variables to eight. Tor

this reason, and because the surface finish had proved to ba o^
negligible influence in the industrial-joint stuiy, surface finish was
eliminated as a variable in the aircraft-joint study ani repl a e l by

r-t'he bearing Mress in the nut which it was felt would strongly affect
perm 9nent s'stf due to the higher loads Common in an aircraft joint. "he

.- surface finiph was kept constant at 85 0 "in. for the sircraft-joint

L- tests.
,

In the experim*ntal plan, e series of tests gene-sily is insignei to
use all possible combinations of the eight test variables at their hiah
end low test levels. Since the number of resulting test conditions was

too large to be performed under reasonable uniform coniitions, a
fractional factorial design was used for the test evalustions, anl ''n e

results were anslys:cd according to the Yates analysis. Each test group

consisted of five test joints and, since the factorist design requi*ed
sixteen test groups, eighty tests were run for both the industrial and
aircrsft joints.

The tents were performed on 1/2-13 iniustrisi fasteners ani on ''a-Pa
aircraft fasteners. The results for iniustrial fasteners were later
verified by tests on 3/8-16 ani 3/4-10 fasteners. A photogmoh of the
test joint is shown in Figure 39 The joint consists of a strain-giged
load cell and two hariened throsied bushings in which the test material
was , inserted. The preloaded joint was inatalled in a 60,000 lb.
tensile teot m1 chine and lomied five times with an external logi.
Preload loss due to permanent set, as measured by the lond cell, was
recorded with a digital strain indicator.

!
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Figure 40 shows typics1 curves of preload loss due to permanent set as
a function of the number of external load applications depending on the
test conditions; the expected preload loss is smaller or larger as

( indicated by the band. Both amoant and range of preload loss are

|' larger . in aircraf t fasteners than in industrial fasteners, because of

{ the higher bolt loais experienced in aircraft joints. For unfavorable
conditions, that is, stiff fastener joints and a large amount of set,

; the preload loss can reach as high as 25T. Figure 40 further proves
that most of the set, about 95% occurs during the very first cycles of
an external load.

From the data evaluated by the Yates method of analyeis, two equations
were derived to predict the amount of pernanent set as a function of
eight variables and' the applied alternating load. Tnese equations,
shown in Tables X and XI, were the most significant tesult of this
investigation and were arranged in the order of influence of the eight
variables on' permanent set. The first term represents the most
influentisl variable and the last term, tne least.

The factors with the greatest effect are the number of joint interfaces
in an industrial connection and the joint hardness in sn sircra f t
connection. Fastener preload has the second highest effect on the set

i in both industrial and airc ra f t joints. Me remaining clam p load,

however, will always be higher for a high preloaied joint than it will
be for a low preloadei joint.

;

Since all test results are based on experimental data - obtained under
predetermined conditions, certain correction factors are requirei for
conditions outside the test limits. The following fac tors were
determined experimentally.

; 1. Because the main tests for industrial fas teners were performed
with 1/2-13 socket hea:1 cap screws, the maximum bearing stress
under the bolt head due to the. maxinum preload ani the alternsting
load was 90 ksi. If bearing stresses are higher than 90 kai
because of smaller bearing areas, more pernanent set will occur,
and the ~ predicted set must be corrected by a factor ? minus
actual bearing stress, 90 ksi.

2. Additional tests with fasteners in 3/A-16 and 3/4-10 sizes in-
dicated that the formulae give correct values of permanent set for
fasteners smaller than 1/2", but for larger nizel fasteners, the
calculated set must be corrected by a factor of 1.25

,

.

3 If the nut material is aluminum 2024T3, more set will occur than
with steel nuts, and the calculated set should be corrected by a

.,

fsetor' of 1.15

4. Joint materini has no 'significant influence on pernenent set ns*

|
1 ctg as the appropriate hardness values are considered and the

'

material's compressive yield strength is sufficient to stand the
applied bearing stress.

| |

1
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Figure 39. Strain-gaged test joint used in deriving
preload and preload-loss formulae.
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TABLE X TABLE XI 1

Equation for Calculating Equation for Calculating |

Permanent Set in Permanent Set in
Industrial Fasteners Aircraft Fasteners !

- _ _

32.6 48.C

+ 4.8 (N - 3) + 0.48 (220 - H;)
+ 0.44 (o,- 100) + 0.24 (o,- 120)

+ 11.2 (*B - 0.6) + 71.0 (0.6 - T)

S pin. = + 22.8 (0.7 - T) o. S pin. = + 4.8 (N - 4) o.
3.2 (Cu -4) 4)0.10 (230 - Hu ) ~- ++

+ 0.58 (o - 90)+ 0.06 (240 - Hj )
0.44 (40 - Hul+ 13.4 (1 E ) +

+ 7.0 (*B - 0.5)+ 0.40 (R- 60) ,

-
.-

,

O

where: A, Area of minor threaw diameter (in.2g

A, Stress area (in.2 g

*B Bending effect- Angle between joint and
bolt head or nut per inch of joint len0th (*/in.)

Cu Nut Configuration, type
D Nominal Bolt Diameter (inj

F, External Load (ib.)
F,g Additional bolt load from External load (lb)
F, Preload on Bolt and Joint (Ib)

h Nut height (in.)
h/L Not height ratio
He Bolt Hardness (Brinell or R,)

'

Hj Joint Hardness (Brinett)

Hu NutHardness(Brinellor R )
Is - Bolt fength (in.) -
1 Joint length (in.)3

/t Length of engaged threads lin.)-

N Numter of interfaces in bolted joint

R Surface finish (pin, rms )

S Permanent Set (uin.)

T Ratio of diametrical thread overtapping to
theoretical thread depth,

o, Fatigue Stress Amplitude tksi) o, = 4
c. Bearing Stress (ksi)

,

o, Prestress due to Preload (ksi) o, = 4-
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The equation for aircraf t fasteners does not contain a term for the
surface finish. However, the equstion does contain the effect of a
surface roughness 50 in h.

u

Transverse and combinei externs 1 loads which have little or no axial
components cause higher preload loss than pare nut tal external loads.
Thereforo, for these joints, considering the various joint properties,
but assuming a high alternating load, that is, o +10 kai for=

industrial fasteners and about +20 kai for aircraf t fasteners.

If a joint consists of materials with different hardness levels under
the bolt and nut, an average hardness value should be used for
calculating permanent set. For industrial joints, if the Brinell
hsrdaoss of the nut or joint is higher than HB = 260, use 20 for the
preload loss preliction. The corresponding values for aircraft joints
are Re 45 for the nut and HB 260 for the joint. If the nut height

1.4D for theexceeds 1.4 times the nominal diameter, use h =

calculation. For mininun values in height and hardness, the nut must

stand the proof load test.

In order to facilitate the determination of permanent set for a given
joint, nomographa were designed, based on the develope $ . equations
(Figures 41 and 42).

The equstions in Tables X and XI are based on a linear relationship.

between permanent set and alternating bolt stress. The test results
show, however, that the true relationship is nonlinear, so that the
equation only approximates the true behavior eni is absolutely correct
only st the test levels of +9 kai ani +15 kai for industrial ani
aircraft joints, respectively. The predictions of permanent set teni
to be slightly too high for bolt stress values san 11er than the test
levels and slightly too low for bolt stress values larger than the test
levels. This fact hss been considered in the nomographs , Pitures 41

ani 42, by apreading the bolt stress curves about +9ksi ani +185 kai,
respectively.

To convert the permanent set to prelosi loss valuen, it is necessary to
consider the bolt and joint stiffness. Th., re fo r* , vigures 43 and 44
present nomographs to determine preload loss from pernanent set as a
function of the joint stiffness. These nomographs were designed for'

socket head cap screws and hex-head screws instslied in steel pistes
(Figure 43) and. for aircraft fasteners with bolt and nut flange
diameters of 1.9 times bolt diameter (Figure 44). The holes are
assu:ned to be equal to the bolt diameter. plus twice the fillet ralius.
For other joint types, that is, bolts with reiucei ahtnis or. other
materials such as aluminum, the spring rate is different and must be
adjusted accordingly.

The joint conditions required to minimize persenent set nee:
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1. Small number of interfaces.

2. Perpendicular-parts with no bending. |

3 Tight thread endagement.
1

4. ' Sufficient nut hardness, Hg > 0.75H .g

5.. Sufficient joint hardness to avoid -embeiding during tightening if

o, > 10 ksi. If o, < 10 kai, 0.002 embedding during tight-
,

ening is permitted.

T6. - Low bearing stresses, < 90 kai over large bearing areas.

7. Sufficient length of engaged thread for steel: 1.T > 0.8D.

-8. Heavy nut type (see Figure 37, type I).

9 Smooth surface finish.
,

10. No gaskets or plastics within joint-interfaces.

11. Ilo spring washers for high-strength bolts.

Joint designs to minimize preload loss due to permanent set are:

1. Use of high-strength bolts and high preload.

' 2. ' Long bol ts , 13 > 5D.

3 Reduced bolt shank diameter.

4. Longer joint length or additional bushing. .

5 Elastic bolt head and/or elastic nut.

6. ' Materials with low moduli of elasticity.

7. Hardened washer, if bearing stress is very high (> 40 ksi).

With the development of the "preload loss equation" it is possible to
~ predict the amount of permanent set-ami thus the preloni loss for. a; s

- given joint. . The nomographs given in_ Figures 41 - 44 facilitate the
prediction of preload loss in _ either iniustrial or aircraft fasteners.-

3
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Figure 41. Amount of permanent set in industrial
fasteners smaller than 1" in diameter
as a function of eight variables.
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THEORY OF THREADED FASTENER SELF-LOOSENING FROM TRANSVERSE VIBRATION:

The theory of the mechanism of self-loosening is based on a well-known law
of physics that defines the effects of friction on two interacting solid
bodies. As soon as the friction force between two solid bodies is overcome
by an external force working in one direction, an additional movement in any
other direction can be caused by the action of forces that can be
essentially smaller than the friction force. Figure 45 illustrates the
principle involved. A solid body, having weight L, lies on a slope and does
not move if the slope angle is smaller than the friction angle. As the
figure shows, weights can be regarded as a simplified model of a tightened
fastener.

The slope angle represents the thread, and the hoizontal plane represents
the bolt head (or nut) bearing surface. The resulting transverse force, Q,
is given by the equation:

Q= L tan (- Y + 1 ) + L tan 1

As long as Q is greater than zero, the system does not move. It will move,
however, as soon as the slope underneath the solid body is vibrated to the
extent that the inertial force created exceeds the friction force so that
the interface between the solid body and the slope becomes apparently free
of friction. As Figure 46 shows, the transverse force, L tan, then injects
motion in the system.

This effect can be demonstrated by examples from daily life: A cork can be
more easily removed from a bottle if torque is applied while pulling. If a
car is braked in a curve, the car loses its sideway grip on the road. The
example of the slope is also applicable to a bolted connection; the thread
is the slope, spirally mounted, and the clamping load is the weight that
causes the pressure between the two solids in contact. Additional friction
forces originate from the clamping load on the bearing surface of the bolt
head or the nut, as shown in Figure 47.

Similar to a load lying on a fixed slope, self-locking exists in a bolted
connection as long as no relative motion arises between the thread flanks
and the contact surfaces of clamping and clamped parts. The following
off-torque is needed for loosening the bolt or the nut:

d /2 tan (- f + p)Fy D /2 pHToff 2 +=
H

{d/2(tan-9+1.15p) D /2 pHFy 2 + H
=

The bolt could loosen by itself (without the application of external
off-torque) only if Toff were to become either zero or a negative
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value. Even under ideally lubricated conditions, the threai friction
angle will not be less then six degrees end the helix angle will not
exceed 3 20' on sizes down to M5 dinneter (equivalent to 5/16").
Therefore, the sum between the square brackets in equation 2 can never
become smaller than, or equal to, zero; that is, the product of the
equation can become zero only if the preload drops to zero. This case,
which exists only if no relative motion occurs in the threais or at the
bearing area interfaces, has been very widely generalized.

However, if relative motion occurs between the thr eaded surfaces ani/or
other contact surfaces of the clamped and clamping parts because of an
external force, the direction of which is either tangential or radial,
the bolted connection will become free of friction in a circumferen-
tial direction, as shown in Figure 48.

This means that the preload acting on the th ret.i , which is a slope,
creates a force in a circumferential direction and results in the
rotational loosening of the bolt or the nut. The maximun value for
total elimination of the circumferential friction force resisting the
existing internal off-torque is then equal to:

d d
tan (- [ ) = -F tan IToff = Fy y

For axially leaded joints, Goodier and Sweeney have peinted out that
pulsating tension of a clamped bolted connection creates radial sliding -
motions between the thread flanks of the bolt and nut or at the
interface of the clamped bearing surfaces. ~The reasons for this are
the contraction of the bolt according to Poisson's ratio and the
dilation of the nut's walls caused by axial tension.

For dynsmically transverse loaded joints, the relative notion between
the threaded flanks - and the contact surface of the bearing areas can
occur in magnitudes up to a maximum allowance of the threed. These
large- effects appear when transverse loadings, which have to be

i transmitted by grip friction, . exceed the friction ~ force between the

! clsmped parts, p F, the friction force being delivered by the clamping

| force, F. The resaltant transverse slippage between the clamped parts
, forces the . bolt to assume a pendulum movement, which leads to relative
j motion in the thread hole and thus between the thread flanks.

If the amplitute of such transverse slippage of the bolt is laree
t
'

enough, slippage of the nut or bolt head bearing surface will finally
occur and make the joint totally free of friction -in a circumferential
direction. It can be easily realized too that, contrary to the
conditions of axial loadings, relative motion between the flanks will
occur in all parts of the nut thread when the joint slips under
transverse force. Thus, the internal off-torque force becomes
sufficient to turn the bolt or nut completely loose as soon as the
friction is eliminated in the bearing area as well as in the thread
area. Such transverse slippages are more common in prac tice than is
usually accepted. Experience shows that these joints most frequently
fail by self-loosening.
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Many variables affect the ability of fasteners to retain preload while
experiencing dynamic losiing. Some of the basic factors which are
conman to many bolted joints were investigated. The factora examined

were: amplitud e of dynamic motion (genersted by the dynamic loadI;
initial preload; thread-pitch series; prevailing torque (of the locking
fastener); and hardness of the besring sarfsce.

The dynamic motions etperienced by bolted joints are generated by
forces which lead to relative movement in the joint. *he amplitude and !

frequency .of occurrence of these forces and motions control the rate of |
loosening experienced by the fastener. The effect of vibration |
amplitule on the preload loss of a fastener wss investigated by use of
the transverse vibration machine, which produces dynamic loading at a
constant frequency of 750 cycles per minute. I

On the transverse vibration machine, the transverse force and motion
input is controlled by the test amplitude. The test amplitude ,

normally defined. by the displacement of the unclsmpel test joint, is
proportional to the maximum transverse force at zero displacement. A

portion of the displacement amplitude is absorbed by the load
transmitting member of the machine and the remainder goes into the

joint motion. By varying the test amplitude for a given fastener,
joint slippage is varied. This produces a -large effect on the number
of cycles required to generate a fixed amount of preload loss.

The result of varying the joint slippage motion is in Figure 49. The
test amplitude is plotted against the vibrstion life of three different
3/8-24 size self-locking nuts. The vibration life data used in the
figure is determined by the number of vibration cycles which reduce the
initial preload (7000 lbs.) to 8M of this value. Other vibration
lives can be. established , but the characteristic shape of the curves
-are illustrated.

The effect of increasing the preload in a fastener is to increase the
friction forces in the joint and thereby increase its vibration
resistance. If the dynamic environment is not severe, the increased
friction forces may be sufficient to resist . motion and loosening will
be overcome.

However, if the dynamic environment is severe enough to overcome the
increased friction forces obtained by the higher preload,- the greater
internal loosening torque will produce loosening. (According to
theory, the loosening torque is proportional to the preload induced.
It is equal in magnitude to the torque required. to load the fastener in
the absence of friction but 'is opposite in direction.) The net result
will be a slight increase in sibration life under these more severe,

conditions.

The effect of initial preload is demonstrated in yigure 50 "his graoh
shows the ave rade vibration life results for a 3/8-16 nonlocking hex

A-62



1

|

|
|

|

I

/k$h /ps4.3 % w
N r, -,

. F{9.':
,o -

- JN-

'$ ) k.
,

,ho N

. >m N
:, 4-

' ~ ~

: c.e'. N/
Torr i . r, y tan t-9).-F,- ton 9

Figure 48. Transverse force relative motion diagram.

I

3o- g

] rgs to s

$, /^ ['
'

E
2

5
:

E

g io-
r

'lo~ io* io lo+n

veancu urt (cycles)

Figure 49. Effect of vibration amplitude on the

vibration life of 3/8-24 fasteners.

A-63

- - .__ _ , . . _. _ .-, . _ . _ , _ _ . . . . _ . . - _ _ _ - . - _ . _ . . _ _ _ .



, .. ..
. .. .. . ._ ___________._____

nut sample which was tested at two different preload levels. "'hi s
4graph demonstrates the effect of preload under a somewhat severe ~

.030") amplitude condition.

Since the theoretical internal loosening tW e is directly

proportional to the helix of the threai, it was expe^ tee that a coarse-
pitch thread having a larger . helix angle woult' generate a greater
internal loosenirg torque and be less vibration rer_stant than the fine-
pitch . thread . Comparing the 3/8" size coarse and fine threais, the 16-
pitch coarsa thrs<ad would produce an internal loosening tore le which is
1.49 ti tss that of the fine 24-pitch thread for an equal prelosi
condition. This means that the internal torque acting to loosen the 16-
pitch thread is considerably larger than that of the 24-pitch thread.
In order to investigate this relationship, a test series' was conducted
in which 3/8-16 and 3/8-24 self-locking nuts were tested unier the same
conditione of preload and test amplitude. The results are shown in

. Figure 51.

The experimental results show that 3/8" fine-pitch locknuts endured a
a severe condition) thangreater number of vibration cyycles (under

that of a corresponding . number of coarse-thread nuts with all other
conditions being equal. These results correlate well within the
difference in loosening torque causei by the thread-pitch

relationship. Besides demonstrating the thread-pitch effect, the
results include a combined effect of pitch and prevailing torque
because self-locking nuts were tested.

A common type of self-locking fastener is one that uses a prevailing-
torque feature which generates a frictional resistance to rotation
between mating threads.

The locking torque developed is a measure of vibration resistance sinca
it counteracts the internal loosening torque induced by the fastener
preload. The role that prevailing torque plays in maintaining preload
in a joint was not previously documented.

The effect of prevailing torque is demonstrated . in Figure 52 for two
thread-pitch series of locknuts. These are predicted values based on a
sequence of experiments conducted using a factorial analysis to
determine the main factors and interactions. % e curves for each pitch
series are designated .by high and low boundaries which would be
influenced by other processing conditions.

Come.on' to both pitch series is the large rate of change or increase in
vibration life in the low values of prevailing torque. Although

relative vibration life increases as prevailing torque increases, the
influence appears to be less as the absolute value increases.

The hardness, roughness, and material properties of the mating-thread
surfaces and those surfaces of tim clamped me7bers can influence the
preload loss in joints undergoing dynanic loading. Any relaxation in

these surfacc:: will reduce bolt elongation and :hus reiuce the ,ioint
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preload. Roughness and prior processing trestments can affect the
frictional properties, which may aid to th? resistance to fastener
rotation. While some of these characteristics cannot be controlled,
the hardness of the bearing surface of the clam ped member and the
bearing area of the fastener can be selected to minimize preload loss.

While some degree of brinelling (embedding) of the clamped surfaces
takes p1sce statics 11y, dynamic loading could cause an additional
plastic flow of the joint surface. The total preload loss attributed

to brinelling effects measured in tests of conventionally-used
fasteners is as much as 20T for relatively soft steel (R 4@ and Mg
for relatively hard steels (R 40). This preload loss generally

C
occurs within the first ten cycles of dynamic loading until a stable
load carrying surface is developed.

Other factors sach as characteristics of coating, plating, ani fastener
design can alsa influence the dynamic per formance of a fastener with
respect to preload loss due to rotation. However, these factors are
minor compared to the factors discussed herein. The relative influence
of the more important factors on fastener vibration resistance are
listed in decreasing order of importance:

1. Joint design an! loading
2. Effectiveness of fastener locking methoi

3 Thread pitch
4. Initial preload
5 Bearing surface hsrdness

.Thus, the trend in modern design toward lighter structures with higher
energy outputs makes fastener design and application more critical.

If the bearing surfaces of a bolted joint are not parallel, bending
stresses are introduced into the fastener. Severe bending will cause

premature fastener failure from tensile loading alone. However, subtle
bending may not cause the endurance limit to be lowered.

Bending stresses have purposely been induced in some tests as a measure
of bolt quality, for example, the SAE wedge test (Figure W. However,
evidence has shown that hard, high-strength parts are more susceptible

to this test than the more ductile ones.

Bending stresses introducel into the threads do not seem to have as
severe a result as bending stresses introduced into the headed end of a
fastener, when tested in tension. The use of ductile material permits
. plastic yielding, hiding the results of mismatches in the fixtues and
stress concentrations in the fastener. "'h e use of brittle materials
will not make these compensations.

The wedge test then seems to be a good taat for headed-end defects ani
ductility, but fatigue testing, which will show up localized stresses,
should be used for total design form.
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Long bolts are less affected than short ones. They have more spring
and as such can distribute the bending loads over a greater area, thus

effectively lowering the stress. Thus, care must be tsken when
designing the joint. The location and tolerancing of the components
and holes should be such that any bending stress is held to a minimum.
It is inevitable that there will be some bending in many joints. The
bending stresses may be calculated by the following formula:

S = Ea/2L3

where: S = Bending stress, psi
BE = Modulus of elasticity, psi

= Gap between bearing surfaces, in.a
L = Length of bolt, in.

Operating temperatures for commercial, industrial and aerospace

applications have been steadily incressing. With this increase, there

is a better "need to' know" tb fwetors influencing the selection of

fasteners. Time at tem pernture can reduce the clamping force induced
in the joint through relaxation. Size changes due to the coefficient

of thermal expansion must be considered. High temperatures .csn also
affect the corrosion protection properties of barrier coatings. Con-
sequently, .as the temperature goes up so do the design

requirementsThere is much information on the development of high-
temperature fasteners. It has been the subject of a great deal of

stud . Fast-eners have been developed and are available up throughf2000 F and higher.

JOINT _ ELEVATED-TEMPERA _*URE CONSIDERATIONS:
_

In addition to the normal fac tors of bolt design, two more must be
added -- time and temperatue. Thus, the designer must know how long
the joint will be exposed to-the elevated tem pera ture , the st7ength of
the material at that temperature, the results of oxidation and the
cycling properties (up to and down from the operating temperature).

These three principal factors tend to change the initial room-
tempernture preload when exposed to elevated temperatures. *he factors

are:

1. As temperature increases, less stress or load is neeied
to impart a given amount of elongation- or strain to a
material at lower temperatures. This means that a fast-
ener stretched a certain amount, e, at room temperature
to develop preload, A, will exert a lower clamping force,

B, at higher temperature. The effect of a change in mod-
ulus is .to reduce clamping force whether or not bolt ani
structure are the same material, and is strictly a fune-
tion of the bolt metal. There is a significsnt chsnge in

modulus of elasticity with increasing tcaperature as

|

l
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2. With most materials, the size of the part grows as temperature
increases. In a joint, both the structure and the fastener grow
with an increase in temperature. If the coefficient of expansion
of the bolt is greater than that of the joined material, a
predictable amount of clamping force will be lost as temperature
increases. Conversely, if the coefficient of the joint material
is greater, the bolt may be stressed beyond its yield or even
fracture strength, or cyclic thermal stressing may lead to
thermal fatigue failure. Thus, matching materials in joir.t
design can assure sufficient clamping force at both room- and
elevated temperatures.

3. At elevated temperatures, a material subjected to constant stress
below its yield strength will flow plastically and permanently in
the direction of the stress. This phenomenon is called creep. In
a joint at elevated temperature, a fastener with a fixed distance
between the bearing surf ace of the head and nut will produce less
and less clamping force with time. This characteristic is called
relaxation. It differs from creep in that stress changes because
the elongation (or strain) remains constant. Such elements as
material, temperature, initial stress, manufacturing method and
design affect the rate of relaxation.

Relaxation is the most important of the three factors. It is also the most
critical consideration in the design of elevated-temperature fasteners. A
bolted joint at 12000F can lose as much as 50% preload. Failure to
compensate for this could lead to fatigue failure or a loose joint even
though the bolt was tightened properly initially.

Since the temperature, environment and the material of the structure are
normally " fixed," the design objective is to select a bolt material that
will give the desired clamping force at all critical points in the operating
range of the joint. To do this, it is necessary to balance out the time-
and-temperature related factors (relaxation, thermal expansion and modulus)
with a fourth, the amount of initial tightening or clamping force.

Other considerations include environment, servicability, coatings and

manufacturing. The designer must ask: Will the part be in a vacuum, or

orbiting space in a satellite? Will it be a member of a transoceanic jet
with possibly severe problems of salt-water corrosion encountered in the
atmosphere around coastal jet ports? Or will the part operate in a severe
chemical environment, as might be the case in processing equipment?

Then there is the matter of galling and seizing -- a serious f actor if there
is to be subsequent disassembly, as usually is ce case with threaded
connections. Many of the materials with elevated-temperature properties,
such as stainless steels, are inhurently prone to galling during sliding
contact of one member over another -- even at room temperature. These
materials require protective lubricating coatings, such as silver plating.
Additional problems of seizing of mating materials develop after exposure
to temperature. Ease of disassembly requires use of a suitable coating and,
in some cases, a clearance at the pitch diameter.
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At moderate temperatures, where cadmium and zinc anti-corrosion platings
might normally be used, the phenomenon of stress-alloying becomes - an
important consideration. Conventional cadmium plating, for example, is
usable only to about 4500F. At somewhat above that temperature, the cadmium
tends to melt and diffuse into the base material along the grain boundaries,
creating a condition of cracking that can lead to rapid failure (Figure 57).
Since the high-strength alloy fastener steels used to 9000F require
corrosion protection, nickel-cadmium platings are specified for use beyond
4500F.

At the extremely high temperatures, coating also becomes a problem. In the
case of refractory materials, coacings must be applied to prevent oxidation
of the base material. These must be selected on the basis of the
environments as shown. In static air, suitable coatings are available;
however, at partial pressure or in dynamic air, it must be recognized that
there will be a significant loss in service life. As indicated, in dynamic
air, the life would be only a few hours.

Fastener manufacturing methods can also be critical to bolt performance at
elevated temperatures. This is shown in the series of relaxation curves for
bolts and nuts made from AMS 6304 and tested at 9000F (Figure 58). Take the
curve for bolts heat treated by conventional quench-and-temper methods to a
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Figure 59. Effect of thread form on relaxation.

tensile strength range of 125 to 145,000 psi. After exposure to 9000F for
50 hours, bolt preload has relaxed from an initial clamping force of 45,000
psi all the way down to 27,000 psi. Forty percent of the preload has been
lost. As you can see in the next curve, the same material normalized and
tempered to the same strength level drops down only to 37,000 psi from the
initial 45,000 psi.

Now let us go back to the quench and temper, but this time heat treat to a
higher strength level of 200,000 psi ultimate tensile strength. Starting
from the same initial preload, the higher strength part relaxes relatively
little and winds up with about the same residual stress as the nor-
malize-and-temper treatment. But this higher strength part is capable of

' initial tightening at a much higher level. Thus, as shown in the top curve,
when the 200,000 psi fastener is tightened to a preload of 62,000 psi, it
drops off more sharply but still leaves a clamping force of 46,000 psi af ter
50 hours relaxation. In spite of the fact that it has lost twice as much on
a percentage basis at the higher level of tightening, a 30% greater residual
force remains. In this case, you end up with the same clamping force after
50 hours as that initially induced in the three other cases.
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The actual design and shape of the threaded fastener is also a factor at
elevated temperatures. Most particularly, the thread root is a critical
area. Of course, a radiused root in the thread is a major consideration in
room-temperature design too, being a requisite for good f atigue per-
formance. But at elevated temperatures, a generously radiused thread root
is also a beneficial factor in relaxation performance, as Figure 59
indicates. Starting from the same initial preload of 70,000 psi, a Waspaloy
stud with sonare root threads lost a full 50% of its clamping force after 20
hours, with the curve continuing downward, indicating a further loss. A
similar part made with the large radiused root of MIL-S-8879 specification
lost only 36% of its preload after 35 hours. The difference in residual
clamping force between the two cases was 35,000 psi and 45,000 psi.

In summary, mechanical fastening encompasses two basic concepts:

1. Proper joint design and fastener selection,

2. Proper assembly procedures to maximize fatigue resistance to
maintain fastener tightness by prudent use of a locking scheme
that is compatible with the environment of the structure.

The theory of bolted joint design is much better understood today than it
was even ten years ago. Therefore, designers should make it a point to
become up-to-date in the latest thinking. Several good finite-element
stress-analysis computer programs are available to assist the modern de-
signer in proper stress analysis of bolted assemblies. Many legitimate
fastener suppliers will provide fastener-property information to the de-
signer upon request. This information will assist the designer in the
establishment of joint safety factors so that a fastener with sufficient
load capacity, fatigue resistance and locking ability can be specified and
procured.
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NOMENCLATURE OF FASTENERS AND SCREW THREADS:

Over the -years there have been many names, nicknames, terms and many
descriptive phrases to describe fasteners. In an effort to create some
order, eliminate some confusion and to put you on a common ground, the
following is a list of terms and definitions.

A. Fastener Product Terminology:

1. Bolt: An externally threaded fastener designed for insertion
through holes in assembled parts and is no'rmally intended to be
tightened or released by torquing a nut.

2. Screw: An externally threaded fastener capable of being in-
serted into holes in assembled parts for mating with a preformed
internal thread or forming its own thread, and of being tight-
ened or releasdT by torquing the head.

3. Stud: A cylindrical rod of moderate length, threaded on either
one or both ends or through its full length.

4. Nut: A block or sleeve having an internal thread designed to
assemble with the external thread on a bolt, screw, stud or other
threaded part.

5. Rivet: A headed fastener of malleable material used to join
parts by inserting the shank through aligned holes in each piece
and forming a head on the headless end by upsetting.

6. Tapping Screw: A hardened screw that cuts or forms its own
thread in an untapped hole.

7. Drive Screw: A hardened screw designed with an extremely fast
lead threaTwhich permits it to be pressed or hammered into place
without the necessity of torquing.

8. Blind Rivet (or Bolt): A fastener which can be inserted and
driven, or otherwise tightened, from one side of the work. The
head is formed on the far blind side by manipulation of the
fastener from the front.

9. Locking Screw: An externally threaded f astener which has a
special means within itself for gripping an internal thread so
that rotation of the threaded parts relative to each other is
resisted in service.

10. Locknut: A nut which has a special means within itself for
gripping a threaded fastener or the connected material so that
rotation is resisted in service. A free-spinning locknut can be
turned freely on the threaded fastener and develop its locking
action only af ter being tightened against a base surface. A

irevailing-torque locknut locks at any position on the threaded
fastener, whether or not it is seated against a base surface;
usually, it has a locking element that resists rotation as soon
as it engages the externally threaded part.
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11. Insert: An internally threaded bushing or thread insert de-
signed to be molded in, or otherwise assembled into, soft or
brittle materials to prvide greater strength and to minimize
wear of the threaded assembly.

12. External Wrenching Fastener: A fastener designed to be assem-
bled by a wrench applied to its external surfaces.

13. Internal Wrenching Fastener: A fastener which can be assembled
using an internal wrench in a socket or recess in the fastener.

14. Aircraft-Quality Fastener: A fastener produced under closely
controlled, restricted methods of manufacture and inspection,
and intended for use in highly critical applications.

15. Finished Fastener: A fastener made to close tolerances and i

having surfaces other than the threads and bearing surface
finished to provide general, high-grade appearance. ;

16. Semifinished Fastener: A fastener made to the same basic di-
mensions as a finished fastener but having greater tolerances on
most dimensions and only the bearing surface and threads
finished.

17. Unfinished Fastener: A fastener made to the same basic di-
mensions as a finished fastener but having relatively wide
tolerances and all surfaces in their formed condition.

18. Nominal Size: Designation used for the purpose of general
identification. For externally threaded fasteners, nominal size
usually is the basic major diameter of the thread; for un-
threaded fasteners, nominal size is usually the basic body
diameter.

19. Fastener Length: The length of a headed fastener is the
distance from the intersection of the largest diameter of the
head with the bearing surface to the extreme end of the fastener,
measured parallel to the axis of the fastener. The length of a
headless fastener is the distance from one extreme end to the
other in a line parallel to the axis.

20. Shank: That portion of a headed f astener which lies between the
head and the extreme end of the fastener.

21. Body: The unthreaded portion of the shank of a threaded
fastener.

22. Body, Reduced Diameter: Fastener body with the diameter equal
to or greater than the minimum pitch diameter of a thread but not
greater than the minimum major diameter of the thread. This
definition applies primarily to externally threaded parts with
rolled threads.
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23. Body, Externally Relieved: Fastener body in which diameter is
reduced to less than the minimum pitch diameter of the thread.

24. Body, Internally Relieved: A f astener with an axial hole
drilled through a portion of the body to relieve stresses under
lozd.

25. Shoulder: An enlarged portion of the body or shank, usually
adjacent to the head.

26. Bearing Face (or Surface): The supporting or loacting surface
of a fastener with respect to the part it fastens or mates; the
underside of a bolt or nut.

27. Washer Face: A circular boss on the bearing surface of a nut or
bolt.

28. Driving Recess: The indented portion of the bolt or screw head
which is shaped to accept a driving tool.

29. Grji : The thickness of material or parts which the fastener is
Tesigned to secure when assembled.

B. Screw Thread Terminology:

1. Screw Thread: A ridge of uniform section in the form of a helix
on the external or internal surface of a cylinder, or in the form
of a conical spiral on the external or internal surface of a
Cone.

2. Unified Screw Threads: The standard screw-thread system in the
United States, the United Kingdom and Canada.

3. Thread Series: In the unified screw thread system, there are
eleven standard series of threads, classified and distinguished
by the number of threads per inch on a given diameter. They are:
coarse-thread series; fine-thread series; extra- fine-thread
series; four-thread series; six-thread series; eight-thread
series; twelve-thread series; twenty-thread series; twenty-
eight-thread series; and thirty-two-thread series.

4. Thread Class: Screw threads are classified or distinguished
from each other by the amount of manufacturing tolerance and
allowance, if any, permissible for externally- or internally-
threaded components. The required assembly fit may be obtained
by selecting the proper thread class for each component. Thread
classes are: 1A, IB; 2A, 2B; 3A, 3B; and 5.

The letter A designates tolerances and allowances applicable to
externally-threaded fasteners, such as studs and bolts. The
letter B denotes tolerances which apply to internally-threaded
elements, such as nut..
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Classes lA/lB: Provide a loose fit. These threads are.

used where parts must be assembled quickly and easily, even
though the threads are slightly bruised or dirty.

Classes 2A/2B: By far the most popular class for screws,.

bolts, nuts and other commercially-manufactured threaded
fasteners. Maximum dimensions of class 2A are reduced from
the basic size by an allowance for clearance to minimize
galling and seizure in high-temperature applications or
high-cycle wrench-assembly operations. This allowance
also accommodates plated finishes and coatings up to a
thickness of 1/16 of the allowance without the plating
increasing the maximum material limit beyond the basic
size.

Classes 3A/38: Designed for no allowance, these threads.

are intended for use on parts where close fit and accuracy
of lead and angle of thread are required.

Class 5: Interference fit used primarily for tap-end stud.

threads.

5. Single Thread: A single or single-start thread has a lead equal
to the pitch.

6. Multiple Thread: Also called a multiple-start thread. This
thread has a lead which is an integral multiple of the pitch. *

7. External Thread: A thread on the external surface of a cylinder
or cone, often referred to as the " male" thread.

8. Internal Thread: A thread on the internal of a hollow cylinder
or cone, often referred to as the " female" thread.

9. Right-Handed Thread: A thread which winds in a clockwise and
receding c'irection from the starting end, when viewed from that
end.

10. Lef t-Handed Thread: A thread which winds in a counterclockwise
and receding direction from the starting end, when viewed from
that end.

11. Complete Thread: That part of the thread having full form at
both crest and root.

12. Incomplete Thread: That part of the thread having either crests
or roots or both crests and roots not fully formed.

13. Total Thread: Includes the complete and all of the incomplete
threads.

14. Flank: The thread surface connecting the crest with the root.
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15. Crest: The outermost tip of a male thread as seen in a thread
protile, or the innermost tip of a female thread.

16. Root: Identical with or immediately adjacent to the cylinder
or cone from which the thread projects.

17. Pitch: The distance, measured parallel to the thread axis,
between corresponding points on adjacent thread forms in the
same axial plane and on the same side of the axis.

18. Lead: The distance a thread part moves axially in one complete
revolution with respect to a fixed mating part.

19. Threads per Inch: The reciprocal of the pitch in inches.

20. Turns per Inch: The reciprocal of the lead in inches.

21. Flank Angle: The angle between the individual flanks and the
perpendicular to the axis of the thread measured in an axial
plane. A flank angle of a symmetrical thread is known as the
half-angle of thread.

22. Lead Angle: The angle made by the helix of a thread at the pitch
line with a plane perpendicular to the axis.

23. Helix Angle: The angle made by the helix of the thread at the
pitch line with the axis. Helix angle is the complement of the
lead angle.

24. Height (or Depth) of Thread: The distance measured radially
between the major and minor cylinders or cones.

25. Major Diameter: For a straight thread, this is the diameter of
the imaginary cylinder bounding the crest of an external thread
or the root of an internal thread. For a taper thread, the major
diameter, in a given position on the thread axis, is the diameter
of the major cone at that position.

26. Minor Diameter: For a straight thread, this diameter is the
imaginary cylinder bounding the root of an external thread or
the crest of an internal thread. For a taper thread, the minor
diameter, in a given position on the thread axis, is the diameter
of the minor cone at that position.

27. Pitch Diameter: For a straight thread, this is the diameter of
the imafginary cylinder whose surf ace passes through the thread
profiles in such a way to make the widths of the thread ridge and
the thread groove equal. On a theoretically perfect thread,
these widths are equal to one-half of the basic pitch. For a
taper thread, the pitch diameter, in a given position on the
thread axis, is the diameter of the pitch cone at that position.
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28. Length of Thread Engagement: The distance that one part is
engaged or screwed into the other.

29. Depth of Thread Engagement: The radial distance by which the
thread forms of two mating threads overlap or the difference
between the major radius of the external thread and the minor
radius of the internal thread.

30. Tensile Stress Area: The circular cross-sectional area normal
to the axis of a theoretical cylinder which would fail under
tension at the same load at which an externally-threaded part
fails if the materials of both were to have the same mechanical
properties.

31. Thread Shear Area: The effective area in shear of an external
thread at a specified diameter of the mated internal thread. For
an internal thread, it is the effective area in shear at a
specified diameter of the mated external thread. The specified
diameters are usually maximum minor diameter of the mated in-
ternal thread and the minimum major diameter of the mated
external threaJ, respectively.

C. Fastener Application Terminology:

1. Mechanical Properties: The properties of a fastener involving
the relationship between stress and strain.

2. Proof Test: Any specified test required of a fastener to verify
its suitability for the fastening job.

3. Proof Load: The specified load which the fastener must with-
stand in a proof test without any indication of failure.

4. Torquing: The act of tightening a fastener by turning either
the bolt or the nut.

5. Joint Efficiency: The ratio of the strength of a joint to the

coupon strength of the connected material.

6. Faying Surface: The contact surface between .djacent parts in
a joint.

7. Quality: Quality denotes the suitability of a fastener for the
purpose for which it is intended. Quality should not be confused
with precision or workmanship as it is possible that precision
parts of good workmanship can be of poor quality if they fail to
perform the function for which they are intended.

8. Tension Joint: A joint in which the fastener has the load
applied to the longitudinal direction and which tends to
elongate it.
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9. Shear Joint: A joint in which the f astener has the load applied
across the axis and which tends to sever it.

D. Terms Relating to Fastener Calculations:

1. Bearing Stress of the Material: The compressive load per square
inch which the joined members can withstand.

2. Bearing Stress of the Fastener: The load per square inch which
the fasteners can carry on the bearing surface.

3. Torsion-Tension Yield Point: The point at which additional
applied torque will cause the fastener to yield, normally 90% of
the ultimate tensile strength.

4. Safe Torsion-Tension Yield Point: The safe point to which the
fastener may be tightened without yielding, normally 80% of the
torsion-tension yield point or 72% of the ultimate tensile
strength.

5. Unit Shear Height: The internal thread width at the bolt major
diameter or the external thread width at the nut major diameter.
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3 3 N adA-t

3.3.1 Bearina refnee.- The bearing surfa:e of bolt heads shall be at right
(copies of specifications, standards, dreerings, and publications required by angles to the onank witnin 2 degrees for bolte 1/2 inch in MWer and less, and

sappliere in connection with specific procurement functions should be ob'ained within 1 degree for bolte larger than 1/2 in:4 in diameter.
fra the procuring activity or se directed by the contracting officer.)

3 3.2 Eccentricity of head to chank.- Ec:entricity of head to chank shall be
2.2 Other nublicatiers.- De following doctament forms a part of this speci- within a tolerance of 3 percent of the width a: rose flate, or 3 percent of the

diameter of the head is the case of clovie ar.1 eye bolts.fication to the extent specified herein. Unlose otherwise indicated, the issue
in effect on date of irritatim for bido or request for proposal shall apply: 3.3.3 Too eurface.- The top surface of hexagon head bolte shall be flat

and chaarered with the diaaster of the top flat circle from 85 to 100 percent ofSoeisty of Automotive haf neers Aeroonaco Material Scocification the width acrose flate.
AM56300 Steel,.25Mo(.35.LCC) 3.3.A Deeth of sis s.- The depth of slots in the hende of ele,1e bolte to

(Oopies of SAE :sablications any be obtained fram the Society of Automotive censured from the highest part of the head to the intersection of the bottom of
the slot with the head r;rface.

Ebsineers, Inc., 485 !andagton Avenue, New York, New Tork 10017.)

3.4 Straiahtness o* shank.- The straig'.tners of shank shall be within the3, gg
values ope:1Iled in taEe 1 when the bolt is rCed on a surface plate and the
point of greatest devia *on is censured with a feeler gage of 1/4 inch width.31 Material.-

3.1.1 Non-corrosion-resistant steel.- Non-corrosion-reaistant steel bolts
* * '"

shall be manufactured from steel conforming to MIIeS-5626, EL-S-6049, MII 3-6050s
ICI S-6098, EI S-6758, or AMS 6300. (See6.1.1.) 3aIt size | Ceviation of bolt shana

, g,,,; , ,, ,,z

} (inches M r ir.:h of bolt length)31.2 Corrosion-resistant steel.- Corrosion-resistant steel bolte shall be
annufactured from catorial confor=ing to MIIr3-18732. :o. 10 and :: aller j 0. :C.3

V4,5/;: - :c2a
3.1.3 Mt= allov.- Alu=inum alloy bolts shall be manufactured from caterial 3/8. 7/M .< 2 5

confor=ing to 4Q-A-200, W-A-225, or GA-A-430. 1/2 and .a ger ';20
3D

8 3.1.A Selection of materials.- Specifications and standards for all materials,
D parte, and Goverrcent certification and approval of processes and equi; cent, which 3.5 6 sical orecerd es.-

are not specifically designated herein and which are necessary for the execution
of this specification, shall be selected in accordance with MII STD-R3. 3.5.1 Te,sile strem .- The te-sile stre in of hexagon head, eye, and clevis

telts shall be as specif;e in table !1 when tes ed in accordance with 4.5.2.32 Meat treat =ent.- Heat treatment of steel shall tw in conformance with
ICI H-6M5. Heat treatment of aluminum alloy shall be in conformance with 3.5.2 S'ese str w .- The shea- strong .7 :f all bolt types shall be asMIL-g-6C88. spe:ified in table II va- tested in a::ordar:e -ith 4.5 3

3.2.1 Material conforming to MII S-18732 shall not be tempered in the range 3.5.3 Pe-d.- Bolts call witasta.d cold :e-ting when tested in accordance withof 700* to 1,000* F. 5- *

3.5.A W-Nss.- A'; : rrosion a.~2 nsn-c:--:sion-resistant steel bolts shall
be within the 2ackwell ni.-iness rqe -26 to : .7 when tested in accordance with
L.5.5

2.6 Daaa-Mrizatir.- Decarb 21 * ien ef :-:orrestor-resistant steel bolts
sbs 1 not ar-W the _r3 sm - - .:le IIL .-== test.d in seeorbace with
:..=.6
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!A91Z III. Decartnrisation limite
TABI3 II. Strength requiremente

complete Complete
Sise decarburization plus partialDouble shear

(inches) decarburizationUltimate tensile strength strer4th
(min) 1/ (min) 2 (inches) g

(nourAs) (mund' Up to 3/8 incl. 0.004 0.010Sise H nad a hand bolt * All t7P'S f b lt" over 3/8 to 1/2 incl. .005 .012-Me*1
Over 1/2 to 5/3 incl. .006 .onEyebolte FineJ/ CoarseJ/ Al M Steel Al

steel thread thread alloy alloy Over 5/8 to 3/L incl. .006 .011
fine
thread V The permissible values shown are taa. ' s meafarements of the

- - 2,120 1,080 entire periphery of the crose section and the average depth',',.6, [ [ - 3,000 1,570 determined. ~he de:arburization 11 :its apply to the s'ank.h -

No.10 ,150 2, j, '

37 -Na t structu e.- A section of the re:* s,all show no detrimental defects1/L .LSO *
w-en innpe - : in ace r 'sme . th L.9.7,.

95/16 3.910 i

M) 3. 8 crip ,.- Be; s shall be free of cra:ks in ar.y direction and location.
L

5/16 h/ 5 6,500 5,660 3*220 11,500 5,700 A : rack is :e.'tned as a :leen crystalline bre-A assire through the grain or grain
bo.ndary wi:r:2. the in:12sion ef foreign ele e: s.

3/8 7,Ci5 10,100 8,470 5,020 16,560 8,250
7/16 9,2@ 13,600 11,6tel 6.750 22,500 3.9 - Bcs .w pssess s% ew h a htbs W %-,

n! er, whic: :s rot ex:eed the tolerances ir .at.e 7. Seus ex*erft g through1/2 14.375 18,500 15,730 9,180 29,400 11,600f 9/16 20,125 23,600 20,300 11,700 37, LOO 18,500 s all not be a::eptab;e. Icans up to the der ndicated w:1:h have been rolled
fillets or :rreads as sa: - ir. figure 1 that ex:eed the it.its shw. in table 17

co 5/8 - 30,100 25,100 la,900 46,000 22,800 3, neath the :::: of the : reats shall rot be :ause for refection.CD
3/4 - &&,000 37,800 21,800 66,300 33,0C0

7/8 - 60,000 - 29,000 90,100 A5,@ T2 H. hts for Sm fe;*.h
1 - 80,700 - 40,000 117,800 58,500 ,

1-1/8 - 101,800 - 50,500 147,500 74,000 ,3 alt site 'irches) 3 i *]2 #8 7/16 1/2 through 1-1/4.

, ' - '1-1/4 - 130,200 - 64,400 182,100 91,000

, 2 e{1"*"Ith in e a-k ~.205 0.006 j 0.007 C.0c8
1/ The values shown for the ultimate tensile strength are for mini =us enlues and are

based on: 3.10 .

3:lts ;csses? g su-f ace or r:b-surface it:hsions, as.- _ sion s . -(a) 125,000 psi for non-corrosion-resistant and corrosion-resistant
D*, f'd D7 5.T f the re:: ds rated herein, and tot indicative of ursatisfactory*'

steel.
'IT * '' * - 2 ' * * * * T * 2(b) 62,000 psi for aluminua alloy.

The strength values shown for the eyebolts are based on the strength of the eye. 3.11 * f. ts nn N .. heads.- Solt heads sna11 not Mssess we **-m three
.

The root eres of the thread is the basis of calculation for the tensile strength o;erings r :: a, are des: ribe in 3.n.1.
of hexagon head bolte.

I?'- =te s . rick s. e- e :.. . 3elt h, ass sham tat ressessClovis bolts shall have tensile strengths equal to one-half of the requirec:-nts ' 8 -~2'7' '"#' "
_

' "12' ' 2# E 2 -3" C' " f#1 #*1'4:for hexagon-heat bolts when used with AN320 or 1021083 nuts. Clevis bolts are
intended primarily for use in shear applitations. .) On .r. :p :, :.ne bait heat ev eefir4 twi:, the d,;th limitsa .

2/ Dltimate shear strengths are computed on the basis of 60 percent of the ultimate sher . tat;e U, or
tensile strea.gths.

J/ Class of thrend to se specified on the applicable standard dreeing. . " s :w-.M' Y' '* A '"'#1'4 t*iC' 'M f*FthI
IL .? .n table . f:r Peus r-heat bolts or four times

h/ Different from sine 5/16 above in the design of the eye section. t h' " * " ' ' ' ~ * 5 5 5 '" l'; ;A7'+ ~' for belts 61th ::.er than
Mu0 - :=s !=

-
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3 16 Itantiftention of creditet. When repired, bolts shall be marked for MII M 4:23
identification pur; mees as snown on the applicable standard drawing. It le per-
::1esible for the bolt annufacturer to include his identification marking on the bolt L.L.l.2.1 33 thr2 023 Bolt - aircraft and 4N171 t*ru 451e6 Bolt - aircraft.

close tolerante,- The classification of defects for C3 thru C2] arid C173 thru
hende,

AN186 bolts shan be as fi'ows:
317 Wo 'cmanshini- Bolte shall be sede in conformance with high-grade bolt

;ritical:manufacturing practico. ';one

L. 7JAIIff ASSURAEJ PitC7I5:35 Sfort
101 threat size and form (see L.5.1)

L.1 Pevesibility for ineo.ction.- Unless otherwise specified in the contract 102 Sha-2 dia=eter, oversize (unthreaded portion)
or pe hase a-der, the rapplier is responsible for the performance of all inspection 103 More t'an two imperfect threads
repire ente ao specified herein. T.xcept as othervice specified, the supplier may ;0L Grip le gth

utilise his own fa:111 ties or any other cossaorcial laboratory acceptable to the ;05 Fi n et under head

Gover- ent. The Goverrunent reserves the right to perform any of the inspections 106 Cotte pin hole lo:stion (where repired)
pet for-h in the spocift:stion where each inspections are deemed necessary to ;37 ppi, in head missics (where repired)
assure supplies and services corform to pres:ribed requiremonte. 109 Dicension across flats

19 Strairtress of shank i

L.2 Ch e*4 *icatim of ineneettan.- The **ation and testing of bolts 13 Arg;, af tearing wrface to shank |

etall be classified as pality conformance inspection. ;11 Plati.4 (where rep ired) (viraal irspection)
'

.12 Ider. tift:ation
L.3 h 4 lot shall consist of finished bolts which are of the same type J.3 Burrs i.n cotter pin hole or on was'er face

and site, fasricated by the esas process, heat treated in the eens manner, and
prod:sced as one continuous run or order, or part thereof. wa.sr A:

Z1 Le 4--y
| a L.L Sa:Elif2 * 172 Heat ..-1 kness

!?) Sharx finneter, undersite (unt* ream por-1:n)
i e
' O L.L.1 " ' N far visual and dim n w at at tribut es.- Sar.pling for visual ;?r. pol,1. head, diaseter and location ( Aere repired)

ar4 dinanetonal attributes anall be at randon in accordance with MIL-STD-105. ;;5 Cotter ;in hole diameter (where regired)
The Acceptable Qaality levels (AQL's) for major, minor A, and ninor B classes of wr 3r 3:

characteristice shall be as follows: ?! 30-der ee chanfer on heat
2 L5-tep ee cha=fer on thread end

(a) F.ajor 2.5 percent :) Ecce --i:ity of heat to shanic

(b) P.inor A 6.5 percent :t Burrs. ge erat

(c) Finor B 10 percent ' s Washer inte dimatar end ti:ich-ss
thri - 5 1t - Clevis.- he classi*i:ation of defects forL.f. 1.2.2 4

*'ho to al defective items for all characteristics of a given class (e.g., =ajor, IJ:21 th a C3i be.:s shall :e as follows:
n:.nor A, cinar 8) shall be ccchined in order to apply the acceptance and rejection
provinians of PL-ST3-105 !ritical:

. .r.e
L.L.1.1 Definitions of defect classee.- Major and minor defects are defined n -r:

in ICL 5 3-105. M1=or defects are branen down into two classes, cinor A and .a Thraa: ri:e and fs a (see L.5.1)
einor 3. Definiticsso for :xinor A and cinor 8 defects are as follcws: .:2 Shre .:.t . ster (enthreadet portion)

. ? Grie ;e-r.m

L.L.l.l.1 Minor A,- A minor & defect la classified as a defect which has a .:. Tille. d ier head
slight effect on usability. .:5 Slet n mr4

.: ? Cotte. n . nole 1e:ation Scere regired)
L.L.l.l.2 ?tner 9,- a minor 8 defect is classified as a defect which has to ." Strais ress of snin.k

effect on usability but which does not cor. form to woric=anship standards. . * Argi,~ ' : carl g surfa:e is shank
.. e Pla L g '. ere regret) (.inal ins-= :tio,)

L.L.1.2 c' anet fientio.t of defects.- All d1=ensional characteristics are ..' Id-n-ifD e ten

considered defective wnen out of tolerance. . . . %rrs . : .:=r ein hole er r tar "-at

-



l
e le h a

f c t h, ot n es
dt a a nhs.d eeneeh t cnat onn

t a ht ecst p ialih o
f tccna et t pwti
m , eracn cs eh t
r3 fl ed a ce nt genc

oepreh .ag gi n c o e
n
'M

s oht s r awin pn h 5ct t ,a c ,l adsi o cy.c e s3li ) al1anz e r5:p r :e nm
r it n em Ii t3t o0aar.", ) a o ofn s x f1 sdf'.oee n c i rdoi nl e -a o ) no t on .bnp

t ee iS h n pt

- . e o en rUieeid s: r:1 i n eol rM 8 t o ci o F a'a. e t l i vr
e l r q i atd p AlA o r t fan e l c =a alh l - t o re

pLe tm s i c ca d .d nlrs t n :E!nnaepe o e ro e s aae
h Tt t n: :,

- a :.e. r d s p e , d *
's. l 1. h s s f 1t :t n e i s h a s s t hs i .dt e se 'a t 5e r e t rrstr

l t d = r-a aB 3 ) e d
ti anp r st nin.h a eedr wae h e swa1g c pz .i eoaeewb hntre a al d t d ns7

1. h d& r ,l i e si n me gee ha nr n n k s efl 5. t n h su oe , u ek ce lV o i i enioMa
pfh d ns o euvnamAF ne e t r ( n in p t d n. t m ti lX r 4ur n ol ree d a hd :IgnLx n ,i n t

'r_ i f
t a- : t . ' -2 o (h i tk oct e a t r a l i O e. a5 o e1f e t ae t d e 's

t h v p . 10t s : t

: ea6 a selA r 00i r ns9ee s e) eim i ar eir1s sst e cd lda s eh o : eemne d - 0, c
x n : : d :d t (i c l s ae o ,i r htt ad tlaah n3 e i : e ai5n c ae otkf r h d e n a s t e T0p ajd xt :a e mrf hanri d d nnd ra rn h b 50s e eeesnf rer l auu na , n ooa e . aoete l nrg: :ie ove lfh sq ied u e t piti s .51nL i c i d :id fop da s e ph a rrh a r et uwu e1 r i d u:dir m eis gr e , ee : a scb r ". e l t : n*1 n/s

m
f d ,i edsfn rnh s fff ae ei ,e u va r : a,=i1o nr haooienei rs maolih aprI z thon adaeo rr rrot n es aa ad s st i e t i r ne- renns t w r csaeit ei t e hhyr sntl s isg at acl aoe setheeaseht oe en cct ee ti ae mi w em tdr ebwacl e =k i n c ,. w:i : rn - : -s vn t : - i a~.fi-. t o iangnonn (c ol ac eecee s e ,eei s eI e t tt :1 al sianumotf inho ii eeigfi t4tl c e a pi ans9 cl dh e ihogfi h dh rrr s 1 a 0 d ndn r eh nas5io d tltrsg ni l h t ggt ,rn s4nn0 . a aei u ecwipeff nk eonieit sal tk eensa e s - n e d t b: e li e n e pl ealt nria gnd dd erht eDeir o 0, oss h rtt r_ asr:

m rarilemrgaerdi
: ene:05 cta r eSl c0t r e=s r1 elhtt
naa - - crs nTtt0i :ie 1 - eiesa l hh orinit nlduaxh a a TSMGFODSAFIDRA ALSHB3AEBW o rLae1 c o cbu o nTa'bdnot l e ces o elf a p e f au fcb i nr1234567890123a r123r12345 hI esrp st s1 too000000C001111l o000o00000 r MT

n >4 t
enes 2 nea z ,

in33333+ 2. hSivn7 el iNj111111I111111l n222CTa r irh r n 3i rrhl r a - r ,oiiC M ! i t : : a e
l er u nhP

s --
ath ! t t df,i.5sl r b on r - et nrw10t a Fa - : e eid4. . e a r 1on a l h s ero:l e

t S aeC li Sl .t S pet ar2. d e : 3 g a s; s e i_5 a l

1. he
o h neTdi noe
b 2. s a l S e r 3.erz L. i 5. O t.

2 n v
- e71

L. n,d b b t A. :4: s
t o ei ;nre8 4. a ra L. le1p: r6 4 otIin- 4a 7 ae s

B 0 Lo: Mro L2re Lcf ree
k m i : 4 e1 i

2 sa:ht. d cldlt0 ;: ;

n l a. e q n 2
ln it re : = rI - GM d1 ensies aa al -

tiuwru S ns ;A srs: 1

_

r
5 o
2 f 1
1 1
8 s
-

t6 c
B e

fb e
dO )
f n
o o )_

i n
) n t o

. d o r ie i o t
_ r t p c
_

i a e_ u c d p
- q i e s
- e f d n

r i a kis ) e nrs al. e d s 1. h d n h a_ r n a_ e ek l 5. t a o eu k
h n c ne i s n
w da 4ur t e oi a( s ah e (h a g tv hn es h e t c n ( c
ro r T eo no a e e r
ei ho snt ol l e cg soe
t s tt (i c i f 4 a r, itten

. mrf an d anrt rd=
se td rkfi e sme ndam oa e rer ca n el aua eaa d

d ii e y :

fop dlrg sg s p nhd eov e o ea ufh sl dei n
a dd rh e s
e e w m a ereuno g u s

eh et ff - o d ,i eet auiotfn , fes d

eiohh
.

hyr l o tw rha orfueaii t yhk r
waeol l nr hl =l gdt oihm rol e alrmf
.

a tl aeo o=fna e rs e on eo
t s . ct e o f

ihha
e the ft ogsent et c h
z td nM o d nebia mini tenD ne in B

meC i ce s ndni fnson fc aciham ipw iG 9 a s anuperoeettf i ii pt ,
le e hoef dr riinh r L

Lthddot rd e d tltrotheneg ci h t re e,

W b ak eehetuknieate tkneg ft en nser e n e pl t mg r gnet n egdttdt e e a r, g c i a l f tnidrgrer nact a anaoaatr cr ul : rarilt
: aell eoh: c rl l hh o r i o yi a o h 4 t n u d u: ahcol: h4LHSFHCTBLEk h a a tSMCFCEDLTTPSASIB4lSECFBC

t n ce
r1234567r123 a i n r 12 3 4 5 6 T'89D123A567r12345r1
o0000000o000 2 t eo000000000;1111111o00000o0_

n2222222 n3J3 4 s iEj11111111111111111n22222 n3
i i N t r a i i
M M A l C M M Mo

b
39

4
2. 5
l. a
L. t:
Lt

2
4
F
A

yi0*5
_

_

_

!, !



MII,8.4al2B

"WL.A.5 Sa:r>11na for ometrant insoecth- Sampling for paretrant inspection
s all be at ranas in accordacco with M11 s!D-105, with an AQL of 1.5 parcent. %
a:cepta: ce and rejection numbers of this samling plan shall apply to those belte
v.-1:n are .*, W ed defective or in nonconformance with the regairemente contained

-

herois after microesamination has been performed on those ensales revealing certL 11A o ,,,peestrant insicatioco. Penetrant inspection shall not be ry. ired for bolts lose
than 1 * *% in disaster. . .-._

---

L.5 Ine:w-tieme - .atv$ Pat %% .ancs Pat
'

|L.5 1 Dimer.stans.- Dimensions shall be measured by maitable gages or 7, 'i -

- ird ir.str.=ent.. n can of e=tmersr. sages and hotra:eente ceruft.d ! L,by Coserraent laboratories shall be employed. 5:ree thrende shall be checked as
opecified in E L S-77t2. Consideratices should be given to the possibility of y. N .N

Nminor differences between various gegee which could remalt la borderline dio-
crepa::1es.

f j
.

- e
'

4.5 2 Tensits.- v. ,.a m M- N
L.5 2.1 Ma--- -Fond bolte.- Heeng+ head bolto shall be tested in accord-

anee with the applicable requirements of f t'eral Test Method Standard No.151 in fg 0--~~~'("
Nte aian between e head of the bolt and an AN315 rrat of the corresponding size, ,

t Jrest reated to 190,000 psi ,

# ' \
f L.5 2.1.1 no acceptability of non-corrosion-resistant steel bolte having a \grip less than the diameter of the bolt shank shall be based on the hardness test.e D e New
N ET I tL.5 2.1.2 The acceptability of corrosion-resistant steel bolts and altaninun

alloy bolte havir4 a grip less than the dia= ster of the bolt shank shall be based
on a test coupon of the sans material, diame*er, and hast treatment.

L.5 2.2 be bolts.- Eye bolts shall be tested in accordance with the
applicable reqairener.ts of Federal Tast Method Standard No.151 in tension between
th.e eye of the bolt and a nut of sufficient thickness to develop the f*all stren.*th n.ao.
of tr.e bolt without strippir.g sne threads.

*
. . . .

L.5.2.3 Clevie bolts.- Clovis bolts shall be tested in accordance with the 6

a;;11:able reg.irements of Federal Test Method Star.dard Ko.151 in tension betwe-n ,
..--the head of the bolt and an C323 or M321C83 nut of the corresponding size.

1

4.5.3 Shear.- The shear test shall be perfor:::ed in a jig confor=ing sub-
s antin'ly to snat shown in figure 2. Other types of shearirs jigs may be used
if ac:optable to the procurird activity. The acceptability of the bolts which ,

are of ine2fficient lorfth in the unthreaded portion to conduct the shear tes* Sc.,, It *1 0 i
1

or.all be based on the hardness test.
. 7 is t r.

L.5.k Band.- Solts shall be bent cold in the unthreaded portion through an au; . Laa-

. ..3, ,.t t visa ale of ISO degrees over a dieseter equal to the telt diameter for steel bolts and
opal to six times the bolt dia=eter for al=airras al;sy bolts. The bending s'all be . 4 .- r : * . t.p n

a:complished by tne gradual app'.1 cation of pressure in a suitable fixture. The y .y 3 - m'
a::ep* ability of the bolts which are of inyafficien length in the unthreaded

~

;crtion to conduct the bend test shall be based on t e hardness test. , ., , . 7., g.n g

'

13
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L.5.5 Hardnepe,- Rockwell hardness readings shall be take on a smooth * L.5.9 1 Method.- Fe.etrant inspection shall be perforosd in accordance with
flat, prepares sarface at ar7 location on the bolt. g;,-6866. Such inspec-ion shall in general be perforced on finished bolte, but

in any caso subset 2ent to a y processing operations which codd adversely affect
L.5.6 Decar%:iamiin.- 3ecarburisation shall be determined by micreenamina- the ; art. Bolts shall r.o- be dyed as an indication of penetrant inspection in

tion. Specimens stan be tasas from a transverse section of the shank of th* a::ordance with the sep" 4 requirements of this specift:stion. Persorusel con-
finis ed bolt. The etchest e% n be 5 percent nital. Microscopie examination d.;t-i 4 penetrant. inepenion shan be certified in accorda::e with MIb8TD-410.
s%11 be made at a amenification of 100 diameters. L.6 Pembmitted b o.- Paragraph titled " Resubmitted lots * of MILSTD-105

E.5.7 Head structure.- A longitudinal macrosection of the head, not less swil apply, except that a resubmitted lot shall be ins;e:ted by the contractor
can :/& inch frcus the upper portion of shank, after the head-fornir4 and heat- s. der supervision of the Sovernment inspector ustr4 tigniered inspection. For
treathg procese, chan be exa:ined for internal structure. attribute plans of MIbSL105, where the origir.a1 accepta::e number was aero, a

sa:ple eine represented by Se next higher sa=ple eigo code letter shall be chosen
L.5.7.1 Steel belts.- Eteel bolts shan be etched in an aqueous solution 4t the acceptance nu=ter roomining zero. Before a lot is resubmitted, full

containing 50 percent (by ech s) of hydrochloric acid held at 160* to 180* F a: .1:21are concerning the :aase of previous rejection and the action taken to,

(71* to 82* C) for a time afficient to reveal the macrestructure properly. :o re:t the defects found in the lot shall be furnished by the contractor to the
Geve- :ent inspector.

6 5.7.2 Al+= allar bolts.- Aluminum alloy bolts ehan be etched in
i

a 5- to 15-percent (or weignt) ag2eaus caus*.ic soda (NaOi) solution at approxi- 5 FE?A*ATIG8 FOR IEISUI '

= ate.y 190* F (S2* C) far a ti=e suffietent to reveal the macrostructure properlyh !his s an be foMm=a by ma-ing in water and dippir4 in a 10-percent (by weight 5.1 Cleanirs. ere se- ation. nackmaine. rasina and mM*ma.- Unless otherwise
ritri: a 4 solutics to ruswe black stains. Water washir4 and dryir4 shall spe:ified, preparation fo delivery (cleaning, preservation, packaging, packing,
foll:w. and :asir4) shall confor's o the applicable regairements of MIbH-3732 at the

level of protection specified in the contract or order (see 6.2).
L.5.8 manetic earticle irsoeetion.- The indicatim of discont.nuities in

terre:agnetic noits, such as cracas, seems, and inclusions, shall be determined 6. MS
by =agsstic particle inspectice.. Magnetic particle indicaticris of themselves
s-all not be cause for rejection. If, in the opinion of the inspec*.or, the 6.1 Intended um- 7e bolts covered by this specifi:ation are intended for

irdi:a-1:rts may be tsuse for rejection, representative samples shall be taken from 23, is ne =a:raf a:ture of air: raft and aircraft accessories.

sse :olts snowir4 indications whieb shall be further mm4ned by microexaciration
to de:e: :ine whether the indi:ated disconti:r.aities are in accordance with the 6.1.1 Kon-corrosion-resistant steel confor= irs to E* 5-6050 and A166X0 ony.

li=1ts specified heredn. est 1, suitable for bolts larger than 1/2 inch in dia=eter.
y
I

e L.5.8.1 Methoe,- l'agnetic particle inspection shall be perfor=ed in acco-d- i.2 0-Sri-1 data.- ?ro:urecent docu=e.ts should s;e:ity:
" a:co wi 2 MIb l-08 9. Such inspection shan, in general, be gerfor=ed on fir.ished

bolts, but in any case mbseq;e-t to a y processing operations which could adverself (a) Title, nc:ler, and date of this specifica .1 r..
j a'fe:* c e part. The magneti 13 field shan be parallel to the longitudinal (b) Part nu=her :f no bolt desired (type, =a erial, thread,19.gths).

axis of the bolt, grimarily for the indication of transverse defects. Bolts stall (:) h antity.

lt not to dyed as an indication of =agnetic particle inspection in accordance with the (d) Sels: tion of a;plicable preservation, pasagi g, and packir4
sa=pli g requirements of this s;ecification. Person.el conducting magnetic particle (see 5.1).
1:spe: tion shan be certified i= accordance with MLSTD.410.

:- Standard and terstandard bolt desig s that are a:;;;ved for use in

L.5.9 Pe-etrant insreeti- .- The irdiestion of discontinuities in alu=irus feng and ::nstr';: tion of aersspace vehicles; that are s;etified by reference by
alloy tolto, m:n as cracas, sea:s, and inclusions open to the surface shall be :-is e;e:1fication; and tha rave all descriptive factors 2.at affect univoreal
dete :ked by penetrant inspection. Fenetrant indications of themselves shall not i- er:*a geability, the sa:e except for the ty;e of pla-ird in accordance with
to ca.se for rejection. If,1: ce opinion of the i=spector, the indications =ay KJ -;: a-o considered to have the follodr4 inte-cha 4eability relaticstship:

to ca;se for rejection, represe.tative samples shall be taken from those bolts
scowt 4 indications which shall be further examined by ateroexa:mination to deter ine (a) hose bolts 4- , type I! plati g can be us*d to repla:e those
w. ether the indicated disconti=1 ties are in accorda::e with the licits specified bolt, wits t;.7,1 plati 4 in a .1 a;plications.

(t) In other a;;*i:stions, those be;ts with type piating can be usedhere1=.
in place of ':se bol-s with t.~e ~! plati 4 .til present stocks

15 are deple et, : cay an be pren-et later ::an 1 Cc.cber 1966.

;:
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ts n.sintTat esas
|M42:na-Srrew. \! . rhine-- Pan Ile al. ar equal.ar interchangrahle with 16 I $ chroene- i

me e e 4ernrenrel. Cn. + Re.cel nwkci allay steele.
4st:4ms n, man-R,re n-II.-Torque, Dimen- 3.13 .llv ar;* v an elfay Aluminum-alley
H J=', em ,;,.ns of Itere.a. Ga::e, and Driier f. r screws shall be manufactured from material

cl- Rm,s 4.<pt, Dunena-n. nnfann9e to p-un, anay 2021 ar Qg- )3IILITARY SPECIFICATION M'.f Reece,( <:c, arul Driser for A-2n 6 m the aluteau heat-treated T4 temper..

13 D"i "*d ''"* **'i'"-^'"F'""3*"^E""""- 8SCREWS, STRUCTURAL, AlRCRAFT AY7n2 w rew 4lachine, Drdled Fille.ter 3.3.1 7'Arat4( Threads af all arrews shalle

Head Fme Thm=1 conf.m ta WIAC42 and shall be of then. e ciJaw 4.te,1, w 6, .rt men
.ie.e. e,d .e, r g ta >,.e y of,w. AN501-Screw-M arhine, Dn!!al Fdb-ter we -perdied as the apphcable M4 1 nle a

liesd. Conrae Thrend athera ree mercifial. thres.l* shall he right hand.
I. SCOPE MlleMM,9 teel. Ohn.me-Nirkel-M.- ANrm crew 4tachme, F!nt Ilevi, lit.I Crir The gnp length shall be

1 hilenuin e61n) Dar%, Rad =. mn.l Forg- Inn'. Sinartur.1 measured fram the largest diameter of the3I.I Scope. Thim pacinentum cavers airrrmft
,,,g g.,,, ing Stark (for Aircraft Apptrati..no AN5?S-+ crew-Wm her Ifend trarme mrfare of the head, para!!ct with the

WicH JM-Heat Tw.tment af Alumi- g p . or .,, c,w.i.,,,,,, ,,,,,,t.,,g ,wn.6,, , .a. serem asis, to the end of the unthreaded shank.1.2 Claanieration. Screw *h.!! be of the
typea and +ues design.ted by the part numbers " " AU"J" Pdd''*"*"'*r"'*'''F"I'8d''''**'*""*"'""*d" 332 Iliad .cc,atric;ty. Machine screw
' * #"M O'"*M'I-h m aa** * a eaat ha.a head 4 shall nat he errentrie eith the screw< s the miht.ry standard (Mi as speci6ed (=cet

lyhdenum (9735) Bar=. Ilads and Forg. Z"""'"'""F""d"*"'F''''"""""""* latwo by more than 3 percent of the maximum'
4 23

ing Nek (for Aarrraft Applir ti.mp head diameter. Eccentrirn v is defined as one-
2. APPLICABLE DOCUMENTS MII4-6738-Steel: Chr n.catolvhde. 2.2 Other publications. The f allo w in: half af the taval mdmatar r'cading (TIR).
2.1 The fouawing doeuroent . at the i =ue in num fil101 Bara. and Ref~rging sterk document f. rms a part of this specificati..n ta 13.2.I II,ane.t eur/wr The hearme sur.

erTect on d.te of invitation far bids or request (Airer.ft Quahty) the estent specified herem. !!nlesa atherm.i-c face of protru.bne screw heads shall be at right
f w prepasal form a part of this *perincati.e t. M II.-I-6 A66-Ins peetinn. Penetrant indicated. theionein esfert on date finntation angles to the bady withm 2 degrees
the etten: =pecined herein: Method af I"r hide i.e rerguest for progw.*nt sha!! apply; 3.3.2.2 Depth of slut. When n *lat is re-

.
Mi! I-6569--Inspertion Pr..re . M ag- saritry or Atrowartss. Tbtras. m quiral the depth of the *lat hall be messitred

- netic Partirle AM4 6ino-se,el, .3, Mt) (;t , .4nC) a4 shawn mi the apptmal.le MS

F eensi. MII<l1-6C3-IIcat Trestmeni of Steel. 3.3.2.3 ISc< . !!cccw aimensions shnu,g,,.,,,,3,,,,,g,,,,,,,,y3,,.g,,,,,,,,,,,,
M""*ft P*'"'8 P"**** I"r wn, er w ,a, no. n. to,., 4 3 tunco, renfarm sa Mana6. 31sm50, and M533NI.[ QQ-A-225/6-Aluminum tuny Bar. Rad,

l* S'*nd n!, un a > M % twi t as applicableM U''"83^*
Th".:*Genern! Spec.e and We, Round. Drawn, er Cold Fin-

Optimum Selected derie 3.3.3 Sre.S* w * el doet The straight.4 inhed 2024
ificati a for 3 NIMN nmyf the <hnk shan be within the valuesQQ-A-430-Aluminunt Allay Rad and

We. for Rivets and Cold Ifending M!!cA-S625-Anadic Castings, for Alu- 3.1 Data. Unic.. nt herwi-e =pecified in the *Parmed in table I when the screw is rolled on

QQ-P-35-Pannivatino Treatments for ininum and Aluminum AUoys contrset . order. na dste are reqmred by thi, a efwe plaw ami the paint of greatest devia-

Aus:enitic. Ferritie, and Martensitic MII4-Is732,% teel Bar., Allay, Cor. .p,,6. si..n or nne of the documents reference I tian is men *ured with a feeler gage of % inch
"*""#"'h' *nt (16Cr-2Nu, Aumit iusca m ?(+eeAh. wid:S The stes.:5rnew of < hank req.sirementsCormuoa-Resisting Steel (Fantening De-

vice.) Qunhty ohs!! apply to aira No lo and Isrger screws. and,

P-4 6-Plating, Cadmium (Electra- STANDARDS 3$g 7,.r4/l y st<<f. Iew-allay steel screws entec ,. s it t at e a e er
Mn.m u a ndi an'et" and im *H F<w w rc=. unk nw Na ta. the maightne

Q 3 9 cel, Bars, Shapes, and Frg-
in Carronian-ResstinE

WT4TD-1054mmpung Pniceduw. and W muMuM imn meet conhnmn: la of enk fmn is+ I f* . s Na 10 shall be
Tables far In=pertian hv Attributes AW 'm' or MitcA6050. Imm-allay secci used.

Mettrear MIIATD-410-Qunhficatian af inspec- *** * h*img a bady ibsmeter gr ster ibsa 3. 3 llent treatment
MII H-3992-Irardware (Fanteners and tian Per*onnel (Mnenetr Particle and " 'N *WI I* manursetured from =tect can. 3. 8.1 9,,1 in. alloy = teel wrew= shs!!

Reis ed items) Packagmg and Packing Peaetrant) I"rman: : = Mlle Am pi. Mll, S mn. Mlle ba S..s: tream! i:: accorda~. with Mi! II-
for Pupment nr.d Star.ge of M 4169n9-IIcad Discontinuit ies. Bolts and ""* M IId "' "r A Mnn. gm

MIIcA6049msteel; Chrome-Nickel-Ma. Screws 12.2 'N s n .arn: J. rf. Carrn+ on. 312 .Ita r n w all." Alumm sm-n!!ay
lybnianum (9740) Bar=, Rads, and Forg- M s9006-Crma Recess lle ids for M achine, rem 4m! mi screws ahnli le m unfwtural acrm manufac: . ed from -verial ronf. rmm;
mg stark (for Aircraft Apphentarm4) Waa.1 and TappinstScrews from rwest canformm: ta (N 6 M t. rhis4 !. ta yQ.A-43n. Oy 2"24 6a:| be heat treated

t g.. e 1 'N 3 - i rM 10..r M 11. 4. IC. * ii se .sinnce wm M!!,H m%
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Tests !. 3r emete === ef sw through the grain or grain boundary without h8 3 NN' W *k*I i'*'fi*e. Only T.ma III. t a. > d,,sa ed s.t h a
the inctiesion of foreign elements. lancitudinal seams of the depths permitted in od''M

3.14 Disnmtissities. AH etractural screws table III sha!! be permitial. Shght tool marksa.w e= - ,,, j ,, ge,

shan be ecceptable, provided they do not con. or undwcuts of depth oat to newd the 0 mite | ==*- | |
' = = * - - = = = = --

tain discontinuities which equal or esceaf the m tame IH wM be pented, pmeidet they gNa 89 _ o 0040 following limitations. Care must be taken not fair into the abank with no sharp scratches, N's to *=* te ("W- "' to confu*e cracks (see 3.5 3) with deaconti. 3*N*'''"*'" "1" '" *# """''

" ' * - - - "5
omti,. 3.14.4 1/r+f discentiwitien (e.e=,, incia.% nad tere-r...... .... . . .. . . . no:

3.14.1 Zengitudinaldierontissitier tongi. 'ie'is. f4/s. side, oc g-sy,). .Ilcod d.iscanti.
T.no tr. 0.re * ne. a i eetudinal discontinuities estending thmogh fillets nuities sbau not escecil the h.mits spen 6ed on

3.3 Physical papertwo. cr ibreeds me shown on 6gure I that esceed the 51416999,

|**'""*Q""'''c.,,,,,,,,,,,
i
%,,,3.11 Tra.sve stregtt The tensJe strength hmits abown in table !!! shall not be accept. 3.15 Decer6urianties. Decarburisation of D

of ahe screws shall be en open6cd in tame II, able. Seems up to the depth inebrated which low. alloy steel screws abs'.! not esceed the tunits
wb n : sted in accordance with 4 4. have been roRed beneath root of thread SSsu * Sawn in table IV, ahen ented in accordance I re % 6act... . .... .. .. o one o 0103.12 flardsees. A3 law. allay steel screws be acceptaMe. with 4 6. E '' % t* % iaci.. .J .m . ot 2
shan be within the Rockwell hardnese range 3.14.2 Transrvrse dixentinuitice. Trsos. " * " * * "i

~" #'
3.16 1/ rad structure. A scetian ot tbe headC-29 ta C-32, when tested in accordance with verse Jacontinuities ,a the shank of the scre"

shall show na detrimental defects when tested41 as shown on 6gure 2 that etceed the limits n
in accordance with 4.7. e E-U ~=is +maa' O%-3.13 Creds. Screws sbs3 be free of eracks shown is table III obau not be acceptable.

in ene 6rection and location. A crack is de- Transverse discontinuities shad not be can. 3.8 Han. k Snews n.sH be 6nished as
.

y,n v m,,g
Syd' u a clean crystanme break paaming fused with tool marks. TC'6ml in tsW V untm nihnwise noted on

tv applicable 313. w r.,e a w , r%=7;=*-
Tseta II. Streest6 reasseenents 3.6. E 1%s% ting prunn for enemehve. .

A at strd * crews. Co.-tmian-resi+ tant steel g .. tw.stic,. . Cent .ni ptn..' QQ.P.4t s.t.

| ca o = o. u , t m==. e c --ca veamu . e,rews shaft be pasnavatad in accordance wh ! in. II,
'y W-P 31 claw 3,

g L*,,**' |C ! $7 T 'C,O, *O" 3.7 Identi6 cation of product. When re. %.,.c,,.,,,e,,,,. p,..n y,_ ,,; Qq.r.3s, , , %'
I ': ured. screws shall be ms@.1 far identinestiont.rt 8 ""' **'

. ~.r . t . g

C**"* " ; uposes as chawn on tha sppbcahl. 315. It is

--f "334-*621remissible for the arrew msnufactitrer to in. ^"''**1h- *'N,

| | j ehde his idenedication enebng on the scre==r

t. 7 ao |.I. Ito ;
No w:tw.3...... . . . . . . , I.320 ;m m 2.120 n. een 1. N
Ne s-3:1 NC-3.. . .. . ....... .. .

2. tre ! t. 44o - 1. ow 4. 210 2.7 o 1N
Ho 3om 2. too 1. 5:ei

No to- erNo-3.... . . . . . . . . . . .

3. sa. .'nt N e.3 . .. ... . . . . .. . .. t:m i 1. m 7.no a= 3m
i\ N .

ge ut Nc.3.. . .. . . . . . . . . . . . .'
um- tm. 3. 2= n. sm :. .M . m

i ~f g | =Mni i- gFiae three.t #
j/ g/ 6

~
i , n

::t=:::: :::::::c:c! L 12 :| C M' = r,- i i. c,+ - ww.% a,ey- 4-+. .... .

$e *- 1 rN F-3. ... . ..... . . . ...! 2. ano 1.s.ao ' I 2m t De 2. 7:e . 1 W?

* 241 NT.J. .......
....3 4. 520 1 Org | 12m 7. 38 4 108h' : 1*5.-NN T-1

7. 2 io 49'o 3. 5"n , i t. sm 7. 9M - 17 *''M N T.1. . . .. . . . . . . . . . ,. . . . . . . . ' la sw ?. 4M s. m ! Ia. se i 1. 2:.n sw
7f-2'( x Ta. ... .. ........ . . . ' I a. ==. 1o, ora 7. 33n : 22 5 : I\ ino ' t I M' \ /e

s..'at N r.3... .... . . . . . . . . . . ' to. elo 13.5:0 ' e. *in - 2s. *m 2n te*, t ' "1 F '

(%I5 TNT 4 . . . . . . . . . . . . .! nm . I r. 2m ! It sm 27. som - 21 ano Mw
6 4i =

1
' e f*e .use p.g.g se gne altimate toesIIe escusset se De ergess.o Tie * ree gr==* *** 'u' ''p'erseas.=m er ser essee amism 'em w=

om
es.e gept ge e*ie esseege of t#8 sulPes Dele'h e*1''VIg e se W 3 Nm *e g Wer. ess.g me
ee . . .. e om., ., re ee

es sewem,e, .,.,.se emme ,e. g ees eneer ,,,,e t.i.. i 0 - %n - ' A e A e r.-, ,g-
p.n eso ee==suste4 me em e,,af es e * I

.we

3 :
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4. QFtt.ITY ASSERANCE FitOVIS80NS teries sheQ be employed. Scree threade 4a0 l!inor A 4.5 IIerdenen.
4.3 R. . " y for

.
- IIn!, a be rhnked as speci6ed in 3tlMUs1 Overau length .

. 411 Sempfiap. Sampi og for the hardnas^'

otherwhe spen 6ed in the contract er purchase 421.l.3 p, fairies of der, rte. All ds.
Slot or rwe,a dt:: enwone

m ehdi be W in We m eRadius betwwn head and Morder, the suppl cr is rtapnenable for the per- enenmonal charactenstics are rangedered de- q,
and tant t-wksformance of og inapation requiremente en fectin a hen sus of tolerance. 412 Jtetted. Rockwell hardne,e reedmgsg

s?*edied herein. Ewept es etherwine peci6ed 411.2 .tX302 sad AWtf arrer -fD" Hat on OD of besd (F) shan be takes on a snmN Rat. pnpared
the suppieer may utd.ze his e== feeditace er

.

siarface at any I eatina on the senw.Acad. The clamadication of defects for AN5n2 Chamfer no thresd end
may femmernal laboratory acceptable to the end AN303 screes shall t e as follows:
Gmmmmt. The Gownmut mnm the 411.4 jfSCOS2 and .tX5f5 serru-pas 4.5 Ikeerbertretion. Deenrburitati.m tha!!

Cntical: None A,ed. The clamdicative of defects for AN525 be determined by snicrnetaminathm. Speci.rigt to pwfam any of the unpwems set
3!81*r A and 1152;nJ9 scre=s obs't be na fo!!ows: mens shall be taken from a trannierse meetionforth in the speedirshon wbem such insputens Thren4 size and form Cnticat: None of theshank of the Snished wrew. The etchantare deemed mercenary to esaure supphes and Unthreeded shank diameter (A) 31 or g whsll he 5 percent nital. 3!irrencopic esamina.swas confom te pmenbed sclemnats- >!are than two unperfect threeJ' Thrnd size and form tion shall be made at a magni 6 cation of 100

4.2, Onebry toutermeen , - The Grip length (G) %! ore than ten aperfect thread * dametm.
enemination med tests of arrews are claim 6ed as Radius under head cnp I,ogth (G - 4.7 Head structure. A longitudinal muro-
quahty conformance inspect oo (see 4 3 through liaiein bend smanmg %t or twen,i; head mi sing sectino of the bend sad not Ic a than % inch of
4 101- Slot in beed missing .9taightnew of dank the upper portion of the shnok, after the head

til Producties fat. A production lot sbaH Squarenese between head and shank Squarene<s betwe-a head and shank farming and but trnting procees, shall be -
eensist of Samhed arrews abarb are of the same Straightnces of shank Surface 6nb.h. pptmg esamined for internal structure.
trpe and diameter, fabricated by the same Surface Snesh, placing Identification 4.7.1 Sevi semre. Steel acrews shall be.

procces, heat treated in the same menner, and Idenedication Unthreaded shs.A diameter etched in en aqueous solution containing 50
produced as one centinuous run or order or 3tinar A Afinor A
part ther=of. Overmil length Oserst!!cngth T.e 2 W. Se-ga, f. sa=e. e.4 s d. - ensee

412 fespecties lat. An inspection lot Head diameter (B) IIced thirkne,a lit
t ,m _ . , , ,

sina co r.st of a senes of items of prederten IIend height (D) Wher thirkow tE)
,g| 'g* , .7. "J.;* ~.'~, *

*
t,,.,

w.ach are judged from prewmus anremsation Crowie height (C) hher diame:er 'A) : Ja Q7,*=

y :e bare bece produced by a procena under Sloa dimenaanrn and loratii.ns IIced diameter .A or B) -

e ,estneiral control. The size of as inspection llate dsometer and locaren Slot or recese di--~sions ,w ,, .,4,r . . . t 3i 3 o. 2
$ los may be equel to. Ie,s enan, or greater than a Bum and ta=I ==i. * Eccentricity cf hesd to shank 2 3 I s e 2

producues lot. Eccentrinty af heml and Annk Huns and tM mrks 3 " Wo . . . . I eI * tm 2
g3 r=== - of puedect. Seraphng for >!inor B Fillet under hev 2 4! 5 81 2

ermal and dunensional attnbuten shnu be at Chamfer en thrend end Stinar B (2 - ej 33 4

randoen is accordance sub 5titr6TD-lot wrs. seem 6. pmathem earrespe=d to *===- Chsmfer en thred end 3 a' en 3 a
AQt;, f, minier A. anner A. and minar l> eme=e e= apphrehle **=tnes lies I crown rsd .+ W) 3..it 4 (mo. .. . Ii s, & en 2

classes el charactenstics sball be as foHous: 413.2 .tyJos acrem- macAine, fet Acad. 2}
' t 2

U TenietMabr A-6.5 percent. 100*, afructiref. TheelanadicatmoafJefect<for 3-

3 ' ]
88 ' 3

# I S*"'P I' b''"7, * for ihe tensen test *; I 3Stener A-6.5 percent. AN509 wrews shall be as faunes:
sh sclerted at ranc ~ in un rdsnee with,Stiner B-10 percent.

. .
Cntical: Nane ,q , , ,

'' -

:, 4 :: a 3The seemt defective stems for au charnetensucs St.,., A

of a give- 'e g-. mejar A. mmor A. minor Thrnd size and farm 4.4.2 Jf<th f The urm -hs!! be tested in 3. a is :- 3

Bi sban be comtnoed in order to apply the Store than tweimperfect thremi. tenswn by applying iS4 hw! asially en the e 4 :s 2 e

accepaare and rejection provisions of S!!!c- Gnp length beenne nrfsce cf the %,d and a not. cr 3! * 3" *
g

STD-I% Unthrc= led shank diameter m thmded piste inta wh ., t ie seres hv been.

$

g ., m, ,! = n n 2
413 .tt,tA f. Finiahed screws ihn!! be IIcad diameter (D) ' crewed a depth of ci- %neter TN r :| . in e a

chaeied be ennformance with the followmg fle=1 engle laml ohnt! b. spphed s- . plim: -+ -d / mt 2- * :s e e

ree, o.resretts. blat or rwema in bem! raia-sac 'nore thsn 2 mehes per - :t e. *. S 3j j'

413.1 Dime =sion s. Dimens.ons shan be Eccentnrity nt he=l t. 4.r.k 4. sit When the n i4 s.- Art for ,8 . g ., ,

m-asured by sesiteMe geges or measunng sn. traightne mi of shank appI*carian af the ten-i ~ :~t. eSe number of - < 3.; a y

strumen e la came of enntroversy, gages and >=rfare Enkh plating ten 4=n re t -pecunen. r t ,e -Ined rotn the
_

inairemeets certiGed by Guernment !ahara. Identdirsh m (where appli. sWet une enwl fr"nielwch t- 7w.=- o i+ n wie ..n~..-+.%-o

5 s
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MIL-S-7$19A MII47839A
percent (by ,,4eme) of hydrochlore acid held this sper Sention. Pers.anel coedactme mac- 6. NOTES c- - -- tw we.me.:
at 70* to s2* C (160* to 190* F) far a tee metic particle so pecten ahd be certdied in . 4e=r we ar.r n c

for mareraft structural appinestmes.""'"'
""'" ""*' ***P Dere.ee 5.es ra

esSriest to receal the --- - - property accordnare with StikSTD-410. 4, r=~ w n
4J.2 preen,[.[.wn

~
/! --e:- .h arecue. AI - .. 4.9 W prenrama suspwtase. 8.2 Ordering data. Prwurement documents Re=~e ere weer

a oy sce=3 sha3 be etched a a 5- to 15.pemot The in<bcated decent.aviters cracks. scains shoul.1 specify- Ar*P-MO. M8 & Tae- **
***P ''*8"' h 5* *Dy we(st) equeeen caustac sode (NaOII) note- mod usciennes in3- _ .Syscre. 4=It be (a) Tale, number, and date of this specifi.
A* F =~ 88"tios at appenamately 82* C (!S0* F) for a tee determined by Geore= cent penetraat in pertews. ,,3,,,

raSew:t to reeval the macrestructure peeperty. Flanrencent penetreat indications of there. (b) Demiirevnents (see u).
Taisis!! be foCowed by washmg me water and seleen shad not be enume for rejecties. If in the fr) its part No. of the screw desired (see 3''' ****' ud** = rw'-** a* =8 ' u d *4 at

th doe e.a. T., t.tw. ee.c+. .a ,sso,es toc.ppeg is a 10-pereent (by weght) mtric acid opmwe of the inspectcc the indicarians are gy),
!.

*"****# **
sed.aos :s rennees tdeck staans. Water wesh. cause far rejectms. representaties earmples (d) Issel. et perhemE and Perking re.
iag and dryme shall follow. sha3 be taken frone thme errews shawmg quered (see 5 t). ,,,, i.,e., ., n ehuacant ree-rea 8 nee

tw adw=enen h n ama.
gw a 3. . ,,p.i, gu,,, ,.,

4J >!agnetic particle W The in- indentman whirk sha5 be furtbee eteenced by
m m*= te determine whether the, ed huninues, cracks. senase. need
andacated d =centionitka are in accer.fanceinsr a in lody steel screws 441 be

deter =s.:=d by swcnetae particle inspectaos on- wnh the lamata specined bena.

lean e. pud inaportion decimen dacontine. tace 4.9.1 Sampling Sampling fa flunre rrnt
which ewai proclade the neceansty far magnete penetrsat inspecten ehd be at rand.es ia
partsr; espectaan. Slagoccie perticle indace. merardmace with it!bSTD-IO5. with an AQt.
tw:s of themselees shall not be cause for rejee- of I 3 Perrent. The arreptance and reints e
tes. If in the opinion of the in.pecter. the numbers of this sampling plea ahnIt apply to
isdacatms are reuse far rejection, represents. tim =e screws which are judged defertne er in
:ae sa .39e shall be taken frate thme ser,., nenranformance with the reqatrements om-
showcg sadaentaons which sha3 be further tamed herein after micrwetaminaten bas been
etscused by sereneraminataoe se determine performed on thm sempics reecalmg fluore= rent

> wherber the indrated dacontimentko are is penetreat indication. Fluore cent pencer.at

b accords:ce with the Ermita specined herein. msputmo shan ont be wquired for oms im
nam % inch in diamen.N 4.3.1 Samplier Sensprmg for magnetic

psrtstei:spection sban te at rendem in arrced. 4.9.2 _1ferAost Fluore rent penetrant so-
mare with SIIL5TD-105. with na AQt,cf 15 spectmo shan be perfortmed in accerdance with

pc.eemt. The acceptance and rejectsaa nom. >!!bi-6M6. Such mapection shad.m general,
be-s of this samphng plan ohn3 apply to the=e be performed on 6nnhed screws, but m any
ac res w arb are judged defcetise er in non. case subacquent to any prerewac cperatees
esafor: nave with the requrements contained whrh egeld adser=ely affect the part Scree s

- rsom has be+m per. =hali not be dyed as se indirstee of fluarewenthema aNer .a - o
formad as etwee samples recealing magnetic p*nctr=nt in-pwtonn in accednore onl t!*
ports:e cdacetsans 31acnetic partste in pec- =amphn: requirements et thre =rer(snate a,
twa =hn; not he required for errew, teae th.,, Perwnnel cond artmg if sarewent penetrant
4 inch is d;ameter. irnrection shs3 be certted in arrirdsme .th

NI #
432 '.f rned. Sfagneue particle in.pce.

teen sn.' he perferrned as accordance with 4.80 Packaging, parking. and stasking.
5tILI e-A Serb insportian ahn3. in general. Preperstews far deinery whnu ha esamme.s l~r

| tw perfo- I en 6anhed errew=. but in say c.ee. renf*etnaere to sertinn i
seatwt to any prurming eper=riana wherb 5. PREPAR4 TION FOR DEI.I%ERY.e , .fy,.t the part. The r*scaeta.cadiad. a

ang 641 =a=It be per= Del to the he:nwfm=1 5.1 Preservasion. packapag. packsmg. and
.no of th.wrew primarily far theindra: inn of manking. (* Jr.a et herww.e perdie.l. the -trar-
*rswe*=. .lefects Scre=, %R n. be dyed turni =rreos shall be pre.ers et. p. hce l.

na *e en inews af enet.e p.rtrie in-pertion parked. an.1 n orke I en arrardance with it!!c
i

es w''''*are *ph nphng re.g.ne n.nts e.f 11-39 9
|

*.

|
.
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DEL-N-7813A MIL-N-7473A
Amendment - 1
5 FEhkCa871971

Page 14: Table X delete and substitute:
Mf12TARY SPECIFICATION

NUT. SELF-IDCKING.1.200*F TABLE X VIBRATION REQUTItEMENT5

Max. Assembly
This asiendsneut forms a part of Military Speciflunoe Belt Bolts & Nats req'd Torque After
stIUN-7873A. dated 17 Noeember 1967, and is mandatory Nut Site Sze (Minimum of eacht Bake (In-1b)
for use by all Departments and Agencies of the Department
of Defense. 10-32 >!S20033-12 IS 3s

1/4-28 31520024-12 li 60
5/16-24 StS20035-12 19 120

Page 2: Sectaos 2 - Appitcable Documents, under Samdarde add 3/S-24 StS20036-12 10 160
StikSTD-1312 Faserners. Test Methode 7/16-20 >!S20037-12 10 200

1/2-20 StS20038-12 19 3eg
Page 2: Add to 3.1

Page 14: Delete paragraphs 4.5.5.2. 4.5.5.3 and 4.5.5.4 and in their
In aMition, the retention of gaalificattom on the spiatified products place substitute:

list shallbe depsudent on a pertadic vertfleation of continued compliance with the
requirements of this spectftcattaa iSee 4.3.2.11. 4.5.5.2 Preparation for ubration test -

Page 7: Add 4.3.2.1 4.5.5.2.1 Accelerated 45 ration - The outs shall be assembled
in accordance with Figure 1. of htIL-STD-1312. Test 7 with bolts and torque values

Retentson - The retentaon of qua!!fication shall consist of periodic as specified in Table X. The nuts shall then be removed and reinstalled to this
vertfica:1oe to determine compliance of the qualificataca regdrements of the spec- torque four additional times before being stbra:ed,

f ifica: tom. The time and method of periodic vertftcation shall be specified by the
s.O activity responsible for the Qtaalifted Products List and shall be lacluded in the 4.5.5.2.2 Baking of Tes: specimens - Nuts shall be assembled

Nottee of Quattfiention letter, on the appropriate telts and baked for six hcus at 1200'F. The baked specimens
shall be allowed to cool slowly in air to rooc temperature. The nuts shall then

Pages 12-13: Delete figures 1 and 2. be removed and reinstalled to torque values s;ecified in Table X for four additional
times before being nbrated.

Page 14: Paragraph 4.5.5 delete aad substitute:
4.5.5.3 Stethod - Use M''-STD-1312. Test 7 procedure.

4.5.5 Vibration - Sample nuts with matching helts of the sizes
and gnaa- ties specified la Table X shall be vtbrated to accontance with 3tIL-STD-1312 4.5.5.3.1 Determination shall be made throughout the test to
Test 7. Vibration life for each lot of five specimens of less than 30.000 cycles shall guarantee that asset:bly is traves sing the entre length of the slots in the test
be cause for rejection. fixture. The test shall be run for 30.000 cyr:es except that it shall be stopped

prior ta the comple-ton of the 30.000 cycles b :he event a nut becomes disassembled
from the bolt. The nut samples shall be ex2: =ed under 10X magnification for
cracks.

| FSC 5310| 4.5.5.3.2 The nuts sha!' t e consideral to have failed to pass
the nbration test cNier the followtr4 conditms:

Pne 2
of 3 ?ap s
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361.-N-7873A MIL.s-7873A

17 Nor3et2 1M7

s. If any structural fallare, such as broken segnessets, locklag supersest.g
MIL.5-7573inserts falling out, or cracks occurring in the puts during the test, provided fall- M February 1M2

are is not the result of failure of the belt.

b. !! any nut conses conspletely off the bolt or can be turned cons-
MILITAP7 SPI :FICAff05

pletely on or off the bolt with the !!gere during or after counplettoe of 30.000
cycles. g y, 3g;7 ,ggeg.53, 1,200* r

c. If relattee rotation between any nut and bolt exceeds 360 This s;eeiflestton ie nesdatory for use by all Departments
and Age-:tes of the Departnest of Defense.

degrees.

Page 16: Insert paragraph:
1. SCCFE

6.3.2 For qualtftcation, vibration requirements as specified in g,g 3, ,,,,,, ,,gg,. :orers self-locking nuts ont self-12: king plate nuts.

MII,-N-7873A without amendment 1, can be used until 31 December 1972. for use *.ere tempersnres wt:1 not exceed 1,2 3' F.

2. APPLICA31.E D07. W T5

e folles cute, of the in., ta enee an date of inettation fora2.1
CUSTODIANS: Preparing Aettetty: - bits or repest for ;raposal, form a part of this spectri:stion to the extent spett-

Amy - AV Navy-AS fies hereis*
3
e Navy - A5

SPP*!T!CATDOj Air Force - 11 Project No. 5310-0665

Fef m 1
Reviewer Actiettlee: |

Army - AV 03G W.636 Urei:hes Boz anS %,s Dio (52,atfustaEel j

G33-U-661 wret:h, seemets. (m-! sockets, Masales, and -

Navy - A3 |Attach = eats for $cesst wrone?.es; P.sM)
Air Force - 82 ???.3-665 3oses, Pm;erboar$. Me n1 stayet !!nelating |

5 sy Pa.erial)

Ptit ary

=:;-M-3932 !!ar* ware !?nsteners et Relatet tems) Fackaging

c * Paeking for ! .;=ent and 5 srage of
w:;.t 6Mf !=s;e:tios, ?enetre- wethod of
* ;.S. 97 Scres hreais. Co.,tr:;Ied Radias hot 4t' :n=r eue *

e m a sowsa=we=r eenstaus aract wre -ane's eas: t. ?r Zarater; .e arel Spec!"i a' ten for
";;-!-172'.- Int :stor, ?tr-eati..ty Im Pea :30-50 3s)

IFS: U L 3/

Pase 3
of 3 Pages

. . . . . _
. . . .

_ .

. .

. - . . . . . . . .

--



>

e
l

s b 0.
d e m e 1m ). e l e e n 4e

ai2 t b i - sg h o 2g
t u ata , l f. in c a
a q6 coce p l xioh n dseg e f 3Sc-4 de 1 nit p o d at i eeh n l

3 re : l u a sgn ancn o sdti o dM 4o n h
o e

ne e r ui k h a r- ni t7 e e bspn ne hr.i8 nes aip e ,i p e vw: h i. p t

7- r( f ae h eke t h0 i sooo t tt - gd s
,p h h t pcd r c1 c l aiie - e sdrnlr 7 ecet yo o o n0

k8e e) rih n tlt tti. 5 e se b h tt rf p
ap o swah ei a

t dsn ahtf o - o a 0 2 rh h - ee ti
I reo w o een lc2 1 clt t f:.rf s: y3ilai/n

-t
M oli ) t n

pt 4. l n n . w pDn md1i 1
e o e l

.haf v at l; i
C'n hrcc eeod o r r wh o i d ua as r

oae 6evie h o a oint e s r, 0 rne i o7es t et s s t .h n ai c r t d o r xs t
h w x 7et n tr 2, c r at es au ec l aa c

enn e ec t 4c e at e 3nu=e ua 1co a
eoi schie a rid bt e 4. ann nd a e m d f
ri (it rb h 1vn orc i e r f th e s

lt ea o 3 meg ea on t - -

t
ttd t b t 1 ea .

l gf r -,yDa
i

nae oinan 1d n t t in s
t nIf o a to ahrr 4 as s n ue aecc

cin ue a t vgni h cau l - n - l dtfi it s
fe rt .rh eret snls l Ma . e Pe aeo noc n rtmc i a l et d neir s nihl e euFf r pk ea e sg h onne b raee ae

taf ha , e cv c3en s tior .a hl ci .

m*.
ae t * le f eoog a0oi i o : t pa; ecnpr 40at n hlmn f 0. t
t

h s =ttf * ; f ;s s
i hr0iu o t - i r s: t rese - .

. er- ;t.

c fek ;0 . e st:b e ;
2 v. s a ~- s.4s c i 2, r t flt : r re n

a
it ei rt r ;drt
h s1t t l oeao nor i- afs a * e l e. ;

e 1, a
.

wi ns l srt 4ifw e ofi- r l 'b rt rt e
f

. -
i

. stab a e a rh h cecr i e .so t a

. mea u h bepr ithe t deu l h ernli a ha e .i . or rs s h eo riche - - r - na ltsf awnt f .
l pt a t t D2stc ,
lrs n b eap

p e l e i o4 ao 2 e n e ti sn 2sa^. fnold-

oiue t agfe bs h h s/ l t =lxsd ti
ce ltt cs u h noc d5t sn sti2 o i t;e ; u

.i.eah asaii n si a ea0i so eh h w a a .e ndr dsf n e 0. w ei sct1 e r esw e h Ls t i.rtoro g t unrr r nt d a t e r shi ei tis
wgf e n ul au h0c hc alof l c t t nn

miah Sf zf
rpt i nces i se ept o e nrno t ios. : f i i - o
e u k nm .tdr 2 s rs t a eei n : e

hwy u t aa c ei 4 e n t. o .id-
-e : f hr e

.

s e

- t . * e r
yr rar rn - tr - a n . s: ; -

:
* an de o sS ,b t ee=-tra end sr l i s s e: t e i
d na eo - t r a ,c e r.;e sij -v e

R b .Me r ri, f .iea rfhn. cd o hi c e. i to* r a vsdo l nt e r oco aegaf - s r t e. -ncg fi r t; p I
.

_on nlil e n uab 2

r - a.- . . t -sf ; - .

- rian .iuca S o r v ri n

n a. 0 t u e. 2 : a n 't fs : - a
n o t nei it ee =3a ; - f e a ro =

r. : - .

rUsi s sa;r
e e r e -

a e;i :
t

;t l irse
. c/1le ep a cse e t e n; s s e t

: t

.a a sg t u e i lr a itt t r : s b n s s- .c i ergn s r ct n r ari r rena a t oo a ioa ns r vun a ni s .i l t s
a. f e ti i s r snn ene l t tfd n a e ee dth nd P a a soe i n r re D s ot .i t t nwd s n a
a c a aiae e o alr hp t

1. d do w l e td x a t ;
aD ne Me ri D C ,l u cce 4rt s P rntl 4 - S tc

r n r s n 5 5. k : g .
3. t1. t 2.i x ee ri oie t pap hodf as 1. i s o tt l idh s ni- w ahs t i . 5ese 5 peh ot e 7. s . 9 r3.b t r edc 4. d 5 n 6. i a2. t e s

n s1s e coat ei :3ri 3 cap 3a 3iep 3eid 3t 3 o l g r. 3: 3s: eo 3e 3s
eh leds d ac hsel l - e - oibi l2 s
ht ljn n ti n t p n f- t g rl * eat abae a nvo rp e el oe i rpy: t5

(b ssst s cdu oft w t s" 0 a ci=j n4
-rtoy h uth t oe; foa h h eg; l opae oo e

t

mo a
yr tl e
bf c s n t.

ee r e eess
dd pu a v beai
ee ss d i bhl e
rn s n t l ,h

a ) o lshs ltii si i t s m a a ct aua i

dn qt h ey S n o hhie if
h roao eb thl e o t s hwh eei ro t p s n t u

rt f p e a t A nc o t n
hc ee o ,a c c e e oi4r ao
Te nb d i i e k f ih9P mi

p o tel r r t a o t we ,taem i1) rtl a e f B a ,d ecsa l t1 . aaa v m 1 y cd e
rl e F aur peh A e h t inni gi

a n) coe t s , ) e g e faif if

Co on 0 l st nl s h6 S H c .
i ei sior nt * ihe as s e. p i i)

c d rl el

,f sa 0 b f mia e t1 o7 erea d a
rr 2 uef r s n 0 l - S1 pahu u

0 a 0 sd Q tqa1ds et 1 pno oeo h
t e e0 nd ceee Pe o f sp g

el n , dt g io u r r k h1 eaee ur
* i t ttil dnb ne d nt n ewr o f .
t r . h sfb oea oP e aei t rp R Y

rT i e nt ne d a t eY t ia rr
e td R ,uc ehr e e . M S c ecc pi

td cn sf a mt o c n5 r . rl ei u
sn ea n g r uof a i l l f5 e b pl nq
ia p a ntt c f a , a e d asp ie

n oet r tk e k d , nc p rl se g i

-o dss u br t e ek uisa el s nl a w

- ft R d . e nnq
(

oo t t er lt glc ee Si e. Ic s a
gl u Y u S t o dpse nlF i e r e a sY e p eh ai

sor h iUe e bw n , t h att h w

Mt
,

t w r r e o g b v e ce a , ,e u. y t n n no u y5 r n oe sVac o yomP e ss
t a e i sn n. ruo n di o x m, A t e rti nie i r ,b%c 7. b titt h a oi e) t a b , u tg At

a rat c d cd feo Ty ne
(

l e fhan a
Mgt ee a nie rd a oe s P yu t ci c

ntt n M ert eei n el i r r an oiit .i
a c tt e r me t wfs . r,i A f g tt c hhb t ad aS e e v u ii e bwl ia , ece

epylM t er dr t fn c n v eA aell g u

ca t
l ,pi eo a ra ih t l n ca n lr m b a. ( t u lt a i on enur ao ssd .tff e S bo h S i o h a qo h rSS @ B n

ohs s 1 n o uh T tt Td f c o
it a n : o s p ag re
t i o ei s t e cn ohd s ,

awr i pt A es v 1i cte a n
c o t sa va t 1 s .c v t o
i n n t s 2 oE t be n adw s i

roy e ti d 6 b o uL o as e s
e tit t sv r 9 a0 n p i a sp d i

J
5 o r cti i en a 1 1 o 5 t 1 sp f

-0 h h ecv b - i d e t E8 n aa t
1 l t6 pei u s n - h ., u AL e sp c ,

t i r u s

wl- - k snt s ef a t A S f 4. o d s .
fn f f .,1 c3 D 30 nc o t

t h - e e .

y 7 * 30 foa r e S can r n
33, nt 5 oI s 3 oc$_ r S 02 oc e e

t 51 L 2M san * a a 8 s . y k eI r
a i o Pdm 3 1 n r0 - 0S g Ser u no r

t 31 I s eti 0oC e es t 2 e . Q=tt aA W e 1. ht ,

A 1.nd:
A t s e Gi AM M M t r t t
1 ;; M : : r

- )
? T ;s

t ps2 s r es ;l
e- i . a .2. :s: e A : - AS 1 w arc

3d nl 3in
0 ;p t :

*: a e : e* *
!. t

e; -
- 5 r 2i- A t f ! e P

e se ra
p sa o t .j. ed

L ps :! s a 3be t e
. : e srh; t! see;

3 a sb p 2fe Aw

p e '"'@

,' 2



I.
I

e

WI
lo ebn la e 5

bt - d s
h a e ot at n-f. i la a i i f

n
.

Widwi
t3g we wah c ot kll d e e n3? a.a e si p- e m efes e5 )rnm g50 5 5. $, n, 0, 000 r4 biu ,

369g8 L20
*0

Mfcte
iih b so L de g12 0 f

'I n(s ie u l nr 1 23579 r cr ,l ln uM e eeFa ai oac ah p
e i gt p v h p

Wel0u
se* sd -r nr5 e u0e e hu ia1 b ei ct Mt u a 2, rq tf ns l l v ui i 05000O0r l ea 1o r:: ( 3L606L5e a e t e 1123Srp h at ep em )) s evae t s ue .l ar h a q

t ea e . rgogt lo rbv t rt n pn ot 4. o s2 e o i e Tn m e t ekc rd t

h
e ae t3 hai oe ui f r ytb w ft ob ( e5 a t sm r a wdr ee ea eo vL aeed ot a2 r

h r. t

h
eet et gn oha
exA : ae o

.*s:fe -c ro 058 00000 00O00 tte oi 111 36805 00C00 i Tre s
v 'wr tt 11 23L68 gw

a n o t . eb
t

alt l i e l oet u, .a z k c ' r r s. o7 Tza : n - - r ! *-

h
e i- 4a lt e

**-
a xe ;d e Eial

ari g:t ar r l Lr Mi o res rb 3o ( c o pi o A
,. d -o =s T a. 7t :

- -_
a * e. te4
:

f * : n e r.

t- srmr .*i n ei - 1 i vk o t oo td e oc t t

6
et oe u en u e rh o t d d

I z n 4 - s n
e

. -:
e

- hki a 'o
rt e e !ae. 5'-

~- . . .L191

t1: ? ;.: : 7. T :?gT r. 5 {qc c.
. - : 5I e

tRTLIR. C.
: ct - s1M o M o e. eI n :

o a ooo
2 . Tu NNNV///I i n

w l 's qIe 222 84L00 986L2 t o 537
ldemerI aI 333 22222 11111

l 680 L6b62 68L8b 2. dt - - - - - - - - - -I

2. th
a t oI 3. va!

,o 1 /1 1/ 1/// 9.1
t& c 9. r n e e9. h

i!

T m 1/3/1 /537
3 .o e4l5 7 9 3 2 h rb 3tl - wiaa ,7 kt n

i ,eI: ax I on h,3Ilia t
|i

,

.

_
-
e

_ F ep
- * s

D e
C h re

r 2) st
ai .ud1 . O 000)0 O0000 twtt a n L 13382 L0000 r kpot & 9 7,7,1,5,5, ) 0,6,9 0, oe6ulae ,

t r w-r 12L57 9 2732 ees. 1123 hfslre crG r
eiub neG u
esoI et3 o
rnh( rn ht e wid -
St% n 6

eya e,
ha r a

F
i| t t6 e t3r3 t o ,udt6 fe na- a t o 000 00000 00000*t 0 a h W- .

p 236 56500 30000n 0 tt h
c 5, 1362,6, 3,0,0,0,0,

m h2, s G pe
h nG = n 11 2L681e t1 e 1r 4 e) toc e r g.

i rtr . ii t
Wu eaun wt o

i
aatq r oi 000 00000 000o0 lm c

0 0 0 N,1,0 l rd oe t g h e: 59L 30000
r sn 82,8, L,5,6,6,8, 1,65, aor ri6 . hfih lk e 11 35815 05719 se= tF
t aarb 11 22356 dr ag ibo1 e on x f( ttf e0e Ar unn u0
r e neo q 2,t t nc r
s f na o1a o h t

h
st c t
mon ha
epe c
e r ne

h Hyw ek

W t . n ra e
4p) a Wb s L6862 68L81rm. t i 0 V/3/11/1/ 1///

R32L800O0 .te S 6810 0 000I0e u n. 1,6,63 895E1 /537r e e uk .. 5 7 9L, 5,3 4 L 1, 8,1,c, L,1, u oc I . . .I t msm. a ho I oooo 112 LT151 6L082 r t s NNNE loe 112 23569 o i 2K arb t w KA i I r I

T st( hIo A
Aa s TcI

*. n x
e eo

5. W b
rlb

2 aas ti.
1. n oA e f

3 i
7 m 222 8kL30 888 12

- 3teD8 333 22222 111 5 9. i e*
5b b1-- - - - 3 o7 d - - 6b62- a 630 - ;

e 1 /1/;/ ;///

N. r 1/3/1 /53- se"-

I h 5 7 9 ihITC lt' L
3

->sb*



_

l a e _

.

.

y - d y - l d t e haa _n e e b r a eol t m Tl c -a r i n
,d

o hd itu r a biei f o h se f s sl a s at _mru 1 geeot i i se ap n.t s _

4 yraq 9 atht u ef t m r e 'r i n h ee tiI pi 7 _
_3 ro e s xis a ti rr b ers o c hh c I er
_7 ofsr a eoid c eol

i me re i a tt ueVce
nuntaeu t 'r

_8 t rr l hbnef cf a t e db ct _7 aeod c rdo p : fn o eA c _

- r pi e 3lur gs aot ecmr e s oi rll a -o tb e 7lfar n ccea u p e .4 pl b d rboci b A we is h asfft s r edf aara -
! at er f ert ka sy uoc n f reo fhtih1 l pc l o . bot c il .t n a i at e os wcM tss l fe o , ni= ianf s ar nolh ne a tdl l l n rr _

ft*
,mou e : hee nsilf

_a gi r h seld - o uo in g d crh oe l oii p s
: rh l.

rane fi det a. r - itt iido
imah lt crehi c a a h tt efsr co s nss t ea lait t s g : r wtt aafeai s

eeat t ee d sc lf mt oer -:
t sea

ar

%ict
r a ednen i as i s ph i o -mh

rrihlr
emt r i ri ff hiaae=Tw f a th p c

nirudsei oi st tb o a n uo t ecsro f c asai c r o d n,r npr4eef o a eqe ne rsarr .d c e so - osorrvhn ) h nhet op e c ,s t ds rs,fi _
:erwo n 4 so ra is rt ,sssse y c eer d

he c o ) id n t uceieeev t e h ce oied-tsn i 3. (4
st esg cs t ud dcro i l sod fd eooeos t eaiai ei cd ut ndb l e i rr ,i p

rie c 4 l cf s ph aolryara ay t c e ( piide st f rcol ra u .
s npo sdIl s _

i en pe
ntai p n mfced n upnpeeh e Q2 e fer nal prancv s o aiei if n ietl h b mo i eareir n i Sl pf , o as reott A. fa e ,v ormfe i t asin n m 'r n s plt s l osn seec
onis c u t o os in .L l u aslbrc e e - qsni it eeai=dro n a ter re eseed h np t et t s hr- h o- e o n h sh i e p1 tnevpn T os s nsd a ae Tnstcatd i i s it s l *iosa i n - eeic . i etnhs=d e s eae tct s. y o prisutC ti

.

o it i) - =atr oi es
.

c t h ef3 fd areca u e e t obu eta p :eleho ee n t wrbi i n .f o:ioel - i u c n Sihti s pc o e o l6 l a t upWhihc sf n di spadcT l t sn i
r
2 nfla a r ne wstn e i let sir-n sa .i g n o l ue us o ar . ged e l aaoim t n it c e lt n . e n r i.- t pyaqe qn r cf e cie.

t r e s urh s o e t n rmne e p p - cc A a ttntha no r n asr( ei r esiiiab t s si f ,i a
wnt f of s i es o ht reewd a a re n r5 rtoore o i n n sssfy T - t,'

tt erldn ara , s S tb r a 0c-smfuor t o i a iee t
i

t ah aih o e .
lf s npn ac n scl ei

-
e tehdlea m t oaa t :1 es

i r s o c n i e pl v .a s 4O o
n=h et s i i y o l nnnbi hTdd l s f t w A ra s rTi)vea t ft i e c ait d t eeap 9 .e e n iS*. seos a ii t m ass sc o e e it rpe o e 1l td i.

r % e.*G
'.sG o - ll a a el na i i g .f at at c - e ee 'm ast i aa c s e .o t e f nnid y iuen

t c: hn=L N
:w- - t-

'ef i rr pt c i

x. o :hh fgs -r odrsa + y t
th oy i ieai- ift r(
ttir s 1 1. f - ee' - t ; :ih i o e

C sc bpam 'a k
:u t a s 1 arrt s n e nasyet : ; r ttdsocs a )) s 3. tscu n t f dp ii lyt es l ab u t ym I a is sl e s i nhi 1 2. f waea pe C (( Q omesc 4mdct tftd p c ad v

nair 2. f . 3 risey r s 1 e 1. d eeep
1 n

l ne afvf o5 oceib ,o n
A. c A. s L. m a L.e n n

accL

it ed .

2 3 e uirbi n pet n df3. t 6 3. e p oea t ,nt r at e , raa7& 4 asaco Ls Lrsepa:r L Ls Lir Ahd -;ih - : e l a e t -
:l ph es l wmat ir

petmt pe t se t st ede: l ,n oelpc en reea nd si : ol = a t =n dceaucfeo rchh s on ehft re2 h o aa nc:
eaodm ostti cu - toapsn s l s= aaab

e en b nlha e p e t olt
h ht u
t t o n 8 n 2 c ec ca

2 n be ,

d nkg /d 0 0 a f efd
s n d ai 7n d flf hoeenrr a 0 0 r ola t ie ees a o a efe t
l s cabo c ePt nci

h xh f 0 9 e psh inc
t t ese 6 1 1 s y g ae
o i nf / dmsp0 0 ttin w tsio 3 n cm e

okl d 0 0 i eu io
e l ncl n n hdh ffe
b l oao a d toc irs

nCssrti e ri cei. a , 9 7 i h ph e pwn4 h
s a yu s 8 0 1 f t w p r

a5 s h rl n / 0 0 i ie see
h d s s .cc u 5 t whs hh

n o 0 0 n Tt etts4 n 005 t 6. n i ss e t c s ou 802 u e
n.fe iren o 11 n t 5. a ,t d

ee u 8 6 i e woeti P m4lh sn 6 0 1 tde rfsn e
ad t ct p 1 0 0 e sed e

b ii hete a en ad /
ei t l hiat le 9 0 0 sfr tl p

n nie obetf u p t u h
ai o dso ns och ic

. t c d neah oi a cet esx
_ pe i n ii t n 7 4 h po snE

h Pa

a fdi si 2 0 1 s es oep s
siew hf / 0 0 b d lpes t n ecn t 1 e tn no .

nfia Uents e ieiy pf 0 0 t
a g t pf r eo u ri

r . a . isea d N a , e
_ od T s5 u dd s hde .or

fe e ns n fn 6 6 2 sak n t e
t Z h5 iaou oo 1 0 1

.
er o h

t t o i / 0 0 pra i r. ssee K g6 nd b os 7_ t ihm t ed
ut A n oek t u 0 0 c htl e ie
l T in ct cn Ll u s o e li
an ki ssai zc d nfo S o pf

N s pive r c iera i n o aot
C n uc.

h e e od Dt cr !.i 6 1 r s
tw n v l e g 8 0 1 n e s , I i set

. rss S pu i o i nA / 0 0
f e oak I r esoT e ff e r . 3

I 0 0 o r Wl c F o hd li .n .o T a ca O f t sne d 0n ec s w
el a 81a Se e nn n d r R
ub e p i1oi E o n

.

ec P v ,a
h t rePa r .4 s tVi a L d i a

3n r 5 0 t t n t , 1 ett h oo/ i t r ! a e 0 1 a s i e 1 eneag AT EN1 .s
m 8ic T d 0 0 c h dm 1 rea n a i e s na

3

b cm.t o i soe 6n A
t i t t alh 1u 0 0 f l r as R i e
u d t s n t t / i b a ,o U s er

S n eio e s e o y 5 t a m
.,

t - t c nn s n c k m ,. S e nu
s b s ia'g e sey A m nquri n i u d o int e ee. u V o D nno I p Wnii f o rra

A p- i wir e d l d e p ifl T R u

,nb n pns t o h n ns a ns r a f i
3' e a 2ndt . i at n- atsL 3

11.t r e O 4 c

a o

l. w. n. b 1. a etgt t nnr= rpe o a i te

u
_ 8 1. o trio r e s uae uew 1 e om A

a nr h
- '

3i 3ot nn ta o f fr 3t 3:f:-
5 3, v n.iie an ge ;

,
s= e at ee at e h cev cp

* o e p- se rf zad e zadr t oer as
a al aa i rre . rnl h eeal ho

_

ielp r. h
.

w n t dppe T l s Hpmb w pfs A ti 6
.

-

.

-

ye**ON



_ ._. .

F**.4 -7573h.

mjor AA 0.0 percent

mjor 4 0.& percent

Kla.73734
Major 8 1.5 percent

,

4.4.1.& Sam _ une elan C. - For the locking tort:e, torvrae out, and pn' Major C 2.5 percent
not tests, emap11rg shall be in accordance witJa the attribute plan shown in
table 7111. h neceptance or rejection ntabore shall apply to all the testa

A.A.1.2.1 Classifiretion of defects.- The classification of defects for the locking torque, tortpae out, and push out tests taken separately, i.e.
fo:. self loctir4 raats shall to as follows: a nut shall be classified defective if it faite to meet ary reg 2irements of

any one of these tests.

*a*ar 4A Flym1 inspection of package um*ing
L.&.2 h - Quality conformance inspection of self-la; king nute shall

.

consist of:g Timaal presence of locking configuration
103 Smari.ng marface equarenese (a) Examination of product (4.5.1)(b) 4xial otrongth roce te=;=rature (4.5.2.1)g 101 Thrend fit (c) peiring torque (except after beke) (4.5.3.2)(1) .t scontimities (4.5.6)wg ICE Surfaes platire
201 Imose or hangir4 burrs

3 205 All dimensional charseteristics wk.ich are not in ad11 tion, self-loeking nuto e"all pass any of the ether tests specified in
a cove-ed above this specificatim which are consideret recessary to deter zire conforcance with
> this s ecificatter.
O W 2 TII. Sasqnling plan 4 - Normal inspection (single samplies)W &.4.3 Pet ^-m d irstnetten hts. - Se parag-a;h titled "Rosab=1ttede

Inspection level I . TICS **J-105 1*ts er bated s ' of Mll SD-105 s'a1.1 apply, except t'at a rer.b=itted inspec-
tion Irt s5all be irspeted by the ce-tra:ter, usir4 tighte ed inspection.;ot eies O.4 Peree,t a61. 1.5 Percent 42_ 2. 5 Perw* A2 Pefere as insre:ti:S lot is reysb=1ttet. .^2!1 parti:21a s con:erning the causeTiemple Secple Sample

sine se se etse ne Re aime Ae Em -f pre.hs ref= *ien and the a-tion taaen te correct .-e defe:ts found in the
insre:ti-n let s all be furnis9+d by tre :o-tractor 12 ine p- nring a:tivity.

, lso 35 0 1 10 0 1 7 0 1 4.5 In c. -i - methM ,. .
13;.300 35 0 1 10 0 1 25 1 2
Jc.500 35 0 1 35 1 2 25 1 2 4. 3.1 gu a- t en e r ere t -.. . n, r. ts shall te exa= ires for conformancean.a00 35 0 1 35 1 2 15 2 3

.

tm.is ,recittrat; , with res ne. . -
to material, work =a s-ip, ti=ensions, designst;.1.300 35 0 1 50 2 3 50 3 & wt er,.ruette . et finis %1,3C-3,200 113 1 2 75 3 & 75 & 5

3,2N and up 150 2 3 150 5 6 150 8 9 4.5.1.1 E - riette. - Se irsi: ster -casing to :eter re the eccentricitys

-f the :*aring s.rf t:e witn respe:t te tre tarte1 he'.e p .all be =earare1 Ah theA.&.1 3 Samm11na nian 5.- For the asial strer4th test, enspies shall2

e2ter ;,-ten,.y , wa s--r f a , ef - , r;-
<

j s. .,;eeted t. .ecora . .sta tabl. T:rz,

l.. d .2 F:-4 ~ ree-ass. - Se P;-f a:e roug* ese shall be measured inTAT.I VIII. Sampling plan B a -' cr:t- + wi * - - . atter G .:.t '. ' t<.
| M sine | Semante eine | Acceptance esmber

4..
-

w. c 3 - ,t r,,, -. ..,--.2.. . m ;;3, for itese tests
s a!! :+ ard-- -: a: shall te t rea:*t ir a :::rdance wit 7 "l*.-S-M'9, class 34.~=ter 10,000 5 0 .-e- -: -i tre - . . .. tess , . t , .- :;, : : , b, art.

7.e1+ 1-: e,r.. r a . .y, dia .. ,4 ria.e shall have a free13.XO to 50.000 10 0 ft: r ; ,, .,. r 3r tre delt. The53,301 to 100,000 15 0 -i.kr.., .f t w r , ctng p;33, s gn y , 7 ,.,, sna , 3:,-. er of the bolt:hre- 130,000 27 1 . wi t r . t -e
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6.3 Qualtfteattaa.. with respect to proeucts requirtag qualifteattoo, everde
will te saae only for such products as beve. prior to the star set for opeates of bide,
tees tes*e4 and approved for tactuatom is the appliemble Quattried Producto List,
wie-ter 3r not such products have actually been so listed by that date. The attestion
of the sepp 11ere to enlled to this requirement, and emeufacturers are urged to arrange
to have the products that they propose to offer to the Federal Gewernment tested for
t alift:stice in order that they any be eligible to be muerted contracts or ordere
for the ; M aete covered by this speelftention. The activity reopensible fbr the
02alifteS Products List to the 3 eval Air Systene P-d. De-W of the povy,
Washi:4 23. D. C. 20 60 (attention: AID-$30323)g however Saformattom pertaining to
t; alt!!:stiam of products may be obtained frcus the saval Air Develogeant Center,
Aers Me-Male Departoont (!mEM), Jahner111e, '=armimeter, Peresylvania 1994, i

|

6.3 1 chalifteattaa teste etli be authartsee amar upon presentattom of certified
test re;orte inetenting that the oute have not or will meet the requiressete of thte
a;e:t*!:sttom (see b.3.3).

6.4 Deffettfoe.- Is this specificattom the word " auto", unless qualitted by
hetagse or plate, refers to both bezegem au*e ame plate oute. When only hennyn sute
or only plate aute are latenste it will be so laticated la the specificatf en.

.
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nib 5-TSTkA

3.3.3.2 Need struct are and arats flow.- A section of the head shall show no
fe.rt=estal detects and saall snow grata-flow lines substantially as shown om figure MIL-3-787bA

"he grata-flow lines may be slightly broken by the finish machiains or grinding..

T13;E It!. Te:stle and steer strength
3.k Surface roushness.- The surface roughness of the bolt shall not exceed

the vaines specified la teole I. The surface roughness shall be measured in accord- Tensile reentna sire,ath (no.-do minime) Dounie sheerms:e with publication ASA BL6.1 - 1962. Bolt site Room e perature j 23 hour e:ress rupture strength
I et IP T F (nounds nintmus)TA3:2 I. Surface roughness la 3, :) 1,;;) 6,ygo

1/k 5,W 2,1:0 8,303
Ares #*"#*" * "'I8 * #**I"8 3/16 0 UO 3 **D 13.000(rhr) feastaus) 3/3 13,'3 :1 5,';3 18,800sanna and undernise of need 63 '/16 18,20 7,n3 ::5,b00Need to shank fillet 32 1/2 2h ,2 M 9 ;J 33,LJOSides of thread and root area 32 9/16 30,D3 12.3D k?,203Cther surfaces 125 5/S 35,;;3 15,i:3 52,200

3/% 55,? D 22,*n 75,100
3.3 Strela%tness.- The straightness of the bolt shall be within the values 7/8 75, M 31,2 3 tc2 MOspecified in table 11 when the bolt is rolled on a surface plate and the point of 1 9*.. 3 b2, :J 133,$M

greatest deviation is n*esured with a feeler sage. 1-1/8 120 D 52 !M 167,c03
1-1/k 157 3 66.R0 2 1 603

TAS12 II. Shank straightness
3.7.2.2 !a-, snd s s s.- Botts :ny possess laps ans sesas, ex:ept in locations

D-nsiton of bolt snant fro-: plate spe:ified in 3. i.3.' ,e;; of dises:-inuities, when meesures norral to the surfe:e381% *18' (maml (inch pe- inch of bolt length) at :te point cf greatest ;+7etration, sis 11 not exceed 0.005 inch for %3. 10 nrnghy to 0.M.0 3'f-ir:h dia=e er, 0.00* f:r T/16 a::1 :.009 for 1/2 through 1-1/k.a 1/k,5/16 .0030
$ 3/8,T/16 .0025 3.7.2.3 S r-ad dis: -:Inuittes ! sos. sen s and surfmee irreaalarities). breadto 1/2 and larger 0020 shs3 have no =2 upt- er smgie la;s a the r::t or on ne sides, f pre 3, ex:ept

ten; ;aps are ;e :issible at the cres: which 42 :st excee! 25 pereert of the basi:
3.6 rechanteel pre ==rties., threst depth an* sn the sides outside -he pitch liaseter. Slight deviation frc= the

thren* contour is permissi:le at the : rest of the thread.
3.6.1 Tens!!, end r,eture stree.- The tessile and rupture strength of the

toits shall be as specified in taale ;;I. J.3 fn* n .- The :t used f:r the tensile and stress rupture tests shall
conf:r: to MIL-N -dT), ex:ept that i: stall be test treetet ta deveir; the full

3.6.2 Shear streech.- The alt!:ste double shear strength of the bolts shall strersth of the hit and sve thresis " t accorf ar.re with M!b3-6$79..

:e as specified in table ,II.

3.9 Idem :ficatio- :f eroduct.- 3 sits s C be identified in a::orda=:e with
3.6.3 Nordness - Earda-ss shall be Rockwell C27 to C37. the applicable ravings..

3.7 Metallurgteal reoperties.- 3.10 Worem-shin.- .:rkmanshi; s:stl be it. accords = e with the design reptre-
ce s specif:e- nerein.

3.7.1 Cerburization.- The bolt snall show no decarburitation,carburi:stian
r re:srburisetton on the bearing surfe:e of the hest, head-to-shenk fille *, shank L. GALITY ;JIJATE T: 3IO1:s
:r t r-ts.

.1 Pee- m 9ility f-- insraed : .- Uc;ess oth*rvise speelfie! in the C3Mract
3.7.2 Discontinulties.- 31sconti::ities shall not exeeci the following or .r:tsse er.er, th- s.;;.:er is res;: sible f:r the perfor mace of all tes;e:* On

;;=:.g.ga ,, re;.; e-ants as s;ecifie: erain. Ex:e;; as o- erw;se s;e:ifiel, the sspplier =sy
uti; :, his o.- in:itit ter 2r any ciner :o:mer:is; laborat=ry exceptable to the

5.7.2.1 Cracks.- here shall be es cracks in any locetton. A creek is definet Oos'er e-t. Se e tern-* reserves * e righ- - perfo.s ar.y of the inspections set
es a :'.eam crystalline b-eas passing th-sugh the grain or grain bo:-fs y without in;;. fe-- . in the s;erificat'in ."-re su:h . spec *i:-s sie deevi =* esss y :s sssura
sto: :! foretss er=ments. s ;;.Ws and s er* * =s r. m to pres N ed ra p e ents.

'
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M W B-737kA
M W B-797kA

k.k.3 Sempit g.- T'e semple bolt shall be se;*eted far esaminettom of productL.;.1 All taspection re ords of estataat1Cns and testo shall be certifles in accordance wit: * W ST7-175, 1: spec ion level !!, necey m.:9 quality level as
a:1 sys;l be supplied for ee:S prot etian 1st or portion thereof. The records and follows:-

repor s shall be submitted to the purchaser with the shipper's list and not la emeh
i=21eit.a1 pachese (see 6.2). Major defects 2.5 percent

Minor A defects k.0 percentL.2 Claestricetion of test s.- The inepection anS testing of 1200* T bolts
s'all te :Laselftet as faticr.s: For the tessile a=$ macro-et:h tests a esmple of tva bolts from each lot shall be

selected to deter-ine confrnance with k.5.2 and .5.5. D e acceptance n aber shall(a) Giaalificatise tests (k.3) de zero.
(b) Qaality contarmance testn (k.hI

k.a.3.1 Ctessif teatt- of defe:ts.- Defens snail be classif ted as snown inL.3 &2altfiestion test s.- tsble TV.

b.3.1 Semelina intructices.- Qualificettom test semples shall consist of 30 !ang 17 --essificatiss of defe:tsrs;to far each size and type for wsich r.alification is desired. The grip length of
.:e bolts sna11 be appromasetely 2-1/2 inches. "he self-locking auts la secordance
eith 3.5 small be furnishet with es:h set of palification test sample bolts. A41. percett
!a-ples stall be itestiftet as repired oss forwarfet to the mettetty responsible for defeette , cIs s sif teet t 3, Oix,,stonal e$sracterist;es
pe;1ri:stism designated la the letter of authsrization from that actietty (see 6.31.

" dor.3.2 Tes*s.- "he paltit: sties tests of botte shall consist of all the tests
af TMs s;ectiscation as spe:ti:et :: der test =ethods (k.5). 2.5 101 "': rest size ami fora

y U2 5 s z tiemeter
e k.3.2.1 Certsited test reco ..- Each set of p alificattaa test semples shall :03 :::;;,te thrests and threst runoutte a:c: ;asiet ey a certtiset tes report s'.owing that the manufacturer *a produ::*-*

i 10k 3ri; 13ngth[ 23-fs= s 13 the applicable stariarfs an$ this specification. Test reports shall be 735 fat'.ws under h?si;re;are: is accordance with ML-ST a31. Ehen the report is outmitted it shall be 06 S .areness betv-en heat s=2 shan'sta::::pa. tet by a dated drawing vst:n completely describes the manufacturer's p-oduct 107 Strs!ptness af shank
i

ty n;enfytag all dimensions ass tolerances, material composition, coettas or plating. 108 Surfa:e roug%essa 2 test treatment. The as:rafe: urer's part nu=ter for each stre and length small be ;10 Waster face sis:eter*:ti Jet :s the drawieg. Failure of the camufs:turer to furnish a settsfactory certi- -11 Titetsian seress flatsfiet test report with the pa;ificattaa se=ples shall be sufficient cause'for rejectie: ;12 3::s::=ptma:e disconti::uities
of the t.a ifteetian re pest (see 6.2).

-

+ se A
L.- ;.a: tty car.forzance tests.- "he polity conformance testing shall consist

.

Of the *s;;sdra tests, as s;e:Lfiet under test =ethods (k.5). In addition, bolts k.0 D1 0 e:s;; length
sta;* te s.bjected to any of the other tests s;e:1fied hereta which the inspector n2 P.est teight:s siters :eressary ,to deterrire ==-faren=:e to this specification. M3 : =en fication

D'. Creafe on threst end'al Emetimattom of profu:: (k.5.1) D5 ~. *. fer on h*st.bl Tensile streng.h (L.5.2i M h s s 3 too; : stas
(e) items structure (k.5.5)

6. ; 7ests.- The bolt =esurecturer shall be responsible for seccumplisht=g k.5 st e-t--ts.-
the pah*y conformence tests specifies herein.

h,5.1 Exam es an of -- *uct.. Se bolts s sr. >+ er s:ited for co-foreanceL. 2 M . *h- lot definition, fer stion, and size shall be in e corts e with the reptre-a s af t I 8-* :fns .: witr. T'r; * * to s * rial, les.F. Writ:*n-*1'3 "~1-S"~J-115.
s-ip, e-1 fi-:-esirt s.

7 *

__ _ _ _ _ . . . .



MIL B-767kA C^^*

b.5.2 tensile strensth.- senple bolts shall be tested la tension between the
bend of the bolt and a nut conforming to 3.8. The bearing face of the nut shall be .___,,,_3 t * * N" t "9 *''"'I-

located a atalma of two and a marisme of three pitches freet the bolt thread termina- \ 1. s-n :e .
ea ,9 ..as.a g3

-

-e..- - - -

tion. Bolts with a gttp length of less than twice the shank diameter need not be i ei \
te st et. e '' ]|c* yl

,- w Q .Q ,f.g
*

b.5.3 thear strens*h.- The douole sheer strength test shall be performed on -[ , C* s c . ; !f ,the usthreated portion of the bolt in a fixture conforming ts figures o and 7. Other ,a jtypes of shearing jige any be used if acceptable to the procuring activity. The test {- j - .'r * l {,
'

g
* *

=est r.ot be run to rupture of the bolt. If the bolt length to less than twice the g ,

sta.k dinneter, test coupons of the same material, diameter, heat treatment er cold 1 -n L,.} d \ .q ,

work, or both, shall be prepared and subjected to the shear test. - t,1,- - _ b' ~
g#%

- - - -
o |..,.I.

- 6-- ,,..s..5.4 stress ruuture. strena*h.- Samples of the bolts shall be tested at 120a* 1 s
-

i,a _ . 3;, L _ _.m.,113 is tension between tne head of the bolt and a nut conforning to 3.0. The rupture 'n ? t- " ' ' - " '.

test shall consist of the appliestion of a static tensile load as specified in table ## "*' #""- *'
I*I to the bolt for 23 hours. -( ) - . P.a; --

k.5.5 Eend structure and armin flow.- seed structure and srain flow shall be '
n- _

*feter=ined by nacroezemination. Specimeno shall be tasan frors the finished bolt as
kQ* 7p ]!::--v . .$, .no:Q: $'M*,TU"3shown in figure 5. The bolto shall be etebed in en aqueous solution containing 50

'

*

s
e :r :s r m.;er:e t (by volume) of ccamercial hydrochlorie acid at 71' to 82* C (160* to 180* F)

s ~ t.
,, , y, .g*gE7;.2.] .j,yj MC,*i'e

-

for saffidient time to reveal the oa:rostructure properly.
2 .--. -m

,

.

e sim:n .w:, w a; is: r: *: sm:= .m
a.$.6 Rardness.- Each bolt of the randon semples shall be inspected fer a ,n. wa s v:: s: - n< u .m u* v::

+ .:r n.Ps:kvell hardness on the erd of the bolt. Each bolt of the rar. dos semple shall have
| 33 :|,f*/ */ 4.-'''P ,7[ [ D[ ,"*) ,,.a Pockwelt tariness in the rense of C27 to C37 in order for the inspection lot and '

* :.n i,e* m:*=n em . == %the praiuction lot to be consideret acceptable.
. j c ' " * ** * 3'"* *'

6 T-sekaAina. seekina. and carkina.- Preparation for delivery shall be
emesir.e4 for confsr=ance with seenon 5. | |

~

,15

- , ,,

g
,.

- ..
p ;

e

'.e 5. ' ' ' < *
~. 2APATICS TCR DZ*.,IVERT" !. ., 3>' '

N

% M.3932. 6
-**;

--

5.1 Bolto shall be preserves,pa:Ra6 ele packed, and marked la. accordance with -

:".
''

_
1.,. --~j

-

,

t *~6. *i~y'E5 *
. -

, . - --*
,

+

- -

,;6.1. Tete, des use.- The bolta covered by tnis specification are intendes for ~ {f._ , 1, -:se with nuts cor.formirg to MIbr.-7373 at temperatures not esteeding 1200* F is air.
Cart a::essories and engines.

- *

..s..t ., .-..j} .-
6.2 Orderir.t data.- Procure =ent documents should specify the followi"6: ^

s a . ... *t; : n v u x. _v: . . ; m y-(a) Title, cumber, ans date of this specification. , y ; ,:7 Myy6 .g-
ra y .--m . vt - > s... Ivm(b) MS part number of the bolt and the quantity desired. , _. ,

cr t(c) Data requirements (see 4.1.1 and b.3.2.1). ' ~

'_c. -*fL-|NN **g:~ g,'* r-* :-(d) Applicable levels of preservation, packaging and packin4* '., '
-

ent unit q2antities required.
-

'
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htIL-S-8379A Sill-S.-8379A
8 Leeember 1965
Superseding
EllteS-8879(ASG) 3. 3 nread series. Series of threads are classified and distinguished from each
21 September 1960 other by the number of threads per inch applied to a specific diameter (diameter-

pitch combination). The sizes and series for which limits of size are given in
'

3!!!lTARY SPECIFICAllON
3.3.1 Preferred selection. To encourage maximum usage of a limited number of

SCREW THREADS, CONTROLLED RADIUS ROOT WITH INCREASED screw threads, the inne tnread series of diameter pitch combinations (table 111) shall
anNOR DIA>!ETER; GENERAL SPECIFICATION FOR be used when design regirements permit practical application.

His specification is mandatory for use by all Departments 3. 4 Limits of stre. Screw threads. in accordance with this specification, shall be
and Agencies of the Department of Defense. within tne limits of size specified in tables D through VU, for the selected diameter-

pitch combinations shosn therein, ne specified limits of size are considered exact
1. SCOPE and are inviolable unless specific exceptions are made. De pitch diameter equivalent

of the variation in any given elemer.t. except pitch diameter shall not exceed 0.4 of the
1.1 This specification defines the requirements for Unified senw threads, classes pitch diameter tolerance. Flank angle equivalents are based on a depth of thread
3A and 3B, altered to include a mandatory continuous radius of from 0.19042p to engage ment "h'shich 14 equal to 3H/4. (See ficaro 1.) The deviations in lead and
0.15011p at the root of the external threads and with the minor diameter of both flank angle that are eq11 valent to 0.4 of the piten diameter tolerance are determined
external and internal threads increased (over Unified thread values) to accommodate from formulas in the appendix. Values of 0.4 of the pitch diameter tolerance and lead
the root radhas. and angle variations equal thereto are tabulated in the appendix.

2. APPLICABLE DOCUMENTS 3,4, g t,ncth of entstement. Tolerances specified herein are based on a length of
thread engagement equal to the basic major diameter for the UNJC, UNJF, and $UNJ

2.1 The follosingdocumentsof the issue in effect on date of invitaticu for bids or series and a length of engagement of nice pitches f ar the UNJEF 12rNJ, and
request for proposal form a part of the specification to the exten* specified berein. 16UNJ series.y

*" Commercial Standard CS8-61 Gage Blanks 3.5 Incomlete thresds. Unless otherwise specified, the runout threads on
$ National Bureau of Standards Screw-Thread Starstards for Federal externally threaded parts shall be no less than one nor more than two pitches in

Handbook H29. Part 1 Services length, ne threads shall tun out onto the shar.,k. eliminating any abrupt change in
cross sectional area. The root of the nmout threads sha!! be radiused. The radius, as

(Application for copies should be adfressed to the Superintendent of Documents * it approaches the unthreaded portion of the sha:k shall be no less than the radius of
Government Printing Office, Washington, D.C. 20402.) the full thread portion.

3. ReNUUtE>lEN13 3.5.1 Lead threads. Unless etherwise specified. the enteri:g end of exter:21 threads
and the e::ermg c:d of m:erna! *.hreads may be cu side the specified limits of size

3.1 Basic thrend data. The basic thread data for all standard pitches of threads are f ar a length not to exceed tso pitches, includ2 ;: .amfer. In no case shall the lead
gives hereta an table 1. tareads exceed the spardied muimum naterial ca:dition.

3. 2 nread forms 3. 3. 2 Stater 121 limits hr costed threads. Ces ing is one or more applications of
additive 11:1s3 of any r a:ernat includ=4 dry fi!- ;ubricants, but not includeg soft or

3.2.1 External threads. All external screw threads defined in this specification are 12 quid lubricant. Wh n ex ernally threaded pa s are to be costed, the minimum pitch
of U:sfied form in accordance sith Handbook H29, class 3A only, altered at the root dameter may be recuced by not more man 0.0?. =ch on all threads for which the
so that the Gacks of the adjacent threads are joined by one continuous smoothly blended tolerance scacified neren does nat exceed 0.005 =ch. For threaded parts for ahac's
curse tangent to the Danks at a thread depth of 911/16. The radius of curvature adjacent the pitch dameter tolera: e spacified herein is greater than 0.0031 inch, the minimum
to the flanks shall be betmeen 0.18042p and 0.15011p (see figures 1 and 3). pitch duce er may be recueed by an amount epa; to 0.3 times the pitch diameter

tolerance but not more 22n 0.00:3 inch. The - a erial limits for coated external
3.2.2 Internal threads. The internal threads shall be of Unified form modified at threads shall be as spe:ied herets. All thread e:ements shall be m 2tsta tolerance
the minor diameter to the values given in tables 11 through VII herein. and shall be before coateg. Af er ces:=g. the threads se % within the r axt um materlat limits
class 3B tolerance only (see figures 2 and 3). specified herein.

FSC allSC
2 i

|
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3.5.2.1 m .nal threads. Internal threads to be coated may be increased by the 3. 6. 2. 4 Root radius ins' action. He radius of the root of external threads may besame amount permatted for external threads. After coating, the threads shall be inspected by optical men:s. No portion of the root shall have a radius of less thanwithin the minimum material limits specified herCa. O.150lly or greater than 0.18042p.

3. 6 Gates. Gage tolerances shall conform to the unilateral tolerance system and 3.6.3 Referee procedut*, ne referee procedure for both laternal and etternal
shall te within the product 11 mats. De gages used for the inspection of screw threads threads savolves the meas arement of the various thread elements as outlined hereis,shall conform to the applicable requirements of Han&ook If29 and shall be made to Any element of the thread that exceeds the a!!amable tolerance is justificatios for
"X" to;erances. De lead, angle, and pitch diameter of setting plugs shall be made to rejection of the part. The fact that the part is accepted by a Go threaded pleg or ring"%"* tolerances. gage does not alter the justification for rejection determined by single clercest inspection. #

3.6.1 Garing internal threads. Functional size final conformance gages for 3. 7 Sarface rourhness. Oc certain parts it may be necessary to control the surface
in*ernal threaded products are Commercial Randard 8 (CS8), AGD plain and threaded roughness of the thread C2:ks, roots, or crests. This regairement shall be specified
plug ga;es; or indicating type gages may be used if procedures require variable t>pe if necessary, on the part d. awing or specification. Das consideration shall he given to
inspec:1on. The lead, angle, and uniforraity of helix of internal threads are subject to the practical method of pre 6 action and the surface roughness commensurate sith that
inspec:ian by sectioning or by making a cast and inspecting by single element methods method,
or by ddferential analysis. Inspection by variables forms the basis of final conformance
gaging of individual thread elements of the product. 3. 8 Definitions. The ide:tifying letter "J"is restricted to use in the desig ation of

threads as dettned by this specification. For terms, symbols, and data not cefined or
3. 6.1.1 Full form games. Full form threaded plug gages may also be used for specified herein see Handicok H28,
internal thread gaging. The use of full form threaded plug gages eliminates the
require::ent for a minimum minor diameter plain plug gage check. Full form gages 3.9 . Designations. The : reads described herein shall be designated in accordance
shall be raade to the maximum material limits of the product external thread with a with the following examples:
plus gagentakers tolerance. Fuit form threaded plug gages may be used as
a referee gage for the minor diameter. External thread .250e-25 UNJF-3A

h!!L-S-H79
3.6.2 Giting external threads. External threads require single element Laging in 1 sternal thread .2500-23 UNJF-3B
order to 7scertain that all elements are within the required limits of size. Gages for SUteS-H79> external:hread inspection shall be checked or set with setting plugs.

[ 3. 9.1 Desh nation of sneeSt threads, Special diameter pitch combinations developed
ra 3.6.2.1 nread snap races. nread snap gages having adjustable gaging anvils or in accordance mata this sper.incation shall be desipated as follows:* indicati:4 type gages shall oe used to inspect the minimum material limits of external

threads. The gaging elements shall engage the thread over a length of not more than Exa mple
two pitcies. Gaging elements that engage one pitch may also be used and have the
advantage of manimizing the effect of lead and angle deviations. External thread:

3.6.2.7 Indicating type gages. The lead, angle, and uniformity of helix of external 8.750 - 8 UNJS-3A
threads : sy be inspected and analyzed by a set of indicating t3pe gages. This t3pe of 31ajor diameter 8.735-9.750
gaging is known as differential analysis and is used to determine the extent of Patch diameter 8.6625-5.6699
deviatio: in any of the elements of the threso. The deviations in various elements shall 5tinor diameter 8.5915-b 6056
not exceed that specified in 3.4. Root radius 0.0195 e.0206

>IlleS-6979
3.6.2.3 Rinir razes. Threaded ring gage inspection may be used only todetermine
functiocal size and will prove only that a part accepted by the Go threaded ring gage laternal thread:
will assemble with a part accepted by a Go threaded plug gage. Acceptance by Go
threaded ring gages does not preclude the cecessity of determining the accuracy of 3.750 - 6 UNJS-3n4

individual elements by single elemer:t gaging. >!ajor diameter 8.750 3*IN
Pitch diameter 9.66S9-5.4769
311nor diameter 9. 6 243-5. M 33

- 31tL-S-H79i
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3.10 Hizb temperature aplications. In some instances it may be desirable to Internal threads:
provide an allowance for applications in excess of 900*F. In these instances the
allowance shall be provided in the internal thread. Minimum major diamrter = Basic major diameter

Minimum pitch diameter = Basic major diameter minus 0.649519p. See table I,
3.10.1 At ._ ? >f allowance. The amount of allowance for interiaal threads for column 14
high temperature applications will be determined as follows: Maximum pitch diameter = Minimum pitch diameter plus tolerance speciDed in

table IV .9 titled " Pitch diameter tolerances for
a. The internal thread piten dianter, major diameter, and minor diameter for all internal threads of special diameters, pitches. and
threads 0.190 inch la diameter and larger that have pitel s 32 and coarser will be lengths of engagement, class 3B'' of Handbook H2s
increased by 0.003 inch. Minimum minor diameter = Basic major diameter minus 0.97428p table I, column 16

rounded up to the next larger fourth place decimal, unless
b. The laternal thtvad pitch diameter, major diameter, and minor diameter for all the fifth place is zero,
threads smaller than 0.190 inch or for pitches finer than 32 will be increased by Maximum minor diameter = Minimum minor diameter plus the internal thread minor
0.001 inch. diameter tolerance.

Minor diameter tolerance = (0.05 3/g3 -0.03p/D]-0.002 except that the tolerance
For plated parts, the dimensions shall apply after plating. shall be not greater than 0.259509p nor less than

. 0.135315p for threads 13 threads per inch and finer.
3.10.2 1 sternal allowance thread designation. The internal threads requiring an For threads 12 threads per inch and coarser the
allowance as defined la 3.10.1 shall be designated in accordance with the following tolerance is equal to 0.120p.
example:

Where p = Pitch
.2500-23 UNJF-3BG D = Basic major diameter
SItteS-5579

23 Dimensions of special threads shall be rounded off to 4 decimal places as re711 red
d, The syttbol"G" denotes that the allowance is tequired. after all computations are made.

3.11 Soccial diameter-ottch combinations. Dimensions for threads of special 3.12 t*se of esistmg tools and gages. Threads defined in this specification may
diameter-pitch combinations shall be computed by the following formulas: utilize the followz:g tools anc gages that are used for the manufacture and inspection

of Unified class 3A and 3B threads except that 3BG threads require tools and gages
Extertal threads: made expressly for 3BG threads:

Maximum major diameter = Basic major diameter a. Taps and thread plug gaps for class 3B
Mini = ram major diameter = Maximum major diameter minus tolerance specified

i in table 1, column 20 b. Dread gages for class 3A that have had the crest reworked to a 5p/16 truncation.
Maximum pitch diameter = Basic major diameter minus 0.649519p. See table 1,

column 14 3.13 Changes in values of imernal threads. The minor diameter of the internal
Minicr :n pitch diameter = Maximum pitch diameter minus tolerance specified threads covered oy this specication nase been chacged from the values specified

in table IV .6 titled " Pitch diameter tolerances for in the superseded specificatia. Internal threads made to present vali.es may be used
external threads of special diameters, pitches, and on external threads made in accordance wi:5 either this specification or the
lengths of engagement, class 3A" of Itambook 1123 superseded specification.

Maxi =2m minor diameter = Ma.ximum pitch diameter minus 0.50518p. See table I,
column 18 3.14 Workmanshm. Workmanship sh211 be cansisten: with the tolerances specLfied

Minicu=n minor diameter = Minimum piten diameter minus 0.56580p. See table I, herein. Fne threacs shall ha.e a smooth finish, be free from flaws and other defects
column 19 that would make them unsuiu::e for the p poac inte:: dea.

Maximum roet radius = 0.18042p. See table 1 column 8
Minimum root radius = 0.15011p. See table I, column 7

6
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4. QUAIlTY ASSURANCE PROVISIONS

4.1 Inspectica. Proesets having threads in accordmace with this specification shall
be inspected as stated berein and as specified on the detail standard, specification or : p
productice drawing.

5. PREPARATION FOR DELIVERY
'

| O5.1 Not aanticable.
A ! n

6. NOTES /\ j /\
//4 6 & 1 '/6.1 Intended use. Threads covered by this speci!! cation are reco mmended for high / i i j

temperature use and for applications requiring very high fatigne life and stress levels
| p |cocicemurate with the physical stae and weight of the product. Applications are found I |in aire.m @ and airframe, missile, space vehicle, and similar design areas 9

,

where sias and weight are critical. 3,, - !
' '

h I b6, 2 International standardization agreement. Certain provisions of this specification ~
<< .

are the subject of international standardization agreement ABC AIR STD 17/16 and *

17/40. When amendment, revision, or cancellation of this specification is proposed,
f

.

h M
the departmental custodians will inform their respective Departmental Standardization h /

,

Offices so that appropriate action may be taken respecting the international agreement |concerned. ;

" $*' wiii3:0 Custodians: Preparing activity: ,; ,8 Air Force - 11
C Army - WC Project No. MISC-0145

g. .

N Navy - WP 88
Air Force - 11 '' I

Review activities: f-A .. et tseemei
g, / Theced

Army - EI, WC - b
Navy - WP
Air Force - 69. 84

User activities:
, ,p ,

Ar=y - MO MU "* number of thresss per i*eh
Navy - WP H= 0.866025o
Air Force - 70. 71 hv O.649519 p

FIGt11E 1. Esterr.21 T. cad Dumum Staterial CoMeion
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APPE M
- yyyy -ry. e... .ey- p.., p. - ~~~~

g stil gisg sasi sisg gje ::! peg: :e r---*
E g AI.!DWABLE l.EAD AND HA1.F.AltGIE DEVIATIONSa si srs .n> = ,g

6)IF; 10. SCOPE .. ,y.y yyy. .... y... pr . 99 . - -
'

IEI2st-*g sy:s *b:ssg eII8-s tr:s ek:$$s 5~I63 $ h:
s m =,6IeE 6 E E868 6 6 10.1 This appendix contains the formulas for calculating lead and angle deviations

E- and a tabulation of 0.4 of the pitch diameter tolerance and the lead and angle, , yy yyyy ...y .... - yy .,y ===

! g d varfations equal thereto.f jjjj 2]]] ji y "E*t. n'y(E .g3jf .,y[E3 -

. --.. s... ..ss is ..- .-~ ... ,1
*I-I.43. * 20. Limits of size. With respect to the pitch diameter limits of size, it is intended.,my, yyv. .... .... .... y. - - --

i$, 23*y**-

E, E except as qualifted in section 3. that no portion of the complete thread be permitted to"jf5 25.f*. .f.f5 r].W* .r j f. .* *5 .W *.
** ** ** * *=-*.2 .... .... . .g**

... .** *.
project beyond the envelope defined by the maximum-material limits on the one hand..

y yw,y ,y . .... .... y... y. . 33 232 or beyond that defined by the minimum-materiallimitsontheother.andthusbeoutsideof the
'"D tolerance zone specified. Also, the diameter equivalent of the variation of any givenf 2T:: 722 28:2

372*$ 2S S
*F:: 3222 :F:: E 2. .jg {

* :* * O$*3 0307 77: :fif $32 e

N {;
element except pitch diameter shall not exceed 0.4 of the pitch diameter tolerance.
The full tolerance cannot, therefore, be used on pitch diameter unless deviations in, ,. , y y yyv. .... .... .yo y..- ,--

? 155.* 4:*: 35' m:?g 557.: V:* 555 g all other thread elements are zero.=-
, .f 2:27 772; 7777 277. 77 7 7777 it?; =,

" 20.1 Formulas. Deviations equivalent to 0.4 of the pitch dia- eter tolerance sha!!, yyyy yyv. .... .... ..y. y.,y .. t
E 'I* EtF* T7?* Itrt 27F* Eff* 27F* .2d=2 :: 2 24:4 cd=3 24:3 ed=2 f?8*2 2,.

-

be determmed f rom the following formulas:'4: i,

Ie r,yy yyy. .... .... ... yy.= =yw , g, y 3. Diameter eqtaivalents of lead deviations

's :t | * | 5
* 255: "322 :::: 2732 255: 23Et 255: 1 *5; i* = l- 2 BE 8E: ::: 's u e. : :::: :::: ::::: tt:::

30 1 8p s
# PPPP *FF" **** ***F M"''" **''F " * * " " '

.' s g'* : :::t a t. 7 3 28a * . l:r * Y g ? ] ' .j :t * gji* Eg:i"'t. ! 3:: .j ! *)t
s'222
4f? [*2e-*

to 2 :.:. . .. t :. :(- #
313 3.

2: 7 r, . wherec.a
l- ),. yy, yyy. .... .... ..y. yyy- 3. . 4 .:

5 ~ IC 8 E = Pitch diameter iricrement due :o lead deviationf 1:j; 2:)e I *7 :|fet,.E s:;8: ssis a:s?fss I:r*12"7 m *

t :.: sr - - =

3- ec.4
( _ g 's 8 p = ne maxi::um pitch deviatian beseen any two of the threads engaged.e;. -y yyyy .... .y.. yyyy 9.. ..

,

g .h. g .g gftt EISI EISI g .ggg g4.. g-,
nlI.eI ." # '

= Dasic half angte of thread
;;, 3s 6tS ski 8 E 6858 } nj a

q _#
s n yw yy y .... .... yyy .uou muuu
.!:b: 2:52 !! : 27F2 2 *. ) : "spf 15 : . ! E l b. Diameter eq2ivalent of acgle deviations **

?::: 2:0 :: :::: :: ::: ::::: * 3 tei:'*

32!3 tan 8a : 8E
:sI:

, yy yy,. .... .... yy . p. oy .,

:. I,5 6 ". s s *$ :. I. s * qJ'. h :E ,p :- p:. *". r y '*
-

"5 . s.5 p5 :~* .-- =
3 : h E. .3 :. ..I... *i ,her,3

.

':& .ve ,-. .... .... .... .. . u~~
~ j fj 8a = Error in half angle of threadf ::sr i* ?f ; tt *ff ::sr ::Yf ::sy ; g

: :::t :::: .2: :::: :::: :::: :::: t....:

i :|$ 8 E = Patch diareter increment due 10 deviation in half angle. c. y y eyy. .... ... . ..u.. 3.. ., i

# 1 $t 2:39 I:st :* 3 { I st 2:!f :st 85 | ;~ ';
* 3 * r !. :::: :": :::. :iei en2 *s 7 ? '.' ' l' I :: Tabulated values for 0.4 of the pitch +ater tolerance and the '.ead deviation

.$'; equiva'ents are given to 5 sigatf acant Wes and are determs=eI nior to rounding the
: !' $ 5!'

, ,,ee ev- .... .... ... .... ~ .
t Oh * h.?::3 ORi rf: 8 ?. ; s ?:1 ?. :': 6
g is&s &sts Ettt tvis Isis it&T Bris -

pitch diameter toterance to 4 p! aces,

1

19 20
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MIL-5-88 EA MIL-5-8879A

; TABLE V111 (Continued)'
l ALLOWA8tt LEAD AND HALF-AMCLE DEVIATIONS

T W A1. M EAD DWAL DREAD
,

EITERNAL THREAD INTHNAL THREAD
.4PD EQU1V EQUIV 4PD EQUIV EQUlv.4PD ECUIV EQU1V .4 PD EQUIV EQUlv

TOL LEAD AMCLE TOL LEAD ANCLE TOL LEAD ANGLE TOL LEAD ANOLE

SIZE IM. IN. Deg Min 'IN. IN. Deg Min SIZE IN. IN. Des Min IN. IN. Deg Min

1.8125 -8 00228 .00132 0 42 .00296 .00171 0 54i 1.1875 -18 .00144 .00083 0 59 .00188 .00109 1 18 1.8125 -12 .00180 .00106 0 50 .00232 .00134 1 41.2500 -7 .00220 .00127 0 35 .00288 00166 0 46
1.81 M -16 . W 60 .mu 0 M .M .M120 1 161.2500 -8 .00212 .00122 0 39 .00276 .00159 0 51
1. 8 m -8 . 8 .mn 0 4 .Mm .63 0 M1.2500 -12 00184 .00106 0 S1 .00240 .00139 1 6
1.8m -12 .M180 . m 04 0 M Mm . m 36 1 5

; 1.2500 -16 00152 .00088 0 56 .00200
.'00115

1 13 1.8m 46 .M160 .0 2 2 0 M .W8 .M120 T 161.2500 -18 00144 .00083 0 59 .00188 00109 1 18 1. W 5 -8 .mn .Mm 0 43 .Mm .m 73 0 M1.3125 -8 00212 .00122 0 39 .00276 .00159 0 51
1. 5 -12 .M180 . W O4 0 W .Mm . m 36 1 51.3125 -12 00176 .00102 0 48 .00228 .00132 1 3 1.9375 -16 .00160 .00092 0 59 .00:08 .00120 1 161.3125 -16 .00152 .00088 0 56 .00200 .00115 1 t3
2.0 W .5 . m 84 . m 64 0 29 . m 72 .M2M 0 38

|1.3125 -18
00148 .00085 1 1 .00192 .00111 1 19 -8 .6 .W4 0 4 .W4 .M176 0 %

1 3750 -6
00240 .00139 0 33 .00312 .00180 0 431

2.0000 -12 .00180 .00104- 0 50 00236 .00136 1 5

I .3750 -8 00216 .00125 0 40 .00280 .00162 0 511
2.MM -16 . 2 60 .mn 0 H . m 38 . m 20 1 16I.3750 -12 00188 .00179 0 52 .00244 .00141 1 7

- . . 0 43 .m08 . 2 78 0 56!1.3750-16 00156 .00090 0 57 .00200 .00115 1 13
.

2.I m -12 .m M .Mm 0 31 .Mm . m 36 1 5[1.3750 -18 .00148 .00085 1 1 .00192 .00111 1 19 2.1m 46 .M164 .M 1 0 .M . m 22 1 18; :1.4375 -8 00216 .00125 0 40 .00284 00164 0 52 | 2.2 N .5 .6 .6 0 D .6 .Mm 0 D
I

|1.4375-12
- 00176 00102 0 48 00228
1.4375 -16 00156 .000vo 0 57 $00204 '.00132

1 3s 2.2m 4 . m 40 m39 0 u| .m .Mm 0 -N+

00118 1 15
t D '1.4375 -18 00148 .00085 1 1 .00192 .00111 1 19

. -12 .M184 .6 0 M,g .C .N 1 6
2 m -16 .MIM .m 1 0 .62 .M 1 18d. 1.5000 -6 .00244 .00141 0 34 .00316 00182 0 43

0 52
. -8 . 0 .6 0 u .e .M 0 58N *1.5000 -8 00220 .00127 0 40 00284

|1.5000-12 00192 .00111 0 53 $00252 .'00164 2. -1 . 84 . 0 51 .ma .N 1 6*
00145 1 9 2.3m -H .M164 .mM 1 0 .C .MIM 1 M1.5000 -16 .00156 .00090 0 57 .00204 00118 1 15 2. N -4 N2 .MW . O M .MG AW 0 U1.5000 -18 00148 .00085 1 1 00192 '00111 1 19

* ~ * * * *1.5625 -8 00220 .00127 0 40
'.00288 '.00166

0 53 -12 .M1p .M 0 M .C .N 1 61.5625 -12 00176 .00102 0 48 00232 00134 1 4.

' !1.5625-16 00156 .00090 0 57 .00204 '00118 1 15
. -8 . 4 . O M .C .N O M

2. . 164 .M 1 0 .C .M 1 M

|1.5625-18 00148 .00085 1 1 .00196 '00113 1 21 #* 8 O H! .C .N 1 71.6250 -8 00224 .00129 0 41 .00288 00166 0 53 |.

M |. .C
2 .C .MIM 1 191.6250 -12 00176 .00102 0 '48 .00232 00134 1 4 2.6 m -16; . 2 68 ; .N 1

.Mm 0 38*1.6250 -16 00156 .00090 0 57 .00204 $00118 1 15
O. - , . 1 ,.

} 1.6250 -18 00152 .00088 1 3 .00196 .00113 1 21
. 0 -8 Em j .N O M, .g .M187 0 M

$
*

~
*

| .mn!
#

f1.6875 -8 00224 .00129 0 41 00292 .00169 0 54

M,|'*.0 g
*

2 .C M 125 1 M2. m 0 -16, .M168 1
*1.6875 -12 00180 .00104 0 50 .00232 00134 1 4 MW 1 01.6875 -16 00160 .00092 0 59 .00204 I00118 1 15 , 2.8m -5,{ .Mm I .m o

:1.6875 -18 00152 .00098 1 3 .00196 .00113 1 21 1 ~b # * $ k.,,.*00:23~
*#*
.00127 1 21*1.7500 -5 00268 .00155 0 31 .00348 00201 0 40 ; 2.8750 -Ig .00165 , .00 N - 1

|1.7500-8 00228 .00132 0 42 .00296 $00171 0 54 i * | * .i .* O u mn AW 1 1
i

*

mm6 3. .1.7500 -12 00180 .00104 0 . 50 .00232 .00134 1 4 # *
I H, Rm AW 1 8o1.7500 -16 00160 .00092 0 59 .00208 .00120 1 16 i , ,

21

23
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TASIE VIII (Continued) TABLE VIII (Continued)

ALLOWASLE LEAD AND HALF-ANGLE DEVIATIONS ALLOVASLE LEAD AND HALF-ANGLE DEVIATIONS

EXTERNAL TnaEAD INTERNAL THREAD EXTERNAL THREAD INTERNAL THREAD

4PD EQUIV EQU1V 4PD .EQUIV .EQU1V 4PD EQ';1V EQUIV .4PD EQt;IV EQUIV

Tot. LEAD ANGLE EL LEAD ANGLE , TOL LEAD ANCLE Tot. LEAD ANGLE

SIZE IN. IM. Des Min IN. IN. Des Min SIZE IN. IN. Des Min IN. IN. Des Min
3.0000 -16 .00168 00097 1 2 00220 .00127 1 21 4.5000 -16. 00180 .00104 1 6 | .00232 .00134 1 25

3.1250 -8 .00256 00148 0 47 00336 .00194 1 2 4.6250 -8 .00284 .00164 0 52 i .00368 .00212 1 7

3.1250 -12 .00192 00111 0 53 .00248 .00143 1 8 4.6250 -12 .00200 .00115 0- 55 .00260 00150 1 - 11

3.1250 -16 00172 .00099 1 3 .00220 .00127 1 21 4.6250 -16 .00180 .00104 1 6 .00232 .00134 1- 25

3.2500 -4 .00328 .00189 0 - 30 00424 .00245 0 39 4.7500 -8 .00288 .001 % 0 53 .00372 .00215 1 8

3.2500 -8 .00260 .00150 0 48 00340 .00196 1 2 4.7500 -12 .00200 .00115 0 55 .00260 .00150 1 11

3.2500 -12 .00192 00111 0 53 .00248 00143 1 8 4.7500 -16 .00180 .00104 1 6 .00235 .00136 l' 27

3.2500 -16 .00172 .00099 1 3 .00224 .00129 1 22 4.8750 -8 .00288 .00166 0 53 .00376 .00217 1 9

3.3750 -8 .00264 00152 0 48 00340 .00196 1 2 4.8750 -12 .00200 .00115 0 55I .00260 .00150 1 11

3.3750 -12 .00192 00111 0 53 00252 .00145 1~ 9 4.8750 -16 .00180 i .0010a 1 6f.00236 .00136 1 27

3.3750 -16 .00172 .00099 1 3 00224 00129 1 22 5.0000 -8 .00292 f .00169 0 5*I.00376 .00217 1 9
*

3.5000 -4 .00332 00192 0 30 00432 .00249 0 40 3.0000 -12 .00200 .00115 0 55:.00264 .00152 1 13

3.5000 -8 .00264 00152 0 48 .00344 .00199 1 3, 5.0000 -16 .00183 | .00104 1 6!.00236 .00136 1 27

3.5000 -12 .00192 .00111 0- 53 .00252 .00145 1 9: 5.1250 -8 . 00292 .00169 0 5a!.00380 .00219 1 10

3.5000 -16 .00172 .00099 1- 3 00224 .00129 1 22 ! 5.1250 -12i .0020s .00118 0 56|.30264 .00152 1 13
'

*

3.6250 -8 .00268 .00155 0 49 .00348 .00201 1 4; 5.1250 -16: .00191 .001% 1 7 .00236
| 00136

1 27

3.6250 -12 .00192 00111 0 53 .00252 00145 1 9t 5.2500 -8 ' .00292 '. .00167 0 5; .00380 00219 1 10

3.6250 -16 00172 00099 1 3 00224 .30129 1 22 : 5.2500 -12 .0020a i .00115 0 56 : .00264 |.00152 1 13'

30 3.7500 -4 .00336 .00194 0 31 .00436 .00252 0 40 i 5.2500 -16 .00184 .00106 1 7 .00236 I .00136 1 27

|.00222 1 10I 3.7$00 -8 .00268 00155 0 49 00352 .00203 1' 51 5.3750 -8 .00296 .00171 0 5; .00384

$ 3.7500 -12 .00196 .00113 0 54 00252 .00145 1 9: 5.3750 -12 .0020; .00118 0 56 :.00264 .00152 1 13.

(n 3.7500 -16 .00176 .00102 1 5 .00228 .00132 1 -24: 5.3750 -16 0018; .00106 i 1 - 1.00240 ! .00139 1 28

3.8750 -8 .00272 00157 0 50 .00352 .00203 1 5; 3.5000 -8 .00296 .00171 0 5; .00388 .0022 1 11'

5.5000-16|;.00184
5.5000 -12 .0020* .00113 0 56 . 00264 .00152 1 133.8750 -12 .00196 .00113 0 54 .00256 .00148 1 10 '

.001M 1 "' 00240 .00139 1 283.8750 -16 .00176 .00102 1 5 00228 .00132 1 2{ *
5.6250 -8 .00173 0 55 .00388 .0022a 1 11

5.6250 -12! 003004.0000 -4 .00340 .00196 0 31 .00444 .00256 0 41 ,
0020; .00115 0 H '.00268 I .00155 1 144.0000 -8 .00272 00157 0 50 .00356 .00206 1 5!

4.0000 -12 .00196 00113 0 54 .00256 .00148 1 10 ; 5.6250-16|.0018; .00106 1 * .00240 I .00139 1 28

4.0000 -16 .00176 00102 1 5 .00228 .00132 1 24 : 5. 7500 -8 j .00300 .00173 0 55 .00392 |.00226 1 12

,4.1250 -8 .00276 00159 0 51 .00360 .00208 1 6: i.7500 -12 .002N .00115 0 H .00268 , .00155 1 la

1 ? .00240 | .00139 1 284.1250 -12 00196 00113 0 54 .00256 .00148 1 10 5.7500 -16; .0019; .0010; .

4.1250 -16 .00176 00102 1 5 .00228 .00132 1 2 5.8750 -8 I .0030; .00176 |0 56 .00392 i .00226 1 12

}4.2500 -8 .00280 .00162 0 !! .00360 .00208 1 6- 5.S750 -123 .0020? .0012? j 0 5- .00268 j.00155 1 14

|0 * .00240 | .00132 1 28
[ 4.2500 -12 .00196 .00113 0 54 .00256 00148 1 10 5.5750 -16. 0018 .0010+ 1

- 5- .?0396 ' .00229 1 13*

'4.2500 -16 .00176 00102 1 5 .00232 00134 1 25 , 6.0000 -8 .003% .001 % '
I .3750 -8 .00280 00162 0 51 .00364 .00210 1 7 6.0000 -12; .00204 .0312 0 5- .??268 |.00155 1 14

4
!4.3750 -12 .00200 .00115 0 55 .00256 .00148 1 10 | 6.0000 -16 ' .001H .001:- 1 . :0244 j.0011 1 29.

,

' 4.3750 -16 .00180 .00104 1 6 .00232 .00134 1 25 i
*

!4.5000 -8 .00284 00164 0 52 .00368 .00212 1 7 .

'4.5000 -12 .00200 00115 0 55 .00260 .00150 1 11 j ;
g

t !I

U 24

- - -
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Military (Cont'd)

MILITARY SPECIFK'ATION - - a ener, es et ds

FASTENER, EXTERNALLY TIIREADED, 250*F MS15R91
SELF-1DCKING ELEMENT FOR Fasteners. Threaded Externally, Self.

Locking Aerospace Vehic!cs and

This specificatico is mandatory for use by all Departments Equipmen: Design and I' sage Limitations
(3rand Agencies of the Department of Defense

MS26531 Vibration Test Rig
1. SCOPE

hru 20 -

1.1 This specification covers the self-lockleg element to be used 3ntt, M3cnine, Aircraft.

in etternally threaded fasteners, such as bolts and screws, to b used in applica-
tions where the temperatures will not exceed 250*F. A N315 Nut Plai. . Airframe

2. APPLICABLE DOct3tENis AN121591 thru
m,',

'AN121525
2.1 The following documents, of the issue in effect on date of invi-

":D tatioa for bids or request for proposal, form a part of this specification to the
.

, j g,[ exten: speelfied herein:
y Cnpics of unclassified documents r:-n he obta: :d from the Commanding Officer,

SPECIFICATIONS Nas al 1%1icationi and Enrms Cenir.. 'iM1 T:mr Asenue Philadelphia,
peness Ivania 19120 Requests for cemes of r: 4sified documents shnuld be ad-

Military dressed to the Naval Publications 2. : Forms C: cr, s n the engnizant Gosern-
ment representatisc. )

MIL-H-3992 Ilardware (Fasteners and Related Items)
Packaging and Packing for Shipment and .3 0 e tim - W fC ming document < fnnn a pm of
b f*E' this specificatinn to the estent spec:Pel herci . t'nicss othersi<c indicated, the

ue in effect on date of imitation f r bids or . quest far proposal shall apply.iu

STANDARDS
National Acrospace Stamfars Commit:

Military

NAS con thru 602
MIL-STD-105 Sampling Procedures and Tables for E cw, Ma: :,c, Aircraft, l'.in ficad.

7 ;: lips H.- ,,, full Threaded.Inspection by Attributes ;C: s Steel

FSC 5305
FSC 5306

2
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MIL- F-182 800

NAS 1316 Bolt, Ilex IIcad. Close Tolcrance, w L.r.meen

160.000 PSI Tensile

(( ,. of NAS publications may he obtained from National Starmlards
.ssociation,1323 lith Street. N.W., Washington, D.C. 20005.) ...n- .

3. REQUlltEME.YTS
~ -

_ 3

3.1 Qualification - The self-locking clements inenrporated in gc g^cq
F *1 I -B

fastenere furnishn! iinder this specification shall he an element desigri which
has been subjected to and which has passed the qualification tests specified here- ( hihh I $M'a i n-

in, and which has been listed on or approved for listing on the applicable Qual- { gag g { } U _ g A ig L,_"

ified Products Lists. conricvR ATios 4 y coNrun;RATxw a y y
SLUG - RoUND oR MEX STRIP oR PATCH

In addition, the retention of qualified prtwhnts list shall be dependent on*

a pertodic vertfication of continued compliance with the rnquirements of this
specification (see 1. 4.3.11

3.2 performance - The performance characteristics and
dimensions of the bolts and scress, with the self-locking elements incorporated

GWrRNMENT WMDtAL pygygon g/theretn shall conform to the requirements of the applicable drawings, the QE"]EyN # " " ^*' ""**"*" A e c osupplementar) specifications, and the additional requirements specified m this ,f g

.a .
specification. tror definition of "supplementars specifications," see n. 3.1. ) y , MAxiuN wa.x' WIN M AX' WN MDIty

' 4

-
i

; *,", $ .it s I.tes , , ' w' N
''' ;' sro " * ^ '"03 3.3 Toreue - The hntt or screw, with the self-locking element j u,

incorporated therein, shall withstand the torque test specified in I.6.3 , ,

|, |
,

ai in =
. .m .in .no .m . . . . .

3.4 Vibration - The bolt or screw, wth the self-locking element ,, , : A 124 .oM .an .n2 s. a. n. H
I",'" "

incorporated therein, shall withstand the vibration test specified in 4.6.7 | 40s .ma 7. et. 34s .ses .t rs
200 4 lst 9. 47. 3710 10 | A .324 0941 |

.. *** i.. In *" P'" "
.D* 8. *a. n

3.5 Dimensinns - The self-locking clement shall be within t'ic
- B .3**

J,3,6,3, .nz j.so: no.se Sed.mensional limitations of 31515931 and if the element design is to be of a con- 48 t/s ; A . t ** .on
. } .est9. ast f ,, 33. , as; a .sts 34

figuration illustrated by figure 1, it shall be dimensionally in accordance with -

. !.m.

... u. o. . s.
.n.l

i. m. .
A . . .

. . . . , , , . , , , ,,,
figure i. i i .si 1.. .. .m

I , " ' "';' ;, .oss'' "' l ", ;',''" .sts ,we3.6 Workmanship - Workmanship shall be consistent with high-
grade co nmercial practice, n ' A .m ' an i .w x u. n*"

. sea .me! "' *| j n .ss? .s:s ss es. 2s

4 QUAI,lTY ASST,TtANCE PROVISIONS a i | A .an .nu .nl .mi se, n, se

| un | s it .sco .:ee .soe s s 33. Se"8 *" "

4.1 General- The sampling, inspection, and test procedures of 1/ t/s escM ct MAY N E IM IDCC%. C ELIMENTs 90* APART.
this specification and the applicable supplementary bolt or screw specificatanns _2/

coNrsomATion or tocicoc ELEMENT option AL [T STTNUS DDdES.31oN AL LDETTs "A* AND "B"
3/ GovERNMYNT DESE%4Tio1 or REY. B is DEC.1941e AND AMENDutNT *I a2 Now 19eSt.

gg3gg 3pp g, g AIE 9.4.3.
g

y s!E 4.4.1.1 A ND 9. 4 !. 2.
rr.GE 1. Ele 9see4 setblassi g 238-r

1
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4.2 Rempaamibility for ==v=ction - thless otherwise specified Table I. I,cngth arut diameter of bolts and screws required fore

in the contract or purchase oti$er, the supplier is responsib!c for the perfor. qualification inspection
mance of all inspection requirements as specified herein. Except as otherwise
specified, the supplier may utilize his own facilities or any other commercial Basic l.ength Basic Isngth
labora:ory acceptable to the Government. The Government reserves the right part No. dash No. part No. .tash No,
to perform any of the inspections set forth in the specification mhere such NAS 600 12P AN4 :noinspections are deemed necessary to assure supplies and services conform NAS s;01 12P ANS 21to prescribed requirements. NAS 602 12P ANIO 21

$

A N3 t5 ant 2 224.3 Classification of inspection - The examination and testing ANI 16 ANI8 23of the bo w! screws, incorporating the self-locking eternent, shall be class- AN5 IG NAS 13In 22Wifled as folloss:
A gg g7 333g 3;

ia) Qualification inspecum (4.4)
ib) Quality conformance inspection (4.5)

Table H. Dimensions of nuts requirtwl for tests linches)

4.4 Qualiftention inspection I Thrrad Stasimum Nut Do-degrec
stre across flats thic kness a sink dia4.4.1 Sampling instructions - The qualification inspection samples

; r.010 010shall coasist of 60 bolts or screws, as applicable, with the self-locking element *
,

incorpo ated therein, as speelfied in table I. for each diameter upon which No. 4- to L3C-3n , 0.250 0.003 4.132
qualifienion is desired. All nuts necessary for inspections specified herein No. 6-32 (3C-3tl 312 .250 .1sg'

NO. 4-32 L3C-3H 331 .250 .198shall be furnished by the manufacturer. These nuts shall conform to table II. gy
e Samples sha!! be identified as required and forwarded to the activity designated { No.10-32 LTF-3n s 375 ,250 .220
$ in the le:ter of authornation from the activity respnnsible for qualification ! -

,g37 , 7, g | .7,ggf4 ,gg gyp,39W #see 4. 44 5/14-2 4 L3F-3R 500 .324 333,
'3N -24 L NF-an 562 32% , ing4.4.2 Qualification inspection by the Government stil he limited 7.16-20 L3F-3H 6n 35 . Iggto the bolts or screws shown in table 1. Qualification inspection will be authorized

only upon presentation of certified test reports to the activity responsible for I '2 a0 t NF-3n .;5n ,3:5 ,33g*

qualification indicating that the bolts or screws of the diameters to be tested have 9 /16-1 * 13 F-JH 475 ; ,822 593
,

met or will meet, the requirementsof this specification. These test reports 5 #S *1' ''N F-3n .93! .!M .GTG
shall in;!ude actual results of all tests specified by this specification. When 3 ? ! -1613F-3It 1.n62 .c21 :st,

these test reports are submitted, a drawing shall be submitted which shows the i g q g g pg j gyg g
location, sire, material, method of attachment and protrusion of the self-lock- I1 -! 2 13 F-111 1. 13; 750 t.031ing element for each diameter upon which qualification is desired. A manufac-

3 3 s -1213F-3!t 1.f:21 . 12 1.156turer's designation shall be submitted for the locking element to be used in each
|I-I i -12 L NF-3H 1.*12 . T5 1.ast<

diameter of bolt or screw.
NOIT: Far thread siv 9 16.'nd larFr. rt.t s $bnun os AN315 rna be used escept

for tbc muntemenk. which is to he at:crnt to 90 dec:ees b3 0.030 inch,

j mer On of th:e id<. For thread sites 1 W throuch I. nu's shown en
AN12!30! thn .:h AN121525 mm be u<ed.

1 Material: 8 n I. raim:m-pt ned; corrnssan-a sistant steel, pushated: as
S reem rn t. .' e 1.4.1:uwt t.4.7.i

6

i.
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i 4.4.3 - , inspection - The sysatification inspection of the bolts and 4.5.t .3.1 Classific.ition of defects - All dimensional characteristics
I screws, with the self-lon: king element incorporated therein,shalleonsist of all are considered defective when out of tolerance. The classification of defects

the inspectiuns of this specifscation. for self-lociting bolts and screws shall be as follows:i

4.4.3.1 ' Retention - The retention of qualification shall consist of^ Maior
ivriodic versfecation to determine compliance of the quahfecation raspairements . ,

-

? of the specification. The time and method of perindic scrification shall be spect- 101 treiririg element missing (see applicable standard).

J. fied by the activity responsible for the qualified Products List and shall be in-
! eluded in the Notice of Qualification letter. Minor A

4.5 Quality conformance inspection - The bolt or screw mano. 201 Locking element location (see applicable standard).
facturer shall be responsible for accomplishing the quatrty conformance inspec- 202 Measurement over locking element (see applicable
tion sacified herein and the quality conformance mspections required under the standard).

- supplementary bolt or screw specifications. The procuring actistty ma3. at its 203 Burrs and slivers (see applicable standard).

j discret* M 1ccept certification of inspections required umler the supplementary
bolt or screw specifications when the lasic Imits or sciems are manufactured Minor Bi

at a separate facility. Wnen milling or slutting operaLion is used for insettion,

of locking element into non-cot rosive resistant butts or screws the complete 301 Identification of product (see applicable standard).
3 assembly shall pass the salt spray test as required b3 the applicable bolt. screw

4.5.1.4 For maximurn tortgue. minimum breakaway tortsse, andor plati:ig specification.,

reusabilits - Sampling for these tests shall be in accordance with the attribute '

Y 4.5.1 Sampling - For the inspections specified herein, the sampic plan shown in table !!I. The sarm: sample may be used throughnut for these

j C bolts or screws shall be selected at random from cach tot as specified below. tests. The acceptance and rejection numbers shall apply to these tests taken
o - separately,i.e.,i twlt or screw may be classified as defective for maximum

' ~ Itandom sample - A random sample is a specific number of torque, minimum breakaway torque, or reusability.4.5.1.1
items so selected that each item of the lot from which the sample is drawn has

,.

the same chance of being the first item in the sample; after the first item in the Table Ill. Attribute Plan)

j sample is dramn, each of the remaining items has the same chance of being the
tot size Sample Acce;.tance

| second i:em in the sample, and so on.
size number

$ 4.5.1.2 Lot - A lot shall consist of finished bolts or screws with
self-locking elements incorporated which are of the same diameter and length, tJnder 10.000 5 0

fabrica:cd by the same process, heat treated in the same manner, and produced 10.000 through 50.000 10 0,

*

| as one continuous run or order or part thereof. 50.001 through 100.000 15 0
Over 100.000 27 1i

4.5.1.3 For esamination of product - Sample sizes for examination -
4.5.2 Inspections -The quality conformance inspections of self-j of product shall be in secordance with inspection Level I of al!L-STD-103. The

] acceptance and rejection criteria shall be applied for the following Acceptable locking bolts and screws shall consist of the quality conformance inspections of
Quality levels (AQL's) applying to the corret.pondtng class of characteristics: the applicable supplementary bolt or screw specifications and the following in-'

spections:

) Maior 2.5 percent . '

! Minor A - 4.0 percent
j Minor B - 6.5 percent

- it

!
;

4
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Tensile strength (see 4.6.t.1) at Icast five complete turns of the nut after the threads of the nut have initially
Examination of product (see 4.6.2) engaged the locking device, whicheser provides the greater number of turns.
Maximum torque (see 4.6.3.1) For quality conformance inspection on bolts or screws without sufficient thread
Minimum breakaway torque (see 4.6.3.2) length for X min.of h!SI5991,only a positive indication of torque is required
Itcusability (see 1.6.6) for 15 installations and removals. Each removal shall consist of the same

| number of complete turns,in the opposite direction, as was required for in-
Mso, self-locking bolts and screws shall meet any of the other tests hercan stallation The torque test shall be run at a rate slow enough to yield a de-,

| specified wluch are considered necessary by tit procuring activity to deter- pendable measure of torque, and the temperature rise of the nut being tested
i :ntae conformance with the requrements of this specificatsun. shall not execed 73*F. A new nut and bolt or screw sha'l he used for each

test. For qualtf acation,10 of the sample bolts or screws supplied shall be
l 4.6 Inspection methods - used for this test.

.6.1 General - 1he bolts or screws shall be tested as specified 4.6.3.1 Staximum torque - Maximum torque shall be the maximum

,' in the applicable supplementary bolt or screw specification.escept as specified value indicated by the torque device during the 15 installations and removals.
la 4.6.1.1. This torque value shall not exceed the applicable value sho*1 in table IV.

'

4.6.1.1 Tensile strength - The tensile test shall be conducted as 4.6.3.2 51:nimum breakaway torque - Minimum breakaway torque
i spectfied in the applicable supplementary bolt or screw specific.itions wit 5 the shall be the minimum torque required to start removal of the put from the in-

added prouston th.it when the tensile test is conducted, the nut shall meet the stalled position. It shall be determtned at the start of the first and fifteenth
dimensions of table 11 and shall engage the threads of bolts and screws that removals. This value shall be not less than the applicable value shown in
hue grip portlans. te within one to tuo thread pitches of the thread runout. table IV.
3olts and screws th it do not hase grip pottions shall be engaged by the nut
untti the butt or sciew protrudes from the top of the nut a distance of two thread 4.6.4 Torque (with heat-conditioned holts or screws) - The nuts

,

patches, including chamfer,if any. The nuts shall be of such strength as to fait used for this test shall be as spectfted in table II. The nuts shall ts scewed onp
I e the bolts o v eem s. the balts or screws until the bearing surf ace of the nut has traveled completely
| [ along the thread length of the effectise area of the specific element design or at

'-* 4.6.2 Examination of product - The bolts or screws shall I e least 5 complete turns after the threads of the nuts base initially engaged the
examined for conforenance to the ypticable standard, relative to: lockin;! clement. whicheter provides the greater n smber of turns. Ten new

twits or screws shall be subjected to this test. These assemblies shall be con-
Presence of locking element ottioned at a temperature of 250* e 10* F for 3 hours. The assemblies shall
Location of locking element then be cooled in air to room temperature for not less than I hour. The assem-
Slessuicment over lockmg element blies shall then be tested as specified in 4.6.3. Slaximum locking torque readings4

l'resence of hurrs and siisers shall be taken each irstallation and removal of the nut.
Identification of product

46.4.1 Maximum torc.:e - Manmum torque shall be the maximum
4.6.3 Torque - The nuts used for this test shall be as siectised value micated 13 the torque deuce during the installation and removal. This

in table 11 and shall assemble freely on the bolt or screw up to the self-locking value shall not exceed 150 percent of the applicable value shown in table IV.
,

deuce. Carbon-steel nuts shall be used uith carbon-steel and allo}-steel hults'

; or screws. Corroston-resistant steel nuts shall be used with corrosion-resist- 4.6.4.2 mnimum break 2way tomue - Minimum breakaway torque
rit steel bolts or screws. Each nut shall be screwed on and off the butt or screw shall le tha minimum torque required to start removal of the nut from the in-
a total of 13 consecutive installations and removals. Each installation shall con- stalled position. It shall be determt ied at the start of the first s emoval. This
sist of either turning the nut until its bearing surface has traveled completely torque salue shall be not less than the applicable value showii in table IV.

i along the thread length of the effectise area of the specific cicment desitn or

109
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4.6.7 Vibration - Sample nuts with bolts of the size and quantitiesTABLE IV. Torque
specif cd in Table V shall he vibrated in accordance with MS2C531 or

(At room temperature in inch-pounds) MIL-STD-1312. Test 7. An average vibration life, for each tot of eight sptxt-
) Maximum torque Minimum mens tested to MS26531.of less than specified in Tabic V shall he cause for

Bolt or rejection. Vibration life, for each tot of rive specimens tested to MIL-STD-1312
(installation or breakaway

screw size Test ; of less than 30.000 cycles shall be cause for rejection. The sibrathin testremoval) torque
may be waived at the option of the activity responsible for qualification for bolts

No. 4-40 UNC-3A 3 0.5 larger than the 1/2-inch thread size, prosided the bolt of 1/2-inch thread sire

No. 6-32 UNC-3A 6 I .0 with the same 13pe and design of locking element has satisfactorily passed the

No. 8-32 UNC-3A 9 I.5 vibratios test. The vibration test is not required for elements for screw-thread

No. 10-32 UNF-3A 13 2.0 sires Mow- 10 32.

4.6.7.1 Preparation for vibration test to MS26531
| 1/4 -2S UNF-3A 30 3.5

"

I
3 5/16 -24 UNF-3A 60 6.5

L6 7.t .1 * Method - The nuts shill be screwed on the Imits or screws*

i 3/8 -24 UNF-3A 90 9.5 7

I 7/16 -20 UN F-3A 100 14.0 that pass through the drilled holes in the rbor and sleese of the test rig, as
] show n ci sheet i of MS2Gi31. The nuts shfl nnt he tightened against the sleeve

hut shi.: he screwed on until the end of the %It or sertw estenis thregh the
! 1/2 -20 UNF-3A 150 18.0

'

nut a r ..:imum length of tuo thread pitches and a maximum length of threc
3 9/16 -18 UNF-3A 200 24.0

5/8 -15 UNF-3A 300 32.0 thread ;r.ches. The holts or screws shall be free to rotate in the arbor and
slees e. The locking cleme nt of the bolt or screw shall be the only factor which

:n 3/4 -16 UN F-3A 400 50.0
a restrar.S the not from turning on the Init or screw. The thrust load on the test

sa hor. -duding the ucight of the electrica: pmer unit. sh111 he 65 pounds.
i 7/8 -14 UN F-3A 600 70.0

N Heferrte lines t. hall he wriin d. or other nitable raail mgs sh.,Il be made, on
1 -12 UNF-3A 800 92.0

fp4h th nats and the bnits or screws for t>c puryvc of determining whether or
1- 1/8 -12 UNF-3A 900 117.0

not the ;I turns on the ty>lt or screw durtn; the vibration test.
I' t-1/4 -12 UNF-3A 1.000 143.0

" , 4.7.1.2 l'hc tc>ts shall be conbeted m periods of running and per-
..e.4 Mmimum braakaway torviue at 250*F temperature - Using nods of ::et to permit the c!cetrical power at to cool. A f an ur blower shall be

the same assemblies tested in accordance with 4.6.4, minimum breakaway set to c r.ct a current of air un the tent ru. in order that 2n.nuniste runs with
torque shall be determir.ed on the first remosal cycle at temperature while the to-min '' rest latersals shall not desclop ."nperatures greater than lui F in
bolt or screw engagement with the nut is made according to 4.6.3, and after the the ten s crimen.
fastener assembly has been preheated 1 hour at 250* * 10*F and held at this tem-
perature during the test. This torque value shall be not less than the applicable (a) The fan or bl%cr shall be turned ofI after carh
requirement of table IV. 20-mmute runr- period ia compte tc. and shall

remam *It unti c temperature rr.nlinus ser
4.6.6 Iteusability - The threads of the bolts or screws and nuts Men,

used in the torque tests shall show no distortion or scratches deep enough to (b) A rotat mn of gn ".er thvi 3n de :rcr* for a nut
reduce the efficiency of the threads. The threads of the bolts or screws and shall t c esiden;d a f ailure of that riement, and

nuts shall remain la a serviceable condition and shall freely permit the installa- ibe end of the r :- vrp d in wNrh the ritment

tion with the fmgers, of a new bolt or screw or nut, as applicable, up to the self- tailed . hall be nre .rdert .is it s s ihr.it son life.
locklug devlee.

I2t1
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a ca - ath reepset to products incorporenug
$3 Markg - In addition to any special marking reeptred by the con-

tract or order the unMackages and shipping containers shall be marked in accordance ement esigns wirtag quaMention, awards wtH N made only for auch
e n W , Wr to the time set.

with MIL-II 2992.
for opening of bids. has been tested and approved for inclusion in the appil-

6. NOTICS cable Qualified Prodacts List,whether or not such element designs have

6.1 Intended use - The self-locking clements covered by this specifica, actually been so listed by that date.The attention of the suppliers is called
tion are intended to be mcorporated in external screw threads to provide resistance to to this requirement and manufacturers are urged to arrange to have the
turning due to tabration. Diese elements are to be used in applications where maximum locidng element desyns that they propose to incorporate la bolts or screws
temperature does not exceed 250' F. Hhen these elements are incorporated in external to be offered to the I*ederal Government tested for qualification, in order that
threads and are ased in comphance with i!S15991, all the ennfigurations of figure I are they may be eligib!e to be awarded contracts or orders for products incorpor-
interchangeable. It is intended that in specifying elements in conformance with this ating element desips covered by this specification. The activity responsible
specification the locking element shall be specified in accordance with AISt ,941 (i.e., a for the Qualified Products List is the Naval Air Systems Command, Attn:
configuration should not be specified). A configuration should be specified only for non- AIR-52021. Washinton, D. C. 20360. Ilouever, information pertaining to
sta.,dard parts where. because of part design or application requirements onl> one con- qualification of prod 2 cts may be obtained form the Naval Air Development
fig aration can be used. Cen'er, Aero Materials Departrent (3tA E31), Johnsville, Warminster,

Pennsylvania 19974.
6.2 O_r,dering data - Procurement documents should sIrcify

6.4.1 Qualificatimi appros al for locking element designs are
(a) Tatie, numhcr. and date of this sgecifica' ion. based on testing ami evaluatinn af element designs incorpnrated in 3A coarse
(b) Part number in accordance with the applicabic threads for sizes Sr.tller than Nm to and on 3A fine threads for site No.10

standard (see 3.5). and larger. Eleme - designs listed in figurc ! are approsed fer incorporation
(c) Applicable level of preservation, packaging, and in 2A or 3A fine threds for stres smaller th1n No. Inand m 2A and 3A coirsey packing (see 3.1 and 5.2). threads for sires N . In and larger if tbc s c<pirements for qolit3 etmformance

C"*
inspection (4.5) are ret and are uthin tbc dimensiona! limitations of 3 Sl5944.d 6.3 (Jse of standard and nonstandard self-locking estern.nll3

thrat.4d fasteners. - For delmitson of these terms, see 6.3.2 an i 6.5.3)*

.,

6.3.1 Standard self-lockinit esternally threaded fasteners.- s he (see figure 1) lock: cicment da:gns m ere based on the prutrusem of the cle-
release for use of standard self-locking esternally threaded fasteners is gos- ment being in accor: mec with fw.:re 1. darnension "B" Cwifiguration "A" de-
erned by the requirements of the weapon system or equipment general or de- signs uith protruss - 51 "D *pf -". and tnat . ire nthermise the same as those

tail specification. listed. also hase qu .neation ag rm al

G.3.2 Nonstandard self-lockmc esternally threaded fasteners - G . 4 .1.2 7 > identif3 . c additimill element design with the greater
Self-ioeking externally threaded fastenern. formed by mcorporation of self- protrusann the addt mal anym- rot rusian must le specified on the standard
toening elements listed nn QPL-11240 with fasteners that are in accordance or dram mg for the , . lor now ml.ird ptrt4 that reputre a specibe conhgur-
with specifscations and standards approsed hv the weapon system or equipment ation add a "P" to 1 Gncrnir; iicst.;r it son,
specifi. and, as assembhes, are in acenrdance with the acceptance tents
and requirements of this specsfication, mall ne considered to have been relea>rd hinipfe: i .mg riens m .'lil. ' -lin Government designation of
by the procuring activity for use for specific applications at the time the pro * IOP. I 4 thicad uir mligurati - "A" ** A:o-inch prot rusion, self-lock mg
curing activity has received notice of the slecahe applications and complete element.
descriptions of the items being specified. This retc.ise for use does not con-
statute waiver of the other applicable requirements of the ucapim system ur 11 sho ald he notet! t. u Ostencrs . :h n ina1. inch and o.atn. inch protrusion cle-
equipment specification. The use of other nonstandard scIf-lark 6ng citern211.v

rnenM are not unM s.ilt mter: uccahh . \ twtener with U.tu13-inch protria-
threaded fasteners will require prior release for use. sion ran be substitc:. " for a f iM -: r w ith tald-im h prot rusion. if all other

4 ire sub- : o r.interch1ngeabic f.it :

15 I'
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6.4.2 For qualification, vibration requirements as specified in*

AtlleF-19240 prior to Revision D can be used until 31 December 1973.

6.5 Definitions -

6.5.1 Supplementary specification (s) - In this specification
" Supplementary specification (s)" refers to the bolt or screw specification (s)
that contain the requirements for the bolt or screw, with the exception of the
requirements for the locking element, which are covered by this specification.
These supplementary specifications, as well as this specification, are to he
listed as the procurement specifications un the self-locking bolt or screw
dram angs.

6.5.2 Standard self-locking externally threaded fastener (s) - In
this specification a " standard self-locking externally threaded fastreer* refers
to bolts or screws that incorporate self-locking elements conforming to this
specification, and locking clernents specified in accordance with SIS 15948, and
are completely described as assemblies by specifications and standards released

#

for weapon design and construction by weapon s3 stem equipment specificatu ns.

6.5.3 Nonstandard self-locking externally threaded fastener (s) -
In this specification a " nonstandard self-locking externally threaded fastener"
refers to all bolts and screws incorporated with self-locking elements,except
standard self-locking externally threaded fasteners.

3:=
s 6.6 Marginal indicia - The margins of this specification are
[ marked to indicate where changes, deletions, or additions to the previous
A issue have been made. This is done as a convenience only and the Government

assumes no Itability whatsoever for any inaccuracies in these notatieas. Didders
and contractors are cautioned to evaluate the requirements of this document
based on the entire content as written, irrespective of the marginal notations
and relationship to the last previous issue.

,

1

* Custodians: Preparing activity:
Navy - AS Navy - AS
Air Force - 11

i Army - AV Project No. 5305-1077
Reviewer activities:

Navy - AS
Air Force - 11,82

3

Army - AV, WC
DSA - 15

17
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MILN-250273

24 JULY 1969

Supersedtrd MILN-25027D
MILN-250270
22 March 1965 MILE-7502 Sealing Ccs:;ound, Integral Fuel Ta-ks ar.d F2el :,11

Cavities, High Ad'.esion, Accelers or ReTAired
MILITART SITCIFEATIGI 'i: LS-7742 5:rew "hreads, Standard, Optimus So e:*ed Series: I

General Spe:tfication for |

NJT, SEIF-IICKINO, 250+ F, L50' F, AND 800* F, MILA-8625 Anodic Costi ge, for Al=1:Ma and AlmirrJa Alloys
Sealirs Ccepound, Teperat ro-Resista::t, Integral Fuel125 KSI F1U, 60 KSI FTU, AND 30 KSI FT'J MILS-8902 a

Tanks and hel Oeil svities, Fig'-Adhesion

This specification is mandatory for use by all fepart. MILS-9979 S: row hreads, Contro; led hadius Root with Increased Miner

monts and Agencies of the Department of Defense. Diameter, ;e-ere. Ope:1f t:stion for

MIL I-1721L I-dicator, Pemeauty, *sw Mu (3:43-Oo)
1. SCOIT

STACA P?S

1.1 1his specifi:stion coeers self-locking nuts (see 6.4) and self-loekirs plate
trats for use where terperatures will not exceed 250* F, 450* F, and 800* F, and will Federal
develop the ultimate tensile strength of 125, 60, and 30 ksi (1,000 pounds per square
in:*.) F u (ulti:aate tensile stress) bolts, as applicable. FED. TEST v2THT F .L **.151 Met als: 7est Metheds

t

$n 2. APPLEABIE DTtFBt3 Filit ary

e

[ 2.1 1he following docia:ents, of the issue in effett on date of invitatien for MILSW105 !aspling Pr:: eda es a-d Tables fer ::spection by Attributes
bids or request for proposal, form a part of this specifi:stion to the ext-n specift*d MILS-- -;;0 halift:sti= of rspe:tir:: Perso-ne; (Magnette Parti:le

m and Peaetra 1)herelat
MILSL7D Trresien-Resista-t hee; Farte: !a:pling Ir.spe: tion and

S MC IFIC A TIr''S Testirs for Surfa:e ?sssivatten
MILSTO-1312 Fasteners, !*st Methods

M5:'6531 Jibration Tes- aig
leder31 AN3 thru A'!20 hit Pa: hire, Air: raft

QQ-P416 Flatira, Cadmits (Electrodeposited) aN5u3 hrew - Ya: tire, Tri' led Tillister Fead, Ocarse } read.

aasher, Fla-Tf E-751 Ethyl I.cetate, Technical AKo60
-

TT I-735 Isopropyl Alcohol
TT M-261 Metnyl-Ithyl-Ketone (for Use in Organi: Coatirgs) (cept,, og ,p,cificatiors. stardards, draatris, a-d cr ?!!:attor.s ret 2tred by
IT-N-97 Na$tha, Aromatic suppliers in :o-reett e wit's sp tift: r c: re :* : f :til,es s r;.d be d .ained frri
%Y436 Wren:hes (nox, Open End, and Combinati?-) the pr< evrieg attivity er as directed ?. *re :rtra:-irg effi:er.)

FU.U*!Z
2.2 Mar e2:ic at - - s. te fr ;rwirs di: .e-ts fsr a part of this specifi-

MILH 3982 Hardware (Fasteners at:d Related Items) Fa:kagirg and Packtrg catien to the ex er.. sper:.fied herein. 1 r.less r r.erwise ir.fi:sted, t':e isswe in

for Shigment and Storage of effe:t ce date of invit rir fer tidr rr ra;,*rt 't? propteal, sha*.1 apply.

MILS-5002 Surfa:e Treatraents and retallie Ceatirgs for Petal hrfaces
of **'eapons Sys' ems l'rit ed : nt et f 2,--ri:a : t edarfs *-= 3

MILC-5541 Chesi:a1 Fil=s and Chemi:a1 Film Materials for Aix .i :s and
i Alcinus Allcys "I A FP.1-3:2 ' ;rfa:e 7 ext .re (f.-f a:e h arr:ess. ' 6 -iress ed *ay),

MI N9.6812 Bolts, Aircraft
MILI-6866 Inspe: tion, Penetrant Method of (Arpli:stier fer urias she:ld te at:E n s * f - t h e ''r ; a f 't at es f Am*rica
MILI-M69 Inspection Proc-ss, Fagnetic Particle Stardards 5' i* .te.10 ; p . L5 fir **t. N 1 s w Dr< . h.)
MILF-7179 Fintsnes and Costirgs: General Specifi:ation for Pr: ectie-

of Air: raft ard Air: raft Parts

] ?.Y 9 h' I

_ . _ . _ . . .
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Society of Auteettee Enaineere 3.L.1 Peeter sarfa:o. - De bearing surface shall be normal to the amis of
the pit:h diaze er of tre tweeds within the eslues shown on figure 1. De surfa:e

AMS2L10 Sileer Plating, Nickel Strike - High Bake roughness of the b*arirg safece shall not ex:eet 125 miresinthes in escordance with
*sA BL6.1-1962.

Copies of SAE publications be obtained frce the Societe of Autamotive
Ir41r.es.-s, Inc., Deo Penr.sylvania , New York, New fort 100d1.) 3.:. 2 T?' reads. - Se tweads s'all be as specified on the applicable standard.

Breams used on the locki 4 device ray be disp!a:ed or defo: red in any manner which
National Aeroonace Standard provides self-lockirg rr.ts :ssfornirg to this speetfication. Se nut, withsut

tubricant, shall allow the . gs gage to enter a minimas of one-half turn before
ten the appli:stion of a lubricant preventeKA5220-21 Screws - Braaier Head, Phillipe Recess engageent'of the locktr4 ele:sent. a

the use of standard gages. tse nuts shall permit a ninira:a free rotational bolt
(Application for copies of NAS publications should be addressed to the Aerospace thread ergegement of thrse-fr2rths 9.1-n before e 4agement of the lxking element.

hdustries, Association of Ameri:a, Inc.,1725 Desales Street N.W., Washinetm,
D.~. 2C036. ) 3.L.) Plate nut rive -:31t hole saaetra. - Plate nut rivet-bolt hole spa:ing

shall be in a::o-osn:e w.n me apph:a:n sta-de-1.
3 P2;CIstEN15

3.5 Platina or surfa:e * reatme-t. -
3.1 Qualificaticut. - The nuts furnished under this specification shall be

;r:du:ts which are qualified for listing on the applicable Qualified Products list 3.5.1 Komarres ion-r.sist an t steel. - Nute fasricated freu non:orrosi:--
at the time set for opening of bids (see 4 3 and 6 3). resistant steel shall be :a:::1.:n plated in a:esrde:e with the applicable standard.

3.2 Fate-tals. - 3.5.2 800* F eorrosi -resista-t steel rets. - The threads of eM* F ::rrosion-
resistant C. eel nuts shaR :e silver ;.eted in a::arda .ce wi n A*32!.10. A;pli:ation

3.2.1 250' F nuts. - 3e threaded and load-carrying elements of the 250' F nuts of such finish ta the ec.ert:r surfa:e of cat or cut retai-irs : age .ay to n.itted.

s9all be fabri:sted from noncorrosion-resistant steel, corrosion-resistant steel, No platirg finish shall :* a plied ir *he rea of the prof e: . ion weld nits of pro-
ma.irr :s alloy, or copper-base alley in accordance with the cod;ng on th- applic.b:e tection weld p'a:e nuts.

"$ or other approved standard. AlazinJa alloy may to used ed.ich ill confom to the
s;ecific ation requirements. When using noncorrosion-resistar.t steel, neither the 3.5..'.1 2 0' F snd L" ' v earrosir..resistet steal mis. - Be 250' ? and L5? F
s;;hr car phosphorus content shall er-10.050 percent by weight for thread sizes corrosi:r-r-s:sta stee; :s sral :e neane: .: a::arca :e with t6 e e;ea:rg {
*:o. 5 and above when the nut is heat treated to Ps: kwell C36 or greater. surfa:e raq :irt ents of *".-2-F'JC2 a-d tested in a::arcance wit's 4.5.'..). }

3.2.2 450* F nuts. - 2e threaded and load-carrying elements of the L50' nuts 3.5.3 Nroardase a;:m. - Nuts fabricated fr::: copp+r-base all:y shall be
p

shall be fabricated frem noncorrosion-resistant steel or corrosion-resistant steel, cadmiu: platec n a:cordr:e .rith tre applica's.e s a-dard.
,

>-* 2e sulfr content or the phosptorus content of noncorrosion.-resistant steel shall
W cot ex:eed 0.053 percent by weight for thread sites Mo. 8 and abeve iAen the r.ut is 3.3.3.1 5 <!rt of : --ar-base a*.in nuts. - ::;per-base alloy nuts shall be

heat treated to PacInsell C36 or greater. provided =ith a reans of :.=- ;f t:at;: . .his desigration shall be sp-cified en*

3.2.3 80C* F nute. - The 800* F nuts shall be fabricated fr=:: :orrosion-resistant
steel. 3.5.i P._71~. alley - bis fabri:sted fr:c s'. sinu:n alley shall be a edited

in accordr:e wnn %A.? . er che=i: ally s.rfa:e treated in accordance with

3.3 'ss,i,gl. - Nut design shall conform to that shown on the applicable standard. MII A 55 1 h ; :tective :.nis5 ne-d te applied to : lad al.rirrm-plate nutg
retainers sr Aa g :ran-elt Dr iden-ification :2 ;oses, the thread-d elec er.t of

3.4 *sretts: tion. - Re lock trat shall be a self-contained u .it, includi g the the hir-s re g.- their -tur/ nuts, thro:p / -13 si e cf the res.lar ype an.1
se*f-loch ,g device. De locking device shall nst operate by means of separate thre.c ' a ti:e d i = nr type. stall be d"e* bl2+. S tas, v e tnrei hd

smeent fra the installation and shall not depend upon pressure on the beartng etenerts .' - as. s s.-* exposed the enc e=1 Nrtic- ef the n;ts shal be
safate for locking action. dya1 F..a.

-
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f 3.6 Imbri:ation. - The nut may be provided with coattr4 which will prwent
/ nut-bolt seizure, provided the : sating has geesed the app;i:able teste af L.5.8.

We Qus;1fied Froducts list shall identify the lubricant and shall :!assify it as
| either d.y film or soluble film. he lubricant shall r.ot te charged withsut

! w3us11fication of the nut..

|
' 3.6.1 gz, film lutriennt (h'>ricant that is not removed br test L.5.9.6). - try

| . Alm lubri: ant shall pass the tests specified in 6.5.8.1, 4 5.d.2, 6 5 9 3, 4 5.8.L.
* and 4.5.8.5. he test specified in 4.5.8.6 shall be used fcr deter =.;r.i 4 if the

. a.ricant is a dry fils type.

3.6.2 Soluble lubricant (Etrt:ar.t that is razioved bv test 4.5.9.M. - Soluble
'

g. 90, 14bricants ar.all pass the test s; .1f tad in 4.5.8.1, L.S.9. *, 6.5.9.5, a-d 4.5.8.6A

1 J.7 Arial tensile strenc . - t;ntess otherwise sp*eif'ad, the n :s sis 11 have'

FL a mini =cs axial tenstle streng- . as specified in table * rer. test *d as spacified
[ in 4.5.2.

,

I h | ) 3.8 St ue. -
t 4

y 3.6.1 **'renen tor o a. - 18eugsn steel nuts shall withs ar.d the **e .:n torques
a a A specified in ta ile II waan tested as specified in 4.5.3.1, without try ;t:-anent
*-* WIDTH O'1 LZ RDIG 31;JtIFc. :tATT' f! deformation wri:5 may ir.terfere with the use o* a 5:x rr cpan end w en:n :anformird
y 3g;tyA;g piger;g (q to COGJ .636. 'arench torpes f:r alminu:n-allyy cuts shn;; be a par:ertage of the

(m m ar q ifg r ay values of table 13 equal to the ratio of their axial te-sile strergths, as specifi*d
u, table I, to that of steel nuts. Valuas for copper-alby nuts sh n;; : = 59 pere-:t
4 de vsMs smW in tad ;LM THM 3/M c.004

V16,1/4 *005
3.8.2 Icekt x torra. - !seking torpe tests shall be prfsr-al in a:N-dar e$fg, y, g

7/16,A/d 007 -M the a;ph:aste paragraphs :f secti:r i :3cering 3:ki 4 terg:e.
o/16,5/8 "008 3.8.2.1 Fer anant sat. - Se nuts srall n: . ex:eed t* * r axt=.:: "::< ira torqueU/16, y4 *M .

r.ar be irss -haa :ne mera tret.oway 'crpe spe:152 in able C; .re . tested as
'P'* * 'd *" E*5*3* *13/16,7/8 .010

15/16,1 011 3.8.2.2 N rtettiev. - Le* r. s and te h s er screw *, as appli:stle. r all be1-1/16, 1-1/8 *012 '# f*# ** I 'I ** **"' b '
-'d for es:h :f t he :*ns 3, 5' ^n-d . r;*:ified

*"d " 'WC'd i' I 'E' D ~d***'"1-V16,1-1/4 *013 s:rews. as appli:abl*, stall t e .s-'
,

1" * *M ' " "'***t'''#91**1-5/16,1-3/3 .o14
1-7/16, 1 1/2 .015 y,g,7, ; o g, . , g .,- - . - 3e u pe f:r a ; irst a!!a-i: : :r remova'.14/16,1-5/d .016 saan m ex -*. 2- n- eruse .'er ea n tes:s as ~ isud in table ;'.' f:r allowable1-11/16,1-V4 .047 .

mm.. q ., e m tesW u m Uled . L.5.3.LL;. Setah'aed w h1-IVM .018 torque va;.ei, t waich trese p ren ages ad.y are lis .ed in table ;;; A;I nuts
s''ni' te s.:jae:M to nt Lo. . :.n table :7 in addi . n. ats s' a'.; te subject ed

Or 6 wri:n app.; tr. accorda ::e wi-h thet.- rat. = us ge t a=;eratures testa .6r IGURs. *, . D1 tensions for =essuring relationship of baerir4 surfs?e 33 ggy 3 .g,y., gyp, g3 . g ,, gy ,
-

with res sect to the axis of the pitch diawter of th* th. eai*

5 -
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n

7stle !. Arjal tenrile stranrth in runde

3
a Fine thre.,d verlM / Cr a rf.e thraad rerler

'
Perslar nut. V .' hear nutt I/ herninr teat j : hear nun- ;/

-
Thraa1 nlaa 1hread rise a

' * *e1 Al alley .St eel Al alloy : steel Al alley etect Al s!! y ',
' . __I
3
* | 2.*J 44D I LLO 23C .?Y t.

44' 7V L 7 'oc 3**. ?~ t
g

j/ A aa. W w ** * A.3?
*1.Dc 1,130 + ' ri; t-3?
, ?n 1.7Pt as eta' .

,0-3: 2,4m 2.t.*e 1,?1 g 1,?v. yn +
.

j * k* M trW't, ?,elo 1,t &h****'

g ? ?* 1,14 j 1/4.pn 3,7t r. 1p/p,

, 1/4 28 4.$Pi 4,'N
I hm :) hw.'

'./16.?4 r,39' 3.cn 3 //,s1 1,Pyt. A t/11 le 6,360 3,1 gi
. ,7.m r.840 1/R.1A 9 (s.0 4,73^

i 3/8 24 11,4tt- '..t>** *

t 7/1* 26 it,440 *ud ? ,72' - 3.830 7/1#- 14 13,140 4,%2n
,

' 1/2 20 21,1P 10.4"0 * 10,%r- e. , t;,e 1/r.13 17,730 8,80c
j 9/16 18 Pf 810 13,300 i11,400 6,t 40 9/1f-12 22,900 11,360

5/8 18 34,110 16.910 li.ivn 8.4* n d. 4/P.11 ?P , *.1f) 14,1'M

. . t$1. - 1?,4 bi 1/4 10 4?.77o ?) , P?t, q

3/4 11. %is.eipn ?4 /10 **
#

7/8 14 . l8,440 3 3.9'M 34,2?( 18 ,'84 # 7/8 9 60.310 29.9N
J/ 1-4 gWM W W & 1.P 79,280 J0.3.10i

90.tm 44,64n 45 onc ??,3 9T.12 s

| 1 1/P.12 116,' Min $7, pen 48,350 28.940 J/ W 14M *bdha-
147,960 73,380 73.970 36,690 y'M" 4M M Mrmaa-;

-

g11/412
t

y Bere are no antal t en.11e st renrt h retile'inan'a ** cortar Fare alley nuts.
1/1he ' regular nut' values shall be used utiless the *.t andard PPcifies that the valuce fer chear nutt- are

agtlicable.
J/ Insatlie fer desten.t

nerenr l, val e f..r e l.e tetri, e t rentlh Aliminie all. y nu'!. telent I fl.51 t y a| g/ 1he , ne* the neln) t ere lie e

n ..e ,t, * .
M lbene are the 4tini tennile r.t rentti, values for t he It u Mt renrt h A1'alhim.411.'y n t r., The.c nut * ape

,

I inaat Ive for clea trn.
Fesr att neallein t.t her t.han milli nry alterafi , time d.1,| ,i#/ fnaat See f.*r steatlen for allit ary alveraft,

i A-138

.

l
.



._ _. _

s s :
g -; - - .;. .

., .. 4 a. ,: :, . . . .... :. e ., .. e .;

t,ii.( U U W- 2 'J i. U 23i. !! '-
- nr- -

. 2 -.
-m.

1 1 s.. u s.. u s.. y... ;ar r : ,.:
J .g ,~- g gar g g- . ,

, . .t . ~.. n
i. T.. .. ..

t ,p: P" . !! ! ,g !!
" I' 'J y

*. .
lj,g :" h ;C *

.' t a K:r g E i;;:: ys :::::y h .;T
:1 h . . ...?,

E ,a. -- i
3.. . .a. g .o.A. .. a

.

. k.. .s..F. - .dy
a3. ~ .. g .. a..g,. .

3,, ,

. .

3 ._ _. .

4 M.
. . . . -

.'; 4:

2
9'O p n n* ::p <> r. n

'

g yt -

,; "; r; 4 7 :; :'; t.4
*~;

e.j v :::
A
s g - E.

%*
7.. . ..

.k. 2 }! .' jf5,.:
e n. m u.g 3

s g 6 g g"Y
-

= = ~ . s
h7-: ah- n n - -

" *A A A A n J]g n .
. 4 4 4 4 4 4 4 ..

@
y j) -4 n4 m e4 .e 4 e ,J .4 e. 4 J; L

A A A A A A A '' n
u E. A A A A A A A g* . .

x - J ]I__. a r:

d *
g J J J J J J

'd S t:*

S$$ .$kSSSSSlC
!9 Its*, n. .- - ~ - n w .s s u.4.i.. .

,a

! .I. s .
Y $

?g a :aussaLss.~aan1
~-

g~

'l s. 1
-- .

r3 .o . .- :-- .
h

; -

y : .

4= :: g = . .s a - e e-

m..gg.a.p. sem. 'j'f T R4
j .,, n <, 4 . 4 2 4 */ J

"

e,p. .. i i,
-

g. : ~ ..

S{
,

6 n W ehhhhhhhhhhhnh jj
2 .E -

h | b, . . . " * . n'm': '! '' ": '?. '
* * '? 1 : 'l o

3.e
. ., .s ,J .n.. ~ :.u . s n.-, a.

N

3''
g3

g -6

Ipv
: RS S 8.M..R. .Q.R, g.a <ngg

-se
e g 3 .e. s |

*

gs- . 3,s,3
.

-
3-

: -

3 332 1-

alts 8- - - %,%

c : s:
35 4:4.

% gdg R ** s s 1

3334 ha}.aha s;s :
*

, 43 Sinj --.h a.v m..

m m .maa hhhn

-. --- .__ _

A-139



,

g 1

y 3
_0
.

g -

g 9
/ 2

. n 1 07 o e
e. i t 1
r5 t uu. ya n _
gL rc 5 _
i oao d 2 _fntdl e g

t i n h C. _
-s n kuy se odc on i.t eaba r 7

j

7dir a g 1n eft nn f / 0 ^

i fcAa f 0
.

_o ii ii 7

t i e rd oa cp
r es . get n 4 9
b p srt o L 1 1
i sseei i / 3 7

n m.v ai s 3
. _s t 2

e adiie 1 ; ' II _.: e m. r ;a :hg t ,t n 2 7
i s s i gt i s 1 1s d t et o / 0 0e a ut nen d 5

%" g
d a n eh n

i Ij ' lI .|.

7

2g%6g32 t s: t e a
0, 03o5 v s ies r

,

; l 1
e t ' : ; 6ettg.a1 r t'

M
g s

s c / C. 3i :
r w eIhok a 9o It rc e 0
f l nVih a s 2

l i wt r 1
* e a e C ,

V
4I v h sl sg s 2 1

T r i s ebk n .
l 7

p / '

, s t i a:i a ;e y : s tt ass
* g s s t i rs
b , ; e u uncae na d t n ni pe o 6 7 2T g

.6el a g t r sk e s / 0 0
on i e n 1 0 1

2g-
. , ,4 gi

,
,

., ooo k sh nr p 1 ,*

:
n nwaal h 7

3
eofee t

NyyNsy/o,
1 c esobn e

o i c g d 6 1
l Ds ei 8 c 1

- hole f / 0 0
f *t1 r o 3p l o 0l

. etlf se
S sdaa t

e a tf i d
ie so m nr- t
lhdy 1 ae 5 0

. it ern 1 d 0 1n v sco 6n 0 0e . n di i 1 u
t5 i ecns . / 0
t t erau I 5
e5 n ceei I
r o xxl c V
t 6 c eecn l e
1 s i e , a s r3 V n i tea, b :

l e d2me-3 a :n wi7 i D ob - c2 n sy a it a r
C 0d t ag T sa f= arrfr5 e 1ls r
2 1. i c ne tne o

1. l adg d ot eeat er- 3f a c eu af ge3 egad r
N i 3h a. o eo s ; , 's. a lxp=baa
r. s e a t. xp=rc

'I
e rf e e?.p ,aeg F P

M s 2Cd . '

a sn n ta a y , egtnu w ihutf t .
in l

tI
o cNsod i nui aF

o lsdi* e e l3
tht i t de peeaedri t a b2 aees- b l

df enge a ohio ebl

A lei 7dinh r2 ltfh pa
I lt c e ee u f it yt
I asehtdl r d3 nfc t
M fepg e p ooen nt sudsa e5 n pa gi

t oeu d h tsh n
onIrt tn t4 da t idees t ene .hsesa nn nses attit aldt o lae , ii i t osl iN2 nle aedu liae e t dd then flhatss,tu ee ett
sgot 7an si r se ) . m

rose 1 uf net s n e s
g ne

eoter he i dota wd
2t tueth ec n l n i u
g o tlit e adnp gu s dl

0 0.}3 L 6 M 6 4 5
50 000 e na

ryteabw ep ae t ro
12- d avoa sra d rs gohf u op

123
twd oet sn c nlwo o T -

aeh p t o ss i h w ge
yk t t m nl y a tl ,s e c e nh

aac eioe r a aV e u n n it

weeot bb os oi ; q i t
r an

arjt d d lxey r (

kbb eent ea falt o o oa
uigt o t e b T f lh 1

ft 1

eculee
lr

e roa- eonsoastsid oh onte
.

i h -
v ear

Bhbe bt f h
l hnt V e t t e- a jn7bt de stio : l

lbu m x nh ei e t a r.Mlundee at uwdo l i

asins l et b s .- n ot
I fo

- 1
- eh zas) eo a ,t a 0 n
hsen ar tt vsse T d .{81 s

2L.e u til a
ba,ef ny t u. l b

eo6 6 g bt .t
- e e5 r a r a r .. - . .L1s1r t l r ,b :e lu o sc b 4NNh.2D2////t o o.ouli - 15 3't al

- fnae3lh lj lei . "

-

w=
vl5

hh lc A n eehl e aan pt th4- Ilstea i qnapu usIl th g r ravan o nIA ehesn
tte i .o ah ei

e uit ,d yf Tceta htr
rl .nw eu t h oo sud
bb2 rll id - gtng une-

a ,eobc l e . n a P i .
i t ansx lfa t 2. n c F a nz on ci b c tgaie ein i( a e u h h ncn 2. i a . la

i td s p o dtt .net u s n so t apn 3. i r 7 p sdo1 pe e n e aset u h s_ 1d
ah Ri a st o c_ F e 5. d c e c r se r st a:

- sL al st e r tlso h ga
o a i s n. i n bai 3. b T-

2. l n I n a , p . 2. l
rths u ad- : oTe P ge

. 2. e i it_

6d l en o t
_ a 3. t .b 9. r. s2. h-

ed .yf ad d
.

2.ueTl oree ae a e
8. l b 3. d. 8. l i ; p ori 8. s at-

p 3af p- ,hf_
ti 3s 3 l 3. t ane

-

3vleas_ c t el t ee&oeel p a 5. is a:eebyp s
r#ryah paay ,*e p e

tstct2t s t ts4l
_
.

-

-

- .>'Zo
-
_



_ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _

M1:rt.'-25027D
MIIA -23027D

@ --

WiP tWiPjm s
-- ,

\/ ,,

s/<- _AS.
FACS A!O SO3)

F3cD FJT
NUT H47I?J $3tL!iW TOCL MARKS

pgJT 7:3?JCg;g3 73CM SAR S Z T WHICH
HAS 3D'C. L2FS, P I%CU'S!?.5 MI:N
Ifi UIEOT A'. ?4E

Qee-o c.

p 0' *
O 4, ,, , , s - * * *- " , , . . . . ~ '

4*
A C C E F T & B L E, FilOMMI U:L'uwA*w M MM N EM #*

TAI E VII.
f.UT : ,'.-- .1 Mrs, SIA*S. C' I:. :3 IONS

I

I O O,**. s e,/
| | O s ,,*noe,s.,.*

TOOL MARKS AND D?E MARES 05 SC?-LOC! tim NUTS AS A RESULT OF TRMAL
MACHINIE OR HEA3L90 CPItATIQ*i3 S?.ALL *i37 BE CAIJSE FOR RS.GCTICL g,7 , . . e , . .,' . . ,'" ' * g 7,* *. . .-- ,,'

ACCE?TA3LE
%;Em?2. PPC7! ' ?! Scar 2 TIg:: ?. I . ; ,,; 7 fr g - 3 ;7 ;33 g. g ,

72 ' ~ ; 2. (FIGPE 2.
(She-t 1 of )) Acce;;asle a-J re,,ectable defe:ts of se!.f-le:itira

2 of : er s- * t-i - .'er v :e teft "s f se'f .' *.ing
.-

*

rre.s as revealec : mgratie- pa.~ticle or fluo--se-nt ;*r -ant , : s e r* * C. a t F .te- .' m - i ".* -- f e * *-*. P- et 9:*ins p;tten , _g g.'

13
-



_

.

MII41-25027D MIL.s.253EID

3.12 Stress ari5rittlean*.. - The noncorrosion-resistent steel nute shall
satisfa:torily pass the stress ebrittlasent teste specified in L.$.9.

3.13 Paanotte rerseability. - l'ho magnetic permeability of the corrosion-.
resistant steal nuts shall be less thas 2.0 (air =1.0) far a field strer4th of
H-70 cersteds.

W -lenan@ip. Worte:anship shall be consistent with the type of product,3.1A if;r.ist., and the class of thread fit specified. Sharp edges shall be broken; hangir4
turre and slivers which might toccano dislodged under sage shall be remu>ved.

4. QUALITY ASSURAKE PROVISIONS

4.1 Res:ensibility for irst-ettu. - Unless othe wise specified in the contra:t
os parchase order. .the supplier is responsible for the ;erforstan:e of all inspection
requirments as specified herein. Ex:ept as otherwise specified in the contract or
order, the supplier may use his own or av other facilities muitable for the perfx.e
ance of the inspection require = cts spe:ified herein, unless disapproved by the Giriern-

EUT HA7ITC SEAMS, LAPS, C2 IEIUSIONS WHICH INTERSECT The Goverreent reserves tae righ* to perform a y of the inspections set forthm t.
AN EDGE IN t.IXE WITM BEAM SIMS PASSIf.G THRWGH T!E in the specification where su:h inspettices are decad recessary to assure supplies
Cf375R OF TME HEI T!.ATS and services conforva to prescribed req:treer.ts.

,

ACCEP748LE, F*C7IDED DISCC2.TINUITIES DO NOT ;
EXCEE3 OE.ut!E 95 LI" 15 0F T432 VII k.2 Classification of irsreetions. - Re inspecti:r. and testira of rn;ts shall

be classified as follows:

(a) Qualification ir.spection (L.3)
(b) Quality confo:.:a .co ins;t: tion (k.A)

.1 L i .fi: stion inseactim. -

L.3 4 Canolint instructio s. - Re palification test samples shall consist of
100 nuts at plate nuts for ea:h size u;ca wht:h qualifi:cion is desired. All bolts,

y y O O screws, and mandrels necessary for tes s specified he-a : shall te furnished by the.

O manufacturer. Cceplete descriptise and processird da:a s all be subitted as to thea O 'W
-

-- iubricati g material used on the nuts. Sa=ples shall te identifi=d as required and
( forwarded to the a:tivity responsible fsr fesignated in the letter of_-

a.athoriration free that a: tivi y (see 5.3)qualificati -t

4.3 2 Tests. - The qualifi:stion tests of self-1::<its nuts shall consist of all
examinations and tests of this specif t:ation as specifief under L.5.

4 3 3 Cer*ified t est reten. - The anufa:turer nr.all furnish a certified test
report ses.tng :.nat the =anda: c:rer's pr:da:t satisfa:::rily co . forms to this:.TS M; TING lt.PS C3 SEUG IJE TO THE FORMIrs CF THE

METAI 15 EX:~:.>S OF TE 1*ETS SPKIFIED IN Ta92 Vg{ specifica.ior.. De test repor* sr.all ir-lude, as a =,in',,=.3, act.al results of the

tests sp.:tfied herein. Ahan this reFr. is sut .itted, it shall te a:c(cpanied by
REJECT 4BLE a dated crawing ei:h ccc;1stely descrites the =anufa: .rer's p odat by specifying

all dimersiors a-d toleran:es. ::=;csi:1:n of =aterials relected, :: stir 4 or ;1atir4
applied, fernmq ; ecess ( schi ed. sta ;ed, !:rg-d, : : awn), and the heat trent=ent.
The manuf a::urer's part nu 5+r !?r es:h e.:e shall to r .;ded e . the above specified

rI T E 2. (Sneet 3 of J) A:ceptable and reje: table defects of self-lo:<ir4 drawing (e-e 5.3).
nuts as revealet by =agne.ic parti:le or fluorescent pnetit-t
ins petion

le
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L.L mality conformante irseectico. - Qtaality conformance inspection shall consist
of the samplir4 teste specified in L.L 2. Ea:h sample shall confom to the regd.rs=ents that I-0.LC3 exceed the minism

strer.gth reautranents of table I
L.L.1 Selaetion of samoles. - Sample nuto shall be selected at renden frem each

lot as specified morein. W ere: I = sample average tensile strength !

!R = comple rego, i.e., largest te sile strength ninus ar attest
L.L.l.1 M. - A lot shall consist of finished nute Wtich are of the one type tensile strength

and disseter fabricated by the same procese, heat treeted in the same manner, and
p;odsmed as one continuous run or order or part thereof, In the event that the sample fails the above variables plan test and no one ite |

of the sople falls below the minimum ret rement, a new emple shall be takenf
L.L.l.2 Sanlina nlan A. 5-pHng sises for examination of product (threade, a:co-di:3 to the attribute plan below.

finisa, and dimersions) snall be in accordance with MIBS &l05, Inspection level I.
De a::eptance and rejection criteria shall be applied for the following Acceptable Table II. . Attributs plan
Q2ality Laeols (AQL's) applying to the corresponding class characteristics:

Pajor A - 1.0 percent tot si:e f a pie size Acc ep* an:o
Major 5 - 2.5 perce-t n =:ber
Minor - L.0 percent

IL.L.l.2.1 Classification of defects. - De classification of defects for self. Under 10,003 5 o
locki 4 nute shall be as follows: 10,000 to 50,'J00 10 0

50,001 to 100,000 15 3
g, Major A Oeer 100,000 27 1

Iockirig elmont missing
W Major 5:
h 101 3 read fit L.i..l.3.1 Axial streeath (alter at e s =. sling f.a-). - We attribute plan shown

102 Iacking element deromed 1- in:;e X may be used at t..e outset i= ite2 of tre vs.-iables plan.
103 Bearing surface squareness
10f, Surface finish, plating or surface trestment .;.1.L Sameline clan C. - for the 1::41ng tor;., the torpe out, e-2 push out
105 Rivet hole location and aligruent (plate nuts only) tests (L.i.J.2, 4..).3.J. and L 5.L, respee:ively), sz:;11ng shall to in a::ordance

Minors wita the attribute plan show- n table IX. "he ac:e;t ece or reje: tion n=bers shall
201 Meight of nut as;;; to all of the individual tests for tre locki 4 :rque, torque out, a-d push out
202 Dimecsion across na flat (hezagon nute only) tes s aken separately; 1.e., a trat shall 2e classif.ed defective if it fails to conform
203 Icose or hanging burre to a y repir-ments of any cne f these tests.
20f, Height of has wrenching surface (hexagon nuts only)
205 All other dimensional characteristics not covered above 1.1.1.5 feelina elan D. - For the ::is:entirrtities test (L.5.7), sa: plirg shall

te at ra-1xs in accordance wie MIL-Sal:f. De a::e;tance and rejection n=bers
L...l.) Samn11am nlan B. - For the Axial strength test (L.5.2), the sa=ple fer an M1 of 1 percent defe:!ive shall te applied : -hose Puts w':1ch are fadged

shall :e selected in accordance with table TIII or table II, as specified herein. det-ctive or in nonconfoman:e with the re .iremer:ts -f figure 2 and table 711 after
1:r:en.=instion in accorda :e 4th L.5.' Multipie:e nuts, su:h as gang :hannels

Table VIII. Variables plan a-2 f;:r.ing nuts, shall be irs;e:ted pri:r to asse=.:17 Rese repirere-ts shall
n: . a:;'y is nuts less than 1/. inch *n . rent dia e er..

Ist size Sample size ....; 7ests. - S e qual: enfer-r:a ests ' "if-lecki 4 nuts shall consist
of :. e f .le.:ng tests:

Under 10,000 5 (a) rreduct i-.3.1)Examination.'prer4th10,000 to 50,000 7 (a) Astal tensi!, L. 5 2)
50,001 to 100,000 10 (e) ;ocktrg ter: , y u;, I.;)
Oeer 100,000 15 (Eneg t er . ; s-* - - et. ; . - m. 7 _ ., , ;

enept tec . sr: ' t u te :. . y na.,,".y 7 . ; s ) {;, r. . s ;)* w:.~pt ' . ~vt- < y ie 1.

17 19
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(d) Tbr p e out (t.5.3.3)
e) Pash out (not applicable to right-engle plate r.uto) . (A.5.4)
) m eantinuities (4.5.7)
) LS-hour strees anbrittlear:t test (L.59)

L.5 *.swti<m methods. -
LAP FIT 4 McIIS * E' .002 MIN

L.5.1 Ixcination of erndet. - ne nute shall be emanined for confomance to
teis s;ecificatton ar.d ap;sicable approved standarde with roepect to material,
watcanship, dimensione, design and constrtation, and finish.

\
--C t.0002 *750 MI3

4.5.1.1 3=artna earface. - Bearing surface values shall be measured by means g
of a table spareness sage, with a oestir4 surface diameter equal to W (see figure [[f*), is conjunction with a feeler gags, with a class 3A threaded member at engagement J 1000? e

't
in tne *.ocking device, and turr.ed f anger tight. y,g,

_

_~ 004 m gCE
'-

.c
i gL.5.1.2 Plate nut rivet-bolt nole e,acina. - Plate nut rivet-bolt hole spacing

=ay be detemised by the near s of a functional Wmt sage in accordance with C | P n SIDE

{ C 2 0002 ,/ J 2 0002 y f f.

~ gure 3
f -

V' M
--

L.5.1 3 250* F and 450* F cerrosion-resistant stogl trate. - The corrosion-

Qw|002 |
C

resistant steel nute shall be tested for sarface cleanliness in accordance with 1 1# # /
e e .

A <- .
i .008 CLEARANCEw cod 131 of F.Ib5T3-753.
' ON DIAMETUtb/

t.5.2 Axial te,sile strena*h. Bolts of muissa grip length equal to twice
| [[/

the bolt d'aseter on whicn the suts asseble freely up to the self-lockira elment
=&th the fingers may be used for this test. The bolt and nut asseutbly shall be g

3ASjC * p
tested with at least a length of two thrend pitches (inc1 Jing chamfer) of the bolt ='J AD OA IeneMi. g through the nut. Such bolts shall be heat treated to an ultir. ate tensile
stre-g-h at 163,000 pounds per sgaare it:ch (pei) cLinimu:a and shall have class 3A
: reads ta accordan:e with MII 5-7742 or "II4-897 All bolts shall be clean. De
sah hole it. the bearing plate shall have a free fit not in ex:ess of 0.C1 inch MS CR A*; TOII tANCE C5 DI!E55!05 'Ja 3iT4II:: RITET HOLES = *.002, CAGE
g eater than the dieseter of the bolt. !hickness of the bearing plate shall not F133 B51%3 .002 33104 !U T DIA CECE FA?!"3 70 .002 CCIO!! ALLY.p

,

>* te less than the disseter of the bolt used in the test. In the case of floatingAxial g pgg 3 ggwS-G *C" MC ?I."I'T AND ET H0!2 = Mats, the hole in the test plate should be large enough to simulate the float.g te-sile load for 100 dagree countersunk rrate shall be met when tested on a fixture CE#fOt 0. TAFIED FTI SHall 5;T CEV!aII I': A?s'! DIPICTION .";M THE M
with a :oafiguration confomir.g to the bearing contour of the nut assably. OF FLATI Lilt AS DI I?f1ED 3! TE FI.TT lic*.!3 3! NORE T%N .005.

A.S.2.1 Cualification. - Not less than six sample nuts shall be subjected to the THE CT.NTUt HOIZ 15 TE Ca*I MTI':G .CC4 CLIA?.ANCE FI!t SIZI AND THZ RITET
axial strength test. The trats shall be assembled on the bolts. Three of the A50* F H012 FI53 liAVI'sG .CCl CLEA'.G;I FIit SIDI CE;IS THI RE1.A*!!5SHIF 70 &

: rats shall be baked on the bolt for 6 hours at 450* F. Three of the 800* F (corrosion. TOTAI. U .005 TIR 51;I FEZEf.

resista.t steel) nuts shall be baked on -he bolt for 6 hours at 800* F. Be 250*
=uts need not be baked prior to this test. All the nuts shall then be tested at DIMENSIONS I5 I!:CES.
rom te;erature. De tests shall be carried to destruction.

L.5.2.2 Chality confomance. *he trats shall be assabled on the bolts and
subjected to the axial stre :gth test. De testing shall be done at rcom tmperature.
3e tests shall be carried to destruction when the variables sa=pling plan (4.4.1.3)
is used. de tests need net be carried to destruction when the attribute acpling
plan (4.L.1.3.1) is used. E w*. ' . - ' n . c.ic.~n . ;m

19
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L.5.3 I,o m .E. -

L.$.3.1 Wrench term (hexamen nuts only). - Steel bolts identteal to those
used is the asial strength test (k.5.2) on *dlich the r";ts annable freely up to the
self-locking elmont with the firgers mer be used for this test. Such bolts shall
have class 34 threads in accordance with MIBS-777,2. 3ree of the nute outuaitted
for qualification shall be subje:*ed to this test. Se regular nuts shall be
tightened agair.st a steel bushir4 with a box wrench to the torque values for regular
tr;ts specified in table II. Ihe regular nuts shall also be tightened against a 2D, MIN* *

steel bushir4 with so open and wren:h to the torque val;es specified in table II g,far shear nuts for stres through 5/9 inch. Shear nuts shall be tightened to the
values specified for shear nuts by a box wrench. The open end wrench and box wrench
shall be type I, clase 1, and type IT confoming to (X;G-W.636. Defomation which
interferes with the proper appli:ation and reoval of the nut with the wrench is MT DIAe
sufficient ca.se for rejection.

Q 3 PITH 3IA=- -

4.5.3.2 -oeirina torcue. - De locking torque tests shall be run with no axial w
lead as the trat at a rate slow ens;gh to obtain a depe .dable measure of torque. Se /

, I
.tangerature rise of the nut under test shall not exceed 75* F above roas esbient ( .. -, L-t mperature.
,

".AJGt DIAL.5.3.2.1 Smanent set. - Pe:=ianent set shall be evaluated by subjecting the
nut, at ro<xa a .nent tcparature, to one complete installation and reoval cycle FI "5 " *~ *m
on a bolt or *:ru, as applicable, and then repeating the test cycle with the same

y cleos rA en a =inim:sa pitch ma .drel, in accordance with 4.5 3 2.1.1. Bree of the
e =.ts s2=itted s. tall be subjected to ttis test. De bolts or screws for this test

W s. all confom to PILB.6812 for sizes llo.10 and above, and to AN50) for sizes under
$ Es.10, except that the pitch dia:eter of the bolt or s:rew shall be established at

75 percent, -C.Or0 - 0.000k, of the tolerance range of class 34 above the minimum ggggs*.pitch disseter, subject to checir with fun:tional pitch dinneter tri-roll gages.
".A DIAL: 5"~4.5.3.2.1.1 Mandrel for oer a e,t set test. - De :andrel shall confom to

figure A. 3 reads snall confor= o table X. It shall te che:ked with pitch diameter
tri-roll gages. u tg$, pf ,y,33 3 gg g. y 4

A.5 3.2.2 hrability. - For palification, 20 nuts shall be subjected to this --[ h [.f3 A 7 A

test. . allure of any nut to pass the repirements of t..is test shall be cause for
rejection. 33 g3 37,3 3 73gy 7,

E?JA0E R003.W:53: C "ICRC1';0CS RO'M IK AC::*9'.75 Cv m L .1 - JNL.5 3 2.7.. Maxinun lock 1r.1 to- e. elass 34 bolts er screws. -.

"'I *ANDRIL DC SRALL Mr.'E A !.5 DECRIE ;:MI PEJIm SH A?? FI'i'';~A.wf!R'> m'-e - a m-e de~erac sG 37 N er4 5.3.2.2.1.1 7.sts 1. 4. a-s 6 of table IV. - For these tests, the nute shall e.e DIA"I M .be e .gsgod or disengaged on a c.eaa bolt or screw, as applicable, as specified in ' ' ~

L.5.3.2.2.13 for 15 full instal *ation and reoval cycles without any axial lead on -2IO SHA'.L II 2.L*0'.C 3T SIONING. '

the r..t. A bolt shall be considered fully installed den a length of two thrend
pitches (including charfor) exter.d beyond the locking device of the nut, and the n ;.g33gc37 yar,,g 33 5D 07.? E3 " wA!ORP~~t "'D '. ~J.

gec37 7.m33 g 37g3 g 73,
' ' ~~

receal cycle shall be considered ccupleted when the 1:91ng device is disengaged.
Maxis =a locktr4 torque readings shall be taken on the first, seventh, and fifteenth
cy:les.

r--'7,. y :.- . ',
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L.5.4 Puh out. - De minim 1a load rot 1 red to push out the nut frces the
retainer of a;;y type plate nut and gang channel nut or to effect a pemanent
defs:7.a-ton axial with the threaded element of 0.030 inch, measured at the thread
e-ter*.ine between the test plate and the base of the nut, shall be not lose than
ne values specified in table VI. The nuts shall be prepared for this test in the

= armer specified in 6.5 3 3, except that the push-out stud or device shall be
provised with a hemis$erical and of a diameter opal to the thread diameter plus
V321 ch, winima, instead of the shoulder or bushing.

MILN-25:270
&.5.5 vibretion. - Sample nute with bolts of the eine and quantittee specified

:.r. tace II eaa.1 os vibrated in accordance with MS26531 or test 7 of MILSTD-1312. E.5.5.2.2 Ina r.coval of olate nute. - Qie-pie:e plate rr:ts shall have their
An n'rerage vibration life, for each lot of eight specimens tested to MS26531, of less attachira luge so tr: med t'at they are equal to 1..e width of 2e part and provide
than s;eetfied in table II shall be cause for rejection. Vibration life, for each lot eyimmetry about their threaded axes. On =ultipiece ;14to nuts, fixed or floating
of five specisans tested in accordance with MILSTD-1312, test 7, at less than 30,000 type, on'y the threaded ele =ent shall be tested, ;r:7tded the locking devi:s is
cycles shall be cause for rejection. int egral therewith. Such threadea locsing elaer. s all be rMe symetrical as

above noted. If the threaded element and locking fevi:e are ts integral, the lugs
fable II. Vibration repiranents of the a:teching re ainer sha*1 be tri:::ed as above is provite the closest possible

symmetry. The tri:=+d asset;y shall then be testet.

MS26531 MIb sTD-1312, test 7 A.5 5 3 Method. - The test nute shall be screwed on the aircraft bolts which
pass t'rsugh the drilled holes in the ar3or and sierre of the test rig te shown on
sheet 5 sf MS26531. he nuts shall not de tighte-et against ce elevee, but shall
be screwed on until *he end of the bolt extende t'.r: 4h the rn. The balts shall bef i Bolts and nuts Average Bolts and nuts free to 7: tate in 29 arbor a-d sleeve. he locki 4 tevice f 2e nut shall be the

} repired 71bration required Assembly only fa: or which restrains . e rut ft:c turning :: S o bolt, 3e thrust lead on the
4:b Lt Bolt i (sin. of each) life (min. of each) torpe after test a:I:er, inclut*rg the w,* git of Oe electrical N-er ur.it, shall be 45 pounds.
N fiae Sise I (ho;rs ) bake (in. - Ib.) Refere :s lines shall be scri:ed, or : 'er suitat;e :arkirgs exall be =ade on both

|250*F E50 & 800*r ' 250*F &50 4 800*F during . e vibratir test,
-the nuts and the t:1:s for -re purpose af deter =in 4 if tae n;; tures on the bolt

,

i

E. 5. 5.3.1 Re teste sha*1 be cent;:ted in re ;:'s ef :;rri g and p, Mads of.

10-32 AN).154 8 16 0.6 5 10 36 rest t ;ermit the el:trical Kwar ci; :: cool. it or F. .er shall be set is
VL-29 ,4NL.164 9 16 1.0 5 10 60 dir'ect a :urrent sf air on -he test rig in order - n 20-mir.; e -uns with la.eir.te
5/;6-2* AX5-16A 8 16 3.5 5 10 120 rest 1:tervals sha*1 not dree;:p te;eratures grea:er than 1.7' F in the test
3/8 ~A a 4 174 8 16 6.0 5 10 160 spaci=e s when cond;::ed as t 11ows:
'/SIO AN7-17A 8 16 8. 0 5 10 200
'/2-20

I' AN8-204
8 16 9.5 5 10 300 (a) Se fan :r blower shall be tu- ei aff af;er ea:h 20.-r_i r.te

runnicg ;erlud u ::=;lete. a-t shall rcsin off -d the :erature rendirgs
are taker.

E.5.5 1 vibration tests on nuts larger than 1/2-inch size are waived, provided (b) 7 e vitra: ton t es shall be : ;ted frr i period a p al to
that 1/2. inch nuts and smaller of the see type and design of lockirg device have the avertgs vibra-1:n life s e:ified in table XI. .I a rotati:a of greater than
satisfa:torily passad the vibration test. 30 derses either s.:e of t .e s: ribe 1.re is obse ei :n two :r = ore r-ns, the

test =v ':e exta-ded to a te C of 1-;/2 ti=es tr a s:e:tfied rie-age vitration life
4.5.5.2 Pre a ation for vibration test to MS26531. - requir c ent. A ro*ation of p =ater I.- 33 dagreer ':7 a r". s all be 3nsidered

a fail;. e af that r , and : e and of re run pert.: ir. wht:? : .e nut failed shall
E.5.5.2.1 Bakin of tast soeci= ens. - Falf of the 450* F and 800* F nuts shall be re :M ed as the rn 's vitrs-ion 11 4 3 e ava :.p ribrati: life stall be defined

be anschied on the appropriate A% Dolt 9 a .d baked for 6 hours at &$0* F and 800* F, as the seith:nati:C =ess of e vibra .:. life of = eight . e beira realuated.
respectively. The baked specimens shall te allowad to cool slowly in air to roon During - e average life re. :.f only .ne cat has t

2f 30 d*por or la.retter than 30 degrees
- :stier

a=blen* temperature before being vibrated. It is not necessary to bake the 250* F and t'a : ner ve - .s have a rotat;:: r. the ru, design shall
trate for this te*t. have par?ti th* t eM
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4. 5. 5.3.2 3e nute shall be considered to have failed to pass the vibration 4.5.6 Streve corroetm. - For purposes of qualification, emples of the eties
test eder the followir4 conditions: No. 2-56 thr r.g's and inchains 1/A-28 high strer4th alianinus alloy cute shall be

subjected to the following teet. Five of the nute :! the site being qualified shall
(a) If ag structural failure, such as broken segaonts, locking be assembled on cadmin plated steel bolte or screws, as a;pli:able, against endaim

ie,e-:s falling out, and significantly cracked nute, occurs during the test, pro- plated steel b shings. The torque used i= assembly shall be:
vided failure is not the result of failure of the bolt.

(b) If any nut can be freely turned completely on or off the bolt (a) & inch-pounds for the No. 2-56 else.
with the fingers after any 20 minute run during and after the completion of the (b) 8 inch-pounds for the Eo. E-40 eise.
aserage vibration time. (:) 1) inch-pounds for the No. 6-32 aise.

(c) If ag nut emos empletely off the bolt durir4 the average (4) 20 inch-pomda for the No. 8-32 else.
vibratism ' he. (e) 40 inch-pounds for the Es,10-32 site.

Ld) If a test lot fails to develop an average vibration life equal (f) 100 inch-rmnds fer H ee R.1/4-23 sire,

to or greater than the everage vibration life specified in table II.
ne assembly shall then t e sutmerges an a solution ::rsistira sf 53 grs:a of sodim

L.5.5.4 P enaration for v*.tration test eo "ILS~%1312. test 7. - chloride and 53 grams of sodiim stranate per liter f soluti:s for a period of 2 weeks
at room tecperature (75* F). At Ce con:lasion of : e time ;eriod, the nute shall be

4.5.5.4.1 Accelerated vPre-lon. - Se trats shall be assembled in acwrdance emined and ag cracks visible to the unaided eye s?all be a;;:matic cause for
with figure 1, of hs!D-1312, test 7, with bolts and torque values as specified rejection. If no cracks are visible, one semple of es:h aire *rm the above teste
it. table II. The nuts shall then be reoved and reinstalled to this torque four shall be sectioned, polished, and subjected to metallegical *mination. Any cracks
attitto al times before being eibrated. shown ty this esamination stall ca.se rejection of ::e lot,

4.5.5.4.2 Sakinn of test neet=m. - iialf of the &50 and 800* F nuts shall be L.5.7 Dis:rtinuittes. - The presen:e of discon imulties in nute, such as laps,
assc2 Died on the appropriate notts ar.d baked for si.x hours et 450 and 800* F, respec- seas, and in: .stons, scallpe deternized by one of the foll: wing me2ods of
tiv ely. De 4==* specimens shall be allowed to cool slowly in air to rom t-rrera- inspection, u..ess visual inspection dis: loses dis::--inuities which wnld preclude
tare. "he nut st all then be renoved and reinstalled *.o torque values specif!ed in the necesst:y f ar these tespection = cans. The preser:e of =rs:ks in ebts is cause
tasse II for for additional times before being vibrated. It is not recessary to for rej*ctian. Other indt:ations ss noted on figsr* 2 shall not be cause for
;,a.e the 250+ F auts for this test. e ejectlen, ort,71ded the are within tre a::eptsble li=its of its'e VII. If, in th ,

opinion of :Pe '.avernment i::spector, the indicatirs are ca:se for rejection,
4.5.5.5 Pe-hed. - Use MIL 5!D-lJ12, test 7 procedre. representative sa=ples stall be taxen fr:= eose ru, s%owirg indications which shall

te further exacin=d by micr =xamica:is". Os determine nether ?e indi:ated dis:ontinuities
4.5.5.5.1 Determination snail be made throudnout the test to guarantee that are in accorda :e with the lir.sts s;ecified herein. -a ge-eral, discon-inuities within

assa::bly is traversing the entire length of the slots in the test fixture. De the acceptable li=its of table VI! s .all st be ca.se far reje:-ion.
[ test s all be rm for 30,000 cycles except that it shall be stopped prior to the

ce=plettoa of the 30,000 cycles in the event a nut becco:es disassembled from the 4.5,7,1 ,reetian r.eend for new o--rsion-res s trat s =el nuts. - Magneticp

e nut samples shall be *wa-t red under 10I magnification for cracks. particle inspemon shall te perfcr *4 in a::ordan:e -tin M1; ded. Such inspectionA bolt. -S

CD shall, in general, be perforred by u s self-lockir4 r.: manufa::urer on finished nuts,
4.5.5.5 2 The nuts shall be corsidered to have failed to pass the vibration of thread sizes 1/4 inch and larger, but in any case s.dsequen: to any processing

test under the following conditions; operations *ruh could adversely affect the part. Se nuts srall be cagnetically
inspectioned :ir:ularly only. De :agretizing field s all be ::: .al to the longitudinal

(a) If any structural failure, such as broken segments, locking axis of the nut. Kuts shall not be dyed as an indi:aibn of =apetic particle inspection
inserts f=111ng out, or cracks occurring in the nuts daring the test, provided specified by ee sampling requirements of ein specift:ation. .ersonnel conductir4:

failure is not the result of failure of the bolt. magnetic pa-tule inspection shall te qua'.ified in a::rdance ut:h MILSID-410.
(b) If any nut caes ccupletely off the bolt or can be turned

cc.pletely on or off the bolt with the firgers 4:aring or after c,supletion of 4.5.7.2 *-.-=: tion ra& -d for erriest : -resist a- steal uts. - Thorescent
33,000 cy:les. penetrant irs;e::len shall re pert'or:-d .: a::ordan: e <th M;;.-M866. Such inspection

(c) If relative rotation between any nut and bolt ex:eeds 360 shall, in ge era', be perfer ed on finis':*e uts, of read si:es 1/4 in:5 and larger,. :

degrees. but in any :as, v3 sequent te any pr:cesstrg opera *.; s which : uld adversely affect
the part. % s r all not :e dyed as an ir.d.:ation t' f;uores:er; penetrant ins;ection
specified t-j e : t plirg repare e-is of .is spe:1f.:stion. ?ersonrel condu: ting
flu: rex .-t e rsnt ins;e:-un s a ; te .a'ifies : n:eordan:e with *!LSTD-Llo.
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L.5.8 Suitability of lubricant coatinas. -
Table III. For::lation of cleaner

- !. 5.8.1 Effset of the coatina en the ability of endmi:n nlatina to erecent
za va-*.c eerrosicm. - Imbricant coated ar.1 ur. lubricant coated " Scratch panels," l
=aie of tae same meterial as the finished fastener product, and cadmim plated in Percent
a::ordance with WP-416, shall be scratched through to the basis metal. Ito * 4redient Specification by
unl bricated panel shall be ca.tain plated in accordance with type II, class 3 of colm.
W ?-L16. Dame panela shall be subjected to a 96-hour salt spray test in accordance
4th Method 811 of Fed. Test Method Std. No.151. After exposure, no significant
difference in corrosion shall be fond when a comparison to modo between the panele Arecatic petrole m M-N-77, type I,
wi*.h th. h+ricant and the unlubricated panels. naphtha grade 5 30

Ethyl acetate C-5-751 20
L.5.8.2 Effect of the esatina e str'actural materials in ecettact with the Me.hyl-ethy*-ketoa.e M-F-261 20

fastegr. - Corrosion test ope:imene =di be panels with four test fasteners per Ie3ropT1 al:ohol C- 735 10
peo.. 1%o fasterers os each specine panel shall be cadsia plated in accordance
vita *.ype II, clame 3 of WP-416 without lubricant coating, and the other two
fasto:ere shall be plated in accordance with type II, class 3 of WP-kl$ and shall A.5.8.5 Effect of coatt e on strees :3rms* an r-eistance of fast eners. - The
to lubricant coated. DLplicate speci=en sets of the following alloys and finishes lubricated threaded fastener shaA1 to e: rat::ed tarr.g's to the basis metal. Torque
s' all be subjected to a 96-hour salt spray test in accordance with Method 811 of shall be a; plied against t:s almains-alloy panels ta induce 90,000 pet in mating
Fed. Test Method 5td. No.151: bolt. ne assemb:y shall te salt-sFtr tested for ti hours in accordance with

Method 811 of Fed. Test Method Std. *;o.151. Afte exposure, the lubricated fastener
(a) Bare 7075-T6 and 202L-T6 alumin'.n-alley surfaces treatad in a::ordan:e shall not have a,7 eracks w-ich ca. be dete-:1ned by visual inspection under 10

with MILC-5561 and anodized in accordapee with MII 4-9625 diameters cagnift:stion.

m (b) Clad 7Cf/5-T6 and 202L-T6 altatinum alloy
e (c) Titantua alley 4.5.8.6 Sol.ble lubri ant rens5tlite. - SolW.e lubri: ant coated panels, made

(d) Corrosion-resistant steel of the sa=e materist and : -.aint g tre ss e finist as the fastener product, shall beW

$ (e) Magnesium alloy werein the fasteners are insulated from the sutinerged for 10 =inutes -1 =inute in the :lecer s;ecified in table III. h e panel
angnesium in accordan:o with MII F-7179 s! all then be wird dry win clec, 0o:3117 eiping :.:ths or tissue. Failure of all

lubricant to be ra=oved frr the ;cel tv - e above ; 2:ess shall be caus* for

af er exposure, the specimens shall be disassesbled and no significant diffe-en:e rejection of the fastener poduct
in :streeton shall be found on either the fasteners or panel Taying erface when
a :zparison is made between the faste-e s with lubri: ant and fasteners without L.5.9 Stress ebrit-: --nt. * .: pr-d.:ts tha are heat treated to over

lub-icant. Rsekwell C46, or epivalen , shall te sut|teted t; a stress e=trittleent test.

L.5.13 Bahavior of ecatt,a wit's raint. - Corrosion test specimens shall be of 4.5.9.1 L8-Sur st ree s 2-i--le?-- :+st -A: imu: of 10 nuts, or not more
*

ant ,'sedled with suitable bolts oralctaum alloy similar to nose specified in 4.5.8.2 and painted, includir4 the than 10 percent, snali to se;ec:er. fr:= ea: .st

fasteners, with wash primer tine-chrecate prt=er systen in accordance with M!>T-7179. screws and washers in a dit. led steel hsMi 4-type ::=ber heat treated to Rockwell
Sese specimens shall be subjected to a 96-hour salt spray test in accordance with C26-C32. (See fi o re 5 m- table I:*I.) Se assety shall de stored at room
Metned 811 of Fed. Test Method Std. *;o.151. After exposure, no significant dif- tecperature for Li hours. ;fter 13 hars. "Me nuts shall be visually examined for
foren:o in corrosion, blistering, or less of adhesion of the paint shall be found when cracks and the :::inimum breaxaway ::rque s .all be det e: mined. Nuts with lowera

a :=parison la made between the faste :ers with lubricant and fasteners without breakaway torque than the =;nimu= repirmen s of u.e III shall be sectioned and
1.brtcant. examined under l'X =agnif':a. ion. Se pesen:e of :rneks shall be cause for

rejection of the 1:t.
.

L.5.8.4 Effect of conti Jt on sea'inz caterials. - Corrosion test specinens shall
be of altanina alloy sim1;ar to snose specified in L.5.8.2, except that MIBS-3802 L.5.9.2 162-'--ur etri-aleem :es: . - t i-i c of 10 :.ts or not more than.

and C S-7502 fuel tank sealant material shall be applied to the fasteners. A 10 percent shall :e selene frc= ca:n ;:: and ass e: ed with suitable bolts or

s;ecimen panel shall be prepared for each sealant =aterial. Before the appli:stion screws and washers in a d Cled steel hatir4-type Orber heat treated to Rockwell
of the sealant material, the fastene-s ar.d panels shall be cleaned by scrubbi g and C25-C32 (see fig =e 5 a-d table I:::). Se asset:y shall de stor d at rom ambient
rtnsing with solvent formr21sted in ac:ordance with table XII. after rinsing, and teperature fer 29 hoes After 1 " Mr_re the r.:s shall te visually examined for
wnile still wet, the spec 1=e:.s shall be wiped dry with clean, nonolly wiping cloths cracks and the =ininum tresaway : rpe e all de 2,:ertined. Nuts with lower break-
or tissue. Dese specimens shall be subjected to a 96-hour salt spray test in ac- away torpe tha:: the min:.:= req irmer:s .-f tatie ':: shall be sectioned and naMned.

cortance with Method 811 of Fed. Test Method 5td. No.151. After exposure, ns under ICX =ag tfi:ation. N pe.* :e F ra:ks c all be :a se for rejection of the
siptficant difference in loss of ad esion or degradation of sealant catorial shall lot
be found Aer. a caparison is made te:we=n the fasteners with lubricant and fasteners
wi'.hsut lubrteans.
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BOLT m Sc m Tablo XIII. Stress embrittlema::t test spesinan aseenhly and torque values
SEE TABLE !!!! E DES M M

BE T!5TE
tit:t design to be Bolt o ecroir ' Weaher Torque

tested (inch-lb)

a V 2 56 M
1.29 W y.032 6

8-32 f:AS220 21 A.';960 6L 23
10-32 AM).l!A AN960-10L LS[STEII. 3ItrK 1/L-23 ANL.liA AN96GJd6L 115pyng|e / C26--C32 5/16 2L

A 5 1,i4
Ah5.l A%960-516L 260

> 3/8-2L 4 A*.960-616L L53
| " , . | 7/16 20 Aff7.l?A A%960-716L 965

gj ' * %
| ) V There are no stress embrittleme. tests on the No. 2, f3o. L, and No. 6 nuts.,

6 % #

)' | L.5.10 ametie cem-stility. . The -.asnetic pe-:embility shall be deter, airedwe

a s a by the use of an indicator in acesrdance with MIt,I-17214, or egaivalent. This *est
J. h " . _ _ - _ _ ahall be perf :Tal on the same sa:ples w':1:h were used in the axial strength testp

(L.5.2).1.29 #' =

| og L.6 Pa-ka 19s. eacktae. and markina. - Preparation for d*lieery shall be
.032 f ,

#

k.,k . SEE TA31E IIII/ esamined for :s.fomance to section 5/
,

# # %'
8, ) 5. IMPA*tATi;5 FOR DELI'.UYN.-j .s, ,

/ N-"' '
5.1 Preservation. ra kuina, racki-a. and e.arkirt. . Self-locking nuts shall be

f' C A . SOLT ICLE DIA"Z73 preserved, pa:xagad psdet, ar.d earn =d ::. snipwn; in accorda ce with MII,H.3H2.
y / Preservation a-d packaging stall be level 4 or C as specified in the contract or :rder

,# (see 6.2). ?ani::g shall te level a, 9, :r 0, as s;ecified in the contract or erdere l'
(see 6.2).e-*

.-h_ _ h

e

O
1.250 2.03, 6. N*TE.S

SnE & E | A . MLT HOLE DIA ,l/'

6.1 InterSd use. . Tr.e nuts a .4 pla e mts :ar.f::921ng to this specificationTO BE TE5TED ' Mazm } M m wuMD = MAI MAJGt U[ A CF 301.7 N are intended for use in appl 1:ations where -he a:axi=.:s tenperatares da not exceed
I,-ho - .. the followird values:
6 3? .. ..

Copper-base alloy nuts . 25:* F
8 32 .188 .l'3 Alt =i cc-alloy nuts - 250* F

10-12 .213 .173 None:rrosion-resisti 4 steel . If * F or Lf * F. g
Corr:sion-resisti .a steel - 250* ?. L50* ? e- 900* T.

1/h.?B .2'3 .?S8

5/14.?h .339 .3?j M Re r.:ncorrosion-resistir4 stee; :ts covered by this specification are
for use at the differect tc;eratu es as r- -n on t'e :xplcre- ary MS.

3fg,pg ,3,, , 3 p,

7/16-20 .h63 .L' 3a

32

1/~ TRGE AE Y? S"'.I5*, Ew '8 CTLINTis s O'i Tni. *0 4 L: 'M. 6 ?* 3

"T*r * ms .-critt wrt, e r., :iznr ..
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MIG N 25027D

6.1.1 De opmettying, by reference to this specification, of self-locking
nut deoipe for use la the seeign and construction of military aeroeps:e vehiclee MIbN-250273
will be limited to those nut deoips with thread e13e and pitch ecebiratione noted
as approved for design is table 1 or listed as approved for design la staMarde 6.3.1 Qnalification teste will be authorised only upon presentation of certified
approved byjhe speettic aerospace vehicles specifications and are also listed on test reporte indicating that the nute confom to or will confers to this specification
QPb2577. M Desty and usage limitations shall conform to MS335a8. (see L.3.3) and the applicable MS or a standard appr:rred by the activity reopensible

for qualification.
J/ But deeise listed on QPb25027 which are qualified and classified me $50* or

500* F nuts, under zrevious revisions of this specification are universally 6.4 Definitime. - In this speettication the wo-d "nute", unless gualified by
intercharyteable with mt design classified as A30' F nuts, hexagon or plate, refers to both hexagon nute and plate nute. M en only hexagon

nute or only plate nute are being referred to, it will be so indleated in the
6.1.2 he specifying, by reference to this specification, of self-locking specif1:ation.

nut desip for applications other than military aerespace vehicles any include
those aus designs with fine throod pitches for sizes under No.10 and coarse thread
pitenes for eines No.10 and larger if there is a nut design listed on QPS25027
for the thread size, and there are no exceptions taken to the locking element dimensies, Custodians: User activities
locktra element material, and locking torque of the design qualified. For applications Army - W Army - GI., MU, W
other than military aerospace vehicles, these nut designs are considered qualified. If Navy - AS Air Fores - 82
any ;rovision of the specific equipment specification conflicts with this provision, Air Force - 11
the eq.1; ment specification will govern. Preparing activity:

Reviewer activities: Navy - AS
6.1.3 Standard and nonstandard nut destgrs that are approved for use in design Ar y - MI, A7, W

3D and co-struction of aerospace vehicles; that are specified by reference by thia Navy - A5, SH Project N2. 531NM27
,8,,,, specifications and that have all descriptive factors that affect universal inter- Air for:e - 82, 85

un enangeability the same, ez=ept for the type of plating in accordance with QQ-P-Ll6,
are o sidered to have the following interchangeability relationship:e-*

'1 Bose nute with type II plating can be used to replace those rnts
with type I plating in all appli:ations.

(b) Bose nuts with type I plating cannot be used in pla:e of those nuts
with type II plating. Ir* applications for dry film lubricated nuts, the type and
clase are optional, if the r:uts cest the salt spray requirements for tpv II of
QQ-P-Ll6.

6.2 Orderina data. - ?rocurament documenta arould specify the following

(a) Title, nteber, and date of this spee*fiestion.
(b) MS Part No. (see section 3).
(c) Applicable levels of packaging and packir.g (see 5.1).

6.3 Salifica* ton. With respect to producte requirir4 qualifica*1on, awards
will to =ade only for grotacts which are at the time set for openityt cf bids,

( qalif1=4 fur inclusion in the applicable Qualified Products List, w".etr.er or not
| nach ;roducts have actually been so listed by that date. De attention of the suppliers

ts called to this repire=ent, and manufacturers are urged to arrange to have the
prota:ts that they propose to offer to the Federal Government tested for qualification
in ordar that they may be eligible to be awarded contracts or orders for the pr: ducts
covered by this specification. 2e activity responsible for the Qualified Products
*ist is the Naval Air Systats Ccc=and, Navy Departmant, Washington, D.". 20360; howevar,
infox :ation pertaining to q"alift:ation of products =ay be obtained fr:s the Naval Air

I fraine*riryr Center, Philadel;tia Pennsylvania,19112.
.. rmesten ncwrven m4e,sm
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SAMPLING PROCEDUKES AND TABLES

FOR INSPECTION BY ATTRIBUTES

em

1. SCOPE

1.1 PURPOSE. This publication estab- The plans may also be used for the inspection
lishes sampling plans and procedures for of isolated lots or batches, but, in this latter
inspection by attributes. When specified by case, the user is cautioned to consult the
the responsible authority, this publication operating characteristic curves to find a plan
shall be referenced in the specification, con- which will yield the desired protection (see
tract, inspection instructions, or other docu- 11.0) .
ments and the provisions set forth herein
shall govern. The " responsible authority" 1.3 INSPECTION. Inspection is the proc-
shall be designated in one of the above ess of measuring, examining, testing, or
documents. otherwise comparing the unit of product (see

1.5) with the requirements.
1.2 APPLICATION. Sampling plans des-

ignated in this publication are applicable, but 1.4 INSPECTION BY ATTRIBUTES. In-
m,t limited, to inspection of the following: spection by attributes is inspection whereby

either the unit of product is classified simply
a. End items.

as defective or nondefective, or the number
b. Components and raw materials. of defects in the unit of product is counted,

with respect to a given rettuirement or set
e. Operations. of resguirements.

d. Materials in process.
1.5 UNIT OF PRODUCT. The unit of

e. Supplies in storage. product is the thing inspected in order to
j determine its classification as defective or

| f. Maintenance operations. nondefective or to count the number of de-
fccts. It may be a single article, a pair, a set,

g. Data or records. a length, an area, an operation, a vohnne, a

h. Administrative procedures. component of an end product, or the end
product itself. The unit of product may or

| These plans are intended primarily to be may not be the same as the unit of purchase.
used for a continuing series of lots or batches. supply, production, or shipment.

1

|
i
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2. CLASSIFICATIOl4 OF DEFECTS AllD DEFECYlVES

2.1 METHOD OF CLASSIFYING DEFECTS. 2.1.3 MINOlt DEFECY. A minor defect
A classification of defects is the enumeration is a defect that is not likely to reduce ma-
of possible defects of the unit of product terially the usability of the unit of product
classified according to their seriousness. A for its intended purpose, or is a departure
defect is any r}onconformance of the unit of from established standards having little bear-
product with specified requirements. Defects ing on the effective use or operation of the
will normally be grouped into one or more unit.
of the following classes; however, defects
may be grouped into other classes, or into 2.2 METilOD OF CLASSIFYING DEFEC.
subclasses within these classes. TiVES. A defectiveis a unit of product which

contains one or more defects. Defectives will
2.1.1 CRITICAL DEFECT. A critical de- usually be classified as follows:

feet is a defect that judgment and experience
indicate is likely to result in hazardous or 2.2.1 CRITICAL DEFECTIVE. A critical
unsafe conditions f o r individuals using, defective contains one or more critical de-
maintaining, or depending upon the product; fects and may also contain major and or
or a defect that judgment and experience minor defects. NOTE: For a special provi-
Indicate is likely to prevent performance of sion relating to critical defectives, see 0.3.
the tactical function of a major end item such
as a ship, aircraft, tank, missile or space

2.2.2 MAJOR DEFECTIVE. A major de-vehicle. NOTE: For a special provision re-
lating to critical defects, see G.3. fective contains one or more major defects,

and may also contain minor defects but con-

2.1.2 MAJOR DEFECT. A major defect tains no critical defect.
is a defect, other than critical, that is likely
to result in failure, or to reduce materially 2.2.3 MINOR DEFECTIVE. A minor de-
the usability of the unit of product for its fective contains one or more minor defects
intended purpose. but contains no critical or major defect.

3. PERCENT DEFECTIVE AND DEFECTS PER HUNDRED UNITS

3.1 EXPRESSION OF NONCONFORM* " " " " ' " *" "
Percent detective = ""'"'" '""""'"*""'*d

x too
ANCE. The extent of nonconformance of
product shall be expressed either in terms 3.3 DEFECTS PER HUNDRED UNITS. The !

of percent defective or in terms of defects per number of defects per hundred units of any
hundred units. Elven quantity of units of product is one j

hundred times the number of defects con- !3.2 PERCENT DEFECTIVE. The percent

defective of ang'given quantity of units of
tained therein (one or more defects being !

product is one huntlBEdiimes the number of passible in any unit of product) divided by |
defective units of product contained therein the total number of units of product, i.e.: |
divided by the total number of units of prod- '

Detect per number or detect. x,Uct,i.e.: hundred units _ Number of units inspected

|

.. ;

!
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4. ACCLPfAllLL QUAllTY LEVEL (AOL)

4.1 USE. The AQL, together with the describe the protection to the consumer for
Sample Size Code Letter, is used for index- individual lots or batches but more directly
ing the sampling plans provided herein. relates to what might be expected from a

series of lots or batches, provided the steps
4.2 DEFINITION. The AQL is the max- indicated in this publication are taken. It is

imum percent defective (or the maximum A sary to refer to the operating character-
number of defects per hundred units) @at, ui c curve of the plan, to determine what
for purposes of sampling inspection, can be protection the consumer will have.
considered satisfactory as a process average
(see 11.2). 4.4 LIMITATION. The designation of an

AQL shall not imply that the supplier has
4.3 NOTE ON THE MEANING OF AOL. the right to supply knowingly any defective

When a consumer designates some specific unit of product.
value of AQL for a certain defect or group
of defects, he indicates to the supplier that 4.5 SPECIFYING AOLs. The AQL to be
his (the consumer's) acceptance sampling used will be designated in the contract or by
plan will accept the great majority of the lots the responsible authority. Different AQLs
or batches that the supplier submits, pro- may be designat.:d for groups of defects con-
vided the process average level of percent sidered collec tively, or for individual defects.
defective (or defects per hundred units) in An AQL for a group of defects may be des-
these lots or batches be no greater than the Ignated in addition to AQLs for individual
designated value of AQL. Thus, the AQL defects, or subgroups, within that group.
is a designated value of percent defective (or AQL values of 10.0 or less may be expressed
defects per hundred units) that the consumer either in percent defective or in defects per
indicates will be accepted most of the time hundred units; those over 10.0 shall be ex-
by the acceptance sampling procedure to be pressed in defects per hundred units only,
used. The sampling plans provided herein
are so arranged that the probability of ac. 4.6 PREFERRED AOLs. The values of
ceptance at the designated AQL value de- AQLs given in these tables are known as
pends upon the sample size, being generally preferred AQLs. If, for any product, an AQL
higher for large samples than for small ones, be designated other than a preferred AQL,
for a given AQL. "'he AQL alone does not these tables are not applicable.

5. SUBMISSION OF PRODUCT

5.1 LOT OR BATCH. The term lot or for other purposes (e.g., production, ship-
batch shall mean " inspection lot" or "inspec- ment, etc.).

tion batch," i.e., a collection of units of prod- 5.2 FORMATION OF LOTS OR BATCllES.
uct from which a sample is to be drawn and The product shall be assembled into identi-
inspected to determine conformance with the fiable lots, sublots, batches, or in such other
acceptability criteria, and may difTer from a manner as may be prescribed (see 5.4). Each
collection of units designated as a lot or batch lot or batch shall, as far as is practicable,
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5. SUBMISSION Ol' PRODUCT (Cuniinued)

consist of units of product of a single type, batches, tot or batch size, and the manner
grade, class, size, and composition, manu- in which each lot or batch is to be presented
frtured under essentially the same condi- and identified by the supplier shall be des
tions, and at essentially the same time. ignated or approved by the responsible au-

thority. As necessary, the supplier shall
5.3 LOT OR BATCF SIZE. The lot or provide adequate and suitable storage space

batch size is the number of units of product for each lot or batch, equipment needed for
in a lot or batch.

proper identification and presentation, and
5.4 P'R E S E N T A T I O N OF LOTS OR personnel for all handling of product re-

GATCHES. The formation of the lots or quired for drawing of samples.

6. ACCEPTANCE AND REJECTION

6.1 A C C E P T A B i LIT Y OF LOTS OR critical defects. The right is reserved to in.
BATCHES. Acceptability of a lot or batch spect every unit submitted by the supplier for
will be determined by the use of a sampling critical defects, and to reject the lot or batch
plan or plans associated with the designated immediately, when a critical defect is found.

AQL or AQLs. The right is reserved also to sample, for crit-
ical defects, every lot or batch submitted by

,

6.2 DEFECTIVE UNITS. The right is re- the supplier and to reject any lot or batch
served to reject any unit of product found if a sample drawn therefrom is found to con-
defective during inspection whether that tain one or more critical defects.
unit of product forms part of a sample or
not, and whether the lot or batch as a whole 6.4 RESUBMITTED LOTS OR DATCH ES.

is accepted or rejected. Rejected units may Lots or batches found unacceptable shall be

be repaired or corrected and resubmitted for resubmitted for reinspection only after all
inspection with the approval of, and in the units are re-examined or retested and all de-
manner specified by, the responsible au. fective units are removed or defects cor-
thority, rected. The responsible authority shall deter-

mine whether normal or tightened inspection
6.3 SPECIAL RESERVATION FOR CRITI- shall be used, and whether reinspection shall

CAL DEFECTS. The supplier may be required include all types or classes of defects or igr auw
at the discretion of the responsible authority the particular types or classes of defects
to inspect every unit of the lot or batch for which caused initial rejection.

7. DRAWING OF SAMPLES

- 7.1 SAMPLE. A sample consists of one 7.2 REPRESENTATIVE SAMPLING. When
or more units of product drawn from a lot or appropriate, the number of units in the sam-
batch, the units of the sample being selected ple shall be selected in proportion to the size
at random without regard to their quality.

f sublots oc subbatches, or parts of the lot or
The number of units of product in the sample
lu the samnle size. batch, identified by some rational criterion.
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7. DitAWING OF SAMPLES (Continued)
When representative sampling is used the pies may be drawn during assembly of the
units from each part of the lot or batch shall lot or batch.
be selected at random.

7.4 DOUllLE OR MULTIPLE SAMPLlWC.
7.3 TIME OF SAMPLING. Samples may When double or multiple sampling is to be

be drawn after all the units comprising the used, each sample shall be selected over the
lot or batch have been assembled, or sam- entire lot or batch.

8. NORMAL, TIGilTENED AND REDUCED INSPECTION

B.1 INITIATION OF INSPECTION. Nor- u. The preceding 10 lots or batches (or
mal inspection will be used at the start of more, as indicated by the note to Table VIII)
inspection unless otherwise directed by the have been on normal inspection and none
responsible authority, has been rejected on original inspection; and

b. The to.tal number of defectives (or de.
8.2 CONTINUATION OF INSPECTION. fects) in the samples from the preceding 10

Normal, tightened or reduced inspection lots or batches (or such other number as was
shall continue unchanged for each class of used for condition "a" above) is equal to or

less than the applicable number given in
defecgor defectives on successive lots or Table VIII. If double or multiple sampling
bt63 except where the switching proce- is in use, all samples inspected should be in-
dures given below requiro7 change. The cluded, not "first" samples only; and.

switching-procedurcs-givon-bolme mquire-a-
c. Production is at a steady rate; and

ehange. The switching procedures shall be
applied to each class of defects or defectives d. Reduced inspection is considered de-
independently, sirable by the responsible authority.

8.3 SWITCHING PROCEDURES. 8.3q REDmD p @N Men m
duced mspection is m effect, normal inspec-

, ,

8.3.1 NORMAL TO TIGHTENED. When tion shall be instituted if any of the following
cur n nginal inspectmn:,

normal inspection is in elTect, tightened in-
A lot or batch is rejected; orspection shall be instituted when 2 out of 5 a.

consecutive lots or batches have been re- b. A lot or batch is considered acceptable
jected on original inspection (i.e., ignoring under the procedures of 10.1.4; or
resubmitted lots or batches for this proce- c. Production becomes irregular or de-
dure). layed; or

8.3.2 TIGHTENED TO NORMAL. When d. Other conditions warrant that normal
tightened inspection is in eIIect, normal in- inspecti n shall be instituted.
spection shall be instituted when 5 consecu- 8.4 DISCONTINUATION OF INSPECTION.

| tive lots or batches have been considered In the event that 10 consecutive lots or'

acceptab!c on original inspection. batches remain on tightened inspection (or
such other number as may be designated by,

8.3.3 NORMAL TO REDUCED. When the responsible authority), inspection under
normal inspection is in cliect, reduced inspec- the provisions of this document should be
lion shall be instituted providing that all of discontinued pending action to improve the
the following conditions are satisfied: quality of submitted material.
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9. SAMPLli4G PLANS ;

I

9.1 SAMPLING PLAN. A sampling plan tain the sampling plan from Tables II, III or I

indicates the number of units of product IV. When no sampling plan is available for a
from each lot or batch which are to be in- given combination of AQL and code letter,
spected (sample size or series of sample the tables direct the user to a different letter. ]
sizes) and the criteria for determining the The sample size to be used is given by the
acceptability of the lot or batch (acceptance new code letter not by the original letter. If
and rejection numbers). this procedure leads to different sample sizes

for different classes Of defects, the code letter

9.2 INSPECTION LEVEL. The inspection c rresponding to the largest sample size de-

level determines the relationship between rived may be used for all classes of defects

the lot or batch size and the sample size. The when designated or approved by the respon-

inspection level to be used for any particular sible authority. As an alternative to a single

requirement will be prescribed by the re- sampling plan with an acceptance number
sponsible authority. Three inspection levcls: of 0, the plan with an acceptance number of 1
I, II, and III, are given in Table I for general with its correspondingly larger sample size
use. Unless otherwise specified, Inspection for a designated AQL (where available), may
Level II will be used. However, Inspection be used when designated or approved by the
Level I may be specified when less discrimi- responsible authority,
nation is needed, or Level III may be speci-
fled for greater discriminntion. Four addi. 9.5 TYPES OF SAMPLING PLANS. Three
tional special levels: S-1, S-2, S-3 and S-4, types of sampling plans: Single, Double and
are given in the same table and may be used Multiple, are given in Tables II, III and IV,
where relatively small sample sizes are neces- respiv4 Whml tp d #s me
sary and large sampling risks can or must b

available for a given AQL and code letter,
tolerated.

any one may be used. A decision as to type
NOTE: In the designation of inspection of plan, either single, double, or multiple,

levels S-1 tc S-4, care must be exercised to when available for a given AQL and code
avoid AQLs inconsistent with these inspec- letter, will usually be based upon the com-
tion levels, parison between the administrative difliculty

and the average sample sizes of the available

9.3 CODE LETTERS. Sample sizes are plans. The average sample size of multiple

designated by code letters. Table I shall be plans is less than for double (except in the
used to find the applicable code letter for the case corresponding to single acceptance num-

particular lot or batch size and the prescribed ber 1) and both of these are always less than
inspection level, a single sample size. Usually the administra-

tive difliculty for single sampling and the

9.4 OBTAINING SAMPLING PLAN. The cost per unit of the sample are less than for

AQL and the code letter shall bc used to ob- double or multiple.
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10. l>EilituAh4KiiON OF ACCEPTABillTY

10.1 PERCENT DEFECTIVE IN5PECTION. number of defectives found in the first and
To determine acceptability of a lot or batch second samples shall be accumulated. If the
under percent defective inspection, the ap- cumulative number of defectivea ia equal to
plicable sampling plan shall be ysed in or less than the second acceptance number,

accordance with 10.1.1,10.1.2,10.1.3,^E.1.4, the lot or batch shall be considered accept-
and-10.1.5. able. If the cumulative number of defectives

is equal to or greater than the second rejee.

10.1.1 SINGLE SAMPLING PLAN. The tion number, thelot or batch shall be rejeeted.

number of sample units inspected shall be
10.1.3 MULYlPLE SAMPLE PLAN. Underequal to the sample size given by the plan.

If the number of defectives found in the multiple sampling, the procedure shall be

sample is equal to or less than the acceptance similar to that specified in 10.1.2, except that

number, the lot or batch shall be considered the number of successive samples required
t reach a decision may be more than two.acceptable. If the number of defectives is

equal to or greater than the rejection num-
10.1.4 S P E C it. . PflOCEl)UllE Folt itE.ber, the lot or batch shall be rejected.

DUCED INSPECTION. Under reduced in-
spection, the sampling procedure may termi-

10.1.2 DOUBLE SAMPLING PLAN. The nate without either acceptance or rejection
number of sample units inspected shall be criteria having been met. In these circum-

1

equal to the first sample size given by the stances, the lot or batch will be considered
plan. If the number of defectives found in acceptable, but normal inspection will be
the first sample is equal to or less than the reinstated starting with the next lot or
first acceptance numbor, the lot or batch batch (see 8.3.4 (b)).
shall be considered acceptable. If the num-
ber of defectives found in the first sample is 10.2 DEFECTS PER HUNDilED UNIYS IN.
equal to or greater than the first rejection SPECTION. To determine the acceptability
number, the lot or batch shall be rejected. of a lot or batch under Defects per llundred
If the number of defectives feund in the first Units inspection, the procedure specified for
sample is between the first acceptance and Percent Defective inspection above shall be
rejection numbers, a second sample of the used, except that the word " defects" shall be
size given by the plan shall be inspected. The substituted for "defectives."

11. SUPPLEMENTARY INFORMATION

11.1 O P E R A T | N G CHARACTERISTIC and multiple sampling are matched as closely
CURVES. The operating characteristic curves as practicable. The O. C. curves shown for

;

foi normal inspection, shown in Table X AQLs greater than 10.0 are based on the
(pages 30-62), indicate the percentage of Poisson distribution and are applicable for
lots or batches which may be expected to be defects per hundred units inspection; those
accepted under the various sampling plans for AQLs of 10.0 or less and sample sizes of
for a given process quality. The curves shown 80 or less are based on the binomial distri-
are for single sampling; curves for double bution and are applicable for percent defec-

i
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11. SUPPLEMENYARY INFORMATION (Cuniinued)

tive inspection; those for AQLs of 10.0 or 11.5 AVERAGE SAMPLE SI' E CURVE 5.z
less and sample sizes larger thh 80 are based Average sample size curves for double and
on the Poisson distribution and are applica- multiple sampling are in Table IX. These
ble either for defects per hundred units in- show the average sample sizes which may be |

,

spection, or foi percent defective inspection expected to occur under the various sampling
(the Poisson distribution being an adequate plans for a given process quality. The curves
approximation to the binomial distribution assume no curtailment of inspection and are
under these conditions). Tabulcted values, approximate to the extent that they are
corresponding to selected values of probabil- based upon the Poisson distribution, and that
ities of acceptance (Pa,in percent) are given the sample sizes for double and multiple
for each of the curves shown, and, in addi- sampling are assumed to be 0.631n and 0.25n
tion, for tightened inspection, and for defects respectively, where n is the equivalent single
per hundred units for AQLs of 10.0 or less sample size.
and sample sizes of 80 or less.

11.6 LIMITING QUALITY PROTECYloil.
11.2 PROCESS AVERAGE. The process The sampling plans and associated proce-

average is the average percent defective or dures given in this publication were designed
average number of defects per hundred units for use where the units of product are pro-(whichever is applicable) of product sub-

duced in a continuing series of lots or batches
mitted by the suppher for original inspec- over a period of time. However, if the lot
tion. Original inspection is the first inspec-

or batch is of an isolated nature, it is desira-tion of a particular quantity of product as
distinguished from the inspection of product ble to limit the selection of sampling plans

value,,se, associated with a designated AQL
to thowhich has been resubmitted after prior

that provide not less than a specifiedrejection,
limiting quality protection. Sampling plans

11.3 AVERAGE OUTGOING QUALITY for this purpose can be selected by choosing

(AOQ). The AOQ is the average quality of a Limiting Quality (LQ) and a consumer's
outgoing product including all accepted lots risk to be associated with it. Tables VI and
or batches, plus all rejected lots or batches VII give values of LQ for the commonly used
after the rejected lots or batches have been consumer's risks of 10 percent and 5 percent
effectively 100 percent inspected and all de- respectively. If a different value of con-
fectives replaced by nondefectives. sumer's risk is required, the O.C. curves and

their tabulated values may be used. The
11.4 AVERAGE OUTGOING QUALITY C ncept of LQ may also be useful in specify-

LIMIT (AOOL). The AOQL is the maximum ing the AQL and Inspection Levels for aof the AOQs for all possible incoming quall-
ties for a given acceptance sampling plan. series oflots or batches, thus fixing minimum

AOQL values are given in Table V-A for sample size where there is some reason for

each of the single sampling plans for normal avoiding (with more than a given consumer's

luspection and in Tchle V-B for each of the risk) more than a limiting proportion of de-
single sampling plans for tightened inspec- fectives (or defects) in any single lot or
tion, oatch.
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TABLE I-Sample size code letters
(See 9.2 and S.3,

i

Special inspection levels General inspection levels

let or batch size
,

S-1 5-2 S-3 S-4 I li Ill

2 to 8 A A A A A A B

9 to 15 A A A A A B C

16 to 25 A A B B B C D

26 to 50 A B B C C D E

51 to 90 B B C C C E F

p 91 to 150 B B C D D F G

E
*

151 to 280 B C D E E G II

281 to 500 B C D E F 11 J

501 to 1200 C C E F G J K

1201 to 3200 C D E G 11 K L

33)1 to 10000 C D F G J L 11

10001 to 35000 C D F 11 K kt N

35001 to 150000 D E G J L N P

150001 to 500000 D E G J 11 P Q

500001 and over D E !! K N O 11
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TABLE IV-B- Afultiple sampling plans for tightened inspection (Afaster table)
(Continued)

(See 9.4 c2d 9.3)
.

4ee-smeble Ometen I.e.ch teastweed ie.s.eeseel
s ,e ca

. Se=ene .eueeeene
***Tl* 9 010 0 015 085 sW 01165 9 30 9 15 93 9 40 e 65 le IS 25 Se 65, le 15 25 40 te leg 150 Oki 400 tie toea ,,,, ;,

ases.

4e ite te Re 4e Re 4c he 4e ter 4e Ile 4e h te lie 4e ter te b 4e e,. 4, ge, g, es, g, ge, g, gg, g, w g, ,,, g, u, ne He ne 04, ne One ne he k te, te ne te see te b

b F ees 32 3" - - " '" - e " " = ; e .
0 3 4 5 2 7 3 9 6 12
e 3 e 4 e4 e6 3 g /=g ,% ,% ,% ,rg ,% pas w =g ,% y=ge

weed r 64 e : 0
T e4 32 en 9 * 8 I 4 2 6 4 9 7 12 !! 17
Fa sen 32 1:e 0 3 5 .4 2 5 3 ; 6 il le 15 le 22w

F gs 32 :ee 1 3 2 4 3 4 5 0 9 32 le 17 r 25
5 E lo: B 3 3 * 4 6 3 9 12 le le 20 *: 2e
we.en E ;,Ja %P %P 2 3 4 * 6 7 9 le 14 IS 23 22 E 33

5, Fiens 5d 53 = * 2 = 2 * * 4 0 4 8 6 8 e /'sW 3d Im> = 2 e 3 0 .
2 6 4 9 7 12 14 37
I 5 2 ; 3 9 6 12

re.i 50 15J G 2 0 3 8 4
p o.m. 30 200 9 3 I e : * 3 7 6 11 10 15 le r
F.'sh 5d 25d I 3 2 4 3 e 5 e 9 1: 14 17 22 25
.e 50 3rc I 3 3 5 4 e 7 9 I? 14 le 20 27 2e

=%. ash So 350 NP V 23 4 5 6 * 9 le 14 15 23 r 32 31

9 Feen 80 35 * e 2 e 2 e 3 e 4 0 4 0 6 i e /*s
*...d to Ita e 2 9 3 6 3 I ? 2 7 3 # 6 12
* se SD 240 0 2 eJ B 4 2 e"

6 Il 10 15 le 22Fee.d
4 9 71 In 17

ub 50 320 0 3 4 4 2 5 3
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(Continued) (See 9.4 and 9.h
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TABLE EX- Average sample size curves for double and multiple sampling
(normal and tightened inspection)
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. g , r.. - - - -

4, I, > t , , ,1 , = .t . , , I, :> l ^ I r,' + I, '-, , , , , , ,
,

0 I 2 3 4 0 1 2 3 4 5 4 0 1 2 3 4 5 6 7 0 5 1" 0 3 4 5 E

n x prcportion defective

a

AV rag $ f4

sam??O yr. - - - - -
-cn

(7,

Size -
.2 f M Vf=

0 I I'IIIIII 'I I I I I I I I I l , , , , f f ,
0 7 I4 0 4 8 12 16 0 3 6 9 12 15 18 0 3 6 9 12 15 18 21 0 5 10 15 r 3

n x prtportion defective

.

. h s, }4 -

"1['7s i' *aI
g

O I I I I I I f I I I I I I 8 I 3 ' "
0 5 10 15 20 25 3, 0 9 18 27 A i 10 M 30 40 0 1, 25 N 32 0 s le . .+ - 5p

Qh n x prcportion defective

M ea rapes.elene .imple semple ein,

22 3> . 5 <.. rw.~,..-.i.--

mQ p , agi. , ,,,,,y,,y,,,N
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y TABLE X-A-Tables for sample size code letter: A

CHART A ' - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
, , . s v . , i .n.

egegt4D (Carses for doubk and m.fupte se;:.:s re sairbed as closely as reacticable)

kif f _. ] f ' . ..h.
j_ ' ! ' ' '. . _ . -], . t '

' ~~ ~~

''

K. i4 h- ~ | - Y..\.\ k. .\l_. . ..

_K I '' + lfi(_,,_ t I
'

i T \ \ _ ,\ \ \' t i e i * ii

i V T l A \ *\ * t- . N * 6 I iN *

; i \-\-l\-A-i A ; A : N' | ; N ''
_ '; |', ' -

.

h- ! _. _ ._ . ... \h '| .

I ' '
'

, |'
' '., '

+-\1.\ . - . -- & e v ;T,,' ; p,'
,,

' *
-

1'i 8 '.,,

w[ -.. _._.._

,

;. 4 3 . { ** ,- . . . .
.l . 4 q.% \.- 1 . . .

_L _,

,

. _9 _.
'80 .. Iss . Iso. L enc 11 1 \ ese iI 'i t 6 s son, -

t.
ii- . ... . ...

.! ,T _ s T ... J. ; ,i i e i N:eS
. e

- . i i ,N
, e

e .N e
. ii i ei f N if # ,

'\
' * .

| *- . g, , , g i , g ,N g*7t t
,

to ~~ .' ' ~ '|I'
\ | -

| %_. I i ii {8 |,e
' I IIe & 6 i i 66 -, w I i i i,I \ eJ ' i , - ' ' 6 i

e-3 son sao eso soo ano ee eco w toco sinn tse tv i ime two gene | ce vacc :=w roop,

s.14 LIT) OF St inilTIED 10TS (p. in pereens defem- fm UJi/s( 10; in defects per h 4re.4. nits for WL*s > 10)

%ees F ,we eew .e, me** pie 'e 1.4 .* Leseis t 40i ' l ier I see, n .

20 .

- T4BULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS,' TABLE X-A-1
m
m

Acceptable (ka'.?s Lesels (normal i.spectica)

| 150 X | 250 X | 400 | X | 650 f X f IW| 40 65 106p, 65 65 25

p l.. m ,s ,er ,.~ .ist
, II. e., d.r_,-e,

99 0 0 501 05: 7 45 21 8 41 2 89.2 | 145 175 239 305 3* 4 517 6'o 650 9*7

95 0 2 53 15i 17.8 40 9 68 3 131 | 199 235 308 385 462 622 745 9:5 11'.2

90 0 5 13 5 25 26 6 55 1 87 3 138 ! 233 272 351 432 515 684 810 10~3 13w

2'4 342 431 521 612 795 934 1314 1354
75 0 13 4 I44 48 1 8t, 8 127 211 ,

50 0 29 3 34 ~ 83 9 134 184 284 | 383 433 533 633 733 933 1063 1353 1533

25 0 50 0 69 3 135 1% 256 371 1 481 540 651 761 870 10t17 1248 15o8 1728

10 0 68 4 Ili 195 266 3 34 464 | 580 650 00 689 1006 1238 1409 !!.;8 1916

) 50 U6 150 237 315 388 5~6 | 657 722 848 9*2 1004 1334 1512 1692 .%15

10 90 0 236 3 12 420 502 | 655 l 800 870 1007 list 1272 15"9 1718 .%8 22 0
j

40 65 100 150 X 250 X 400 X 650 X liu.i Xl

hrepeatJe (w s I.culs tierhiened inyeeince)

s. er it I d i6.a d I., y-e as des.=e P s., dre ee. pee h died .

. - _ -
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TABLE X-A-2 SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: A-
,

Came. Acceptable Quality Levels (normel inspection) c;,,,
Type of 1.sive 1,th ,

p semple Les' " 6.5 X 10 15 25 40 65 100 150 X 250 X 400 X 650 X 1000 say:e
l 6

P aa eine , 3,

Ac Re Ac h Ac Re Ac Re Ac & Ac Re Ac R. A: Re Ac Re Ac Re Ac Re 4e Re Ac Re Ac Re Ae Re Ac Re Ac Re Ac Re

Single 2 7 0 1 1 2 2 3 3 4 5 6 7 8 8 9 to 11 12 13 14 15 18 19 21 22 27 28 30 31 2

t'se Use l'oe

V- <.> <> <> <> <> <> <> <> <> <> <> <> <>- u,,cr u,,e, Le.,c,

D C B

20
e

W
@
N

%Itiple p .
* * * * * * * * * ** * * *

*{0
"

10 15 25 40 65 100 150 X 250 X X 650 X 1000 X400

Acceptable Quality Levels (iightened inspection)

V Use nest satsequent sample size code letter for which acceptance and rejection nua:bers are available.=

Ac a - Acreptance nemt,er

Re = Rejection number

Use single saarling plan eleve (or alternatively use ferie D).* =

l'se ningle samp ine (or alternatively use letter 10.(*) a l

,
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1
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M TABIf X-B-Tables for sample size code letter: B

CHART B - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

gact ny (Cerees foe double and e.ltiple samf.is.g are merched as closely as practicable)r

ACCf PTI.D tP,1 .

38' m %s
. %3 iii I * *p ,i '

t

s x . 's m .
.'m iN i N I i x

. w . i i .
a e X i i i . e i ~Nii I i i,

) \ 11 X i\ '( l (4 s 4 st i Na' ' * ,u * 4 4

1)\ Al \ N A e i N * 'A i X i. I 4,,
111 \ 1 iA N \ , 's i 'm i e i

el!U \ \6% N T i \ t i N * A I e i'
3

iU\h \ * 61 \ \' \'t i e X N i i
i i Xt T 4 4

nL 1 +1 I1 \ \ .

,,
e i \ k'It \ \ t '\

im\ * *

i'A
T<'A'A t

I i\ \ '

t 1 ie \6 1 g, \ N t,
1 1 %- Y \6 X- 1, \ l l
I h T. e i T 't X .'t i N e i,
1 ii) i \ \ \ it N . e \'

1 1 1\i 1 't 't 't
<'t i A m's i

' t \ T ' i3,
t A A.\ \ \ h N

7 e eT 1n \ sr e 't as x ion vue 'au ' t eo . ' t aw N iono i,
't I A .T \ t i V

N'A \ l

N'N' - - _ . I *

1e 'As i A N- i

k \4X \
T.Y 's 's'%. 7% t - _.-

N _ _.__

I ' ' 'u Ny,

A N l's A
m

A. N t ''
it iIN Jw L % .'% .

' * - - -,

neo ses no eso ses eso suo ese wo sees s too noo asse see isne seas ma inne reso sono

QUALITY OF 50841TTED 1.DTS (p. in peicent defecuee for AOL's (10; in defects per bundred units for AOL's >10)
Neesi Figwee se secues me Aseep.s le Quelmy I.evels ( AQL'el $w esseel leayeesies.

>
a

5 TABLE X-B-1 TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS-

w

pt.a. ..st, -. t._.n.s,.e_)

| 15 | 25 | 40 | 65 |100 | X | IE | X | 250 | X | 400 | X | 650 | X | 1000Pa 40 40

p (in percent defectiee) p (in defects per bandred units)

| 117 159 203 249 345 419 573 651 947 102999 0 0.33 0.34 4.97 14 5 27.4 59.5 %9

95 0 1.70 1.71 11.8 27.3 45.5 87.I 133 | 157 206 256 308 415 406 663 748 1065 !!52

90.0 3 45 3.50 17.7 36.7 58.2 105 155 | 181 234 288 343 456 541 716 604 1131 42:'2

75 0 9.14 9.60 32 0 57.6 84 5 141 199 | 228 287 347 408 530 623 809 903 1249 1344

| 289 356 422 489 622 722 922 1022 | 138950.0 20.6 23.1 55 9 89.1 122 189 256 1489

25.0 37.0 46.2 89 8 131 170 247 323 360 434 507 580 724 Br 1046 1152 1539 1644

10 0 53 6 76 8 1.10 177 223 309 392 433 514 593 671 82'i 939 1165 1277 1683 1793

5.0 63.2 99 9 158 210 258 350 438 481 565 648 730 890 1038 1241 1356 | 1773 1886

| 195110 78.4 154 221 280 335 437 533 580 672 761 848 1019 1145 1392 1513 2069

X | 1000 X65 6.5 25 40 65 100 X 150 X 250 X 400 X 650

Acceptable Q.ee!ity Leeels (tightened inspecison)

Bleie thessinel diombeiten used les preve delee'see reeiposeriene; Posenes fw deserte yet hundred eeam

__ _ _ _ _ _ _ _ . _ . _ _ _ _ _
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R TABLE X-C-Tables for sample size code letter: C

'

CHART C - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
(Curves for double end cultiple saceling see catched as closely es practicable)

EP
ACCEMEDtP , aCCE FT1 D i P,9

N t i Nt N_ | | $% A 7% . I *I t t ' i e '(3 Al -

\ t\ t \ ' i i 6 * 6 + \l \i \i i N I N I i,,"' \ \ \t il i N t'1 \ it N
T g.\ t i 1.A ,
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. i \ .\ \ i x i i i
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\ \ \ \ T 1 6ili\ \t A .A i + *
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1 1 ,.s m . . .. 1 2"
~ , i
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I. \ lt N \
~ ~

t\,) % i \ t e 8 e *
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't t t \ 3 \ \\ *\ t t il T. 1 .

g 1 .g . i 15 i i t X. A \

Md-k! \- | |
k

w no ---k--
I

pg ,g g,g ,,g
- -k j!- )\ \\ '

,

\
i U s\ io t\ ts \ 's i A .o * V K 8ao__]

150 1 250 \ ** \ **
Y \I \ \l2" 3

I tr1 iA.A iX. A t

i Aa .vN i ix x . A i\ a x w _Tink;+H%Bk5_325: ;, Nik | N i g|i___,,,,

w
. .

se 300 IW Iue 290 300 P90 2no ano 400 Sno eco 700 con 900 inno liv ir

Ol' ALIT) 0F StBMITTFD LOTS (p. in peerent defective inr AOL's ( 10; in Mects per hundred units f or tOL's > 10)
wm F , . . ace.,i.si. 0 i., L l. iagt .i s a w

3D
e

TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANSg TABLE X-C-1 -

O

Acceptable Quality Lesels (anr al inspection)

| 10 | 15 |25 | 40| | X | 100 | X | 150 | X | 250 | X | 400 | X | 6506510 2.5r, 2.5

p (in peseems defective) p (en defects per hundred enits)

99.G 0.20 33 0.20 2.89 8.72 16.5 35.7 58.1 70.1 93.4 122 150 207 31 344 30 568 618

95.0 1.02 7.63 1.03 7.10 16 4 27.3 52.3 79 6 93.9 123 154 185 249 Ou8 308 449 639 e91

90.0 2.09 11.2 2.10 10 6 22 0 34.9 63.0 93.1 109 140 173 206 273 33 424 482 679 733

75.0 5.59 10 4 5.76 19.2 34 5 50.7 84.4 119 137 172 '08 245 318 374 485 542 749 Bo6

50.0 12.9 31.4 13.9 33 6 53.5 73.4 113 153 |173 213 253 293 373 433 533 613 833 893

25.0 24.2 45 4 27.7 53 9 78.4 to? 148 194 | 216 'eso 304 348 435 400 627 i eel on 987

10.0 36.9 58 4 46.1 77.8 106 114 186 235 | 260 308 356 403 405 564 609 7e 6 1010 1076

50 45.1 65 8 59.9 94.9 126 155 210 263 | 289 J.19 389 438 534 605 745 814 1064 1131

1.0 60 2 77 8 92.1 133 168 201 262 320 |348 403 456 509 612 687 8.15 Wei 1171 1241

X | 100 X 150 X 250 X4.2 X 4.0 15 25 40 65 X X4nd 630

Acceptable Oi. alit' Levels fairhsened inweman

u.: e I d..mb.i d e., ,,,,em s,.. ,m.i % s w 4,s ,,. 6 4,,a
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C TABLE X-D-Tables for sample size code letter: D

CHART D - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
(Cerves for douWe and mehiple sampling are matched as closely es practicaWe)

PERCE%T OF LOTS EsPECTED PERrF%f OF 107s EIPFCTED
TO DE ACCEFTE D1P,, 10 BE ACLt FILD(Pe1

'"
xw w.% i# ' t w 'L i 3 i # w wi ti e3"

I \ i\' 'A I IA* 4 NI * '(j\ h 6 % j'(I { 3,
''

l i \' \ ' \ 1 1 N X 4 N \ \ r 4 i r\i ,

\t 't it . ,x
si t .N ix* .x N ,,, % \ \t i \' 6 1 t

'

0 \6 \l 1% ' \ t \ '

i \. IV I A 1 6 N' i 1 . \l 1* .6 \,
l %$ \l 6\ 3. t A' \! L \| \ ' I at

T- .\ 6 i\ . i ( \' 6\ l i\ i \ \ t i \
" **

'\* i\ i\ t \' A *\ 1 1 \ \ e 1
*b +1 t \ 1 X * X i a t \ \ \, ,
\ ' \t \t \ \ \ ' I\ l \ \ \

* TI \1 \ 't \ \ 8 \ \ ) \ \.,, U \ \ \ N N i \ \ 3 1 \i 't
Y \ t\ t \ t\ \ \ 1 \ \ \,,
't A6 i| \

4 8%'An X'N 1 \l Al | %' s X-

N 1 ( \ ( .<

\ *s \ ico \ tsa 4 Ano ww\ s Vs S ie \n e i ao 3,
8 \ \ N.I i T.' w g g y , y ,\

'
t

Na s tX Y \'s i A'% ._ !
-

'-~_ i - % w i' %
38, P% s ( 1% N t x i g'\ \'% '% . I i

,e ,% ,% - ,

so so m ao so so 7e ao so too Ito 12e Iso 140 tse neo tro too 2oe soo eno sao .an .,,

QlALITY OF SUBMITTED LOT 5 (p. is percent defectase for AOL's (10; in defects per hundred units for AQL's >10)

%n . .u.oi.,,ui.uoe.n ~n m.p
-
e
N TABLE X-D-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Arwptable (>= lire 1swls (anrmt inspection)

100 X 150 X 250 XXX 40365l5 6.5 10 1.5 6.5 10 15 25 40p

p(as percess defective' y (in defects per hundred units)

99 0 0 13 2 00 6.00 0 13 1.86 5 45 10 3 22.3 36 3 43 8 59 6 76 2 93.5 129 157 215 244 353 36-

95 0 0.64 2 64 11.1 0 64 4 44 10 2 17.1 32 7 49 8 58 7 77.1 %1 116 156 186 249 281 399 432

90 0 1.31 6 88 14.7 1.31 6 65 13 8 21 8 39 4 58 2 67.9 87.8 108 129 171 203 268 301 424 45!

75 0 3.53 12 1 22.1 3 60 12 0 21 6 31.1 52.7 74 5 85 5 108 130 153 199 234 303 339 468 54

50.0 8 30 20 1 32.1 8 66 21 0 33 4 45 9 70 9 93 9 108 133 158 183 233 til 346 383 521 555

25 0 15.9 30.3 43.3 17.3 33 7 49.0 63.9 92 8 121 135 163 190 218 272 312 392 432 577 617

10 0 25 0 40 6 53 9 28.8 48 6 66 5 83.5 !!6 147 162 193 222 252 309 352 437 478 631 67.

50 31.2 47.I 59 9 37.5 59 3 78.7 96 9 131 164 180 212 243 274 334 378 465 509 665 TM |

1.0 43 8 58 8 70.7 57 6 83 0 105 126 164 203 218 252 285 318 382 429 52* 5t>8 732 "- |
X | 400 X|X 65 X 100 X 150 X 259

| 1525 10 X 2.5 to 25 40

AcceptaMe Quahty levels (tirheened inspectina) f

/Vs Yt2 | f/4cn sMs D:bm&wno d taco ftR. freccur Mrcerwc cm.c.irp wy Sinn f <:. s:i;.- a .., , , .
o

p w aareo war.s



TABLE X-D-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: D

Acceptable Quality levels (nornal inspection)

*

lies 1.5 2.5 X 4.0 6.5 10 15 25 40 X 65 X 100 X f150 X X250 400 t et
p ., samp eg sa re

size si:eAc & Ac Be Ac Re Ac Re Ac Re Ac Re Ac Re Ac Be Ac Re Ac Re Ac He Ac Re Ac He Ac Re Ac He Ac Re Ac Re Ac Re Ac Re Ac HeAc N I
I

Single 8 V 0 1 I 2 2 3 3 4 5 6 78 8 9 to 11 12 13 14 15 18 19 21 22 27 28 30 31 41 42 44 45 A 6

t*se Use Use

5 V * 0 2 0 3 1 4 2 5 37 3 7 5 9 6 10 7 11 9 14 11 16 15 20 17 22 23 29 25 31 A 5
Davble letter Letier letier

10 1 2 3 4 4 5 6 7 89 11 12 12 13 15 16 18 19 23 24 26 27 34 35 37 38 52 53 56 57 10

C F E

2 7 * e 2 e 2 e 3 e 4 04 0 4 0 5 0 6 I 7 I 8 29 3 10 4 12 6 15 6 16 6 2

$ 4 e 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 10 17 11 19 16 25 17 27 4t>

6 0 2 0 3 1 4 2 6 38 4 9 6 10 7 12 8 Is 11 11 13 19 17 24 19 2726 36 29 30 6

Multiple 8 0 3 1 4 2 5 3 7 5 10 6 11 8 13 10 15 12 17 16 22 19 25 24 31 27 3437 46 40 49 6

10 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 29 32 37 36 4049 55 53 58 10

12 1 3 3 5 4 6 7 9 to 12 12 14 14 17 18 20 21 23 27 29 31 33 40 43 45 4761 64 65 68 12

14 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 48 49 53 54 72 73 77 78 14

l #'' "

25 X 40 6.5 10 15 25 49 X 65 100 X 150 X 250 X2.5 X X th400

Accepeable Quality 1 evels (tishiened insocction!

A= Use next preceding sample size code letter for which acceptance and rejection numbers are o ailable.
p= the nest subsequent sample size code letter for which acceptance and rejection nuebers are available.

Acceptance numberAc =

He = Hejntion number

t'ne single sampline plan above (nr alicenatively use letter G).* =

Accepiance noe per rined at this sample size.= =
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t

| W TABLE X-E-Tables for sample size code letter: E

:
' CHART E - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
l Wp.' W,*4'.?c <r ne. %s- ,,i ...ai ge u%n, .,e -hed .s closeiy . pr.a.c.ua

w n o f , * .r,

'

5 ' i I I\\ \ L 't i X
i g g, x.x . e i ,

It 8 i
g ,g. g x, # 11 \ \ \ \ \ '*

n __-k-k \ \- ._ - \ \ |, ,|,8

;\I ,.,

!, .N ,\ .\ ,, .__. __. , ___.] 1 ' \ ' ' '!

\. t ii - -_ _ _ _ . __ _.._ . ._____ .\ \ ' !*C ; \i . . ' ' ' '

*
. 1 i N a X , ___. . _ ___... _ .___

' -

.f.g A \e \ f _

' m
i I 'T

\ i\ sT 14 i e
I \* L 1 _ __L .__. L

'
\ 6 \ x , i\ e

i A 6 * ' .. . A 3, _ - _ _ ._.._._ .._.._._._\ t \

|
----' -

(* -- 85 -- 8"- ---kN hd- N- ''---

4 to ; ,o . _%s skio

" a .1 a..x., x x x . ____; pa __r_ ,- <

3, ...1'
=

I W'%._%. . - ._.-.h
I' %

. .[' _.

*' \ \ \._ . g__..3 .

i._.4_
L_'

X e

s'%_ i\ i'A h \
_

88 IN' |
% 5---I I C I -

i I. N ._ %_S JN _ ,,

s so n :n :s m as e es so ss .o so in iso m m n m a N *'

e t tLIT3 OF St BMITTED LOTS tr ia terrent Afenise fu AQL's( 10; in <lefert. swr hundred units for tot 's > 1ms
we: r . - w .u.w ,s,....iw.,t e .

,

TABLE X-E-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS>
.

Arrept.b e (Jualite Lesels (anrm.1 in*rntion)

f X 100 | X | 150 | X | 250 |fX| 25 X 40 65
P, 10 4.6 6.5 10 1.0 4.0 6.5 10 15

1

p (in peerent defertise) p On defects per hi.ndred units) |

|f *2.4 27.0 36.7 46.9 57.5 79 6 c6. 7 iC 150 210 2381
09.0 0.077 1.10 s 3 63 7.00 0 078 1 15 3.33 6.33 13.7

95.0 0.30 s O EI ! 6 63 11.3 0.395 2.73 6.*9 10.5 20.1 | 30.6 36 1 47.5 59.2 71.1 c5.7 115 153 !!3 246 266 '

00 0 0 807 4.16 ! 8.80 14.2 0 808 4.09 8.48 13.4 24.2 35.8 41.8 SLO 66.5 79 2 105 125 165 185 261 282

75 0 2.19 7.41 | 13 4 19 9 2 *2 7.39 13.3 19.5 32.5 45.8 52.6 66.3 80.2 94.1 122 14, 187 208 20,8 310

| 213 2 16 321 3:8
50.0 5.19 12 6 | 20.0 27.5 5.33 12.9 20.6 28.* 43.6 59.0 66.7 82.1 97.5 113 144 are

25.0 10.1 19 4 | 28.0 36.2 10.7 20.7 30 2 39,3 57.1 74.5 83 1 100 117 134 167 l'2 | 241 2ti6 35i 370 l

|44.4 17.7 29.9 40.9 51 4 71.3 90s 100 119 13! 1A 190 217 2f.4 295 3F4 114

10.0 16.* 26 8 ! 36 0

5.0 20 6 31 6 |41.0 49 3 23 0 36.5 48.4 59 6 80.9 101 lit 130 150 If4 205 231 2H6 313 4m 435 |

|
1.0 29 8 41 5 | 50 6 58.7 35 4 51.1 64.7 77.3 101 1*3 134 155 176 106 235 N 321 3:9 Jin 47

|X|X | iOO | >< | no x 2w
40 X|X| .5|20 X is 63 ic es25is 6.5

Acceptable (Julies I evel< trichtened inspertion) |
A

en se; II I deembessee seed f.e pswees dedects** *==P=e***aa*:l%'**. fee kle' 'a P" M'''de'''
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-

t!!|

> f

C ' ;
: E- " * *

: ,
M '- I I U3 E

, e
, 3 F

O O A
,

,t c
A
e

H 4 3 5 1 r 9 9 8 8 85 1 7 6
3 4 5 6 7

0
5
2 e 4 5 6 6

1 2 4 5 6 7
7 9 0 3 5 7

t 4 2 5
e

X
2 9 3 5 5 6 6 5 4 3H 4 2 5 1 2 3 4 5 6 7

0
5

c 1 3 2 6 6 6 7 9 1 2 2
A 4 2 5 1 2 3 4 6 7
e 1 2 8 2 9 7 4 0 7 4

R 3 2 3 1 1 2 3 4 4 5
0
5

1 91 c 0 71 7 4
1 1

7 6 5 3
A 3 3 2 3 4 5

X
e 8 5 0 7 4 1 7 3 9R 2 E 3 1 1 2 3 3 4 4 0

5
c 7 4 3 0 7 4 2 0 8 1

A 2 5 3 1 1 2 3 4 4E
R r re 6 9 4 9 5 9 3 8

X
1 1 1 2 2 3 3:

N 0
0t

i
1 c 1 1 6 2 7

1 1 2 3 3
3 9 5 1 7

A 2 1 2

u e 9 4 4 8 2 7 5 0 3r

X
R 1 1 2 1 1 2 2 3

L 0
0

c 8 9 3 1 6 ! 2 7 2 1E
D A 1 2 ! 6l 2 2 3

O e 5 1 9 7 0 3 7 0 3 6

X
R 1 1 1 1 1 1 2 2 2C ) 5

)on 6 n
o c 4 7 8 I 4 8 2 7 3 5E i A 1 1 1 1 2 2 i

tZ c e 3 0 6 6 9 2 5 7 0 2
t
c

L
l

X
e H 1 1 1 1 1 1 2 2 e

SI p 5 p
s s

c 2 6 5 0 3 7 o 4 8 1
6n n

E
i

A 1 1 t 1 1 2
i

de e ! 9 3 5 8 0 3 5 7 9 e

X ig .

P m H ! nr 1 1 1 1 1 1
ea 0M t

A (
4e hc 0 5 2 0 3 6 8 1 4 8

S is A 1 1 1 1 1
t e( .

le 9 7 2 4 7 9 1 2 4 5

X
e

w h.R 1 1 1 1 1 s
0 l lb lR e
4 e a

c 8 3 1 0 2 4 6 9 2 4 v l
i

O L a
e i vA 1 1 1

l vty aF
i e

a

S
l H 8 7 9 4 6 8 o 1 2 4 a e

L
1 X li es s

u 5
tya t 1 1 1 re a

N Q 2 ac 7 3 8 0 1 3 5 7 0 u rA
l

A 1
3

e s eQ r
6 5 7 4 5 6 7 8 9 0 e bb eP

tp
ea R 1 l

b n
5 5 b m u
1 2 a u mG e

A 5 2 6 e 1 2 3 5 7 9 t n ncc pN c e n o
7 c o iA e 4 4 5 3 3 4 , 5

IL R c i
t
ct e0 5 A c jP e e .

1 1 j r .

M c
A 3 1 4 e 9 s 6 e

- A 1 0 1 0 0 1 1 2 c e t - .
r dA e d n3 3 4 2 5 5S R n a

5 0 a e
6 1

- e 2 0 3 1 2 3 4 e cncL n a .

R 2 2 2 3 3 3 3 a tp H)e
2 0 5 tp e re r eE- 4 6 c c tc

ee h
e h c

lX R r i e

E 5 e
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B A l r f
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X
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d q n e
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s s c e
U U A R U A

gf ea e lei
e lg bu = e = - = =n op

i

Dy ST
6VAc e

H * a

-

-

u._ _ a! f : _ i . ,. ' , f -

eE|



; M "TABLY X-F-Tables for sample size code letter: F
' -

3
~

.4

CHART F - OPERATING CHARACTERISTIC CURVES FOR Sl%LE SAMPLING PLANS
- M p7n M <c.,,e. fo, d v. ..a ..wf:e s. pie., e t,*ed .s ci.. cry .. p,.c ic.siel

eCCEFTEO org

too

QN 1 ' '' L, ... N{ j |
I '_ ._ J.. gpg

PA A; - t- - [ \ k N N ; |i 4,,
11- \ \. i Xi e g ig i g ,
l 1 'l \ ' _A ' ' \ i \ \ \ i3

~ '~
~1 7 . f f

e' '
,

1 .\ i ie \t 4i g i 1 3 , i
**

6 _.I!\ \i iT \' a g 1 % it ,
i is ,

"l\ d8 L \ e \ \ \ \ g~

,_._Q _\ '. i
.

,'T i FN'\ \ \ |+ '
.,, *,

C
_ , _

'

i - ' _. \' n 3

, y %' \ l' \ i\ _ _ ( \ -\I I\
\'I \ ! ht 1 1 1 1 x x g4

T e os \M _ *A Nes Nia \ t3 \n ( ,.o
, ,ges.p *\ t A 6 N .- A .N xi g g ; x

(*

N ' Ni N'A4I N
I ix x 3 ,,y ,

,

", 'N., #N Ii. -w i w
K I N' l'bd A N ['N N

~~
8 M INNh- N ,,

to 26 ao eo sa M eo go ao soo em see too

W4IJTY OF M tiulTTF0 Lt1TS (p, in reveces defe::ae for M)L's (10; in defects pe, hundred enits for AOL's >10)<

s .: ri .-. = ace.gle 0 fm L=s. tact / a he .= I hoy h .e

20 TABLE X-F-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CtJRVES FOR SINGLE SAMPLING PLANS
i

C- *
c . . -

Accepable Qualaty Levels (norma! 'm& pert's)sCD

| 2.5 | '40 | 6 5 _ | ~ 10 | 065 |25 | 40 |65 | ' 10' | ,15 ~ | X | 25 X | 40 | X | 65 '
P, 0.65

p (in percent defeestve) p (in defects per hundred units)

99.0 0.050 0 75 2.25 4 31 9.75 -CEI 0.75 2.18 4.12 8.92 14.5 17.5 23 9 30.5 37 4 51.7 62.9
t

95 0 __ " O tZ _ " 1 80 4.22 7 13 _14 0 0.2]* . ' l.78 4 09 6 83 13.1 10.9 23 5 30.8 38.5 46.2 62.2 74.5

90.0 0.525 2 69 5 64 9 03 Ii 6- 0 527' 2 66 5.51 8.73 15 8 23.3 27.2 35 1 43.2 51.5 68 4 81

.
/

75.0 1.43 4.81 8 70 12.8 21.6 1.44 4 81 8 68 12.7 21.1 29 8 34.2 43.1 52.1 61.2 79.5 93 4

50.0 3.41 8.25 13.1 18.1 7'.9 3.47 8 39 13 4 18 4 28 4 38.3 43.3 53 3 63.3 73.3 93 3 108

25.0 6.70 12.9 18.7 24 2 3r 8 6.93 13 5 19 6 25.5 37.1 48.4 54.0 65.1 76.1 87 0 109 125

10.0 10 9 18 1 24 5 30 4 41.5 !!.5 19.5 26 6 33.4 46.4 58 9 65.0 77 0 88 9 101 124 141

5.0 13.9 21 6 ' 28.3 34.4 45 6 15.0 23.7 31.5 38.8 52 6 65.7 72.2 84 8 97,2 100 133 151

1.0 20.6 28 9 35 6 42.0 53.4 23 0 33.2 42 0 50.2 65,5 80.0 87.0 101 114 127 153 372

X 65 X1.0 47 6.5 10 X 1.0 40 65 10 15 X 25 X 40

Acceptable Quality levels (sightened inspection)

us=,: a u.I d6=nba d su pe wm d s.ni . P s., d s.re. ya b d=d .

i

___ ___ __ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ .



i

4

TABLE X+2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: F

Acceptable Quality Levels (monnel inspection)

Ceme- C. a-

tg. |'et w
Higherlosive Less X0 65 1.0 X . l.5 - 2.5 '40 65 to 15 X 25 X 63i"8 : 40geg ,,,,,

size s::.

4e Re Ac & Ac Re Ac Re Ac Be Ac Re Ac h Ac & Ac & Ac Re Ac & Ac Re Ac b 4e W Ac He 4e N te Re

Simple ' 20 ' .V 0 I I 2 2 3 3 4 5 6 7 8 8 9 10 Il 12 13 14 15 18 19 21 22 6 3

Use Use t se

13 y 0 2 0 3 1 4 2 5 3 7 3 7 5' - 9 6 10 7 11 9 14 11 16 A 11*

Double letter Letter Letter

26 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 26

E H G

3D
, ' , , 5 V - * = 2 e 2 e 3 e 4 0 4 0 4 0 5 0 6 1 7 1 8 2 * A 5

W
" 10 ' = 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 19

15 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 to 13

%Itiple 20 0 3 1 4 2 5 3 7 5 10 6 11 8 13 to 15 12 17 16 22 19 3 3

25 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 20 3

30 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21 23 27 29 31 33 39

35 ' 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 25

X 65 X "tfan"
'*

han l .0 X 1.5 2.5 40 65 to 15 X 25 X 40

Acceptable 0==14 7 Levels (tiahtened inspectiont

6m l'se next peeceding sample sire' cede letter for which acceptance and rejection numbers are available

V= l'se neat subsequent sample size code letter for whseb acceptance and rejection numbers are available.

Acceptance numberte =

14 = Hegertion number
1.w sanele sampline plan ahme (or alternatnely uw letter J).* =

4rreptane* nas permmed at this r 2mple Sire.* =



Q TABLE X-G-Tables for sample size code letter: G

CHART G OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS-

E3",'gSISQi? (Carves for A.We and n:uisiple senphas are matched as closely as practicaNel
min FTLD IPA

- t Nd 0 *I ' t I i i '\e %,| , %| | |[X N N * , N. N ,

I t\ X X * iN i + .** \ NI .Nei \ ' \ t\ t 6 A'I Y i I ." \ XI i X
4'h\.' \| Xi +N e a

*
3 \ . 3"

n ) *A \- .\ * \ . so g g , gg
:% %4 ' \+ t *T \ * t' 1 li \t

il .\ \ t\ * * \ \ 4 4*
\ \l \\ *\ \l .\ \ \ i

1 1 .\# 41* \ .Y'' \ e\: "* ( \ \L- *\ \ \ * *\ \ ( \ \58
1 1 8 1 i\ \ , eV e ,N 6 #

1, , \. 1 i
e \ ' \\ 7' \ AI \ 6 A ** '

\ 6\ \*
I \ \ e\6 T *ei \ "i. \ q \i \ t
t *\ - I\l t\ il ii Aee A i t \ \ t8' -- "i\ t X | At X4 .Ni N ie \ \ |

;\e m . Ne s e iN a Nee As s No
___ ,

. \m I \ts 3.o,
' \l- 3

A k \| mNI N e N N \t N N

8 N i Ik N. N \i i \1 \1*

8

I 1 D -- % N (- -
, ,. ,, . . . . . . . .

Vl %I lT) OF Sl flVITTET) LOTS (p. in percene defecine for WI 's (10; in defect. per hundml enies for AQL's > 10)
s . F.e . 4c ,. 6i. 0 ia, t..wi. e act.'.) f.e e.n I p.ci

[ TABLE X-G-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
e
Co Acceptable Quehty Issels (normal inspection)

| 1.5 f 2.5 | 4.0 | 6.5 | 10 | X | 15 | X | 25 f X f 40| 1.5 | 2.5 | 4.0 | 65 | 10 0.40p, 0.40

p (in percent defectisc) p (in defects per hundred units)

99.0 0.032 0.475 | 1.38 2.63 5.94 9.*3 0 032 0.466 1.36 2.57 5.57 v.08 11.0 14.9 19.1 23 4 32.3 39.3

93.0 0.161 1.13 2.59 4.39 8.50 13.1 0.160 1.10 2.55 4.2t> 8.16 12.4 14.7 19.3 24.0 28 9 38.9 46.5

90.0 0.329 1.67 3.50 5.56 10.2 15. ! 0.328 1.66 3.44 5.45 9.85 14.6 17.0 21.9 27.0 32.2 42.7 50 8

75.0 0.895 3.01 5.42 7.98 13.4 19.0 0.900 3.00 5.39 7.92 13.2 18.6 21.4 26.9 32.6 38.2 49.7 58.4

50.0 2.14 5.19 8.27 11.4 17.5 23.7 2.16 5.24 8.35 11.5 17.7 24.0 27.1 33.3 39 6 45.8 58.3 67.7

25.0 4.23 8.19 11.9 15.4 22.3 29 0 4.33 8.41 12.3 16.0 23.2 30.3 33.8 40.7 47.6 54.4 67.9 30

10.0 6.94 II .6 15.8 19.7 27.1 34.1 7.19 12.2 16.6 20.9 29.0 36.8 40.6 48.1 55 6 62.9 77.4 88 1

5.0 8.94 14 0 18 4 22.5 20.1 37.2 9.36 14.8 19.7 24.2 32.9 41.1 45 1 53 0 60 8 68.4 83.4 94.5

1.0 13.5 19.0 23.7 23 0 35.9 43.3 14.4 20.7 26.3 31.4 41.0 50.0 54.4 63 0 71.3 79.5 95.6 107

25 X XX 0.65 2.5 4.0 6.5 10 X X150.65 2.5 4.0 6.5 10 to

Acceptable Quahiy I.esels (nrhiened inspectinei)

m: s a d==i6 w se p.m e 4.s w r. s= *s . e= 6 - d a.

- - - _ . _ . _ - _ _ - . _ _ - _ _ _ _ _ - _ _ _ _ .



SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: G. TABLE X-G-2 -

Acceptable Quality Levels (nonnel inspection)
Cu-o- '-

Came. -

X 1.0 1.5 2.5 4.0 6.5 10 X 15 25 X 40 ta sa p;ea I as b,*j" 0.40 0.65 '"

N" size
size i

I

Ac Re Ac Re Ac Re Ac b Ac Re Ac Re Ac b Ac Re Ac b Ac Re Ac Re Ac & Ac Re Ac Re Ac & Ac Re Ac b

Single 32 V 0 1 I 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 21 22 8 32

Une Use Use

0 2 0 3 1 4 2 5 3 7 3 h 5 9 10 7 11 9 14 !! 16 A 20
20 p

* letwr Letter LetterDouble

40 1 2' 3 4 4 5 6 7 8 9 !! 12 12 13 15 16 18 19 23 24 26 27 49

F J H

* e 2 a 2 e 3 e 4 0 4 0 4 0 5 0 6 1 7 ! 8 2 9 A 830
8 V

e '2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 16e
* 16

24 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 8 13 !! 17 13 19 24

hitiple 32 0 3 I4 2 5 3 7 5 10 6 11 8 13 10 15 12 17 16 22 19 25 32

40 1 3 2 4 3 6 5 8 7 11 4 12 !! 15 14 17 17 20 22 5 25 29 40

48 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21- 23 27 29 31 33 48

56 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 36

thrher

15 25 40 XN 'h**
"

0.65 1.0 1.5 . 2.5 4.0 65 10
0

Acceptable Quality Levels (tigh.ened inspection)

|
|

b= Une next preceding sample site code letter for which acceptance and rejection numbers are available.

tse sent subsequent semple size ende letter for which acceptance and rejerhon numbers are ava.lahfe.
| V =

Acceptance number.Ac =

Hejection number.He e

Lse single sampline plan alwwe (or alternatively use letter K).* =
,

1I Acceptance ant perwated at this sample sire.e a

.
, , , . . -

-... __ . . ,.: .

. _ , .
. . . . _ _ _ _ _ . _ _



M TABLE X-H-Tables for sample size code letter: H

CHART H - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

. 7,Moy",,/ (Curves for douNe end multiple sempting see masched as closely es practicable)
ACC1FTED er t

9 .X iex iN. ... .
' A' 't iI 4 Ii 1

'

\8 l'h I I \6i NII l
~

NI I i 4 i,,
T\ \' *\ l Xi X* 'N1 i *.N . I

I1 \ \' 1 \ ! I\ ' ' ' g' '' ' 'so
l 1 \ \ *\ \ \ e i A 6 ; , g i 6

1 \ \T i \ \ *\ * a | i Ni , ,( , , ,
.,,n.,

14 \l\1 'l \. .\ l t X *' * | t N ii i i I
t 1 . \1 \i \ \ eN i 6 A . l. A e e i I,
L t 1 ' t l\ \' \ l \i \ >* t* X i I

t ; % - \; \ i\' 1 \ \ i t i Xe,,
U4 \ 4 I i\ ' \ *\ \ l i\
-t *\ \.1 6A A A N- ii\..
le A \' \ | \t l\ \ \t | 's

* \ l i\ i\ |\ | \' i \ \ \ . t * A in,

.s e, \. 85 | \ke(:skt o 2,5 \e e--k ' Q
t N N\* N6 %6 % N N

N'A I \ %m I\ t\ \ \ ( \'
g

s' N N I N 'k1 ' f'%t Al i'A'%# w '% - _ iew . ""'h- i i

' N
i iN M,

s to is 20 25 to as ao es 50 ss so es

9t'4LITY OF SL1341TTF.D 1.0T5 (p. in perceae efectise for AOL(s (10; in defects per hvadred units for AQl.'s > 10)

wi.e ri, . .e Arreye.We Omelia. Wie tAOL'el 8m em.iel ee.peese.n.

Y TAELE X-H-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
N
O
O Acceptable Ovality Levels (acrual inspecieon)

|XP, 0.25 1.0 1.5 25 40 65 X 10 0 25 1.0 1.5 2.5 40 6.5 X 10 X 15 25

p(in pertens defe-tive) p (in defects per hundred uniist

99.0 0 020 0.306 0 688 1.69 3 66 6.06 7.41 11.1 0 000 0 298 0672 1 65 3 57 5.81 7.01 9 54 12.2 15.0 20 7 25 1

95 0 0 103 0.712 1 66 2.77 5 34 820 9.74 12.9 0.103 0 710 1 64 2 73 5 23 7% 9.39 12.3 15 4 18 5 24 9 29 8

90 0 0.210 1.07 2 23 3.54 6 42 9.53 11.2 14.5 0.210 1 06 2.20 3.49 6 30 9.31 10.9 I 4.0 17.3 20 6 27.3 32.5

75 0 0 574 1 92 3 46 5 09 8S 12.0 13 8 17.5 0 576 1.92 3 45 5.07 8.44 11.9 13.7 17.2 20.8 24 5 31 8 37.4

50 0 1.38 3 33 5 31 7.30 11.3 15.2 17.2 21.2 1.39 3 36 5 35 7.34 11.3 15.3 17.3 21 6 25 3 29.3 37.3 43.3

25 0 2.74 5 30 7.70 to 0 14 5 18 8 21 0 25 2 2.77 5.39 7 84 10.2 I48 19 4 21 6 26 0 30.4 34 8 43 5 40 9

10 0 4.50 7 56 10 3 12.9 17 f. 22.4 24 7 29.1 4 61 7.78 10 6 13.4 18 6 23.5 26 0 30 8 35 6 40 3 49.5 56 4

5.0 5 82 9 13 12 1 14 8 19 c 24 7 27.0 31 6 5.99 9 49 12 6 15.5 21.0 26.3 28.9 33 9 38 9 43 a 53 4 60 5

1.0 8 80 12.5 15 9 18 8 24 3 29 2 31 7 36 3 9 21 13 3 16 8 20.1 26 2 32 0 34 8 40 3 45 6 50 9 61.1 68 7 |

fX |0 40 1.5 2.5 40 65 X 10 X 0 40 15 25 40 65 X 10 X 15 X 25

Accestable Qualisv trwels (tightened inspection)

w..ni d.m4 dsepen 4,fer er, ee .P s 4i. cop.eb ded .



_. .-_- .-_ _ _ _ . - - - _ _ _ _ _ _ _ __
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TABLE X-H-2 - SAMPLING Pl.ANS FOR SAMPLE SIZE CODE LETTER: H

Acap:alite Quality Levels (morinal inspectical g_,

a[9
"

P aas l 0 25 0.40 X 0 65 1.0 ;.5 2.5 40 65 X 10 X 15 X 25l * '
plaa ,;,,' 0

si:t

Ac - Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac h Ac Re Ac Re Ac Re Ac Re Ac Re 4e Re Ac Re Ac ' Re

Single 50 V O 1 1 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 21 22 A 50

- Use Use Cae

32 V * 0 2 0 3 I 4 2 5 3 7 3 7 5 9 6 10 7 11 9 14 Il 16 A 3;
%ble Letter Letter Letter

64 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 6:

G K J

Y 13 V a 2 = 2 e 3 e 4 0 4 0 4 0 5 0 6 I 7 1 8 2 9 A 1.
*

ro

3 26 a 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 Ot

39 0 2 0 3 I 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 19 3'

witipic 52 0 3 1 4 2 5 3 7 5 10 6 11 8 13 10 15 12 17 16 22 19 25 5:

65 1 3 2 4 3 6 5 8 7 11 9 12 Il 15 14 17 17 20 22 3 25 29 M

78 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21 23 27 29 31 33 ?f

91 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 c.

a""'' "
0.40 X 0 65 10 I.5 25 40 6.5 X 10 X 15 X 25 X t04O

Acceptable Qeality Levels (tighteacd inspection)

O = Uw neat peereding sample mie code letter for which acceptance and teleuina au-wrs are available.

i

V = Lee acit sutrequent sampfe sire code letter for which acceptance and resect 6 cc > rs are asailable.

Ac = Accessence sumher

lie a llegection namher

l'w uncle saserling plan ahnse (or alternatitely use letter L).*- a

Acceg4enre not permettevi at this sample sere.. r

_ . . _ _
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w TABLE X-]-Tables for sample size code letter: J

CHART J - OPERATING CHARACTrolSTIC CURVES FOR SINGLE SAMPLING P!ANS
ttsctsf or t. ors (Car %et for deuEe 4-d Oultipic samplmg are statClted SS Closelv 89 pMClifebIeI
11Pf CHD mpg

ftE
REF75 0

N' I i If I l t i i i l i l
# '' . N N , N .

* t i 1 6 AmN
' '

I .A' .N' I X'I t i6 s . I e t i 8 8 9 3 4 6

3 ' i e

# |1\\\i N Nt .N i t i i N i i i * i

N4? '\ i I . f N I I I l
ll \ \ i\ \ l *

* I i
. .

n i X A 4 A i\ * Ni 8 i NI i | 3 t N80 ' I i i
i t TX*!X) i) ,T.\ iX - 6 \ t i

.

i\t \- \l N \ v i A6 F \l i e f i \ f * i # $ ! t
i ' . 6 ei

\. \ \ ;\ \lI i \ i i\ . I i | iA I ! t
6 i ! t 1

i \ \ lX .\a | \ e ! \ l ! I K,,
i i l l I 6 i

' ,"
* t i Ae f *\) 4 .\ 8\ l N t\ t \

\. i N I i N < t #
* ,

W
1 .\ .\1 X. . X t X 6 i

I e Ii\ i t N. 6 X i I 6 .

T .\. \ \ \ + \+ 1 i

t i- i e i . .

.i x- g ,\ i N e \.i i i\ i , N ! .N#
e - e A ! i i X 1 N i 6 I i t i

\i X .\ | \ \i I (i
30 i \ l X N- A e NU . N t a

. \- N+ | 1 e i ! l

To . \ e es \ t a \ i s '\25 6 N eo i N a %I i Ato i Nn i ' 3

' i ii i
.\ , A i\i N i i A I N t I i N. I i K"

N t N N i i IN I N 1 1 l 1 % e * Al *
~

l

,1, % 4232C W V ' W R -| I I'h L - i hC"
,

I 2 3 4 5 6 7 8 9 10 la 12 83 to 11 le 17 le to 30 21 22 23 24 25 2 27 ||5 29 30 31 32 33 34 35 36 37 M 3e 4o.

Ot 4 LIT) OF SLBMITTED LOTS tr. in perrent deferme fne AQt's f10. in defects pr humired umis for Wl.'s >10)
n .: r..r evew. accer.si, o t , t.wi. t act *. s., a I i..,.cu

>
s

s TABLE X-J-l - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
rs)

Acreptable Quality Lesels (normal inspection)

015 | 065 | 10 |15 | 2,5 | 40 |X| 65 |Xf 10 015 f 0 65 f 1.0 f 15 f 25 | 40 f Xf 65 fXf10 f X | 15 |Ps

p (an percent defective) p (in defects per hundred units)

| 15 70 530 1 05 2 30 3 72 4 50 | 613 7 88 9 75 0 013 0 186 0 545 1.03 2 23 3 63 4 38 5 c6 7 62 9 35 12 9

0 013 | 018899 0

95 0 0 064 | 0 441
10; 1.73 3 32 5 06 5 c8 | 7.91 9 89 11.9 0.064 0444 1.02 1.71 3 27 4 98 5 87 7.71 9 61 11.6 15 6 | 16 e

90 0 0.132 0.6M 1 38 2 20 3 98 5 91 6 91 | 8 95 11 0 13 2 0 131 0 665 1 38 2.18 3 94 5 82 6 79 8 78 10 6 12 9 17 1 | 20 i

75 0 0 359 1200 | 216 3 18 5 30 7 50 862 {109 13.2 15 5 0 360 120 2 16 3 17 5 27 7.45 8 55 10 8 13 0 15 3 Iv '8 23 4

| 3 33 | 3 57 7 06 9 55 10 8 | 13 3 15 8' 18 3 0 866 2 10 3 34 4 59 7.09 9.59 10 8 13 3 | 15 8 | 18 3 23 3 27
50 0 0 863 2 09

25 0 1 72 3 33 | 4 8. 6 31 9 14 11 9 13 3 { 16 0 18 6 21 3 1 73 3 37 4 90 6 39 9 28 12 1 13 5 la 3 !u 0 21 8 27.2 31 ;

10 0 2 84 4 78 | 6.52 8 16 11.3 14 2 15 7 ! 18 6 | 214 24 2 2 88 4 86 6 65 8 35 11 6 14 7 16 2 le 3 22 2 23 2 30 0 3; .

50 3 68 5 80 7 66 0 29 12 7 15 8 17 3 j 20.3 | 23 2 26 0 3.75 5 93 7 87 9 69 13 1 16 4 18 0 21 2 24 3 27 4 33 : 37 5

I3 5 59 8 00 10 1 |12 0 15 6 18 9 20 5 | 23 6 | 26 5 29 5 5 76 8 30 10 5 12 6 16 4 20 0 21 8 25 2 28 5 31 8 3H | 42 -

|X| 10 | X | 15 {X,!| 40 X 65
|10|X|10 |X 15 25|X| 15 | 25

0 2565400 25 to

fAneptable Quahty I esels (nrhtened an*Pvtten)

' .--ds.sch -e. sih=.n m a h , w .3..- ^<w- -"-

h C'YE.,* hcalep old D/5M oO.Insa L!SCD p g pyrg~p,-y-p q n ypag c, ,g,, _, gg3, 2 ,3 m, 7:; z g y;. p,y,._,,

w w w n e r5

a <- . . . y; 3 ;; < .. ,; ,. . , . , - i 7- ....,; ., ;- - .- . .. .., . , . , 7,,...
- : ..

,3 ,
, ..:,,- ,; - $. - ,,. ;. ... , j . -. g , . . , .g; . :cip. ,

. . . . .,- .- -%...., $. ( g :4 , ,, ,
s.

~

f_, $ , -g%, s g<,y.- J; ;..
y 4. , ;; . , _y.-8 %. , ,

,

- . . . .

, ,2 ;m y; . - 3., , ,. ; y ,
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TABLE X-J-2 . - SAMPLING PLANS FOR SAMPLE SIZE CODE LEHER: J

Acceptable Quality leels (annual laspection)
Ca**-Type d Cc e-

'*" *"8 0.15 05 X W
g 0 65 1.0 1.5 2.5 4.0 X 6.5 X 10 X 15 ,,[h',a

si:e
Ac h Ac h Ac Rc Ac Re Ac Re Ac h Ac h Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re Ac Re

Single 80 V 0 1 1 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 21 ~ 22 A 60

Use Use 1.'re

50 V * 0 2 0 3 1 4 2 5 3 7 3 7 5 9 6 10 7 11 9 14 11 16 A 5:
Double Letter letter Letter

1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 10?,

H L K

Y 20 V a 2 e 2 e 3 e 4 0 4 0 4 0 5 0 6 I 7 1 8 2 9 6 2:.
* -

N

O 40 e 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 40

60 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 L 13 11 17 13 19 C
Unitiple

80 0 3 1 4 2 5 3 7 5 10 6 11 8 13 10 15 12 17 16 22 19 25 6C

100 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 29 Irn

120 I '3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 2: 23 27 29 31 33 120

140 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 10

10 15 X Ih
* '"

0.25 X X X0.40 0 65 1.0 1.5 2.5 4.0 6. 5

15

Acceptable Quality levels (tightened inspection)

-

Cse next preceding sample size code letter for which acceptance med tejection numbers are available.6 =

Use next subsequent sample size code letter for =hich acceptance and rejection nuerbers are available.V =

Acceptance numberAc =

fle = Rejection number

Ese single sampling plan aime (or alreaarively use letter 4)* =

Acceptance not gernitted at this semp!c size.e =

-- - _ - -
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K TABLE X-K-Tebles for sample size code letter: K

CHART K - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
(Cerves for double and sittple sampling ere matched es closely as pract4cetJe)

$'nNU n"Ne$t"tE[TETt5$*
ACC 6 PTl D (P,3

4CCE PTE D e P,i

~%,'g ,
T3 N y j

IN W !Iit i 3g y-g
1 T4N N' * 6 =, , 1 , 1 so s x .x i \ k \ X
I \ N' A go

so g g i g g
1 \ A* N

1 1 1 1 (
b I \8 % y

., p ( g i y
'\ L t\ \

1 1 \ \ \

\s
\ ,I \ ' gg g g ,.o

( Al T '
g ( q g y

\ ( i N li
5 g \ g g,

1'( 6I \l I \ 8

1 1 1. i 3
4 \ ' N __ A I ,

\ \* N t Y .

g is g gi,

\ l |\ 1 T
'\ \ \ 3a

'M= -ps.-N .., ___x. , ,___.s -Age guys _g. . _xw

s s= s s ,
,

' x s
' N; i ,,( x \,x, x'N 'h %_ %._ N ,,

| g3

s_
g N, g,

, ,
g,

_'%m-m. i

_

--- ;--- ----%
%- Nl '% %

,,
i

s to as n :s
ae to ao e.e se ae T.e

4 \1Ili T 4 iltilTTr!1 LOTS (r. in peicent defecine for 40L's (10; in defects per headred ==its for AQL's > 10)
w. r - A .n. o i , i, i. iv3f.n., -n

TABLE X-K-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS>
e

ro
O Accesable Quality Levels (normal inspection)
Sm

| X 40 X 65 X f 10

| 2.5
P, 0 10 0 40 0 65 1.0 I .5

p (er pe cent defective os defects per headied enits)

99.0 C 0081 0 119 0 349 0658 1.43 2.33 2 81 3 82 4.88 5.98 8 28 | 10.I

95.0 0 0410 0 084 0 654 1 09 2 09 3 19 3.76 4 94 6 15 7.40 9.95 11 9

90 0 0.0840 0.426 0 882 1 40 2 52 3 73 4 35 5 62 6 92 8 24 10.9 13.0

75 0 J 230 0 769 2 03 3 38 4 77 5 47 6 90 8.34 9 79 12.7 14.9

50 0 0 554 1.34 2.14 2.94 4 54 6.14 6 94 8 53 10 1 11 7 14 9 17.3

25 0 t 11 2.15 3 14 4 09 5 94 7.75 8 64 10 4 12.2 13.9 17.4 "O O

10 0 1 84 3 11 4 26 5 35 7.42 9 42 10 4 12.3 14 2 16 1 19.8 22.5

50 2.40 3 80 5.04 6 :'o 8 41 10.5 11.5 13 6 15 6 17.5 21 4 24 2

10 3 68 5 31 6 73 8 04 10 5 12 8 18 3 16 1 18.3 20 4 24 5 27 5

fX
0 15 0 65 10 1.5 2.5 X 40 X 65 X 10

Accepal,le Quah:3 Lesels (terheened inspectinal

Ali im r= == h **ble 6*d = Pa=a da'aba= ** = wr'=**a * B'""*3- *w:

- . . . ' '
" " h E la un ,,j,



TABLE X-K-2 - SAMPLING PIANS FOR SAMPLE SIZE CODE LETTER: K '

Acceptable Qnality isvein (normal inspectioni
Ce==-g Cv 4

***Pi'8 0 10 0.15 X 0.25 0 40 0 65 1.0 1.5 2.5I M 40 X 65 X 10 t$ca",ge 10''** ,

size si:e
Ac & Ac h Ac Re Ac Re Ac Re Ac Re Ac Re 4c Re Ac Be Ac Re Ac & Ac Re Ac Re Ac Re 4c Re Ac Re Ac Re

Single 125 V 0 1 1 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 21 22 O. g:3

Une Use . Use
1

80 V 0 2 0 3 1 4 2 5 3 7 3 7 5 9 6 10 7 11 9 14 11 16 0*
8s

Double Letter Istter Letter
160 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 le

J 4 L
30
b 32 V e 2 = 2 e 3 e 4 0 4 0 4 0 5 0 6 1 7 1 8 2 9 O*

3;o
*

64 = 2 0 3 0 3 I 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 g

95 0 2 0 3 I 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 19 sq

tt.Itiple 128 0 3 1 4 2 5 3 7 5 10 6 11 8 13 to 15 12 17 16 22 19 25 13

160 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 29 g

192 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21 23 27 29 31 33 19;

224 2 3 4 5 6 7 9 to 13 14 14 15 18 19 21 22 25 26 32 33 37 38 ;;;

1.es than 0.15 X 0 25 0.40 0 65 1.0 1.5 2.5 X 40 X 65 M 10 X *"
i n

Acceptable Quality Levels (tightened inspection)

6 Use nest preceding sample size code letter for which acceptance and rejection numbers are available.=

y = Use next subsequent sample sire code letter for which acceptance and rejection numbers are available.
Acceptance numberAc =

lie e Rejection number

Use sincia sampling pl.a a%e (or alternatively use letter N).* =

O Acceptance not permitied et stas saep!* sire.e =



r TABLE X-L-Tables for sample size code letter: L

CHART L - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
PFRCT4Tof LOTS

raggy,y (c.es tor awe ..d lve s..pli.4 e aed .. a seiy .. ,r.aic.bia

'," n xx x .w i x . . w . , w ,.
h\t\\*tY 7A * .*N*f |X'ii mw i6m
1,\ \ \ 6 i A 4 \l 4'N' I* Nsl s'

m
N x .1 1, s .% i+ v x .. x .

,

l Xii
m 6.^< '%. iiN + | TO iU ,V \. e

N't .6 \ i i X ( 's i1 i) 'e

M
1 gM \* . N t it i \ X N s s

t- Ot1 it \ . Xi \ % N, ,** T 4 ,1 \ \ | N N N. x .

1 L, 1 1 6 XI X N N N i,
t di 1 i\ + - \ \ N N N's .

.
1 in s e i a 1. A N

x'A s
,

\ h 15 i T I \
\'N 'A N,'s N

' ''t

\ it i \ t \ 6

A's \ N
w (,

1 1Ai!\ \' '
,' roms se s N o.o N o .s Nie xi s x s s .. N.s'

,
N 'A

's'A A 'N'%
t Y \t 'i i N.'t A A'%

's '' s.
' ' 't A tA l's' 4,

I i'Smy %m, --
I t 't. e''*%J l'%-_ .' u,--- --

=.- '*''N m_ %
--

mm.,=.,_, w e
-

, ,, ,

se se se e.e se e.e 7.e ee se se e si.e er e es e se e is e :s e

OLAllTV 0F SLTitlTTED LOTS (p, is percent defecti~ for 401 *. (10: in defects per bundred omts for AOL's > 10)

som ris ae , bi. 0 in tee.l. (AQt.".) se aw.m.] t peni

TABLE X-L-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
20

e
ro Accept.ble Qu.fity Iswls (ane..] inspectice)
o

|Xfp, 0065 | 0 25 0 40 0 65 1.0 1.5 X 2.5 X 6540

p (in peace. defectiw or defects per b.adred units)

99 0 0 0051 0.075 0.218 0 412 0.893 1 45 1.75 2.39 3.05 3.74 5.17 6.09

95 0 0 0256 0 178 0 409 0 683 1.31 1.99 2.35 3 09 3.85 4 62 6.22 7.45

90 0 0 0525 0.266 0.551 0 873 1.58 2.33 2.72 3.51. 4.32 5.15 6 84 8 12

75.0 0.144 0.481 0 864 1.27 2.11 2.98 3.42 4.31 5.21 6.12 7.95 9.34

50 0 0.347 0.839 1.34 1.84 2.84 3 84 4.33 5.33 6 33 7,33 9 33 10 8

25.0 0 693 1.35 1% 2.56 3.71 4 84 5 to 6.51 7.61 8.70 10 9 12.5

10 0 1.15 I.95 2 66 3.34 4.64 5,89 6.50 7.70 8.89 10.1 12 4 14 1

50 1.50 2.37 3 15 3 88 5.26 6 57 7.22 8 48 9 72 to 9 13.3 15 1

1.0 2.30 3.32 4 20 5 02 6.55 8 00 8 70 10.1 11.4 12.7 15 3 17 2

0 10 0 40 0 65 1.0 1.5 X 2.5 X X X40 65

Acceptable Qu. hey Iswls (tightened inspection) f
e_.,-,_,___.. .

_ _ _



TAB!E X-L-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: L

Acceptable Quality Levels (normal inspection) Cc :-
T9e of lative " " *

Hic %cr** M *** sample 0 0.065 0.10 X 0 15 0.25 0 40 0 65 1.0 1.5 X 2.5 X X 65 8,h'340 a ' *

IP '* size

Ac Re Ac Re Ac Re Ac He Ac Re Ac Re Ac Re Ae Be 4e He Ae Re Ac Re Ac Re 4c Re Ac Re te Re te He Ar Re

Single 200 V 0 1 I 2 2 3 3 4 5 6 7'8 8 9 10 11 12 13 14 15 18 19 21 22 A F

Use Use Lee

125 0 2 0 3 1 4 2 5 3 7 3 7 5 9 6 to 7 11 9 14 11 16 6 123

Double V Letter Letter Letter*

250 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 25

K N 4

Y * e 2 a 2 e 3 e 4 0 4 0 4 0 5 0 6 1 7 1 8 2 9 A 5M Vru
o
N 100 a 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 '

-

150 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 19 ."

%Inple 200 0 3 1 4 2 5 3 7 5 10 6 11 8 13 to 15 12 17 16 22 19 25 2 .'

250 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 29 25

300 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21 23 27 20 31 33 D

350 2 3 4 5 6 7 9 to 13 14 14 15 18 19 21 22 25 26 32 33 37 38 35:

40 65 X tIanX0 10 0 I0 0 15 0.25 0 40 0 65 1.0 1.5 X 2.5
ha

acceptable Quality Levels (tightened inspection)

6 = Cw eest preceding sample sire corle letter for which acceptance and reversion numbers are asailable.

y = Use nest subserpeent sample sire corle letter for shirb acceptance and eviertion out.bers are asailable.
4c = Arrepience number

fie = flegertion number

t w sir.cle samphar rian ahnwe for alternatively use letter P).- =
f Arre;tmire not perwtted at this sample site.a =



_ . _ _

g TABLE X-31-Tables for sample size code letter: M

CHART M - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Fr act sT er 1013

et (Carws for double and .seltiple secplang are sietcbed as closely as practicable)MCpI

k\YX N N 'I .sm , x , k-s, s em\
,,f 1\\ \s % A \ t X '

i 1 i \ \ e X X Y't% %\ '1 1 ' \ \
.,

I L T\ \ \: a n A e N.
I i 11 1 - % \e i \ \ e A

,
i 1ti 1 % \' 1 xe i
l 'li 1 l\ \. 1 \ \ \

y
l:\ \1 \ \ *\ t (N T'

le \ \ i\ \ 6't i a \ T
" 4 \ Ne\ ( e i\ T ( N

1 6 \ l\ i\ \t i l\ \ \ N, '

\1s ',gaseu a yees shk,t.e '-*\l.s
8 ' ' N N

Nm's
'N

T Al ( ('t X t

A'%_
'%._ *

s m
' N.\ |\ \,

VIN 'A A N % 'N
' ---_. | -p% -- %- .e iNJ%%. - '*

,
te le se se se se 7.e se se go.e

OLALIT3 OF SUBur!TED LOTS (p. is percent defectiw for AQL's (10; in defects pre bombed units fw AQL's > 10)
Ne=es F ymee se =enee em ^ ' Q*eley Le= ele (4QtM E=e a====1 es=y=etees.

TABLE X-M-1 - TABULATED VALUES FOR OPERATING CHARACTERSTIC CURVES FOR SINGLE SAMPLING PLANS
2:.

B

$ Acceptable Quality Lewis (normal inspectica)
m

| | | X| 1.5 N { NfPe 0 040 0.15 0.25 0.40 0.65 1.0 4.0

Mfects
p (ie percent defective or is daggs per headred units)

99.0 0'1032 0.047 0.138 0.261 0.566 0.922 1.11 I.51 1.94 2.38 3.28 3.99

95 0 0 0163 O ll2 0 250 0 433 0.829 1 26 1.40 1 96 2.44 2 04 3.95 4.73

90.0 0.0333 0.168 0.349 0 533 1.00 1.48 1.72 2.23 2.75 3 27 4.34 5.16

75.0 0.0914 0.305 0.580 0.804 1.34 1.89 2.17 2.74 3.31 3.89 5 05 5.93

50.0 0.220 0 532 0.848 1.17 1.80 2.43 2.75 3.39 4.02 4 66 5.93 6.88

25.0 0.440 0.858 1.24 1.62 2.36 3.07 3.43 4.1; 4 83 5 52 6.90 7.92

10.0 0.731 1.23 1.69 2.12 2.94 3.74 4.13 4.89 5.65 6.39 7.86 8.95

50 0 951 1.51 2 00 2.46 3.34 4 17 4.58 5.38 6.17 6.95 8.47 9.60

1.0 1.46 2.11 2 67 3.19 4.16 5.08 5.53 6.40 7.25 8 08 9.71 10.9

|0.065 0.25 0.40 0.65 1.0 1.5 X 2.5 40 X
Acceptat>le Qualwy Levels paghtened inspection)

ti t an =i p.a. I .h== e 63. h =4 == P === d===ihad== ** == ars=======a=* ** *be P=====3



_ _ _ .

SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: MTABLE X-M-2 -

Acceptable Quality Levels (nonnat inspection)

f""""up
Tne of t,ss

0.10 0.15 0.25 0.40 0.65 10 X 1.5 X 2.5 X 4.0 than
ing th 0.000 3.065 X'

,
pire

size

Ac He Ac He Ac Re Ac Re Ac fle Ac fle Ac fle Ac He Ac He Ac Re Ac fle Ac Be Ac Re Ac He Ac Re Ac fle Ac Re

Sieste 315 V O I I 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 21 22 6 315

Une time IJse

* letter Isteer Letter 0 2 0 3 1 4 2 5 3 7 3 7 5 9 6 10 7 !! 9 14 11 16 O 200
200 V

lbable
400 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 400

L P N

* s 2 e 2 e 3 s 4 0 4 0 4 0 5 0 6 1 7 I 8 2 9 0 80
80 V

30

b 160 e 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 W
o
@ 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 19 22

240

320 0 3 1 4 2 5 3 7 5 10 6 11 8 13 10 15 12 17 16 22 19 25 320

;

400 1 3 2 4 3 6 5 8 7 11 9 12 11 15 14 17 17 20 22 25 25 29 000

480 1 3 3 5 4 6 7 9 to 12 12 14 14 17 18 20 21 23 27 29 31 33 4S0

560 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 560

Ngner
Less X l.5 X 2.5 X 4.0 X than
than 0.065 X 0.10 0.15 0.25 0.40 0.65 1.0

4.0
006

Acceptable Quality Isvels .ighremed inspection)

A= t'ne neus preceding sample size ende letter Er =bich acceptance and rejection numbers are available.

time news subwquent samf e size code levier for which acceptance and sejection nuebers are available.lV=
Acceptance number.Ar =

Hereccian number.He =
t'se single sempting plan ab=e (er alternatively mae letter 0).=

.

=

Acceptance ace peretirred as this namg4e size.e =

_



Z TABLE X-N-Tables for sample size code letter: N

CHART N - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS,,,,y,,,

*|RMa,QV ic. eses for doaae d liiple s.eplies .re si.iched .s cle.ely .s pr.ctic.ble)

'"
sm x .x .m , m. . . . wi
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*4 4 LIT) (V SLIP'lTTl in LOT 5 (p. in pevcent irrective foe 4QL's (10; in defects per kvadred enies for 4QL's > 101.

% F,wws en eermee we Ampeble goole, teeele | AQL*e3 g, e eg gas,ee,,es,

e
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TABLE X-N-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality levels (normal inspection)

| | |X |X| | X|0 15 0 25 0.40p, 0 005 0.10 0.65 10 1.5 2.5

p (in percent defectise er in defects per h.ndred main)

I89 0 0 0000 0 030 0 087 0 165 0.357 0.581 0 701 O954 1.22 1.50 2 07 2.51

e5 0 0 0103 0 071 0 164 023 0 523 0.796 0939 1 23 1.54 1 85 2 49 2 98

90 0 00210 0 106 0 220 0 349 0630 0 931 1 09 3 40 1.73 2.06 2.73 3 25

75 0 0 0576 0 192 0 345 0.537 0.844 1.19 1.37 1.72 2 08 2.45 3 18 3 74

50 0 0.139 0 316 0 535 0134 1.13 1.53 1 73 2.13 2.53 2 93 3 73 4 33

25 0 0 277 0.539 0 784 1 02 I.48 1.94 2.16 2 60 3 04 3.48 4 35 4 99

to 0 0 461 0.778 1.06 1 34 1.86 2 35 2 60 3 08 3 56 4 03 4 95 5 64

50 0.599 0 949 1.26 1 55 2.10 2 63 2 89 3.39 3.89 4.38 5 34 6 05

10 0 921 1.328 1 68 2 01 2 62 3.20 3.48 4 03 4 56 5 09 6 12 6 87

X l.0 X 1.5 | X| | X0 040 0 15 0 25 0 40 0 65 25

Acceptable Quality Lesels ( phtened insperema)

%ae; AZI me:we amo se abew see beeed on See-se dieur. keen es en spyisessemese a se sk Iseneet
R . s h,

_ . _ _ _ _ _ . _
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c 8 9 3 I 6 1 6 2 7 2
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e 5 1 9 7 0 3 7 0 3 6
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~%T TABLE X-P-Tables for sample size code letter: P

CHART P - OPERATING CHARACTER!STIC CURVES FOR SINGLE SAMPLING PLANS,, ny m , ,,,,

'!NTA'.".'T,,*t ic so, &.ue d e.:=,:e ,ii ...aa .s ei..ey .s p,w,;c.wei
'- -o. i .. ..

x x , , s .

I t iNIN**N i N' I l i

*DmX'N i e

*
_A ;\ N 6 XI 6i ei e i

'. ia X X * N e * **
". #1 \\4 4 \ X e '<' 6 4 e 's f

i \ \. A i X 4 ei 'A 8

'l._T\T tg .\ \ \' iX, a6 i N i

. t 6\ \ \ \ \ .Xet X e i
''' X X . x .3 1 1

at't \
_ i

\ \ tIt\ 1 * *'

g .\ % \ \ A l\ \ 6 i

,W ; \' \ 6 i . iiX N i-

#
i. 13 \ T tii X \ \l \ '\

\' . 4 \. I 11 \ Y \ \ t X .' i
t',,

i\ J Li eA- i\ \ \ e N. N 4

'lo ets\o en)sie to\ e is
'O l\ X' ' 'N1 N i

. ' ie Nis~~

Xen No .o N e ss .
t

\1 TAI \- Xe
'%m Ii'N. 4 N'

A, N1

%m%m----- _, i# i'%

\1 1\ t\ l\, I iN
i a w' *_ .' _N.s i X VIA1 A, ts

e ,"--
Ax ' '- i - -

,
as i.e t.S 2.0 ss 3.e 3.s eo

Ut ALITY OF SLB4fTTED LOTS (p in pewenn defective far AOL's ( 10; in defwis per bandml units for AOL's > 10)
Neess repusee.e eurm ere Arreye.ble Qu.lsey Lewie (AQL's) Gw easmet immyernes.

? TABLE X-P-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
N
e--*
N Accept.t>le Quality Is ls (norm.1 inspects.a)

|X|X||X||||| |
151.0Pe 0015 0.650.400.15 0.250 065 0 10

p(in pewees defweise er defects per bandred enits)

99.0 0.0013 0.0186 0.055 0.103 0.223 0.363 0.438 0.596 0.762 0.935 1.29 1.57

95 0 0 0064 0.(444 0 102 0.171 0.327 0.498 0.587 0.771 0.961 1.16 1.56 I 86

90.0 0 0131 0.0665 0.138 0.218 0.394 0.582 0.679 0.878 1.08 1.29 1.71 2.03

75.0 0.0360 0.!:'O 0.216 0.317 0.527 0.745 0.855 1.08 1.30 1.53 1.99 2.34

50.0 0.0866 7 210 0.334 0.459 0.7'r 0.958 1 08 1.33 1.58 1.83 2.33 2.71

:'5.0 0.173 0.337 0.400 0 639 0.9.'8 1.21 1.35 1.63 1.90 2 18 2.72 3.12

10.0 0.:'88 0.486 0 665 0.835 1.16 1.47 1.62 1.93 2.22 2.52 3.09 1 52

50 0 375 0.593 0.787 0.969 1.31 1.64 1.80 2.32 2.43 2.74 3.34 3.78

1.0 0.576 0 830 1.05 126 1.64 2.00 2.18 2.52 2.85 3.18 3.82 4 :'9

| X l .5 X0 65 X l .0X0 025 0.10 0.15 0 25 0.40

|wie o n., i,.i <,#.e n. . I

- ._.. _. _ . . . -

Oe h



i

TABLE X-P-2 SAMPLING PLANS FOR SAMPLE SIZE CODE LEUER P-

Acceptable Quality levels (earimal inspection)

Type of g,,3,, *'X 0.040 0.065 0.10 0.15 0.25 0.40 X 0.65 X 1.0 X 1.5 thanli**=P as 0.010 0.015 0.0:5 , ,,
**

size size

Ac h Ac Re Ac Re Ac Re Ac b Ac b Ac b Ac Re Ac & Ac Re Ac b Ac b Ac Re Ac Re Ac Re Ac Re Ac Re

Singte 800 Q 0 1 1 2 2 3 3 4 5 6 7 8 8 9 10 11 12 13 14 15 18 19 ?! 22 6 800

l'se Use IJee

500 V 0 2 0 3 1 4 2 5 3 7 3 7 5 9 6 10 7 11 9 14 11 16 A SN

Double * tener Letter letter

1000 1 2 3 4 4 5 6 7 8 9 11 12 12 13 15 16 18 19 23 24 26 27 IOM

N R O

* e 2 e 2 e 3 e 4 0 4 0 4 0 5 0 6 1 7 1 8 2 9 A 2.9200 V

$ 400 e 2 0 3 0 3 1 5 1 6 2 7 3 8 3 9 4 10 6 12 7 14 4%
w

600 0 2 0 3 1 4 2 6 3 8 4 9 6 10 7 12 8 13 11 17 13 19 600

bhipla 800 0 3 1 4 2 5 3 7 5 10 6 11 8 13 to 15 12 17 16 22 19 25 E00

1000 1 3 2 4 3 6 5 8 7 11 9 12 Il 15 14 17 17 20 22 25 25 29 1000

1 00 1 3 3 5 4 6 7 9 10 12 12 14 14 17 18 20 21 D 27 29 31 33 1200

1400 2 3 4 5 6 7 9 10 13 14 14 15 18 19 21 22 25 26 32 33 37 38 14 %

Higher
0.025 0.040 0.065 0.10 0.15 0.25 0.40 X 0.65 X 1.0 X 1.5 X0,"

* than

Acceptable Quality Lewis (tightened inspection)

O, l'se next preceding sample size cede Iceter for which acceptance end rejectten sirnbers are eveilable.

V= Use next subsequent sample size code letter for =bich ecceptance and rejection numbers are available.

Acceptance member.Ac =

Rejecteos new.ber.He a

De single sampling plan abow.* =

Acceptance not permieted at this sawpfe size.e a

- - - - - - --

_ . - _ _ -- _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ - _______ -.



C TABLE X-Q-Tables for sample size code letter Q

CHART Q - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
(Canes for double and enlaiple sampling ere manched as closely as practicable)et

"

W .2 *N4\ N N , eg i N's a sv iX .xe .,,
1116 \* tX *
1 t ey .1 i , A iT-\ \'s

A
'N,,

\U1 i\i e X X N N,

- A #\* N Y1 N \, _

*\ t \' \ Y \ \
,_. L '. '\ * \ * \ 6 \ \ \ \,,

1 + i \i \- A \ T A8 %
Le\ V \_ tX X, .

> '

t I\ \ \l I th 1 8
_

\ i\ t I \ \ \ s A IN i,
1> Ti \i\ i i Ai \ \ * X X .
'l 'Y \ A3 *I\ '\ \ '

\'N N i
\ 'as

i\.tA Xi\ t i\ tX X t
\ emy e.ev % e i. ! se is Xe.:s se .oe A o .s Nie ,.

'' * \ \i M \t t \t A Y N N i
i e X X*X- x+ x N N N N ,,, 'e t N eN6 Al N .I N.N_ %%, #

m

---. _ ~-
# i _mA 6

t i Me-M '

% Nm N e

,
en e: es es e.s es et es e., ao u n.: 3.s i.e 3.s i.e s.7 a.e is 3.s 2.3 :: 3.s 24 2.s

OL 4 LIT) er SL11MITTED LOTS (p. i pescene defective for AOL's (10; in clerecis per hundred mains for AOL's >10)

n.=> tm a , 6i. o ley La. ele (AOL*.6 5= seed es )

>

h TABLE X-Q-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
4

Acceptable Quality Levels (normel inspeerson!

X 0 40 X 0 65 X !OPa 0 010 0 040 0 uos o 10 0 15 0 25

p Go percese defects.e er elefects per lHendeeJ unies

99 0 0 00081 0 0119 0 0149 0 0656 0 143 0 232 0 281 0.382 0.488 0.598 0 828 1.01

93 0 0 00410 0.0284 0(b54 0 109 0 209 0 318 0 376 0.494 0 615 0140 0 995 1.19

90.0 0 00840 0 0426 0 0382 0 140 0 252 0 372 0 435 0 562 0 692 0.824 1 09 1.30

75 0 0 0230 0 0769 0 133 0.003 0 338 0 476 0 547 0 640 0 834 0 979 1 27 1.49

50 0 0.0554 0 134 | 0.214 0.004 0 454 0 614 0 694 0 853 1 01 1.17 1 49 113

25 0 0 111 0 215 | 0 314 J 409 0.594 0 775 0.864 1.04 1.22 1 39 134 2 00

10 0 0.184 0 310 | 0 425 0 534 0.742 0942 1.04 1.23 1.42 1 61 1.98 2 25

50 0 240 0 380 | 0.5M 0 620 0 841 1 05 1 15 1 36 1.56 1.75 2 14 2 42

t0 0 368 0 531 | 0 672 0804 1 05 1.28 I 83 I 61 I R3 2 04 2.45 235,

| 0.10 0 15 0 25 X 0 40 X 0 65 X 10 X0 015 0 065

Acceps.ble Q hty Levels higheened insreewin) f
s Art : .s + s d r. 4 ra. .cr .m. as i
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- TABLE X-R.-Tables for sample size code letter: RN

CHART R - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
FS90%TOFLOT1
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n

L TABLE X-R-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PIANS
-
@

Acceptable Ovalits Iseet. (normal inspection)

Pe 0.03 0.040 0.065 0.10 0.15 0.5 0.40 0 65

p (i. percent defective er defects per hundred units!

99.0 0.00 4 0.0218 0.0412 0.0892 0.145 0.175 0 39 0.305 0.34 0.517 063

95.0 0.0176 0.0409 0.0683 0.131 0.199 0.235 0.309 0.385 0.462 06r 0345

90 0 0 0266 0.0551 0.0s 3 0.158 0133 0 272 0.351 0.432 0 515 0 6&& 0 812

75.0 0 0481 0.0869 0.127 0 011 0298 0.342 0.431 0,521 0 612 0195 0934

50 0 0.0839 0.134 0.184 0.28: 0384 0.433 0.533 0.633 0.3 0.033 3.08

|5.0 0.!!5 0.1% 0.36 0 371 0.484 0.540 0.651 0361 0 870 1.09 1:5

|10.0 0.195 0266 0.334 0.464 0589 0 650 0370 0.889 1.01 124 1.41

| 1515.0 0237 0 315 0388 0.526 0.657 0.722 0.848 0.972 1.09 1.33

1.0 0332 0 400 0300 0.655 0 E00 0.8-'O 1 02 1.14 127 1 53 | 1. 2i

| X | | X0.040 0.065 0.10 0 15 X 025 X 0.40 0 e.5

Accepuble Quality Levels ewhtened inspection) f

s., ~ - _ ._. . e _,
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M TABLE X-S-Tables for sample size code letter: S

Acceptable Quality Ime!
(monnel inspection)

Type of b
sampling I*ti" X

plan M
size

Ac Re

Single 3150 1 2

2000 0 2

Double

4000 1 2

Y
N 800 e 2
ca

1600 s 2

2400 0 2

) Multiple 3200 0 3

4

4000 1 3

4800 1 3

4 5600 2 3

i

0.025

Acceptab!c Quality Level
(tightened inspectior.)

Acceptance numberAc =

Hejection numberHe =
| Accepsance not permitted at this sample size,c =

l
,
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index of terms wills special meanings

Term Paragraph

Acceptable Quality Level (AQL) . .. .. 4.2 and 11.1
Acceptance number .... . . . .. .. .. 9.4 and 10.1.1
Attributes . . . . . . .. . 1.4
Average Outgoing Quality ( AOQ) . . 11.3

. Average Outgoing Quality Limit (AOQL) . 11.4
. .. . . . 11.5Average sample size

Batch .. . . . _ . . . . . . .. . . . . . .. 5.1
. .. .. 2.1Classification of defects .

. . . 9.3Code letters.
Critical defect . . . . . . . 2.1.1

2.2.1Critical defective . . . . . .. '

Defect . .. . . . . 2.1

Defective unit ..... .. .. 2.2
3.3Defects per hundred units . . . . . . . . . . .

. 10.1.2Double sampling plan . . . . ..

. .. . . 1.3Inspection .
Inspection by attributes . . . . . . . . . . . . . 1.4

Inspection level . .. .. . . .. . 9.2

. .. . 5.1Inspection lot or inspection batch .
Isolated lot . . . . 11.6.

.. 11.6Limiting Quality (LQ) . . . . ..

5.1Lo t . .. . . . . ... . . . . . . . .. .. ..

5.3Lot or batch size .. . .. . ..

.. ... .. .. 2.1.2Major defect
2.2.2Major defective . . . . .. . . . . .

Minor defect 2.1.3.. . .

2.2.3Minor defective .. . ... . . . . . . . . . . . . . . .

Multiple sampling plan . . . 10.1.3.. .

.. . .. . . . . . 8.1 and 8.2Normal inspection .
Operating characteristic curve . 11.1. .

Original inspection . 11.2. . . . . .. ..

. . . . . . . . . . . . . . . . .. 3.2Percent defective
4.6Preferred AQLs . . .. . . . . . . . .

Process average . 11.2. .. . .

8.2 and 8.3.3 an i o. i AReduced inspection . . . . .. . . ..

. 10.1.1Rejection number . . . .. . . . ..

Responsible authority . . . 1.1.. .

Resubmitted lots or batches 6.4. . . . .

7.1Sample .. .. . . . . .

7.1Sampic size .......... . .. . . . . . . . .. .

Sample size code letter .. .. . . . 4.1 and 9.3. . . . . . . . . .

. . . . . . . . . . . 9.5Sampling plan . . ...... . .
Single sampling plan . . 10.1.1. .. . . . .

Small. sample inspection 9.2. . . ..

- Switching procedures 8.3.. .. . . ..

8.2 and 8.3.1Tightened inspection . . . . .. .

Unit of product 1.5. . . . . .

A-219

. ..
..
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