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ABSTRACT

An investigation of bolting practices specific to the nuclear industry was
performed. The report covered a large spectrum of topics e.g. bolts embedded
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

standards, 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 bolting failures

reported at nuclear 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
was expressed in the form of a contract to Brookhaven National Laboratory to
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 NUREG/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,

¢. 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 fastenmer 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 KISCcC 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 parameters: 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:

K1=F o JT




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 Ki value reached a critical point. A conservative estimate of this
critical point would occur when plane strain conditions existed at the crack
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 KI¢c (plane strain fracture toughness) with a boundary condition of;
K < Ki¢
required in order to prevent fracture.

If a SCC mechanism were to be predicted, then the applied stress in a
material would have to be high enough to raise the Ky level above a critical
point called the threshold stress intensity factor for SCC (Kiscc).

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:
K1 < Kiscce
then, the allowable preload can be described by the following relationship:
0 =Kiscc/F [ a
0 = allowable preload based upon SCC
K1sce = threshold stress intemnsity factqr

a = reference flaw size




In order to convert the data in NUREG/CR 2467 from KiscCc 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 surface 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 calculate KI at two locations along the crack front, 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 values on the graph are the root mean square

average values computed at the two different locatioms.
K = KrMs/ = [(Ka2 + 2kp2)/3]1/2

KA = stress intensity factor at the maximum depth point




KB surface stress intensity factor

Q
1]

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 Ksi and a KISCC
of 75 Ksi inl/2:

Diameter 4TPI 8TPI1
2 1/2¢ 133.0 Ksi 150.0 Ksi
3" 129.3 Ks1i 147.0 Ksi
3 1/2" 127.0 Ksi 144,0 Ksi
4" 125.0 Ksi 141,5 Ksi
4 1/2" 123.0 Ksi 139.5 Ksi
5" 121.5 Ksi 138.4 Ksi

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 R¢ 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. 11, 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 Ksi 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,
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Figures 3 and 3a are representations of SAE 4340 steels in environments of
distilled water, humid air, aqueous solutions of NaCl, natural and sea coast
sea 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
120 Ksi preload and higher values,

Figures 4 and 4a are graphical representations of data in dry gas H2S,
wet gas H2S, aqueous solutions of H28 and some data points in 6% H3BO3
solutions. Some of the aqueous solutions of H2S contained chloride and/or
acetic acid. Goldberg [1] noted that the chloride additions did not have a
significant effect on the Kyscc but that the acidified solutions did appear
to accelerate the cracking process., Again, considerable scatter is evident in
both of the graphs.

Figures 5 and 5a contain data for several 43XX steels heat treated to
ultra-high tensile strength and subjected to combined aqueous, moist air,
aqueous NaCl, H20 or industrial enviromments. For these two curves, all of
the preloads fall below the yield strengths of the material with no point
falling below about 185 Ksi yield strength.

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.

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

combined aqeous, H20 and aqueous chlorides.

Figures 8 and 8a reflect data generated on 4130, 4130 modified, 4135
modified and 4140 in H2S aqueous environments. There is scatter on the low

end of the yield strength similar to that observed on prior graphs,

Figures 9 and 9a are a plot of hydrogen effects on SAE 4130, 4135, 4140,
4145 and 4147 steels. As in Figures 6 and 6a, considerable scatter is again

attributable to the varying partial pressure of H2.
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Figures 10 and 10a reflect the envirommental effects of combined aqueous,
distilled H20 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 NaCl, H20 and humid air (0.1 - 100% relative humidity) environments
in graphs 11 and lla. Reasonably good correlations between preload amnd yield

strength are also evident on these graphs.

Figures 12 and 12a are plots for HY 80 to HY 150 steels in aqueous NaCl,
sea water, synthetic sea water, polarized 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 envirooments is
plotted on graphs 13 and 13a. Above approximately 75 Ksi preload, there is
scatter of the data with a few points allowing preloads up to or exceeding the

materials yield strength,

Figures 14 and l4a are graphs of the effect of both aqueous H2S5 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 enviromments,

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 NaCl, synthetic
sea water, laboratory air, distilled H20, H2S gas - 50 psig and 6%
H3B03 solutions in Figures 16 and 1l6a, The linear regression curve is

almost a horizontal line at a yield strength of approximately 220 Ksi,
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Figures 17 and 17a depict the effect of combined aqueous, aqueous NaCl,
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.

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 NaCl, 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
particular environment. The first suggestion is that the data in NUREG/CR
2467 be refined in order to remove points considered questionable due to
facility test results, experimental question, etc. The second suggestion is
that any particular material proposed for use in the reactor environment be
subjected to stress corrosion testing in the anticipated enviromment prior to

its general use,

3.0 LITERATURE SEARCH FOR INFORMATION ON INTERNALS BOLTING (INCONEL X-750 AND
A286)

3.1 Incomnel X-750

Inconel X-750 is an age hardened nickel-based superalloy. 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 to
inspect, it 1is 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

material should be included in this report.
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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:

Nominal Nominal
Element Low Level 7 High Level %
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 additionms.
These heats were solution annealed at 1093°C for 2 hours, water quench and
aged 20 hours at 704°C.

The fourth series of tests were 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 for 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 solutioms,

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 Ksi 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 1Inconel 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 follows: (wt. %)
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Cr - 16.02

Fe - 8.19
Ti - 2.36
Al - 0.53

Various heat treatments were

opening loaded (WOL) specimens in two environments,

8i - 0,28
Ma - 0.15
c -0.08

- 0,007

Ni - balance

investigated using 12,2 mm thick wedge

The environmments tested

were: 1) a deaerated 50% NaOH solution at 316°C 2) undeaerated 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:

Heat Treatment

1) 1093°C solution anneal, 1 hour,

water quench

2) 1093°C solution anneal, 1 hour,
water quench + 649°C age for

1 hour

3) 1093°C solution anneal, 1 hour,
water quench + 704°C age for
24 hours

Threshold Stress Intensity Yield
(MPaV[;) Strength
50%Z NaOH Undeaerated Water (MPa)
37 36 310
41 24 434
17 18 751
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Threshold Stress Intensity Yield

(MPa~r;) Strength
Heat Treatment 50% NaOH Undeaerated Water (MPa)
4) 1093°C solution anneal, 1 hour, 20 14 696
water quench + 704°C age for
240 hours
5) 1093°C solution anneal, 1 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 enviromments tested through selective heat treatments. This
appears to be consistent with the previously discussed data on the X-750

alloy.

Although an extensive literature search was performed for information
relative to KIscCc versus yield strength data for 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 1 hour at 1800°F followed by a 1325°F age for 16 hours then air

cooled.

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

¢cC - 0.053 Cr - 14.82 v - 0.28
Mn - 1.18 Ni - 24.68 Al - 0.2]
P - 0.02 Mo - 1.38 B - 0.004
si - 0.71 Ti - 1.93
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The typical mechanical propert

Ultimate tensile strength, psi
0.2% yield strength, psi
Elongation in 2 in, %

Hardness (R¢)

The majority of the testing wa

ies of the alloy are:

143,000

93,000 .
24
29

s 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 prog

Applied Stress

1b/in2 Test Environment
Overyield 1.2 ppm 02
(0.7 % strain) 0.2 ppm 02
0.02 ppm 02
173,000
(overyield) 1.5 ppm Cl-
1.2 ppm 02
0.2 ppm 02
Applied Stress
1b/in2 Test Environment
100,000 1.5 ppm Cl-
120,000 0.02 ppm 02

ram were as follows:

No. of
Specimens Remarks
3 3 failed in 700 hrs.
No failures 4700 hrs.
9 No failures 4500 hrs.
2 2 failed 1800 hrs.
No failures 2200 hrs.
3 No failures 2200 hrs.
No. of
Specimens Remarks
2 1 failure 2600 hrs.
18 No failures 4800 hrs.
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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
encountered in fabrication. The final conclusion was that A286 be disregarded

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 (8i02) by weight with additions in lesser amounts
of Al, 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.

The corrosion of steel in concrete requires the presence of an electrolyte
and available oxygen. In the normally alkaline (pH 10-13) enviromment 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 effectively neutralized. This pH value can be affected by
C02 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,
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Although this discussion is primarily concerned with the chloride levels
found in concrete, the effect of CO02 (carbonation) on the pH level in
concrete and the subsequent effect of the low pH level 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 after 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
of chloride. Chlorides may enter concrete by various mechanisms [8,10-11].
The chlorides may be present in fresh concrete, (chlorides may permeate the
concrete from an enviromment 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 (CaCl2.2H20) 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.CaCl2.10H20) 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 (1Z 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% CaCl2 added to a 12% C3A
concrete (initial mix), the CaCl2 level will drop as low as 0.37% after 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% NaCl). 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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gypsum (CaS04.2H20), used for regulation of time of set. This competition
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 aluminoferrites present in the concrete.

Since concrete batches will vary from location to location and since the
amount of sulfate available will also vary by amount of gypsum added and the
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-
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 enviromment, 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 NUREG/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
specifications specify minimum tensile requirements, not maximum and a
utility's only indicator of maximum tensile strength may be the material's

hardness values.

The specifications reviewed for this section included:

55




CoNceENTRATION OF CHLORIDE SoLuTIiOoN , G/L

W/C=1.0

Temp, = 25 C
CACLZ Appep = 1.47% By Wr. OF CEMENT

1% C3A Cement

97 C3A CEMENT

0 1 2 3 4 5
TIME , DAYs

Figure 21. Effect of cement composition on the chloride concentration
of the aqueous phase.
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A-193 Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature

Service

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 Superalloy Bars, Forgings, and Forging

Stock for High-Temperature Service

Hardness measurments are a reliable method of estimating tensile strengths
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)
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
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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 nondestructive 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-A540 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 107 of the bars must be tested near each end.

For most applications, these standards would be acceptable but, in light
of the fact that one inspection 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 upgrading for critical

nuclear applications.

Due to the fact that A540 bolts have failed [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 defimed in 1l1.1.2, not
exceeding 10,000 1b. shall be tested for hardness, using an acceptance number
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
that an in-process sampling plan is not used (Supplementary Requirement S3),

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 [l4] regarding the use
of electromagnetic sorting techniques as an alternative to 100% indentation
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 tests 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 1007 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 1s 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 "Measures 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] regarding 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 100Z hardness tested to

eliminate non-conforming items.

3) A surface nondestructive examination (dye penetrant or magnetic
particle) of a percentage (1-5%Z) of the "as received" 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 Imservice
Inspection Requirements governs all inservice inspections on nuclear power
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 surface

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 Table 1WB-2500-1, volumetric
examination alone for bolts 2" in diameter and greater, and visual inspection
alone for bolting 2" and less in diameter are the only required inspections.
Between these two modes of examination lies the surface inspection methods
(dye penetrant 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 ACCEPTABLE METHODS OF COTTERING THAT
WOULD NOT DEFEAT THE PRIMARY PURPOSE OF FASTENERS

In this section, the term "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 failure 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 Welding Methods

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. Tack 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 ﬁetal 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 1locking tabs adjacent to the nut. Either of these methods 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 few instances of significant failures.

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 mnegligible, 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 after 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 Al193~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.
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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 not 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
improve bolting inspections and acceptance practices.

To review methods commonly used to prevent loosening of threaded
fasteners.

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 overiload.

¢c. Control stress corrosion cracking.

d. Control hydrogen embrittlement.

e. Control corrosion.

f. Eliminate the problem of fastener self-loosening.

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 of 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.



Specify Fastener Manufacturing Documentation .

a. Require material heat identification.
b. Require fastener lot identififcation.
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.

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.

. A1l testing should be performed per MIL-STD-1312 or a
similar document.

Establish Fastener Preloading Methods and Standards

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 thet 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-
Tineate Standards for their Use and Shortcomings

The methods listed below are for inspection at a period later thar
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.

N 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.




A1l 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.

Because of the large number of fastener failures and the broad range of
failure mechanisms, Brookhaven National Laboratory was asked to prepare a
report on bolting applications. SPS Technologies Corporate R&D, Jen-
kintown, PA receijved 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 "fastener" 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.




RESULTS:

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 familiar with the function of the normal nuts,
only locknuts will be covered here.

The primary function of a Tocknut 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 fifteen 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 1
Functions of a Locknut

Support Tload

Be wrenchable

Resist rotation

Enhance bolt properties

W N
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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,
maximum holding and locking power is attained when the nut is tightened on the
bolt at a clamp 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
vibrat%on 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 locknuts 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 maximum 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 1limit 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.




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 Tocking action.

Choice of a locknut with an out-of-round collar versus one with a deflected
beam depends on the application. The out-of-round 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 from 180 to 300 -

ksi but also are desirable for 125 and 160 ksi nuts. Automatability
is good for the 12-point and moderate for the spline.

Figure 2. Three drives on industrial and aerospace nuts:
hex, shown by a castellated nut with deflected
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 face. 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 must 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, caysing 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 1imits due to stress-corrosion-cracking considerations
or other joint-design Timitations, 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 accommodate 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-1ike 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 the 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 Toosen may be 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-6812B 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




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
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-6812B 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 tensile strength, shear stren-
gth, hardness and decarburization 1imits. There are limits for cracks,
seams, inclusions, nicks or gouges. There are limits on defects on washer
faces, bolt head-shank junction, threads, thread Tength, 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). A1l 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 HZ28.

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 manu-
facturers, the users and the military that usable specifications like
these exist. Their purpose is to delinieate clearly and precisely the
geonetry and functionality of aircraft fasteners. These specifica-
tions also include quality assurance provisions.

3. MIL-N-7873A -- This specification for 1200°F 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 after a six-hour bake at the required 12000F
working temperature. The locking torque at ambient temperature
is also defined.

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 repori 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 has been subjected to, passed
a qualification test specified herein, and has been listed
on or approved for listing on the applicable qualified
products list.

o 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.

o 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 fastener must be manufactured according to a well-
defin:d 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 must be 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 fasteners 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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WAS- V44 SERIES

BACINED PROM BAR STOCK UPIEY MEAD VPELT NEAD

WEAY TAUAY . 160,000 P8 WEAT TREAT - 149,000 PH MEAT TRCAT - M0,000 P3

BATHNED THALAD BACHIKED THREAD ROLLED THREAD APTER WRAT TREAT
WEAD PARUSE - 8,000 CYCLES THREAD FAILURE -~ 12,008 CYCLES HEAD FAILURE - 38,800 CYCLES

#5-20004 SERIES $PS EVB 10 SERIES $PS EWB-22 SERIES

UPILT Nt AD UPIET NEAD UPSEY NEAD

NLAY TREAT - 140,800 P NEAT TREAT - 100.000 PH MEAT TRIAY - 720,000 PH

ROLLED THAEAD AFTEN MEAT TREAT QOLLED THAEAD AFTER NEAT TREAT  ROLLED THREAD APTER HEAT TREAT Ni R THRRAD
STRELMED FILLET STRESLED PILLEY STAEISTO PILLEY

THREAD PAILURE - 43,808 CYCLES THREAD PAILURE - 300,000 CYCLES THREAD PAILURE - OVER 1,000,000 CYCLES

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 i1-
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 bleck 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 left 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

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 left
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.

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. Througn 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 distribution 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.

A-15




TENSION-TENSION FATIGUE TESTS

Maximum stress 83, 000 PS] on the minor thread area.
Minimum stress 8, 300 PS] on the minor thread area.
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Figure 6. Effect of fillet radii configuration on
. fatigue life of socket head cap screws.

Pre-Stressed Pre-Stressed

i illet
1 160, 000 Fillet Fille

4120, 000

-+ 80, 000

*These Parts Failed

40, 000 in the Threads

Figure 7. Effect of fillet radii and prestressing
on the fatigue life of 160,000 psi alloy-
steel bolts tested at 80,000 psi.
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Parts produced with these 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 1ife of 57,000 cycles was obtained with
a compound radius. These pieces were made from the same 1ot 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 of the two parts was the same.

Another method of increasing head-to-shank fillet 1ife 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 and
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 dimensions
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 1ife 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
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. (Shank clearances 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 fatigue strength but also
the stress-rupture characteristics of the bolts. The MIL-5-8879 thread
consists of the standard thread form with a much larger 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 was 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,

A-17



=

Normal Tension Reduced Shank Tension Normal Shear
Installation Installation Installation

Figure 8. Shank clearances.

R = .180p
R = .1p

»/8 FoRM —

Figure 9. Radius root thread forms.
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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 depth. 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 Targest 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
(0.1803 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 1imit 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 today 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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The thread shown conforme to
Specification MIL- S-7742. Note
the flat thread roote with small
radii. These radii cause points
of high stress concentration
which reduce the fatigue life.

STANDARD THREAD FORM PER MIL-S8-7742
SPS Plate No. 13136

Threads shown conform to
MIL-5-7742 and MIL-B-7838a. Note
uniform /0065 inch root radius.

This larger radius reduces the
stress concentration and increases
the fatigue life.

THREAD FORM OF MS TYPE BOLT
SPS Plate No. 1337

The *Hi R" threads shown conform
to MIL-5-7742 except the thread
root radius which has been in-
creased over MIL-B-7838a to reduce
the stress concentration and in-
crease the fatigue life. Increas-

ed radiue to . 009 inch permits
assembly with normal tapped holes
and nuts.

THREAD FORM OF HI PSI EWB 22 BOLT

SPS Plate No 1338

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. A1l threads were rolled subsequent to heat
treatment, and the only difference on 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 Timit was 83,000 psi. At all stress levels, the
UNJ thread was superior to the MIL-B-7838. This would be true for threads
rolled before or after heat treatment.
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Figure 11.

Asymmetric thread form.
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Figure 12.

Tension-tension fatigue test of 3/4-16 EWB
22-12 external wrenching bolt.
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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

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

* Heat treatment
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The effect of thread form as it is influenced by threading method is
graphically presented in Table 1I. Tests were conducted on 180,000 psi
studs manufactured from the same 1ot of material and heat treated together.
The studs thread-rolled-before-heat-treat were tested with a maximum
fatigue load of 9,852 1bs.; studs with threads-rolled-after-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 III
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.

EFFECT OF NOTCH RADII ON STRESS RUPTURE, I

FATIGUE, AND STRESS CONCENTRATION FACTOR LABORATORIES
APPROXIMATELY 7 16' DIAMETER
B 1K) eee oo FATIGUE
A . STRESS RUPTURE Chart No.: 412
Daie

30

N JA_LIJA&_LLLLL\S IO

\
A
N

v .01 RECIPROCAL OF STRESS CONCENTRATION FACTOR {1 K)

&
T M]Tvulmnlu ' YT
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Figure 13. Effect of notch radii on stress rupture,
fatigue, and stress concentration factor
approximately 7/16" diameter.
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In an effort 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 1200°9F 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.

EFFECT OF THREAD ROOT RADIUS ON

STRESS RUPTURE LIFE € 1200° F LABORATORIES
AMS 5735 MATERIAL - 1. 4.28 MS 9034

Chart No.: 413
Date:
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.\\\\.

% //
) K MIL-S-0879
MIL-8-7838
THREAD FORM THREAD FOAM
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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 failed 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.

RELANATION CURVIES AT 135C°T g;-:}g

§/16-24% x 3 Waspalloy Studs Fabricated

LABOKATORILS
per PWA 90 Spedification and PWA 626A Materaal

O - M11.-5-8579 Threud Form - Minor Arca (. 0653567 in, 2] Chart No.: 1423
® - Scuare oot Thivad Form - Minor Area (. 05244 in, 2] Date:

’ I
[]
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Figure 15. Relaxation curves of 5/16-24 x 3 Waspaloy studs
at 13500F, fabricated per PWA 90 specification
and PWA 686A material.
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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 1ife of screws along with the
tensile strength can be influenced 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 10T

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 face 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 threads at the bottom
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and then rapidly decreases further up the nut to the top thread which
carries very little load. The shape of this curve is affected by the
hardness of the material, by the 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 Tocknuts. The endurance 1imit of the unengaged threads was only
40,000 psi. In the lower curves, the effect of fatigue on the style of
Yocknut 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 developed 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 DESIGN 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 fastened 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. A1l 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

js -- the working load is applied to the joint and the fastener serses an
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Figure 19. Effect of nut design on fatigue.

Figure 20. Simple bolted joint with axial tensile
preload on bolt F] and axial tensile

extrenal load on joint Fe.
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Figure 24. The external Toad divided into an additional
bolt load, Feg, and reduction in joint com-
pression, Fgg.

Figure 25. Joint diagram shows how insufficient preload
Fi causes excessive additional bolt load, Feg.
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Figure 26. Analyses of bolt lengths contributing to the
bolt spring rate.
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increase in load at a level below the preload. As the working load is
applied and they move, the fastener senses the chan3:. Anolther type of
problem centers aroun? the joint in which an elastic member, such as a
gasket, is used at the interfaz2. “Inilzr conditions such as these, it
becomes impossible to achieve metal-to-metal contact, and external
joint loading is dirsctly adiitive > th2 fastener preload.

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

The most important deformations within a Jjoint are elastic Dbolt
elongation and elastic Jjoint compression in the axial direction. If
the bolted Jjoint in Figure 20 is subjected to the preload, F1, the
bolt elongates as shown by-the line OB in Figure 21, and the jJoint
compresses as shown by the line 0J.

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

If a conceuntris external load, F_, is applied under the bolt head ani
nuat in Figure 20, the bolt elongates an additional amount while the
compressad joint nenbers partially relax. These changes in deformation
with external loading ar=s the key 3o interaction of forces in bolte?
joints.

In Figure 23, the external load, Fe’ is added to the Jjoint diagram.
Fe is located on +the diagram by applying the upper end of an
extension of OB and movinz i* in until the 1lower end contacts 0J.
Since the total amount of elastic deformation (bolt plus joint) remains
constant for a given preloai, the external load changes the total bolt
elongation to A1l1p + A and the total joint compression to Airy - A.

In Figure 24, the external 1load, Fe’ is divided into an additional
bolt 1load, FeB’ and the joint 1load, I which unloads the
compressed joint members. The naximum bolt ioad is the sum of the
preload and the additional bolt load:

F =F, + FeB

B max 1

If the external load, Fe, is an alternating load, FeR iz that part
of F_ working as an alternating bolt load, as shown in Figure 24.
This joint diagram also illustrates that the joint absorbs more of the
external load than the bolt, a fact that is very importan: to the
fatigue life of a bolt subjectzad to an alternating exhternal load.

The importance of adequate preload is shown in Figure 25. Comparing
Figures 24 and 25, it can b2 seen that Fe will remain relatively
small as long as the preload, W1, is greater than ¥ 7° Tigure 25
represents a Jjoint with insufficient preload. Under this conditiom,
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the amount of external load that the joint can absorb is limited, and
the excess load 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 transverse loads
are to be transformed by friction, the minimum clamping load,

w
A J min’
is important.

FJ min - TR max " Te
To construct a Jjoint diagram, it is necessary to determine the spring
rates of both the bolt and Jjoint. 1In general, spriung rate is defined
as:

. P
K= 5
From Hook's law:
_ aF
A1 - EA
Therefore:
K = EA
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, . L
KB K1 K2 Kn

Thus, for the bolt shown in Figure 26:

1 _ 1 0.4d + Al + AZ + ;34 + 0A4d
Kp EL A 1 2 m m
where: d = the minor thread diameter and
Am = 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 0.44 each.

Calculation of the spring rate of the compressed joint members is more
difficult because it is not always obvious which parts of the joint are
deformed and which are not. In general, the spring rate of the clampe]
part is:

. EA
KJ = 1S
J
where: AS = thes area of the substitute cylinder to be determined.

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:

_ 2 2
o (o)

outer diameter of cylinder or bushing and
hole diameter

When the outside diameter of +the joint is larger than the head or
washer diameter, DH’ the stress distribution is in the shape of a
barrel, Figure 27.

A series of investigations proved that the areas of the following

substitute c¢ylinders are close approximations for calculating the
spring constants of concentrically loaded joints.

A-34




Figure 27.

Lines of equal axial stresses in a bolt joint
obtained by the axisymmetric finite-element
method are shown for a 9/16-18 bolt preloaded
to 100 ksi. Positive numbers are tensile
stresses (ksi); negative numbers are compres-
sive stresses (ksig
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When the Jjoint diameter, DJ, is greater than Dq but 1less than
3Dy ‘

A _ T 2 2
S = T ( DH - Dh )
D D, 1 1,2
x J H J
3 T, 1 5— * oo,

When the joint diameter, DJ, is equal to or greater than zD,{:

A, = I [(DH + 0.1 1J)2 - DhZJ

Thess formulae 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 Jjoint. These diagrams demonstrate the
desirability of desiging with a springy bolt and a stiff Joint to
obtain a low additional bolt 1load, FeB’ and thus a low alternating
stress.

Due to the geometry of the joint diagram:

F - l:e KB
eB KB + KJ
Kp
Defining ® =
Kg * K
F FeB
F = 'ed and &, called the force ratio, -+
eB Fe
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Figure 28.

Figure 29.

B

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.

") (s
,L Ly -9 |——-o|

Analysis of external load, Fe’ and deriva-
tion of force ratio.
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For a complete derivation of ¢ , 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:

F F

B - Fm B — zAm
Fi Fi
tan = N KB and tan = e KJ
B J
x = Fes - Feg Fep - Feg or
tan a tan B K K
B J
FeJ = X tan B and FeB = A tan a
Since Fo = Feg +t Fog
Fe = FeB + A tan B
Substituting FeB for A produces:
tan a
F = F + FeB tan B
e eB tan a
Multiplying both side by tan a:
F
F tana = F (tana + tanB) and F = 'e tan a
€ eB eB tan a tan B
Substituting KB for tan a and KJ for tan B:
Fs = Fe o3 K+B K
B J
Kg K .
. B "B
Defining ] =
KB + KJ
Feg = 2Fe
‘ FeB
o = and it becomes obvious why ¢ is called

e the force ratio.



Figure 30. Joint diagram shows effect of loading
planes of Fe on bolt loads Fep and Fp pax
resulting from Fe applied in planes 1 and
4. The diagram shows reduced bolt loads
when Fe is applied in planes 2 and 3.
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Figure 31. When external load is applied relatively near
the bolt head, the joint diagram shows the re-
sulting alternating stress g (A). When the
same value of external load is epplied relatively
near the joint's center, lower . lternating stress
results (B).
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ELONGATION

Figure 32. Force diagrams show the effect of the
loading planes to the external load on
the bolt load.
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The joint diagrams in Figures 25, 28 and 29 are applicable only when the
external load, Fg, is applied at the same loading planes as the preload, Fi,
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 Fg. 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
loading planes, the joint diagram changes from the short line to the long
line. Consequently, both the additional bolt load, Fep max» decreases
significantly when the loading planes of Fg 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, Fj. The lengths of the clamped parts are
estimated to be 0.7513; for joint A and 0.251; for joint B.

In general, the external bolt load is somewhere between Feg = 19 Fg for
loading planes under head and nut, and Feg = 0 & Fg = O when Toading planes
are in the joint center (Figure 32). To consider the loading planes in
calculations, the formula, Feg = ®Fg must be modified to Feg = n®Fg where
n equals the ratio of the length of the clamped parts due to Fe to the joint
length, . The value of n can range from one, when Fg is applied under the
head and nut, to zero, when Fg is applied at the joint's center.
Consequently, the stress amplitude:

g = #* oF becomes
2An

B = * __%SLEe__
Am

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 preload level, Fj. The higher Fj, the longer the linear portion. By
choosing a sufficiently high minimum load, Fpin > 2Fe, the nonlinear range
of the joint's spring rate is avoided, and a linear relationship between Fep
and Fe is maintained.
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Also from Figure 33 the following formula is derived:
Fimin = Famin *+ (1 -0)fe +2aR

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

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

a = F1 max
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 - 9)Fy
aE:J min + (1 - ®)Fe + AFI[
a[FJ min * (1 - ¢)Fg + AF_IJ+ oFe

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

F1 max

Fg max

1. The maximum bolt load, FB pax, 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 1limit to avoid fatigue
failures.

3. The joint will not lose any preload due to permanent set or
vibration greater than the value assumed for AFj.
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ev-v

v min
FI Max

F' nom

TABLE V

Symbols Used in Joint Diagrams and Analysis

Area (in.2}

Area of minor thread diameter (in.2)
Area of substitute cylinder (in.2)
Area of bolt part I, in.2)

Diameter of minor thread (in.)

Outside diameter of bushing (cytinder) {in.)
Diameter of Bolt head {in.)

Diameter of hote (in.)

Diamerer of Joint

Modulus of Elasticity (psi)

Load (ib)

Externat load (Ib)

Additional Bolt Load due to external toad (Ib)
Reduced Joint load due to external load (Ib)
Preload on Bolt and Jownt {Ib)

Pretoad loss {-Ib)

Minimum preload (b}

Maximum preload (ib)

Nominal preload {(ib)

FB madax

F:J mmn

K
Kg
K,
K
[
Al
's
alg
L
al,
|

x

x

n

Maximum Bolt load {Ib)
Minimum Jornt load (b}

Spring rate (Ib/in )

Spring rate of Bolt (Ib/in)
Spring rate of Joint (Ib/in.)
Spring rate of Bolt part I, (Ib/in.)
Length {in.}

Change in length {(in.)

Length of Bott (in}

Bolt elongation due to F, (in.)
Length of Joint (in.}

Joint compression due to F, {in )
Length of Bolt part x (in }

Length of clamped parts

——)

Total Joint length
Tightening factor (———)
Force ratio {——-)
Bolt and Joint elongation due to Fq {in}
Bolt stress amplitude (+ pst)



FASTENED JOINT PERIANENT SET THEORY :

There are many factors waich tendl to destroy the initial preload -- to
name a few: permanent set, alternating load, vibration, 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, ani on all other
interfaces. Permanent set can occur from elongating the bolt beyond

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

TABLE VI

Main Bffects and their Order of Influence on
the Amount of Permanent Set "S"

Range of Factors Effect Order of
High Low on "S" Influence
Joint Hardness, HB 180 260 18.3 1
Preload, ksi 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 5
Bearing Stress, ksi 100 70 8.6 6
Nut Hardness, RC 26 46 4.4 7
Bending, °/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. These
stresses can result in local plastic deformations and bending of the

threads, the amount of deformation being a function of ths thread
clearance.

F. 0. Kwami proved that there is no significant difference in preload
loss whether the applied external load is static or dynamic. The
greatest amount of permanent set occurs during tightening.
Approximately 80% of the set occurs after the first loading by a static
or dynamic service 1load, while the remaining 20% is caused by further
loading or relaxation.

Published guidelines suggest a permanent set of 80 _in. per Jjoint
interface for smooth surfaces, (less than 60 _in. rmsY 160 uin. per
interface for rough surfaces, and an average of 200 uin. for the nut
and bolt threads should be expected.
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Figure 33. Modified joint diagram shows nonlinear
compression of joint at low preloads.

[—s
AF, F,
tana = Kg = -— , therefore Sg = ——
—Sg—H S, | Sg Ka
OF, AF,
T tan6=K,=—§J—,thereforeS_.=—kT
AF, _OF, | OF,
4 ay $=Se*S, 75 * X,
OF, Kg
SKg = OF, + ——2
J
ki S(Kg K,) = AF, K, + AF, Kg
g Fsl = AF, (K, + Kg) o K
Kg K
< - B8 - 8 Mo\ _
AF, =S Kg + KJ>’ defining (Ka " KJ) K
OF, = SK
! a DEFORMATION B
L—————————A@—————~——++——Au——*

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
compensated by thz 2lastic elongation and compression of the preloaded
bolt and Jjoint. As shown in Figure 34, the preload loss, A“ , is
directly proportional to the amount of permanent set, S, and the total
joint spring rate, K: AFi = 3K.

How can the effect of permanent set on preload be minimized? Figure 35
shows diagrams of three bolted joint designs, all having the same
preload, F.; the same external load, FP; and the same permanent
set, S. Increasing the flexibility of both the bolt and clamped parts
reduces the preload 1loss caused by the permanent set, AF. < A

) .However, if the elasticity is created mostly by the clamped
JOlnt members, the additional bolt load, increases
significantly, (FeB > FeB1) raising the pos51b1§1tv of bolt
fatigue failures, Figure 35b. Therefore, a springy bolt and stiff
clamped parts as in Figure 35c, are the best design for minimizing
preload loss as well as dynamic bolt 1loads, (FeB? < F and

eR1
AFi3 < AFll) .

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. Yhen tightaning
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 1load causes further
plastic elongation, S', which creates a preload loss, A:F'i.

Figure 36 shows that the total amount of preload loss in the elastic-~
plastic joint is greater than the elastic joint due to the plastic bolt

elongation, S'. However, the remaining 1load, F {which is the
important clamping load), is significantly hlgher tgan in the elastic
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. Jf the bolt has enough
ductility to yield without crack initiation, this preloading technique
is a safe method to achieve a good functional joint%.

To develop an equation to calculate the amount of permanent set, a test
program was 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
as a "factorial experiment.” This method allows the influence of many
variables to be evaluated quantitatively. After the independent
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-

plastic joint (right).
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TYPE ? TYPE 2 TYPE 3
VERY HEAVY TYPE HEAVY TYPE MEDIUM TYPE .
booe o r— " —a— e W
oy F’]
TB = 0.700 ,F— B = 0.685 B = 0.685
- . H = 0500 — -4 H = 0568 [ H = 0505
X S = 0.260 : S = 0.285 ) S = 0.200
| | v - o3 il ev = 0045 I ev = 0031
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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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Figure 38. Derivation of thread overlapping ratio, T.




TABLE VII

Reaction of Preload, Fi, and External Load, Fg, oOn
Bolted Joint (Left) and Load vs. Elongation Diagram
for Bolted Joint (Right)

AF,
OF,

AFI total
FJ min

4 man

[@

Load vs. Elongation curve of Bolt
Area of minor thread diameter (in.?)
Stress area (in.?)

L.oad vs. Compression curve of Joint

Bending effect—Angie between joint and bolt
head or nut per inch of joint length (°/in.)
Nut Configuration, type

Nominal Bolt Diameter (in.)

Maximum Bolt Load (Ib) (Fg max = F, + Feg)
External Load (Ib)

Additional Bolt load from External Load (ib)
Preload on Bolt and Joint (Ib)

Remaining preload after loss due to
permanent set (Ib) (F," = F, - AF,)

Preload Loss due to Permanent Set (ib)
Preload Loss due to Permanent Set from
plastic deformation of bolt (in.)

Total Preload loss due to Permanent Set

{in.) (AF, total = AF, + AF,')

Minimum clamping force on joint (Ib)

(FJ min = FB max ~ Fe)

Remaining minimum clan:ping force on joint
after preload loss (1b)(F, .0’ = F, mun- OF))

Nut height (in.)

i T
AF,
FBm ax
F;
, Q
FI g FJ min
~
a 3 bb FJmln
L < b ’
¥ Se |+ A S sy EFORMATION
——— Alg——— WA,

Symbols
h/D Nut height ratio
H, Joint Hardness (Brinell)
Hy Nut Hardness (Brinell or R}
K Spring Rate Ratio {Ib/in.) (K = M-)

. Ke +K,
Kg Spring Rate of Boit {Ib/in.)
K, Spring Rate of Joint {ib/in.)
Alg Elastic Bolt Elongation due to Preload {in.)
Al Elastic Joint Compression due to Preload (in.)
N Number of interfaces in bolted joint
P Thread Pitch (in.)
R Surface finish {gin. rms)
S Permanent Set (uin.)
Se Permanent Set in Bolt (uin.)
S, Permanent Set in Joint (uin.)
s’ Permanent Set due to Plastic Deformation
of Bolt {uin.)
T Ratio of Diametrical thread overlapping to
theoretical thread depth.
a, Fatigue Stress Amplitude (ksi) (0, = = ZFI:B )
gy Bearing Stress (ksi) "
F
g, Prestress due to Preload (ksi) (o, = A. )
s




TABLE VIII

Factors and Range of Factors Tested
for Industrial Fasteners

Test Factors

Preload stress in ksi
Number of interfaces
Thread overlapping ratio
Nut height ratio

Surface finish in uin. rms.
Joint hardness in Brinell
Nut hardness in Brinell

Bending slope in degress per
in. length

Fatigue stress amplitude in ksi

TABLE IX

Factors and Range of Factors Tested
for Aircraft Fasteners

Test Factors

Preload stress in ksi
Number of interfaces
Thread overlapping ratio
Nut configuration, type
Bearing stress in ksi
Joint hardness in Brinell
Nut hardness in Rockwell C

Bending slope in degrees per
in. length

Surface finish in uin. rms.
Fatigue stress amplitude in ksi
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Test Range
High Low Average
110 90 100
4 2 3
0.61 0.78 0.7
0.9 1.1 1.0
70 50 60
216 264 240
204 257 230
1.2 0.0 0.6
—_—— _——— + 9
Test Range
High Low Average
130 ilo 120
5 3 4
0.56 0.64 0.60
5 3 4
95 85 90
185 255 220
36 44 40
1.0 0.0 0.5
--- --- 50
--- --- +15




and a small influence respectively on th= independent variable, which,
for the tests in question, was permanent set. While the high and low
values are selected arbitrarily, they should be chosen with judgement
and respect to resalis*ic conditions.

Separats factorial experiments were conducted for industrial and
aircraft joints. The factors selected and the high an? low test values
are shown in Tables VITI and IX. Since preliminary tests showed no
significant influence from thread pitch, that 1is, coarse or fine
threads, this factor was not investigatedl.

Nut height was expressed as the ratio of nut height to nominal thread
diameter in the industrial-joint study. The aircraft-joint study rated
nuts according to their height, flange diameter, and mass, in order
from one to six, Figure 37. Because of the existing varietv of
aircraft nuts, nut height was included in this rating. VWhen using the
resultant formula, a designer must estimate which nut +type !shown in
Figure 37) best approximates the nat he intenis to use. Thread
engagement for both studies was expres==21 as the ratio of +the
diametrical overlapping of bolt and nut threads to the thoretical
thread overlapping of bolt and nut threads to the theoretical thread
depth, h, as explained in Figure 38.

™3 t23% pleu seiected limits the number of variables to eight. For
this reason, and because the surface finish had proved to be of
negligible influence in the industrial-joint study, surface finish was
eliminated as a variable in the aircraft-joint study an? replaced doy
the bearing stress in the nut which it was felt would strongly affect
permanent set due to the higher loads common in an aircraft joint. The
surface finish was kept constant at 50 uin. for the aircraft-joint
tests.

In the experimental plan, a series of tests generally is designed to
use all possible combinations of the eight test variables at their high
and low test levels. Since the number of resulting test conditions was
too large to be performed under reasonable uniform conditions, a
fractional factorial design was used for the test evaluations, anl *he
results were analygzed according to the Yates analysis. TBach test group
consisted of five test Jjoints and, since the factorial design required
sixteen test groups, eighty tests were run for both the industrial and
aircraft joints.

The tests were performed on 1/2-13 industrial fasteners and on 3/R-24
aircraft fasteners. The results for industrial fasteners were later
verified by tests on 3/8-16 and %/4-10 fasteners. A photograoh of the
test joint is shown in Figure 39. The Jjoint consists of a strain-gaged
load cell and two hardened threaded bushings in which the test material
was inserted. The preloaded Jjoint was installed in a 60,000 1b.
tensile test machine and 1loaded five times with an external 1load.
Preload loss due to permanent set, as measured by the load cell, was
recorded with & digital strain indicator.
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FPigure 40 shows typical 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 1loss is smaller or larger as
indicated by the band. Both amount and range of preload loss are
larger in aircraft fasteners than in industrial fasteners, because of
the higher bolt loads experienced in aircraft joints. TFor unfavorable
conditions, that is, stiff fastener joints and a large amount of set,
the preload loss can reach as high as 25%. 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 analysis, two equations
were derived to predict the amount of permanent set as a function of
eight variables and the applied alternating Iload. These equations,
shown in Tables X and XI, were the most significant result of +this
investigation and were arranged in the order of influence of the eight
variables on permanent set. The first term represents the most
influential variable and the last term, the least.

The factors with the greatest effect are the number of joint interfaces
in an industrial connection and the joint hardness in an aircraft
connection. TFastener preload has the second highest effect on the set
in both industrial and aircraft joints. The remaining clamp 1load,
however, will always be higher for a high preloaded Jjoint than it will
be for a low preloaded joint.

Since all test results are based on experimental data obtained under
predetermined conditions, certain correction factors are required for
conditions outside the test 1limits. The following factors were
determined experimentally.

1. Because the main tests for industrial fasteners were performed
with 1/2-13 socket head cap screws, the maximum bearing stress
under the bolt head due to the maximum preload and the alternating
load was 90 ksi. If bearing stresses are higher than 90 ksi
because of smaller bearing areas, more permanent 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 3/8-16 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 sized fasteners, the
calculated set must be corrected by a factor of 1.25.

3. If the nut material is aluminum 202473, more set will occur than
with steel nuts, and the calculated set should be corrected by a
factor of 1.15.

4. Joint material has no significant influence on permanent set as
long as the appropriate hardness values are considered and the
material's compressive yield strength is sufficient to stand the
applied bearing stress.
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Figure 39. Strain-gaged test joint used in deriving
preload and preload-loss formulae.
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TABLE X

Equation for Calculating

Suin. =

where: A

Permanent Set

in

Industrial Fasteners

[ 326

+ 48(N-3)

+ 0.44 (o, - 100)
+11.2(°8- 0.6)
+228(07-T)

+ 0.10 (230 -Hy)
+ 0.06 (240- H,)
+134(1-§-)

+ 0.40 (R- 60)

h/D

D Z25 e ITI
Z - o

Op
o;

TABLE XI

Equation for Calculating
Permanent Set in

Aircraft

Fasteners

— ]
48.C
+ 0.48(220- H))
+ 0.24{0;- 120
+71.0(06-T)
Siﬂn_= + 4B(N"4)

+ 321(Cy-4)4)
+ 0.58 (op - 90)
+ .0.44 (40 - Hy)
|+ 7.0(°8B- 0.5)

Area of minor threa. diameter {in.?)

Stress area (in.?)

Bending effect—Angle between joint and
bolt head or nut per inch of joint length (°/in.)

Nut Configuration, type
Nominal Bolt Diameter (in.)

External Load (Ib.)

Additional bolt load from External load (Ib)

Preload on Bolt and Joint (Ib)

Nut height {in.)
Nut height ratio

Bolt Hardness (Brinell or Rc)

Joint Hardness (Brinell)

Nut Hardness (Brinell or R )

Bolt length (in.)
Joint length (in.)

Length of engaged threads {in.)

Number of interfaces in bolted joint

Surface finish {uin. rms.)

Permanent Set (uin.)

Ratio of diametrical thread overlapping to

theoretical thread depth.

tFoB

Fatigue Stress Amplitude (ksi) o, = 54
m

Bearing Stress (ksi)

F.
Prestress due to Preload (ksi) o; = KI_
]
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The equation for aircraft fasteners does not contain a term for the
surface finish. However, the equation does contain the effect of a
surface roughness 50 uinch.

Transverse and combined external loads which have little or no axial
components cause higher preload loss than pure axial external loads.
Therefore, for these joints, considering the various joint properties,
but assuming a high alternating load, that is, g. = *+10 ksi for
industrial fasteners and about +20 ksi for aircraft fas%eners.

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
hardness of the nut or joint is higher than HB = 260, use 2A0 for the
preload loss prediction. The corresponding values for aircraft Joints
are Rc 45 for the nut and HB 260 for the joint. Tf the nut height
exceeds 1.4 +times the nominal diameter, wuse h = 1.4D for the
calculation. For minimum 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

oint, nomographs were designed, based on the developed equations
gFigures 41 and 42).

The equations 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 and is absolutely correct
only at the test levels of +9 ksi and +15 ksi for industrial and
aircraft joints, respectively. The predictions of permanent set tend
to be slightly too high for bolt stress values smaller than the test
levels and slightly too low for bolt stress values larger than the test
levels. This fact has been considered in the nomographs, Figures 41
and 42, by spreading the bolt stress curves about +9ksi and +15 ksi,
respectively.

To convert the permanent set to preload loss values, it is necessary to
consider the bolt and Jjoint stiffness. Terefore, Tigures 43 and 44
present nomograpus to determine preload loss from permanent set as a
function of the Jjoint stiffness. These nomographs were designed for
socket head cap screws and hex-head screws installed in steel plates
(Figure 43) and for aircraft fasteners with bolt and nut flange
diameters of 1.8 times bolt diameter (Figure 44). The holes are
assumed to be equal to the bolt diameter plus twice the fillet radius.
For other Jjoint types, that is, bolts with reduced shznks or other
materials such as aluminum, the spring rate is different and must be
adjusted accordingly.

The joint conditions required to minimize permanent set are:
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1. Small number of interfaces.
2. Perpendicular parts with no bending.
3. Tight thread engagement.

4. Sufficient nut hardness, H_ > 0.75HB.

N

5. Sufficient Jjoint hardness to avoid embedding during tightening if
o_. > 10 ksi. I1f Oa < 10 ksi, 0.002 embedding during tight-
ening is permitted.

6. Low bearing stresses, < 90 ksi over large bearing areas.

7. Sufficient length of engaged thread for steel: 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. No spring washers for high-strength bolts.
Joint designs to minimige pre2load loss due to permanent set are:
1. Use of high-strength bolts and high preload.

2. Long bolts, lp > 5D.

3. Reduced bolt shank diameter.

4. Tonger 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 (> 90 ksi).

With the development of the "preload loss equation" it is possible +o

predict the amount of permanent set and thus the preload loss for a

given joint. The nomographs given in Figures 41 - 44 facilitate the .
prediction of preload loss in either industrial or aircraft fasteners.
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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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Figure 42. Amount of permanent set in aircraft
fasteners smaller than 1" in diameter
as a function of eight variables.

A-57




JOINT LENGTH

80OLY DIAMETER S PERMANENT SET IN tin
o

\ \ ] / /4 7 7 7 e Ve _
N3 20 15 50 100 150 200 250 300 350 400 450
500”
~ .
4 .
600"
s
> 700 S
800~
| ~8 200°
i 0. 000" |
‘ ~15
~20 /444
v

T T -r v

T v LI 7 M 1 N 1
1 34 172 t/4 v 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

rn——— —————
. BOLT DIAMETER, n. Example PRELOAD LUSS, Ib

Figure 43. Nomograph converts permanent set into
preload loss as a function of joint
stiffness (19D) for socket head cap
screws and hex-head screws installed
in steel plates.
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Figure 44. Nomograph converts permanent set into
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THEORY OF THREADED FASTENER SELF-LOOSENING FROM TRANSVERSE VIBRATION:

The theory of the mechanism of self-Toosening 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, 1ies 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 = Ltan (-¥+ 2) + L tan &

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 Toad 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:

]

Fy Edz/Z tan (-¥+ p) + DH/Z‘UH]

Fy [d2/2 (tan - ¢ + 1.15u) + Dy/2 uH ]

Toff

The bolt could loosen by itself (without the application of external
off-terque) only if Toff were to become either zero or a negative
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Figure 45. Transverse force equation.
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Figure 46. Transverse force dynamics.
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Figure 47. Transverse force free-body diagram.
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value. Even under ideally lubricated conditions, the thread friction
angle wi%} not be less then six degrees @#nd the helix angle will not
exceed 3 20' on sizes down to M5 diameter (equivalent to 3/16").
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 threads or at the
bearing area interfaces, has been very widely generaligzed.

However, if relative motion occurs between the threaded surfaces and/or
other contaczt 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 thread, 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
Toer = Fy —22 tan (- P) = tan P

-7 d2

v
For axially loaded Jjoints, Goodier and Sweeney have pointed 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 dynamically transverse loaded Jjoints, the relative motion between
the threaded flanks and the contact surface of the bearing areas can
occur in magnitudes up to a maximum allowance of the thread. These
large effects appear when transverse loadings, which have to be
transmitted by grip friction, exceed the friction force between the
clamped parts, u¥F, the friction force being delivered by the clamping
force, F. The resultant transverse slippage between the clamped parts
forces the bolt to assume a pendulum movement, which leads to relative
motion in the thread hole and thus between the thread flanks.

If the amplitude of such transverse slippage of the bolt is large
enough, slippage of the nut or bolt head bearing surface will finally
occur and make the Jjoint 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 practice than is
usually accepted. Experience shows that these joints most frequently
fail by self-looseiing.
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Many variables affect the ability of fasteners to retain preload while

experiencing dynamic loaiing. Some of the basic factors which are
comnmon to many bolted joints were investigated. The factors examined
were: amplitude of dynamic motion (generated by th2 dynamic 1o0ad);

initial preload; thread-pitch series; prevailing torque (of the locking
fastener); and hardness of the bearing surface.

The dynamic motions experienced by bolted Jjoints are generated by
forces which lead to relative movement in the joint. The amplitude and
frequency of occurrence of these forces and motions control the rate of
loosening experienced by the fastener. The effect of vibration
amplitude on the preload loss of a fastener was investigated by use of

the transverse vibration machine, which produces dynamic loading at a
constant frequency of 750 cycles per minute.

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 unclamped test Jjoint, is
proportional to the maximum transverse force at zero displacement. A
portion of the displacement amplitude is absorbed by the 1load
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 vibration 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 1bs.) to 80% of this value. ODther 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 Jjoint 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 1loosening 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 vibration life under these more severe
conditions.

The effect of initial preload is demonstrated in Figure 50. This graoh
shows the average vibration life results for a 3/8-16 nonlocking hex
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nut sample which was tested at two different preload levels. This
graph demonstrates the effect of preload under a somewhat severe (1
.030") amplitude condition.

Since the theoretical internal loosening torque is directly
proportional to the helix of the thread, it was expected that a coarse-
pitch thread having a larger helix angle would generate a greater
intsrnal loosening torque and be less vibration resistant than the fine-
pitch thread. Comparing the 3/8" size coarse and fine threads, the 16-
pitch coarse thread would produce an internal loosening torque which is
1.49 *imes that of the fine 24-pitch thread for an equal prelozad
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 under the same
conditions of preload and test amplitude. The results are shown in
Figure 51.

The experimental results show that 3/8” fine-pitch locknuts endured a

greater number of vibration cyycles (under a severe condition) than
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 caused by the thread-pitch
relationship. Besides demonstrating the thread-pitch effect, the

results Jinclude 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 since
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 torgue is demonstrated in Figure 52 for two
thread-pitch series of locknuts. These are predicted values based on a
sequence of experiments conducted wusing a factorial analysis +to
determine the main factors and interactions. The curves for each pitch
series are designated by high and 1low boundaries which would be
influenced by other processing conditions.

Common to both pitch series is the large rate of change or increase in
vibration 1life 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 the clamped members can influence the
preload loss in joints undergoing dynamic loading. Any relaxation in
these surfaces will reduce bolt elongation and ‘:hus reduce the joint
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preload. Roughness and prior processing treatments can affect the
frictional properties, which may add to th2 resistance to fastener
rotation. While some of these characteristics cannot be controlled,
the hardness of the bearing surface of the clamped 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 ©place statically, dynamic 1loading could cause an additional
plastic flow of the joint surface. The total preload loss attributed
to Dbrinelling effects measured in tests of conventionally-used
fasteners is as much as 20% for relatively soft steel (R, 99) and 5%
for relatively hard steels (R, 40). This preload 1loSs generally
occurs within the first ten cycles of dynamic loading until a stable
load carrying surface is developed.

Other factors such as characteristics of coating, plating, and fastener
design can also influence the dynamic performance 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:

. Joint design and loading

. Effectiveness of fastener locking method
. Thread pitch

. Initial preload

. Bearing surface hardness

TSN -

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 53). However,
evidence has shown that hard, high-strength parts are more susceptible
to this test than thz wmors ductile ones.

Bending stresses introduced 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. The use of brittle materials
will not make these compensations.

The wedge test then seems to be a good test for headed-end defects and

ductility, but fatigue testing, which will show up localized stresses,
should be usead for total design form.
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Long bolts are less affected than short onmes. They have more spring
and as such can distribute the bending loads over a greater area, thus
effectively 1lowering the stress. Thus, care must bs taken 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:

=5

SB Ra/2L

where: SB = Bending stress, psi
E” = Modulus of elasticity, psi
a = Gap between bearing surfaces, in.
1. = Length of bolt, in.

Operating temperatures for commercial, industrial and aerospace
applications have been steadily increasing. With this increase, there
is a better "need to know" th2 factors influencing the selection of
fasteners. Time at temperature can reduce the clamping force induced
in the joint through relaxation. Size changes due %o the coefficient
of thermal expansion must be considered. High temperatures can also
affect the corrosion protection properties of barrier coatings. Con-
sequently, as the temperature goes up S0 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 through
2000°F and higher.

JOINT ELEVATED-TEMPERATURE CONSIDERATIONS:

In addition to the normal factors 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 temperature, the strength 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-
temperature preload when exposed to elevated temperaturss. The factors
are:

1. As temperature increases, 1less stress or load is needed
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 and
structure are the same material, and is strictly a func-

tion of the bolt metal. There is a significant change in
modulus of elasticity with increasing temperature as
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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 joint
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 surface 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 12009F 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 factor if there
is to be subsequent disassembly, as usually is the case with threaded
connections. Many of the materials with elevated-temperature properties,
such as stainless steels, are inherently 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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Figure 56. Stress relaxation of 1/4-28 bolts tested
at 12009F. (Typical relaxation curve.)
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Figure 58. Effect of heat treatment on relaxation
properties.

At moderate temperatures, where cadmium and zinc anti-corrosion platings
might normally be used, the phenomenon of stress-alloying becomes an
jmportant 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
corsosion 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, coatings 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 9009F (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 9009F 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 after
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 fatigue 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 square 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.




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 1ist of terms and definitions.

A. Fastener Product Terminology:

1.

10.

Bolt: An externally threaded fastener designed for insertion
through holes in assembled parts and is normally intended to be
tightened or released by torquing a nut.

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 released by torquing the head.

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

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.

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.

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

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

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.

Locking Screw: An externally threaded fastener 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.

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 after being tightened against a base surface. A
revailing-torque Tocknut 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.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

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.

External Wrenching Fastener: A fastener designed to be assem-
bTed by a wrench appTied to its external surfaces.

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

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

Finished Fastener: A fastener made to close tolerances and
having surfaces other than the threads and bearing surface
finished to provide general, high-grade appearance.

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.

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.

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.

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.

Shank: That portion of a headed fastener which Ties between the
head and the extreme end of the fastener.

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

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.

24.

25.

26.

27.

28.

29.

Body, Externally Relieved: Fastener body in which diameter is
reduced to Tess than the minimum pitch diameter of the thread.

Body, Internally Relieved: A fastener with an axial hole
drilled through a portion of the body to relieve stresses under
loed.

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

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.

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

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

Grip: The thickness of material or parts which the fastener is
designed to secure when assembled.

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,

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

Thread Series: In the unified screw thread system, there are
eTeven 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.

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, 1B; 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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10.

11.

12.

13.

14.

. Classes 1A/1B: Provide a Toose 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,
boTts, 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/3B: 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.

Single Thread: A single or single-start thread has a lead equal
to the pitch.

Multiple Thread: Also called a multiple-start thread. This
thread has a lead which is an integral multiple of the pitch.

External Thread: A thread on the external surface of a cylinder
or cone, often referred to as the "male" thread.

Internal Thread: A thread on the internal of a hollow cylinder
or cone, often referred to as the "female" thread.

Right-Handed Thread: A thread which winds in a clockwise and
receding direction from the starting end, when viewed from that
end.

Left-Handed Thread: A thread which winds in a counterclockwise
and receding direction from the starting end, when viewed from
that end.

Complete Thread: That part of the thread having full form at
both crest and root.

Incomplete Thread: That part of the thread having either crests
or roots or both crests and roots not fully formed.

Total Thread: Includes the complete and all of the incomplete
threads.

Flank: The thread surface connecting the crest with the root.
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15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

25.

26.

27.

Crest:  The outermost tip of a male thread as seen in a thread
profile, or the innermost tip of a female thread.

Root: Identical with or immediately adjacent to the cylinder
or cone from which the thread projects.

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.

Lead: The distance a thread part moves axially in one complete
revolution with respect to a fixed mating part.

Threads per Inch: The reciprocal of the pitch in inches.

Turns per Inch: The reciprocal of the lead in inches.

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.

Lead Angle: The angle made by the helix of a thread at the pitch
ine with a plane perpendicular to the axis.

Helix Angle: The angle made by the helix of the thread at the
pitch Tine with the axis. Helix angle is the complement of the
lead angle.

Height (or Depth) of Thread: The distance measured radially
between the major and minor cylinders or cones.

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.

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.

Pitch Diameter: For a straight thread, this is the diameter of
the imarginary cylinder whose surface 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.

29.

30.

31.

Length of Thread Engagement: The distance that one part is
engaged or screwed into the other.

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.

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.

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 thread, respectively.

Fastener Application Terminology:

1.

Mechanical Properties: The properties of a fastener involving
the relationship between stress and strain.

Proof Test: Any specified test required of a fastener to verify
its suitability for the fastening job.

Proof Load: The specified load which the fastener must with-
stand in a proof test without any indication of failure.

Torquing: The act of tightening a fastener by turning either
the boTt or the nut.

Joint Efficiency: The ratio of the strength of a joint to the
coupon strength of the connected material.

Faying Surface: The contact surface between adjacent parts in
a joint.

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.

Tension Joint: A joint in which the fastener has the load
applied to the 1longitudinal direction and which tends to
elongate it.
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9.

Shear Joint: A joint in which the fastener 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.

Bearing Stress of the Fastener: The load per square inch which
the fasteners can carry on the bearing surface.

Torsion-Tension Yield Point: The point at which additional
applied torque will cause the fastener to yield, normally 90% of
the ultimate tensile strength.

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.

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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MIL-B-6812B
23 AUGUST 1967

Superseding
MIL-B-6812A
26 May 1955

MILITARY SPECIFICATION
BOLTS, AIRCRAFT

This specification is mandatory for use by all Departments
and Agencies of the Departmant of Defense.

1, SscoPE

1.1 Scope.- This specification covers bolts used in the manufacture of air-
craft and aircraft accessoriee.

1.2 Clagsification,- The bolts covered by this specification shall be of the
types axd sises desigmated (see 6.2).

2. APPLICABIE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for
bids or request for proposal, form a part of this specification to the extent
specified herein:

SPECIFICATIONS
Zederal
QQ-A-200 Auminuam Alloy Bar, Rod, Shapes and Tubes, Extruded,
General Specification for
N-A-225 Aluxinum Alloy Bar, Rod, Wire for Special Shapes, Rolled,
Drawn, or Cold Finished, General Specification for
Q-P-416 Plating, Cag-tiun (Electrodeposited)
Q-A-430 Aluminum Alloy Rod and Wire, for Rivets and Cold Heading
¥elitery
MIL-H-~3982 Hardware (Fasteners and Related Items), Packaging and
Packing for Shipment and Storage of
MIL-C-5541 Chemical Pilns and Chexical Film Materials for Aluminua
and Aluzminua Alloys
MIL-S-5626 Stesl, Chrome-Molybdenun (4140) Bars, Rods, and Forging

Stock (for Aircraft Applications)

MI1-3-6812B

MIL-$-50L9 Stesl, Chrome-Nickel-Molybdenun (8740) Bars, Rods,
and Porging Stock (for Aircraft Applications)

MIL-5-6050 Steel, Chrome-Nickel-Yolybdenua (8630) Bars, Rods,
and Forging Stock (for Aircraft Applications)

MIL-H-6088 Heat Treatment of Alu=inum Alloys

MIL-3-6098 Steel, Chrome-Nickel-Molybderua (8735) Bars, Rods, and
Forging Stock (for Aircraft Applications)

MIL-5-6758 Steel, Chrome-Molybderia (4130) Bars, Rods, and
Forging Stock (for Aircraft Appucntionss

MIL-I-6866 Inspection, Penetrant Method of

MIL-I-6868 Inspaction Process, Magnetic Particle

MIL-%-4875 * Treatment of Steels (Aircraft Practice) Process for

ML L-5-7742 Screw Threads, Standard, Optimum Selected Series,
General Specification for

MIL-A-8625 Anccic Coatings, for Aluminum and Alumimus Alloys

MIL-5-18732 Szesl Bars, Billets, Forgings, Tubing, (L31) Special
Suality

STANDARDS
Federal

FBDERAL TEST M=TRC)
STANDARD RO, 151 Metals, Test Methods

Military

MIT-STD-105 Saxpling Procedures and Tables for Inspection by Attributes

MII-ST3-143 Specifications and Standards, Order of Precsdence for the
Selection of

MIL.ST2-410 QS:alification of Inspection Persormel (Magnetic Particle
and Penetrant)

MIL-ST0-L14 Sa=zling Procedurss and Tables for Inspeciisn by Variables

Zer Percent Defective

- Machine, Aircrals

AN3 <nru AN20

AN21 <hru AN3S - Clevis
ANL2 thru ANA9 >, Eye

AN73 3 ANBL Zc
AN1T3 <heu AN18S
AN315 N
AN320

>, Machine, Afrcrafz, Drilled Head

2%, Machine, Close Tolerance, Alrcraf:
, Plain, Afrfrase

, castle Shear

M320CT 1, Machine, Afrcras™, Drilled Head, Fine Thread
MS2007L *, Machine, Adrcra’z, Trilled Head, Coarse Thread
M52:733 , Self-locking, Hexagon, Non-Metallic Inssrt, Low

Zaiznt, 250° F
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(Copdes of specifications, standards, drawings, and publications required by
ors in connection with specific functions should be obtained
from the procuring activity or as directed by the contracting officer.)

2.2 Other publicgtions.- The following document forms a part of this speci-
fication to the extent specified herein. Unless otherwise indicated, the issue
in effect on date of invitation for bids or request for proposal shall apply:

ety o: e_Mat S
AMS6300 Steel, .25Mo (.35-.40C)

(Copies of SAE publications may be obtained from the Soclety of Automotive
Engineers, Inc., 485 Laxington Avemme, New York, New York 10017.)

3. REQUIREMENTS
3.1 Matorial.-

3.1.1 Xon-corrosion-resistapt steel.- Non-corrosion-resistant steel bolts
shall de manufactured from ateel conforming to MiL-S-5626, MIL-S-6049, MIL-S-6050,

MIL-S-6098, MIL-S-6758, or AMS 6300. (See 6.1.1.)

3.1.2 Corroston-registant steel,- Corrosion-resistant steel bolts shall be
parufactured from material conforming to MIL-S-18732,

3.1.3 Alusinug alloy.- Alumdnum alloy bolts shall be manufactured from material
confor=ing to QQ-A-200, QQ-A-225, or QQ-A-430.

3.1.4 Selection of materials.~ Specifications and standards for all materials,
parts, and Government certification and approval of processes and equipment, which
are not specifically designated herein and which are necessary for the exscution
of this specification, shall be selscted in accordance with MIL-STD-143.

3.2 Heat tregtzment.- Heat treatment of steel shall be in conformance with
MIL-H-6875. Heat treatmsnt of aluminum alloy shall be in conformance with
MIL-H-6088.

3.2,1 Material conforming to MIL-S-18732 shall not be tempered in the range
of 700° to 1,000° F.

MIL-B-6812B

3.3 Heads.-

3.3.1 Bearing surZace.- The bearing surface of bolt heads shall be at right
angles to the shank wiihin 2 degrees for bolis 1/2 inch in diameter and less, and
within 1 degree for bol:s larger than 1/2 inch in diamster.

3.3.2 Ece 7 0. t = Zezentricity of head to shank shall be
within a tolerance of 3 percent of the width across flats, or 3 percent of the
diameter of the head in the case of clevis and eye bolts.

3.3.3 Top gurface.- The top surface of -exagon head bolts shall be flat
and chamfered with the dlamster of the top flat circle from 85 to 100 percent of
the width across flats.

3.3.4 Depth of slo:s.- The depth of slots in the heads of clevis bolts is
peasured from the highsst part of the head to the intersection of the bottom of
the slot with the head s:rface.

3.4 Straightness o2 shank.- The straigh:-es
values specified in tadle I when the bolt is -3l ed on a surface plate and the
point of greatest devia:ion is measured with a Zeeler gage of 1/4 inch width.

TABLE I. Straightness >f shank

Deviation 57 bolt shank
Bolt size from :late, max
(inches per in:h of bolt length)
lio. 10 and s=aller 0.22.0
l/l‘) 5/:3 H
3/8, 7/:3
1/2 and Larger

3.5 Phvsical properzies.-

3.5.1 Zensile stre 2.~ The tensile strecz:i of hexagon head, eye, and clevis
belts shall te as speci’: n tadble II when ze::ed in accordance with 4.5,2.

3.5.2 Shear streng:-.- The shear streng:h -7 all bolt types shall be as
srecified in table II when tested in accordansze with 4.5.3.

3.5.3 Z2exd.- Bolts snall withstand cold =s-2ing when tested in accordance with
LoFod,

rosion and non-cors:sion-resistant steel bolts shall
ss Tange 7-26 to 1.2 when tested in accordance with

3.5.4
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when inspect:3 in acex

TABLE III. Decarburization limits
Complete Complete
Size decarburization Plus partial
(inches) decarburization
(inches) 1/
Up to 3/8 incl. 0.00L 0.010
Over 3/8 to 1/2 incl. .005 .012
Over 1/2 to 5/3 incl. .0c6 014
Over 5/8 to 3/L incl. .006 017

1/ The permissible values shown are %ase’ on neasiremsnte of the

3.7 Head struct

MIL-B-6812B
TABLE II. Strength requirements
Double shear
Ultimate tensile strength strength
(mdn) Y (min) 2
__(pounds) {pounds
Sise H on head bolts All types of bolts
§tnI |
Eyebolts Fine Coarse Ay Steel AL

steel thread thread alloy alloy

fine

thre.
No. 6 - - - - 2,120 1,080
No. 8 - - - - 3,000 1,570
No.10 1,150 2,210 1,800 1,100 4,250 2,092
/4 2,L50 4,080 3,360 2,030 7,360 3,650

5/16 3,9.0
(ANLL)
5/16 &/ (5,290 6,500 5,660 3,220 | 11,500 5,700
ANL.

3/8 7,015 10,100 8,470 5,020 16,560 8,250
7/16 9,200 13,600 11,680 6,750 | 22,500 11,200
1/2 14,375 18,500 15,730 9,180 29,400 14,600
9/16 20,125 23,600 20,300 11,700 37,400 18,500
5/8 - 30,100 25,100 14,900 | 46,000 22,800
EV/N - 44,000 37,800 21,800 66,300 33,000
7/8 - 60,000 - 29,800 90,100 45,000
1 80,700 - 40,000 | 117,800 58,500
1-.1/8 - 101,800 - 50,500 | 147,500 74,000
13/ - 130,200 - 64,400 | 182,100 91,000

1/ The values shown for the ultimate tensile stremgth are for minimun values and are

based on:
(a) 125,000 pst for non-corrosion-resistant and corrosion-resistant

steel.
(v) 62,000 pst for aluminum alloy-

The strength values shown for the eyebolts are based on the strength of the eye.
The root arss of the thread is the basis of calculation for the tensile strength
of haxagon head bolts.
Clevis bolts shall have tensile strengths equal to one-half of the reguirerents
for hexagon-head bolts when used with AN320 or MS21083 nuts. Clevis bolts are
intended primarily for use in shear applications.

2/ Yltirate shear strengths are computed on the basis of 60 percent of the ultimate
tensile strengths.

3/ Class of thread is as specified on the applicable standard drawing.
4/ Different from sise 5/16 above in the design of the eye section.

‘ Al *

TA2IE IV,

7 of the cross section and the average depth
The decarburization lizits apply to the shank.

A section of the nex* shall show no de‘rimental defects
e with 4.3,7.

8:- Bol:s shalil be free of cracks in any direction and location.
ned as a3 :lean crystalline bre

~g ‘hrough

= in table IV
¢ ted wnich have bdeen rolled
for relection.

Limits Zor seax depth

;301t size {inches) 5.’%_:.dand 3/8 i 7/16 1/2 trrough 1-1/4

o v —r

l.-epth in enank 2.205 0.00% ' 0.007 0.0c8
{inches)

3.0 Zz=iusions.-
revealed by

3.11 :=7e:zta on >cl- hesds.-

331ts rossessing su-lace or
~e<nods noted hsrein, and rot
ily, shall Te acceried.

orenings sush as are de

sezxs,

Bolt heads snall

sub-surface irnzlusions, as

indicative of unsatisfactory
not pecssess more than three

Jolt Leads shall not rossess

twice the dercth limits

dirg twice the depth
ead Solts or four times
Solis with other than

* .
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FIGTR 1,

Seams extending through fillets
or threads
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3.11.2 Defects on waster faces.- Washer faces shall not possess seams ex-
ceeding the iimits shown in table IV. Bolts shall not possess mutilation of the
washer face sufficient to prevent firm seating.

3.12 Zol: head sham< ‘unction.- Only longitudinal seams of the depths per-
oitted in table IV shall - rermitted. Slight longitudinal or transverse tool
pariks or undercuts of de“ ot to exceed the limits in table V will be permitted,
provided they fair into shank with no sharp scratches, gouges, or corners.

TABIE V. I:izits for depth of tosl marks or undercuts

Dent: cof tool marks or
tndercuts
(incnes, nax)

Jp to 3/8 inz:. .03

Cver 3/8 to 5/3 incl. .04
Over 5/8 to ~/3 incl. .25
Cver 7/8 B

3.13 Ihreads.~ ThreaZs of all bolts shall conform to MIL-5-77L2 and shall
e of the sizes specified o the aprlicable s:a--ard drawing. Unless otherwise
szezified, threads shall te right-hand. 1hreads may be formed by rolling,

cutting, or grinding.
3. 3 1 ..e*g\.h of M:eai.- The length of rre thread shall be the shank length
Aol : ) fied on the arclicahle standard drawings. The grip

"ﬂd from the undersice cof the head to the end of the
~e shark.

T vlating and fitie . irz, the dimensions shall conforn
owing stancards: N2 thru AN20, AN21 thru AN36,
3L, AII73 the: ANIRE. MS2D073, and ¥820074.

_I, c“ass 3. 1'1':9:. ,,_ati'*g is specified, the entire
tiorn, sra.. be z.2ted, unless otherwlse specified
oy bolts shall be anodized in
face treated in accordance with

1 e passivated.

n5 operatisn tcnsists of immersing the bolts for

ent (by weight) of nitric
«2 by a thorough rirse in

= -eapera

(57 weight) of nitric acid plus 1
('::y weigh:) of fluoric acid heated to a

2 120° te 130° T (L2 to 54° C) followed by a

rirss in hot waler.
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3.16 Ident: on of - When required, bolts shall be marked for MIL-B-68123
identification purposes as shown on the applicable standard drawing. It is per-
=~ saidles for the bolt manufacturer to include his identification marking on the bolt hoh.,1.2.1 - craflt AN1 v
neads. closs tolerance.- The classification of defects for AN3 <hru A:20 and AK173 thru

AN186 bolts shall be as follows:

3.17 Workmanship.- Bolts shall be made in conformance with high-grade bolt

aanuZacturing practice. Critical:
Nione

L. GQUALITY ASSURANCE PROVISI(NS Majior:

L.l Regoonsidility for ipspection.- Unless otherwise specified in the contract
or purchase order, the supplier is responsible for the performance of all inspection
requirezents as specified herein. Except as otherwise specified, the supplier may
:511iz9 his own facilities or any other comaercial laboratory acceptable to the
Goverr=«t. %he Government reserves the right to perform any of the inspections
set forth in the specification where such inspections are deemsd necessary to
assure supplies and services conform to prescridbed requirements.

4.2 Classification of inspection,- The examination and testing of bolts
shall be classified as quality conformance inspection.

4.3 1@%.~ A lot shall consist of finished boits which are of the same type
and size, fabricated by the same process, heat treated in the same manner, and
produced as one continuous run or order, or part thereof.

4b Sasgling.-

L.L.1 Semling for visual and dimpnsiona] attrjibutes.- Sampling for visual
and dimansional attributes shall be at random in accordance with MIL-STD-105.
The Acceptable Quality Levels (AQL's) for major, minor A, and minor B classes of
characteristics shall be as follows:

(a) Major 2.5 percent
ib; Minor A 6.5 percent
¢) Minor B 10 percent

The tozal defective items for all characteristics of a given class (e.g., major,
minor A, minor B) shall be combined in order to apply the acceptance and rejection
proviaions of MIL-STD-105.

4.L.1.1 Definitions of defect classes.- Major and minor defects are defined
in MIL-570-105. Minor defects are broien down into two classes, cinor A and
zinor 3. Definitions for minor A and minor B defects are as follows:

4L.L.1.1.1 Migor A.- A minor A defect is classified as & defect which has a
slight effect on usability.

b.t.1.1.2 Minor B.- A minor B defect is classified as a defect which has no
offect on usabllity but which does not conform to workzanship standards.

L.L.1.2 Clagpification of defects.- All dimensionsl characteristics are
considered defective when out of tolerance.

' Al *

101 Thread size and form (see 4.5.1)

102 Sharx diameter, oversize (unthreaded portion)
103 More <zan two imperfect threads

104 Grip Length

under head

05 Fill

206 Cotzer pin hole location (where required)
207 Hple in head missing (where required)
108 Dimension across flats

139 Straigniress of shank

210 Angle of bearing surface to shank

(where required) (visual irspectio=)
ication

o cotter pin hole or on washer face

ickness

eter, undersize (unthreadsd por<isn)

ead, diameter and locaticn (where rejuired)
<35 Cotier :in hole diameter (where reguired)

B:

1 30-cegrese chamfer on head

chaafer on thread end

ity of head to shank

neral

ce dizmeter and thickness

20lt ~ Clevis.- The classificzation of defects for
1 t2 3s follows:

s

z2 and fora (see L.5.1)
ter (unthreadsd portion)

r head

> -1

I3 3 : hole lecation (where recuired)
_I7 Stralgniress eof shank )

.3 Angl aring surface <o shank

Z3 Plat e reguired) (vis:al insgection)
L1 Iden ion )

tstier pin hole or under head

[ * ‘
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dnor At 4.4.1.2.4 AN73 thru ANSL and MS: Bolt e, ai:
201 Length d-illed hegd.-~ The classification of defects for AN73 thru ANSL, MS2007
202 Hoag dlameter 1520074 bolts shall be as follows: ' 3, and
203 Slot dimensions
204 Flat on OD of head Critical:
None

205 Head thickness
206 Cotter pin hole diamster (where required) Major:

207 Thread undercut dimensions 101 Thread sise and form (see 4.5.1)
102 Shank diamster, oversize (unthresded portion)

Minor B:
301 L5-degree chamfer on thread end 103 More than two imperfect threads
302 Eccentricity of head to shank 104 Grip length
105 Fillet under head

303 Burrs, General
106 One or more radial holes in head cissing
L.4.1.2.3 AN42 thru - .~ The classification of defects for 107 Dimension across flats
AS42 t=xu ANAS bolts shall be as follows: 108 Straightness of shank
109 Angle of bearing surface to shank

Critical: 110 Plating (vhere required) {risual inspection)
None 111 Identification

Major: 112 Burrs in cotter pin hole or on washer face
101 Thread size and form (ses 4.5.1) 113 Radial holes in head, diameter and location
102 Shank diameter, oversize (unthreaded portion) 114 Axial hole in head, diameter, dept:, and location
103 More than two imperfect threads
104 Grip length Minor A:
105 Fillet under hesd 201 Length
106 Cotter pin hole location 202 Shank diameters, undersize (unthreaded portion)
107 Eye hole diameter and location 203 Head thickness
108 Diamster of flange Minor B:
109 Length of tongue and flange 301 30-degree chamfer on head
110 Tongue end radius 302 4L5-degree chamfer on thread end
111 Thickness of tongue 303 Eccentricity of head to shank
132 Radius tongus to flange 304 Burrs, general
113 Straightness of shank 305 Washer fece diameter and thickness
114 Angle of bearing surface to shank L.4.2 Sacpling for tension, shear, and hardness tests.- For each of the
115 Surface finish, plating (visual inspection) texsion, shear, ard hardness tests a separate sazple shal’ be rardomly selected

116 Identification 17 accordance with MIL-STD-414, inspection level IV, with an AQL of 1.5 percent
117 Burrs using table C-1. The alternate attribute sazrling plan shall be in accordance '
Minor A: with MIL-STD-105, inspection level I, with an AQL of 1.5 sercent. In the case of
201 Length resutaitted lots over 100,000 in size use the naxt highes- sample size than that

used on original inspection. :

202 Shank dianmster undersize
L.4.3 Sagoling for head structure, bend, and decarturiegtion tests.-

203 Eccentricity of head to shank
204 Cotter pin hole dlanster

Sa=-ling shall be in accordance with MIL-STD-105, inspeciizn level S-3, acceptance
- se the next largest

205 Flange thickness
Minor B:
301 Chamfer, thread end

b
o
1

n T zero. For resubmitted lots over 100,000 in size =
sa=cle size tham that used in criginal inspec:ion.

..l Sa=zlicz for magnetic oarti?le inscection.- Sazpling for magnetic
nce with MIL-STD-105, with an
numbers oI this sampling plan
ive or in nonconformance with the
n “ion has :een perisrzed on those

e ~agnetic part Magnetl: carticle inspection shall
not te reguired for bolie less than 1/L inch in Ziameter.
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4.4.5 Samoli or penetrant inspection.- Sampling for penetrant inspection
s=ail be at rancom in accordance with MIL-STD~105, with an AQL of 1.5 percent. The
acceptance and relection numbers of this sampling plsn shall apply to those bolts
wiich are judged defective or in nonconformance with the requirements contained
herein after microsxamination has been performed on those samples revealing
penecrant indications. Penetrant inspection shall not be required for bolts less
than 1 - "~~h in dismeter.

L.5 Inspecticns.-

L.5.1 Dipessions.- Dimensions shall be measured by suitable gages or
zead-ing instrunents. In case of controversy, gages and instruments certified
5y Government laboratories shall be employed. Screw threede shall be checked as
specified in MIL-S-T742. Consideration should be given to the possibility of
minor differences between various gages which could result in borderline dis-
crepacles,

4.5.2 Tenpiom,~
L.5.2.1 H d bolts.~ Hexagon-head bolts shall be tested in accord-

ance with the applicable requirements of Federal Test Method Standard No. 151 in
cengion between +:e head of the bolt and an AN315 nut of the corresponding size,
neat sreated to 180,000 psi.

4.5.2.1.1 Thre acceptability of non-corrosion-resistant stesl bolts having a
grip less than the diameter of the bolt shank shall be based on the hardness test.

L.5.2.1.2 The acceptability of corrosion-resistant steel bolts and aluminum
slloy bolts having a grip less than the diamster of the bolt shank shall be based
on 8 test coupon of the same material, diamster, and hest treatment.

L.5.2.2 Evs bolts.- Eye bolts shall be tested in accordance with the
applizable requirensrts of Federal Tast Method Standard No. 151 in tension betwsen
the oye of the bolt ard a nut of sufficient thickness to develop the full strength
of toe bolt without stripping the threads.

L.5.2,3 Clevis bolis.~ Cievis bolts shall be tested in accordance with the
applicable requirenents of Federal Test Method Stardard No. 151 in tension between
the head of the bolt and an AN320 or MS21083 mut of the corresponding size.

L.5.3 Shear.- The shear tést shall be perforaed in a jig conforming sub-
atantially to that shown in figure 2. Other types of shearing Jigs may be used
42 acceptabie to the procuring activity. The acceptability of the bolts which
are of insufficient length in the unthreaded portion to conduct the shear test
s-2all be based on the hardness test.

4.5.4 Bend.- Bolts shall bs bent cold in the unthreaded portion through an
angle of 180 degrees over a dianster equal to the boit diameter for steel bolts and
e3:al %0 six times the bolt dianeter for aluminua alioy bolts. The bsnding shall be
ascompiished by the gradual application of pressure in a suitable fixture. The
actepability of the bolts which are of insufficiens length in the unthreaded
portion to conduct the bend test shall be based on the hardness test.

13
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4.5.5 Hardness.- Rockwell hardness readings shall be taken on a smocth,
flas, yrepared surface at ary location on the bolt.

4.5.6 Decarburization.- Decarburization shall be determined by microexamina-
tion. Specimens shall be taken from a transverse section of the shank of the
2inis=ed bolt. The etchant shall be 5 percent nital. Microscopic examination
shall be made at a magnification of 100 diamsters.

4.5.7 Head structure.- A longitudinal macrosection of the head, not less
<han 1/L inch from the upper portion of shank, after the head-forming and heat-
<reating process, shall be exa~ined for internal structure.

ts.- Steel bolts shall be etched in an aqueous solution

L.5.7.1 Steel Q% €
containing 50 percent (by volu=e) of hydrochioric acid held at 160° to 180° F
(71° %o 82° C) for a time sufficient to reveal the macrostructure properly.

L.5.7.2 Alumimm alloy bolts.- Aluminum alloy bolts shall be etched in
8 5~ <o 1l5-percent (by weight) aqueous caustic soda (NaOH) solution at approxi-
=ately 180° F (82° C) for a tine sufficient to reveal the macrostructure propg:-ly.
Tvis stall be followsd by washing in water and dipping in a 10-percent (by weight)
nis-iz a "4 molution to remove black stains. Water washing and drying shall

“Tal

Zollow.

L.5.8 Magnetic particle inspection.- The indication of discontinuities in
ferrczagnetic boits, such as cracks, seams, and inclusions, shall be determined

: netic ticle in: tic. Magnetic particle indications of themselves
g.lis:ot bop::use for :::ctim. If, in the opinion of the inspector, the
irdi-azions may be cause for rejection, representative samples shall be taken from
=nose solts showing indications which shall be further examined by microexamiration
<0 dezermine whether the indica‘ed discontinuities are in accordance with the
I1imi-s specified herein.

L.5.8.1 Method.~ Magne:ic particle inspection shall be performed in accord-
ance wizh MIL-I-56868. Such inscection shall, in general, be perforned on finished
bolts, Sut in any case subseguent to any processing operations which could adversely
a’fect the part. The magnetizing field shall be parallel to the longitudinal
axis of the bolt, primarily for the indication of transverse defects. Bolts shall
nat te iyed as an indication of magnetic particle inspection in accordance with the
sazmpling requirements of this specification. Personnel conducting magnetic pariicle
inspezsion shall be certified in accordance with MIL-STD-410.

t.5.9 Penetrant inspecticn.- The indication of discontinuities in alumirua
a_loy =olts, such as cracks, s=a=s, and inclusions oren to the surface shall be
deter—:ed by penetrant inspec:ion. Penetrant indications of themselves shall not
te cause for rejection. If, i the opinion of the inspector, the indications zay
e ca:ss for rejection, represestative samples shall be taken from those bolts
srowirg indications which shall be further examined by microexamination to deterzine
whether the indicated disconti-vities are in accordance with the limits specified
herein.

)
wn

. . ‘

4.5.9.1 Method.- Penetrant inspection shall be performed in accordance with
MCI-Z-6866. Such inspection shall in genersl be perforzed on finished bolts, but
in any case subsequent to any processing operations which could adversely affect
the sart. Bolts shall ro- bs dyed as an indication of peans:rant inspection in
sdance with the sam-ling requirements of this specifizs‘ion. Persomnel con-
ing penetrant inspec:ion shall be certified in accordanze with MIL-STD-410.

MI1-3-6812B

L.6 Resubmitted 1o:s.- Paragraph titled "Resubmit:ed lots" of MIL-STD-105
stall apply, except that a -esubmitted lot shall be inspecied by the contractor
under supervision of the Zovernment inspector using tighiezed inapection. For

tiritute plans of MIL-ST7-105, where the origiral acceptan:e number was sero, a
sa=>le size represented =7 “he next higher sample size code letter shall be chosen
w.t2 the acceptance numher reoaining zero. Before a lot is resubmitted, full
rarticzulars concerning the cause of previous rejection and <he action taken to
correst the defects found in the lot shall be furnished Ly “he contractor to the
Govermzent inspector.

5. TPSPARATION FOR DELIV=2Y

5.1 Cl n ~ Unless otherwise
spacified, creparation for cdellvery (cleaning, preservatioz, packaging, packing,
a2 :zrkir.g) shall confora :o the applicable requirements 52 MIL-H-3982 at the
Level of protection specified in the contract or order (see 5.2).

5. NOTES

5.1 Intended use.- The bolts covered by this specifization are intended for
use iz the panufacture of aircraft and aircraft accessories.

2.1.1 Non-corrosion-resistant steel conforaing to MII-3-6050 and AMS6300 may
=0t ze suitable for bolts larger than 1/2 inch in dianeter.

2.2 Crdering data.- Trocurement docunents should srezily:

(a) Title, nu=zer, and date of this specifica-ix.
gb; Part number oI the bolt desired (iype, zmatecial, thread, lengths).
()

Quantity.

Selsctions oI arplicable preservation, packagi-g, and packing

(see 5.1).
.~ Standard and ronstaniard bolt designs ihat are arcroved for use in
scnsiruction ol aersspace vehicles; <hat are s ied by reference by
fication; and trat tave all descriptive factors :hat affect universal
eability, the s 5 accordance with
~e considered o navs the following interchangeadility relationship:

(a) Those bolts
bolis wit:

~ith type II pla
I pla:ing in
() ZIn other tions, thosa:
in place of <ncss bolss
are deple-e<, Iut may no

can be used o replace those

atplicat

7 - plating can be used
%1l present stocks
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19 FEBRUARY 1965

Superseding
MIL-S-783%
31 January 1932

MILITARY SPECIFICATION
SCREWS, STRUCTURAL, AIRCRAFT

This specification is mandatory for use by all Drpart-
ments and Agencies of the Department of Defenase.

1. SCOPE

1.1 Scope. This specification covers airerft
SITUCLUTAL SCTOWS.

1.2 Classifieation. Screws shall be of the
types and sizes designated by the part numbers
on the military standard (M) as specified (see
5.2,

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in
eifect on date of invitation for bids or request
for proposal, form a part of this specification to
the esten: specified herein:

SPECIFIC: "™~NS

FepEraL

QQ-A-225/6—Aluminum Alloy Bar, Rod,
snd Wire, Rolled, Drawn, or Cold Fin-
ished 202¢

QQ-A—430—Alumicum Alloy Rod and
Wire, for Rivets and Cold Heading

QQ-P-35—~—Passivation Treatments for
Aus:enitic, Ferritic, and Martensitic
Corrnsion-Resisting Steel (Fastening De-
vices)

QQ-P-416—Plating, Cadmium (Electro-
deposited)

QQ-S-763—Steel, Bars, Shapes, and Forg-
ings. Corrosion-Resisting

Mirary
MIL-H-3982—Hardware (Fasteners and
Related Items) Packaging and Packing
for Shipment and Storage of
MIL~3-6049—Steel; Chrome-Nickel-Mo-
lybdenum (8740) Bars, Rods, and Forg-
ing Stock (for Aircraft Applications)

TT0-721—48

MIL-S~6050—Steel; Chrome-Nirkel-Mo-
Iybdenum (8630) Bars, Rods, and Forg-
ing Stock (for Aireraft Applications)

M1L-H-6088—Heat Treatment of Alumi-
num Alloys

MIL-S-6098—Steel; Chrome-Nickel-Mo-
lybdenum (8735) Bars, Rods, and Forg-
ing Stock (for Aireraft Application)

MIi—S-6738—Steel;  Chrome-Molyhde-
num ($130) Bars, and Reforzing Stock
(Aireraft Quality)

MIL-I-6866—Inspection, Penetrant
Methnd of

MIL-I-6S68—Inspection Process, Mag-
netic Particle

MIL-H-6375—Heat Treatment of Steels
(Aireraft Practice) Process for

MIL~5-7742—Serew Thremls, Standard,
Optimum Selected Series: General Spec-
ification for

MIL-A-8625—Anodic Coatings, for Alu-
minum and Aluminum Alloys

MIL-5-15732—Steel Bars, Alloy, Cor-
rosion-Resistant  (16Cr-2Ni), Aircraft
Quality

STANDARDS

MiLrraRy

MII~STD-105—Sampling Procedures and
Thables {or Inspection by Attributes

MIL-STD-410—Qualification of Inspee-
tion Personnel (Magnetic Particle and
Penetrant)

M316999—Head Discontinuities, Bolts and
Serews

M 59006 —Cross Recess Hends for Machine,
Wood and Tapping Serews

FSC 5305

MIL-S-7839A

MR27039—Screw,  Machine—Pan  Head,
Structural, Cross Recessed

M=33750 —Reress—Hi-Torque,  Dimen-
<ions of Recess, Gage, and Driver for

M=33781—Recess —Trr-Set, Dimensions
of Reress, Gare, and Driver for

A FORCE-NAVY \ERONAUTICAL

AN502—Serew — N achine, Drilled Fillister
Hend, Fine Thread

AN3503 —Serew—Machine, Drilled Fillister
Heal, Conrse Thread

AN59-—Serew—\nchine, Flat  Hend,
1002, Structural

AN525—Screw—Washer Head

(Copics of specifications, standards, drawings, ancd
publications required by suppliers in connection with
specific procirement {unctions should be obtained from
the procuting activity or as directed by the contracting
officer.)

2.2 Other publications. The following
document forms a part of this specification to
the extent specified herein. Unless otherwise
indicated. the issue in effect on date of invitation
for bids or request for proposal shall apply:

SoctETY oF AUTOMOTIVE ENGINEERS, INC.

ANS 8300-~Steel, .25 MO (35-.40C)
f Applization for copies shoull be addressed to the

Rociety of Antomotive Engineers, Ine., 455 Lexington
Avenze, Now York, N.Y,, 10017

3. REOUIREMENTS

3.1 Data. Unless ntherwise specified in the
eontract «7 nrder, no data are required by this
specification or any of the documents referenced
w sectinn 2 (see 6.2).

3.2, Material.

3.21  Low-alloysteel.  Low-alloy steel screws
having “.-inch body diameter and less shall
be maauiactured from steel conforming te
AMS 6300 or MIL-3-6050. Low-alloy steel
aaving 2 body diameter greater than
all be manufactured from steel con-
1o MIL-S-0040, MIL-S 50500 M-

SCr2aws

Campnsion-resistant steel. Corrozion-
cel screws shall be mamufactured
:mial eonforming to Q-8 763, elass 1,
-3-Ta3 class IV op MIL S-18752,

2

or equal, or intrrchangeable with 16-18 chrome-
nickel alloy steels,

3.23 Alumirum  alloy.  Aluminum-alloy
serews shall be mannfactured from material
conforming to QQ-A-430, alloy 2024, or QQ-
A-225 6 in the solution heat-treated T4 temper.

3.3 Design and construction.

3.3.1 Threads. Threads of all screws shall
eonform to MIL~S5-7742 and shall be of the
sizez sperified on the applicable M3, Unless
otherwise specified. threads shall be right hand.

3.3.1.1 Grip. The grip length shall be
measured from the lnargest diameter of the
bearing surface of the head. parallel with tbe
screw axis, to the end of the unthreaded shank.

3.3.2 [llead cccentricity. Machine screw
heads shall not bhe eccentric with the screw
beddies by more than 3 percent of the maximum
head dinmeter.  Eccentricity is defincd as one-
half of the total indicator reading (TIR).

3.3.2.1 DBearing surface. The bearing sur-
face of protruding screw heads shall be at right
angles to the body within 2 degrees.

3.3.2.2 Depth of slot. When a slot is re-
quired, the depth of the slot shall be measured
as shown on the applicable MS.

3.3.2.3 [IRecess. Reecess  dimensions  shall
conform to Ms0006, \S33750, and MS337S1,
as applicable.

3.3.3 Straigiinese of shank. The straight-
ness of the shank shall be within the values
specified in tablz I when the screw is rolled on
a surface plate and the point of greatest devia-
tion is measured with a feeler gage of Y inch
width. The straizhtaess of shank requirements
shall apply to siz> No. 10 an« larger screws. and
screws smaller <han size No. 10 that have a
lenzth greater than six times their diameter.
For screws und ze No. 10, the straightness
of shank from tabls [ for size No. 10 shall be
usad.

3.4 Heat treatment

3.4.1 Steel  Low-alloy steel serews chall
ba heat treated o accordanca with MIL-H-
AT S,

3.4.2 Alumizum  alloy.  Aluminum-alloy
screws manufae terial conforming
be heat treated
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Tasis 1. Straightness of shank

3.5 Physical properties.

3.3.1 Tensile strength. The tensile strength
of the screws shall be as specified in table II,
when tested in accordance with 4.4.

3.5.2 Hardness. All low-alloy steel screws
shall b2 within the Rockwell hardness range
C-26 to C-32, when tested in accordance with
4.5.

3.3.3 Cracks. Screwsshall be free of cracks
in any direction and location. A crack is de-
fined as a clean crystalline break passing

MIL-S-7839A

through the grain or grain boundary without
the inclusion of foreign elements.

3.5.4 Discontinuities. All structural screws
shall be acceptable, provided they do not con-
tain discontinuities which equal or exceed the
following limitations. Care must be taken not
to confuse cracks (see 3.5.3) with disconti-
nuities.

3.5.4.1 Longitudinal discontinuities. Longi-
tudinal discontinuities extending through fillets
or threads as shown on figure 1 that exceed the
limits shown in table I1I shall not be accept-
able. Seams up to the depth indicated which
have been rolled beneath root of thread shall
be acceptable.

3.5.4.2 Transrerse discontinuities. Trans-
verse discontinuities in the shank of the screw
as shown on figure 2 that exceed the limits
shown in table III shall not be acceptable.
Transverse discontinuities shall not be con-
fused with tool marks.

Tame 11, Strength requirements

: [
{ Ultimate tenstle strenat™ (lnimmm) | Ulttmste double shear strength (minl=== 9
i pouads ' pounds

i

Size
Low.slloy
steel 5

ressiant

resistant alioy

alloy
Sten)

} Corroston. ! Alumigum Ln-—cnvy"' 1 Corroslon. Aty
i t
|
t

steet

Coarse thread

N0, 632U NC-Bu s eaccmeea e l 1,120 760 ! 560 2,120 1, 480 1.6
No. &-32UNC-3. ©LT0! 1,19 360 3, 000 2,100 L3
No. 10-2;UNC-3.. 2170 1,43  1,0% 1,250 2,77 2.
L-UNC-3. 3960 2700| 1es0| 7360 | 000 3.
* —~18UNC-3 6, 520 ° 4,440 3,230 11,500 ° TR 5 7
‘
Fine thread
! ' |
1, 260 R60 630 | 2,120 1, 4580 |
1,820 1,240 ¢ 800 | 3. 000 2,100
2, 490 1,699 ¢ 1,230 4,250 2,550
4,520 3080, 2210 7360 5,008 i
7.2 4,920 3.500 . 11, 500 T80
10, 950 T, 430 54301 16,3601 11,250 s
14, Reny ’ 10,070 7,350 22, 500 15, 309 . 31, 20w
19,950 | 13,570 © 9,000 ' 20,400 20, oW 1459
235, 300 17,200 H 12, 360 37,400 25. 300 18, 3

* Te vu'7es shown far the ulticysts tensile strenath sre for minimum
Taies a0 wre Taned 00
1390 pu tv jow.allay s,
A3 70 8 " carvsian- revatan? sieet
. 0 v alumtnum wlvy

The s2rems areas used for th= calculation of the tenstls <trength valose sre
based on the average of the mean plick and minar diamieters of ths s5.
teroal thread

* Uitisle shear strengthy are computed on the bacs of 8 pereent o
the yitimate teastle streogths,

(2]
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3.5.43 Screw head shank junetion. Only
longitudinal seams of the depths permitted in
table III shall be permitted. Slight tool marks
or undercuts of depth pot to exceed the limits
in table IIT will be permitted, provided they
fair into the shank with no sharp scratches,
gouges, or corners.

3.5.4.4 Head discontinuities (ceams, inclu-
stons, folds, nicks, or gouges). Head disconti-
nuities shall not exceed the limits specified on
MS516999.

3.5.8 Decarburization. Decarburization of
lose-alloy steel screws shall not exceed the limits
shown in table IV, when tested in accordance
with 4.6,

3.5.6 Head structure. A section of the bead
skall show no detrimental defects when tested
in accordance with 4.7.

3.6 Finish. Screws zhall be finished ns
specified in table V unless otherwise noted on
the applicable MS.

3.6.1 Pacsivating process for corrosion-re-
wifant stesl screws. Cortnsion-resistant steel
screws shall be passivated in accordance with
QQ-P-35.

3.7 Identification of product. YWhen re-
anired. screws shall be mark~d for identification
prrposes as shown on the applicabl> MS. It is
permissible for the screw manufaciurer to in-
ciude his identification marking on the screws,

Tosx III.  Limits for seam depth and tool marks or

undercuts
H t
Screw stre 1o Inches i ‘3,;:‘ » He ”"';‘
A
Deoth in shank in | '
inches, . ......_._.l 0. 005 i 0.008 | 0.007 | 0.008

TasLe IV. Decarburization limite

Complete deeur- | Complete pluy

sue e k) | P Oren:
0. 004 0.010
. 005 .012
. 006 . 014

Taste V. Finish

Mstorta) . Type of Anith

© Fintah tn seeved-
H ance with
P ;
Sizs lowealloy. ... Cadmium pls:e,.i QQ-P-416,
type I1,
f class 3.
Rizes corrosion- Passivate___ ... ; QQ-P-35.
<sant. ; I
Al —innmalloy_ .. Anodize______._ ’ MIL-A-8625.

Fiovre . Lempitudie! discantinyities « z=--fing through fillets or threads.

)

/

L

Freos o Tror cree Sosombiny

dn

N

N

o the Bood or dark
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4. QUALITY ASSURANCE PROVISIONS

4.1 Respensibility for inspection. Unless
otherwise specified in the contract or purchase
order, the supplier is responsible for the per-
formance of all inspection requirements as
specified herein. Except as otherwise specified
the supplier may utilize his own facilities or
say commercial laboratory acceptable to the
Government. The Government reserves the
right to perform any of the inspections set
forth in the specification where such inspections
are deemmed necessary to assure supplies end
services conform to prescribed requirements.

4.2 Quality conformance inspection. The
examination and tests of screws are classified as
quality conformance inspection (see 4.3 through
$.10).

4.2.1 Production lot. A production lot shall
consist of finished screws which are of the same
type and diameter, fabricated by the same
process, heat treated in the same manner, and
produced ss one continuous run or order or
part thereof. .

4.2.2 Inspection lot. An inspection lot
shail consist of a series of items of production
which are judged from previous investigation
w0 have been produced by a process under
statistical control. The size of an inspection
lot may be equal to, less than, or greater than a
productioa lot.

4.3 Examination of product. Sampling for
visual and dimensional attributes shall be at
random in accordance with MIL-STD-105.
AQL's for major A, minor A, and minor B
classes of characteristics shall be as follows:

Major A—6.5 percent.

Minor A—6.5 percent.

Miner B—10 percent.
The total defective items for all characteristics
of a give: ‘e.g., major A. minor A, minor
Bi shall be combined in order to apply the
acceptance and rejection provisions of MIL~-
STD-105.

4.3.1 \Method. Finished screws shall be
cherked ior conformance with the following
requirements.

43.1.1 Di toms.  Dimensi shall be
measured by suitable gages or measuring in-
strumen:s. In case of controversy, gages and
instruments certified by Government labora-

. * L
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tories shall be employed. Screw threads shall
be checked as specified in MIL~S-3742.

4.3.1.1.1  Definition of defects. Al di-
mensional characteristics are considered de-
fective when out of tolerance.

4.3.1.2 AN3502 and AN503 screws—fillister
head. The classification of defects for ANG02
and AN503 screws shall be as follows:

Critical: None
Major A
Thread size and form
Unthreaded shank diameter ()
More than two imperfect threads
Grip length (G)
Radius under head
Hole in head missing
Slot in head missing
Squareness between head and shank
Straightness of shank
Surface finish, plating
Identification
Minor A
Overall length
Head diameter (B)
Head height (D)
Crown height (C)
Slot dimensions and locations
Hole diameter and location
Burrs and tool marks
Eccentricity of head and shank
Minor B
Chamfer on thread end

Nore: Letters in parentheses correspond to dimen-
sions on applicable drawings.

43.1.3 AN309 screw—machine, flat head,
100°, structural. The classification of defectsfor
AN509 screws shall be as follows:

Critical: None

Major A
Thread size and form
More than two imperfect threads
Grip length
Unthreaded shank diameter ()
Head diameter (D)
Heud angle
Sjot or recess in head missing
Ecrentricity of hend to shunk
Straightness of shank
Surface finish, plating
Identification (where applicable)

MIL-S-7839A

Minor A
Orversall Jength
Slot or recess dimensions
Radius between head and shank
Burrs and tool marks
Minor B
Flat on OD of bead (F)
Chamfer on thread end
4.3.1.4 )MS27039 and ANS525 screw—pan
head. The classification of defects for AN525
and MS327039 screws shall be as follows:
Critical: None
Major A
Thread size and form
More than two imperfect threads
Grip length (G)
Slot or recess in head missing
Straightness of shank
Squareness bet=een head and shank
Surface finish, plating
Identification
Unthreaded shank diameter
Minor A
QOverall length
Head thickness 'H)
Washer thickn=s (E)
Washer diamete: 7A)
Head diameter ‘A or B)
Slot or recess di:2nsions
Eccentricity of -22d to shank
Burrs and too! marks
Fillet under hes+
Minor B
Chamfer on th:
Head crown rac

4.4 Tension.

4.4.1 Sampling. Sam>!:: for the tension test
shall be selected at ranc = in accordance with'
table VI.

4.4.2 Method. The sczaws shall be tested in
tension by applying the load axially en the
bearing surface of the >2ad and a nut. or
threaded plate into whic> the screw has been
screwed A depth of ez: iiameter. The test
Inad <hall be applied a: . pulline <psed of not
more than 2 inches per ~:mute.

44.2.1 When the s:-ox is too shert for
application of the tensi-= text, the number of
tension test specimens -7 de seleriad from the
wire orred fromwhich the

<rews nre to be maide.

6

4.5 Hardness.

4.5.1 Sampling. Sampling for the hardness
{;t shall be random in accordance with table

4.52 Method. Rockwell hardness readings
shall be taken on a smooth, flat, prepared
surface at any location on the screw.

4.6 Decarburization. Decarburization shall
be determined by microexamination. Speci-
mens shall be taken from a transverse section
of the shank of the finished screw. The etchant
ahall be 5 percent nital. Microscopic examina-
tion shall be made at a magnification of 100
diameters.

4.7 Head structure. A longitudinal macro-
section of the head and not less than ¥ inch of
the upper portion of the shank, after the head
forming and beat treating process, shall be
examined for internal structure.

4.7.1 Steel screws. Steel screws shall be
etched in an aqueous solution contsining 50

Tasue VI. Sampling for tension and hardness tests

§ i '
i ! Cumy-  Accu-  Acca
' Sarmplel Istive  mulsted rwlsted
Lat size Fample | size | sampls sctApt-  pesc
i stae 1 saee [ ton
| : "nuzzher murster

|

S or under_.. ..

i-3.000......

19 e we
‘IISOIO'II‘-OQ

O.2> 10,000 ..

ST de L3 I3 N O N de G 1D e G e G S e O e WD N

U DA DA DT DT DD YU U U U de e e de e W
2
Ex

S QN e e 1D de e ke O G N e G T S e W W DWW

T cviea That the 'rr canent be peessted an the st anple

. * ‘
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percent (by volume) of hydrochloric acid held
at 70° to 82° C (160° to 180° F) for a time
suScieat to reveal the macrostructure properly.

4.7.2  Aluminum-alloy screws.  Aluminum-
aloy screws shall be etched in a 5- to 15-percent
by weizht) aqueous caustic soda (NaOH) solu-
103 at spproximately 82° C (180° F) for a time
suSjcieat to reveal the macrostructure properly.
This shall be followed by washing in water and
dipping in s 10-percent (by weight) nitric acid
soiution to remove black stains. Yater wash-
iog and drying shall follow.

4.8 Magoetic particle inspection. The in-
dieated discontinuities, cracks, seams, and
iaclusiozs in low-alloy steel screws shall be
determi=ad by magnetic particle inspection un-
less visual inspection discloses discontinuities
which would preclude the necessity for magnetic
particle inspection. Magnetic particle indica-
tiozs of themselves shall not be cause for rejec-
tioa. If in the opinion of the inspector, the
iadications are cause for rejection, representa-
tive samiples shall be taken from those screws
showing indications which shall be further
examined by microexamination to determine
whether the indicated discontinuities are in
accordance with the limits specified herein.

4.8.1 Sampling. Sampling for magnetic
patticle izspection shall be at random in accord-
aace wita MIL-STD-105, with an AQL of 1.5
peccent. The acceptance and rejection num-
bers of this sampling plan shall apply to those
sczews wiich are judged defective or in non-
conformsace with the requirements contained
herein slter microexamination has been per-
formed oa those samples revealing magoetic
particle i=dications. \agnetic particle inspec-
tion shal not be required for screws less than
% inch ia diameter.

482 Maethod. Magnetic particle inspec-
tion shail be performed in accordance with
MIL~1-7338.  Such inspection shall, in general,
be performed on finished serews, butin auy ease,
subsequent to any processing operations which
cowd ad:. <elv affect the part. The magnetiz-
ing field <hall be parallel to the lonzitudinal
axis of the screw, primarily for the indication of
transverss defects. Serews rhall not be dyed
as an ind:~ation of mngnetic particle inspection
ia accordance with sampling requirements of

MIL-S-7839A

this specification. Personnel conducting mag-
netic particle inspection shall be certified in
accordance with MIL-STD—410.

4.9 Fluorescent penetrant  inspection.
The indicated discontinuities, cracks, seams,
and incl in alumi Hoy screws shall be
determined by fluorescent penetrant inspection.
Fluorescent penetrant indications of them-
selves shall not be cause for rejection. If in the
opinion of the inspector the indications are
cause for rejection, representative samples
shall be taken from those screws showing
indications which shall be further examined by
microexamination to determine whether the
indicated discontinuities are in accordance
with the limits specified herein.

4.9.1 Sampling. Sampling for fluorescent
penetrant inspection shall be at randem in
accordance with MIL-STD-105, with an AQL
of 1.5 percent. The acceptance and rejection
numbers of this sampling plan shall apply to
those screws which are judged defective or in
noncon{ormance with the requirements con-
tained herein after microexamination has been
performed on those samples revealing fluorescent
penetrant indications. Fluorescent penetrant
inspection shall not be required for screws less
than ¥ inch in diameter.

4.9.2 Method. Fluorescent penetrant in-
spection shall be performed in accordance with
MIL~I-6866. Such inspection shall, in general,
be performed on finished screws, but in any
case subsequent to any processing operrations
which could adversely affect the part. Screws
shall not be dyed as an indiration of fluorescent
penetrant inspection in accordance with the
sampling requirements of this specification.
Personnel conducting fluorescent penetrant
inspection shall be certified in accordnnce with
MIL-STD—410.

4.10 Packaging, packing, and marking.
Preparation for delivery shall be examined for
confurmance to section 5.

5. PREPARATION FOR DELIVERY

5.1 Preservation, packaging, packing, and
marking. Unless otherwise specified, the strue-
tural screws shall be preserved, parckaged,
packed, and marked in accordnnce with M~
H-39s82,

-1
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6. NOTES

6.1 Intended use. The screws are intended
for aircraft structural applications.
6.2 Ordering data. Procurement documents
should specily:
(a) Title, number, and date of this specifi-
cation.
(b) Data requirements (see 3.1).
(c) MS part No. of the screw desired (see
1.2).
(d) Level: of packaging and packing re-
quired (see 5.1).

4

' . .

Custodians: User activities:
Army—WC Army—WC
Navy—WP Defense Supply
Air Force—'69) Sgency—IS

Reviewer activities:
Army—MO, MI
Navy—WPpP
Air Force— '69)

Preparing activity:
Air Fotce— 69)
Project No. 5305-0450

Review/user information is current as of the date of
this docntment.  For future coorination of changes to
this docniment, draft circulation shonld be hased on
the information in the current Federal Supply Classifi-
cation Listing of DoD Standardization Documents,
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MIL-N-7873A
Amendment - 1
5 FEBRUARY 1971

MILITARY SPECIFICATION
NUT, SELF-LOCKING, 1,200°F

This amendment forms a part of Military Specification
MIL-N-7873A, dated 17 November 1967, and is mandatory
for use by all Departments and Agencies of the Department
of Defense.

Page 2: Section 2 - Applicable Documents, under Standards add
MIL-STD-1312 Fasteners, Test Methods

Page 2: Add to 3.1

In addition, the retention of qualification on the qualified products
list shall be dependent on a periodic verification of continued compliance with the
requirements of this specification (See 4.3.2.1).

Page 7: Add 4.3.2.1

Retention - The retention of qualification shall consist of periodic
verification to determine compliance of the qualification requirements of the spec-
ification. The time and method of periodic verification shall be specified by the
activity responsible for the Qualified Products List and shall be included in the
Notice of Qualification letter.

Pages 12-13: Delete figures 1 and 2,
Page 14: Paragraph 4.5.5 delete and substitute:
4.5.5 Vibration - Sample nuts with matching bolts of the sizes
and quan:ities specified in Table X shall be vibrated in accordance with MIL-STD-1312,

Test 7. Vibration life for each lot of five specimens of less than 30,000 cycles shall
be cause for rejection.

MIL-N-7873A
Page 14: Table X delete and substitute:
TABLE X VIBRATION REQUIREMENTS
Max. Assembly
Bolt Bolts & Nuta req'd Torque After
Nut Size Size (Minimum of each) Bake (In-Lb)
10-32 MS20033-12 19 38
1/4-28 MS20034-12 10 60
5/16-24 MS20035-12 19 120
3/8-24 MS20036-12 10 160
7/16-20 MS20037-12 10 200
1/2-20 MS520038-12 19 300
Page 14: Delete paragraphs 4.5.5.2, 4.5.5.3 and 4.5.5.4 and in their

place substitute:

4.5.5.2 Preparation for ~ibration test -

4.5.5.2.1 Accelerated vibration - The nuts shall be assembled
in accordance with Figure 1, of MIL-STD-1312, Test 7 with bolts and torque values
as specified in Table X. The nuts shall thea 52 removed and reinstalled to this
torque four additional times before being vibrated.

4.5.5.2.2 Baking of Tes: specimens - Nuts shall be assembled
on the appropriate bolts and baked for six hours at 1200°F. The baked specimens
shall be allowed to cool slowly in air to roor :emperature. The nuts shall then
be removed and reinstalled to torque values szecified in Table X for four additional
times before being vibrated.

4.5.5.3 Method - Use MIZ-STD-1312, Test 7 procedure.
4.5.5.3.1 Determination s2all be made throughout the test to
guarantee that assembly is traversing the eniire length of the slots in the test
fixture. The test shall be run for 30,000 c3cizs except that it shall be stopped
prior to the completon of the 30,000 cycles = :he event a nut becomes disassembled
from the bolt. The nut samples shall be ex2=:i=ed under 10X magnification for
cracks.

' =

%.5.5.3.2 The nuts shal’ > 2 considered to have failed to pass
the vibration test under the followirg conditiz-s:

Page 2
of 3 Paz:s
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a. If any structural failure, such as broken segments, locking
inserts falling out, or cracks occurring in the nuts during the test, provided fail-
ure {8 pot the result of failure of the bolt.

b. If any nut comes completely off the bolt or can be turned com-

pletely on or off the bolt with the fingers during or after completion of 30,000
cycles,

c. If relative rotation between any nut and bolt exceeds 360
degrees.

Page 16: Insert paragraph:

6.3.2 For qualification, vibration requirements as specified in
MIL-N-7873A without amendment 1, can be used until 31 December 1972,

CUSTODIANS: Preparing Activity:
Army - AV Navy-AS
Navy - AS
Air Force - 11 Project No. 5310-0665

Reviewer Activities:
Army - AV
Navy - AS
Air Force - 82

¥ U. % GOVERNMENT PRINTING OFFICE: 197 -433- 695 4632

Page 3
of 3 Pages

. . ‘

MIL-N-7873A

17 NOVIMBER 1957

Superseding
MIL-N-7873
29 February 1952

MILITARY SPECIFICATION
NUT, SELF-LOCKING, 1,200° F

This specificazion is mandatory Zor use by all Departments
and Azencies 27 the Departmen: of Defense.

1. SCOPZ

1.1 This specification covers self-locking nuts and self-lscking place nuts
for use vhere temperatures will not exceed 1,239° P,

2.  APPLICABLE DOCLMINTS

2.1 The follovizg docuzents, of the i{ss:ue in effect on date of invitation for
bids or rejuest for :roposal, form s part of :his specifization to the extent speci-
fied herein:

SPECITICATIONS

Federal
G56-w-635 ches, Box and Zzen End (Nonallustadle)
555-W-6L1 h, Sockets, {an3 Sockets, Handles, and

Attachzents for Sccxet Wrenahes; Hand)
PPP-B-665 3oxe=s, Paperboard, Y2:al Staye2 {Incluling
3zay Material)

Milizary

MIT-H-3982 Herivare (Fastene:
2 Packing for
tion, Penetra-
Threads, Con
nor Zlazeter:
za%or, Permea

222 Relsted Itens) Packaging
nt and S:orage of
thod of
Jad Racdius Zcot +ith Incraazed
2ral Speci icaticn for
v, Lo Ma | 3o0-No-Go!

M1 _1-686%
MI_-5-387¢

MIL-I-1721-
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MIZ-N-TST3A
STANDARDS
Militery
ANS03 Screw, Machine, Fillister Head, Coarse Thread
MIL-STD-105 Sampling Procedures and Tables for Inspection
by Attributes
MIL~-STD-1L0 Qualification of Inspection Personnel
{Magnetic Particle and Penetrant)
M520033 thru
MS200L6 Bolt, Machine, Hexagon Head, 1200° F

{Zopies of specifications, standards, drawvings, and publications required by
suppiliers in connection with specific procurement functions should be obtained from
<he procuring sctivity or as directed by the contracting officer.)

2.2 Qther pudlications.- The following documents form s part of this speci-
2izatiza to the extent specified herein. Unless othervise indicated, the issue in
e2%ez: sa date of invitetion for bids or request for proposal shall apply:

Aserican Standards Association

ASA BLS.1 - 1962 Surface Texture (Surface Roughness, Waviness
and Lay)

sies of the above publication msy be obtained from the American Standards
Associstion, Inc., 10 East 4LOth Street, New York, N. Y. 10016.)

Scsiety of Automotive Fngineers tAeronautical Material Specifications)
AM32L10 Silver Plating, Nickel Strike - High Bake

{Zs3ies of SAE pudblications may be obtained from the Society of Automotive
Dugizeers, Inc., L85 Lexington Avenue, New York, N. Y. 10017.)

3.1 Quslification.- The nuts furnished under this specification shall be
& produz: which is in sccordance with the applicable standard and which has been
sibiectad to and passed the qualification tesis specified herein, and which has
Seex 1ts:ed on or approved for listing on the applicable Quatified Products List.

3...1 Preduct design change.- Any change in product design, material,
=aterial hardress, finish, or lubrication will require requalification of the
preducs.

MIL-N7873A

3.2 Data.- Unless otherwise specified in the contract or order, no data

(other than repor:s and drawings accompanying qualification sacples) are required
by this specification or aay of the docucenis referenced in section f see 6.2).

3.3 Materials.- The caterial from which the ruts (see 6.L) are fabiicated
shall be heat-resisting and corrosion-resis‘ing sustenitic steel which is not
subject to intergranular deterioration at 1,200° F. In the event the applicable
standard drawing s;ecifies a particular material for fabrication of the nuts,
the specified material, or authorised subs:itute, shall be used.

3.4 Deaign.- Self-locking nuts shall conform to that shown on the applicable
standard.

3.5 Construction.- The nut shall be of the prevailing torgque-type, self-
contained, all metal unit, including the self-locking device. The locking
device shall not ocerate by means of separate novemsnt and shall not depend
upon pressure on -:e bearing surface for lo:xing action.

3.5.1 Beari-z surface.- The bearing surface shall be normal to the axis
of the pitch diaze:er of < e threads within 0.003 inch total irdicator reading
for sises up to 1/2 inch, and 0.005 inch for sises larger than 1/2 inch. The
tapped hole shall :ce concentric with the wrenching surface within 0.010 inch
total indicator realing.

3.5.1.1 The surface roughness of the n:-s shall rnot exceed 125 rdcroinches
when tested as sre:ified in ssction 4.

3.5.2 Threais.- The :-reads shall coni>r2 to MIL-5-8879, Threads used on
the locking device —ay be Zisplaced or defcr—ed in any manner which provides
self-locking nuts zorfor—ing to this specifization. The nut shall allow the
"go" gage to enter a minrd~:- of 1-1/2 turns Sefore ergagement of the locking
elezent.

- Plate nut rivet-bolt hole
Z:cable standard.

s threads of 1,20C° F heat and
plated in accordance with AMS 2410.
zrface of nut or nut retaining cage
azplied in the area of the pro~

nuts.

treaient.~
<s shall be si

\pplication of such
zay te cxmitted.
lestion weld nibs oI zroj

&

3.7 -ave & nmini=yg axtal streng:zn of
no- less <han the = .. when tessted as specified in
L.5.2.1.

3.2 Streas ~u.-ture sirengih.- The nuzs stall satisfactorily pass the
etress rupture girergtih test of L.5.2.2.
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TABLE'I. Minimum strength requiremsnte
Axial strength Axtal strength Stress rupture
t room . after baking at 1,200° F tensile load
Thresd sise .( 1bs. min. for 6 hours 96 hours at 1,200° F
(1bs. min.) {1bs. min.)

32 1,130 850

3.32 1,720 1,290
22-32 2,460 1,840 940
i/--28 4,580 3,430 1,710
5/15-2 7,390 5,500 2,7
3/3-2 11,450 8,600 4,130
7/.5-20 15,L50 11,600 5,580
1/2-20 21,110 15,800 7,520
9/-5-18 26,810 20,100 9,540
473:18 34,130 25,600 12,000
3/--16 50,020 37,500 17,600
T/3-1h 68,40 51,300 23,900
-2 92,180 69,100 32,000

3.9 Torgque.~

3.9.1 Wrench torque.- Hexagon nuts shall withstand the wrench torqt.xe
1issed in table 1I without any percanent deformation that may interfers with
che =88 of a box or socket wrench conforzing to GGG-W-63% and GG5-W-6L1l, respec-
<ively.

TABLE II. Wrench torque at room temp. after 6-hour
bake at 1,200° F

Wrench torque

Sise Inch-Pounds
No. 6 20
No. 8 30
Yo. 10 60
/4 150
5/16 360
3/8 650
7/1% 1,200
/2 1,600
9/16 2,300
5/8 4,200
3/L 5,000
7/8 8,300
1 11,000

MIL-K-78734

TABLE III. Locking torque at room ambient tempernture

Maxiimm torque ({a.lbs.) Minirum breakswa
Bolt size (ins-allation or removal) torque (in.-lbs.g
15th removal

6-32 W2 10 1.0
8-32 U2 15 1.5
10-32 Uh7 18 2.0
1/4-28 UNT 30 3.5
5/16-24 UNT 50 6.5
3/8-2, UnT 80 9.5
7/16-20 UKZF 100 L0
1/2-20 UK7T 150 18.0
9/16-18 ULT 200 2.0
5/8-18 1.7 300 32.0
3/4-16 U7 4LC0 50.0
7/8-1 UNF 600 70.0
1-12 UNT 800 90.0

3.9.2 Locking torg:s.- locking torgue tests shall de performed with no
axtal load on he nut in accordance with L.5.3.2.

== locking torque.- The nuts shall have a break-
mi=un breakaway torque value specified in table III.
not exceed the torque value specified in table
e=perature. Af{ter baking at 1,200° F, the maximun

hall not exceed twice the torque value specified

III when tested it room
locking torque ol the nut
in table III.

3.9.3 To:

Lthan the values

Jorgue cut values for plate ruts shall be not less
in able IV, when tested as specified in 4.5.3.3.

=T TV

AZLE IV. Torgue out

1 Taread sise | Torgque {inch-pounds)
No. > 30
No. 3 LS
Ro. -2 60
/L 100
5/1% 150
3/8 20
7/15 and over 350
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3.10 Push out.- Push out values for the plate nuts shall be not less than
the values listed in table V when tested as specified in 4.5.4.

TABLE V. Push out

Thread sise Pounds
No. 6 )
No. 8 a0
No. 10 100
1/4 and over 125

3.11 Vibration.- Self-locking hexagon and plate nuts shall withstand
the vibration test as specified in 4.5.5.

3.12 Discontinuities.- Discontinuities in the nuts shall not exceed the
dep=as shown in table VI when tested as specified in 4L.5.6. Cracks shall not be
per—tted in any location. A crack is defined as a clean crystaliine bresk
passing through the grain or grain boundary without the inclusion of foreign
slezents.

TABLE VI. Limits of depths on laps, seams, and
inclusions of finished nuts

Thread sise |5/16 and 7/8
of nut under 3/e 7/16 | 12 9/16 5/8 3/k | and up

Hexagon and
piate nuts
=ade from 0.005 0.006 | 0.006 | 0.007 | 0.00810.009 | 0.010} 0.011
sheet zetal

Hexagon and
plate nuts
oade from 0.010 |[0.011 |0.012 | 0.014| 0.016}0.017 | 0.019} 0.022
bar or wire

3.13 Identification of product.- Nuts shall be identified in accordance
with the applicable standard.

3.1y Workmanship.- Woricsnship shall be consistent with the type of
proéist, finish, and the class of thread fit specified. The product shall be
Zres ‘ron fins, seaus, cracks, toolmarks, and other defects which might affect
serviceablility.

b QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection.- Unless otherwise specified in the con-
tract or purchase order, the supplier is responsible for the performance of all

inspection requirements as specified herein. Except ae otherwise specified, the

MIL-5-7873A

supplier may utilige his own facilities or any other commercial lahoratory
acceptable to the Goverment. The Government reserves the right to perform any
of the inspections set forth in the specification where such inspections are
deemed necessary to assure supplies and services conform o prescribed require-
oents.

4.2 Classification of tests.- The inspection of nuts shall be classified
as:

(a) Qualification inspection (4.3)
(b) 7wality conformance inspection (4.4)

4.3 Qualification inspection.-

4.3.1 Sampling instructions.- Samples shall consist of 70 hexagon
or plate nuts for each sige upon which qualification is desired. All bolts,
screws, and mandrels necessary for tests specified herein shall be furnished by
the manufacturer. Samples shall be identified as required and forwarded to
the activity responsible for qualification, designated in the letter of author-
igatior from that activity (see 6.3).

4.3.2 Insvection.~ The qualification inspection of self-locking nuts shall
consist of all '.’;he examinations and tests of this specification, as specified
under L.5.

4.3.3 Ceriified test report.- The manufacturer shall furnish a certified
tes. report showing that the manufacturer's product satisfactorily conforms to
this specification. The test report shall include, as a minimum, actual results
of the tests scecified herein. When this report is submitted, it shall be
accezpanied by 2 dated drawing which cozpletely describes the manufacturer's
product by spezifying all dimensions and tolerances, composition of material
selected, platirg applied, and the caterial hardress. The mamufacturer's part
nunter for each sige shall be included on the above drawirg.

L.L GQuali:- conforpance inspection.- Quality conformance inspection

shall consist of the tests specified in L.4.2.

L.4.1 Sa=ziing.- Sacple nuts shall be selected at randem from each
lot as specified Selow.

L.L.1.1 1o:.~ A lot shall consist of finished nuts wihich are of the
sane ~ype and 2iameter fabricated by the same process, heat <reated in the same
zanner, and prcéiced as one continuous run or order or part thereof.

4L.4.1.2 Sacoling plan A.- Sazpling sises for exacination of product
and thread fii, -earing surface squarensss, and discontinuities shall be in
accordance with M_1-STD-105, inspection level I, as specified in table VII. The
azceptance and - tion criteria shall be applied for the f5)lowing Acceptable

Sumlizy Levels (All's) pertaining to she corresponding class of characteristics:

7
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Major AA
Major A
Major B

Major C

&.4.1.2.1 Classification of defects.-

0.0 percent
0.4 percent
1.5 percent

2.5 percent

for self-locking nuts shall be as follows:

¥alor AA Visual inspection of package marking

¥ajor A Visual presence of locking configuration
103 Bearing surface squareness

Xalor B 101 Thread fit

Major C 104 Surface plating
203 loose or hanging burrs
205 All dimensional characteristics which are not
covered above

The classification of defects

TASIE VII. Sampling plan A - Normal inspection (single sampling)

Inspection level I, MIL-STD-]03

ot sise 0.4 Percent AQL 1.5 Percent AQL
le Sample Saample
sige Ac__ Re sise Ac__Re ] Ac

-, 35 0 1 10 0 1 7 0 1
32300 35 0 1 10 0 1 25 1 2
X1-500 35 o 1 35 1 2 25 1 2
IL-800 35 0 1 35 1 2 35 2 3
x1-1,300 35 o} 1 50 2 3 50 3 L
1,35.-3,200 110 1 2 75 3 [ 75 L 5
3,20 and up 150 2 3 150 5 6 |150 8 9

2.5 Percent AQL .

Sempling plan B.- For the axial strength test, samples shall
te sslected in accordance with table VIII.

TASLE VIII. Sampling plan B

ot sise Sezple sise Acceptance number
Cnder 10,000 5 ]
10,09 to 50,000 10 ]
§0,20% to 100,000 15 o
Zver 100,000 27 1

MIL-N-7873A

4.4.1.4 Samoling plap €. - For the locking torque, torque out, and pu
out tests, sampling shall be in accordance with the attribute plan shown in
table VIII. The acceptance or rejection numbers shall apply to all the test.
for the locking torque, torque out, and push out tests taken separately, i.e.
s nut shall be classified defective if it fails to meet any requirements of
any cne of these tests,

4.4.2 Tests. - Quality conformance inspection of self-lnzking nuts shall
consist of:

(a) EZxamination of product (4£.5.1)
(b) ixial strength room texperature (4.5.2.1)
(c) Zocking torque (except after bake) (4.5.3.2)
(d) Ciscontinuities (L.5.6)
In addition, s=1f-locking nuts shall pass any of the ather tes's specified in

this specification which are considered necessary to ietermine conforzance with
this scecificaticn.

L.L.3 Resutzitted ction lots. -~ The paragrarh titled "Resubxitted
1ots or batches” MIL-STD-105 shall apply, except +%a> a resubmitted inspec-
tion 1:t shall pected by the coniraztior, using =ighterned inspection.

1 lot is resabzitied, 311 particul erning the cause
on and the action taken “c correc: s found in the
he prozuring activity.

. - The nuts shall “e exanined for conformance
tc this apecifica ‘o material, workzanstip, dizensions, design

and censtructien. and finish.

o Z2etermine the eccentricity
snall be zeasured Ab the

roughness shall e measured in

- The t2lts for these tests
~dance a2 MIL-5-8879, class 3JA.
‘e shall have a free
e diame-er of the bolt, The

ss than <ne diazeer of the bolt
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3.5.2.1 Axial strength.- At least three sample nuts shall be assemdled
23 bolts and beked at 1,200° F for 6 hours, cooled to room temperature, then
Tezoved from the bolts. These nuts and at least three nuts in the as-received
s2532ision shall then be assembled on the mandrels and the load specified in
<able I applied to the nuts. The threads of the nut shall not strip at the applied
Zsa2. If the threads on the mandrel are damaged during the test, the results of
<zat test shall be discarded. The tests of the nuts need not de carried to
2estruztion, but may be stopped vhen the specified load is reached.

©.5.2,2 Stress rupture strength.- The nut shail be tested at 1,200° +5° F
in te=s .. .. veen the head of the bolt and the nut for 96 hours. The load
sppliel shall be as specified in table I. Rupture of the nut before the specified
<ize s=all be cause for rejection.

3.5.3 Torque.-

$.5.3.1 WVrench torgue.- Steel bolts in accordazce with 4.5.2 shall be

2sed 257 this test. Three of the hexagon nuts shall be subjected to this test
er =aving been baked for 6 hours at 1,200° F, then cooled to room temperature.
s shall be tightened against a steel bushing wvith a box or socket vrench

<5 the sorque values specified in table II. Box vrenches shall be type I, class 1
=an%or=ing to GGG-W-636 and socket wrenches shall conform to GGG-W-6Ll. Deformation
wzizh irterferes with the proper application and removal of the put with the wrench
is sufficient cause for rejection.

5.5.3.2 Locking torque.- The locking torque tests shall be run at a rate
s.cv exyigh to obtain a dependable measurement of torgque. The temperature rise
¢ <he a3t under tests shall not exceed 75° F above room temperature.

:.5.3.2.1 Maximum locking and oinicus breakaway torque.- Nuts shall be
<este2 ia accordance with the procedure in %ests 1 and 2, teble IX. New nuts

a2 tolts shall be used for each test.

<:5.3.2.1.1 Bolts or screvs for caxizum locking *orque aad minimum
S:eakevas torque tests.- For the zaxizuz locking torgue and minimum breakaway
':*;;- <ests, bolts or screws shall conform to MS20033 through MS20046 for sizes
5o. 10 az2 above, and to ANS03 for sizes under No. 10, except that the material
¢ <he “olts or screvs shall be equal or equivalent to the material of the nut.
All dolts or screvs used shall allov the nut to be assenbled fully with the fingers
<P 9 tze locking element.

MIL-N-7873A

TA3LE IX. Torque test procedure

No. nuts Pretast assembly Test
Test tested position Condition temperature
1 10 Unasseczbled As-received Room
2 10 Fully assembled Bake 6 hours fully Room
assexbled at 1,200° F,
then cooled to rocm
tecperature

4.5.3.2.2 Maximg Jocking and miniomus breakaway torque. - The nut shall be
installed and removed from the test bolt 15 times checking maxtmm locking torque
and minimum breakaway torque during the first and fifteenth cycles. A bolt will
be considered fully installed when two thread ritches (including chazfer) extend
through the nut; the removal cycle shall be considered complete when the locking
device is disengaged. The ainimum breakaway torque shall be determined when a
minirmm of one and a =aximmia of two threads extend through the nut.

4.5.3.2.3 Rensability. - At the conclusion of the rinirmm breakaway torque
tests, the nuts and -olts or screws used in this test shall be examined for damage
to the threads. Notizeable distortion or scratches deep enough to reduce the
efficlency of the th-eads shall be cause for rejesction. The thresads on the Bolt
or screw, as applicadle, shall remain in serviceable condition and permit the
installation of a rew nut freely with the fingers up to the self-locking elemen:.

4.5.3.3 Toraue out. - In table IV, the torque out values for plate nuts

listed shall apply “c nuts when tested with no axial lsad on the seat of the mut.
The nut or nut assesbly shall conform to the values specified without cracking the
nut retainer and without becoming malformed s:fficiently to preciude the applica-
tion of the same torg:e in the opposite direction. The nuts to be sudjected to
this test shall be riveted or fastened with screws to a steel plate cf a thickness
equal to or greater n the maxir:z thread dlazeter. The bolt hole in the plate
shall be located con:zentric with the nomiral position of the thread in the nut
within 0.010 inch “2%al indicator reading. The diameter of the torque stud or de-
vice shall have a maxizia dia~etral clearance of 0.010 inch in the test plate. The
Torgue stz or devise shall de provided with a shoulder to seat against the base of
t=e nut or shall inzcrrorate a suitable tushing to accomplish this. Zeverse lcalding
=ay be ac:cmplished addition of a chesx nut

4.5.4 Push out. - The =intrmm load required to push out the nut from the
retainer of the plate rut or to effect a percansnt deformation axial with the nut
elecent of 0.030 inch, ceasured at the thread centerline between the test plate
ard the base of the <h-eaded slemsnt, shall be not less than the values specified in
table V. The nuts shall be prapared for this test as specified in L.5.3.3, except
that the push-out si:i or device shall be provided with s hemispherical end of a
diazster equal to the thread diameter plus 1/32 inch, minirum, instead of the
shoulder or bushingz.
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4.5.5 Vibration.- Sacple nuts with matching bolts of the sises and
quantities specified in table X shall be vibrated at 1,200° F on a stand in
accodance with figures 1 and 2. Fallure of more than two sample nuts of any
one sise shall be cause for relection.

L.5.5.1 Vibration test on nute larger than 1/2-inch sise are waived
provided that 1/2-inch nuts and saller of the same type and design of Iocking
devize have satisfactorily passed the vibration test. vibration tests on
poate nuts having locking devices idemtical to qualified hexagon nuts will not
e conZucted. Plate nuts requiring vibration tests will be vibrated after
reso7al of the plate luge.

TASBLE X. Vibration requirerments

Basic part Bolts and nute required Minimum vibration

nreat No. of boltd (cinimm of each) time (mnutes)

<

- Hex nuts | Plate mutd

D-32 | ¥520033-13 £/ 0 30
1/u-28 | MS20034-13 2 L0 L0
5/15-2, | MS20035-13 2, 90 70
3/3-2, | M520036-13 2 120 90
7/.5-20 | M320037-13 2 120 90
1/2-20 MS20038-13 2, 120 90

L.5.5.2 The test nuts shall be screwed on the test bolts which pass
chrough “he drilled holes in the arbor and sleeve of the test rig. The bolts shall
e Iree .v sv.at® in the arbor and sleeve when the nut is in the test position
a=2 8t the test temperature. 7The locking device of the nut shall be the only
fazior wnich resirains the nut froz turning on the bolt. The thrust load of the
=ess ar:tor, including the weight of the electrical power unit, shall be 65 pounds.
2sZerezze lines shall be scribed and shall be made on both the nuts and the
bolts 25> the purpose of deter—ining if the nut turns on the bult during the
vibraticn test.

L.5.5.3 Lug removal of plate nuts.- One-plece plate nuts shall have their
attaching lugs so trimmed that <hey are equal to the width of the part and provide
sy=e-T7 sbout their threaded axes.

4.5.5.4 A check to deter—ine if the nut has turned on or off the bolt shall
be aade a: 50 percent of the tize and after the completion of the vibration time
spesified in table X.  Any two nuts which have rotated 30 degrees in either side
<h respect to the bolt before the required time of vibration life has elapsed
shall be considered unsatisfactory.

b2’

MIL-N-T873A

4.5.6 Discon:izuities.- The presence of discomtinuities in nuts, such as laps,
seans, and inclusiccs, shall be determined by one of the following methods of inspec~
tion, unless visual iaspection discloses discontinuities vhich would preclude the
necessity for these Inspection means. The presence of cracks in nuts is cause for
rejection. Other iziications shall not be cause for rejection, provided they are
vithin the acceptad’s limits of table VI. If the indicatfons are cause for rejection
representative sazples shall be taken from those nuts showving indications which shall
be further examined by microexamination to deterzine whether the indicated discon-
tinuities are in accordance with the limits specified herein. In general, discoz-
tinuities within the sc:eptabdle limits of table VI shall not be cause for rejection.

4.5.6.1 Imspeciion method for heat- and corrosion-resistant steel.- Fluores-
cent penetrant 1nspestion shall be performed in accordance with MIL-I-6356. Such
inspection shall, in general, be performed on finished nuts, but in any case, subse-
quent to any processicg operations vhich could adversely aZfect the part. DNuts shal
be dyed as an indication of fluorescent penetrant inspectior specified by the saaplii
requirements of this specification. Personnel conducting fluorescent penetrant insp
tion shall be qualifiel in accordance with MIL-STD-LiO.

L.5.7 Magnetic ;ermeability.- The magnetic permesbility shsll be determined by
the use of an indica: in accordance with MIL-I-1721k, or equivalent. This tes:

:hlll be performed o= :the sane samples vhich were used in the axial strength test of
.5.2.1.

4.6 Packaging, cacking, aad marking.- Preparation for delivery shalil be

examined for conforzan:e to seztion 5.
5. PREPARATION FOR ZILIVERY

5.1 Preservatic>, packaging, packing, and —arking.-~ Self-locking nutas shall be
preserved, packaged, racxed, and =arked for ship=ent in accordance with MIL-H-3082.
Preservation and packeging shell be level A or C, as speciZied in the cor*ract or
order (see 5.2). Packing shall de level A, B, or C, as specified in the contract or
order (see 6.2).

6. NOTES

6.1 Intended use.- The nuts and plate nuts are intenled for use in applica-
tions where caximum tex;eratures do not exceed 1,200° F.

6.2 Ordering data.- Procurezent docuzents should specify:

(a) Title, er, and date of this specification.
(b) Data r enents (see 3.2).

(c) MS par: ber.

(d) Quanti:y.

(e) Applicasle levels of packaging a2 packing (see section 5).

15
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5.3 Qualification.~ With respect to products requiring qualification, avards
vill e zade only for such products as have,prior to the time set for opening of dids,
teen tested and approved ‘for inclusion in the applicable Qualified Products List,
vhether or not such products have actually deen so listed by that date. The attention
of the suppliers is called to this requirement, and manufacturers are urged to arrange
<0 kave the products that they propose to offer to the Federal Government tested for
gualifization in order that they may be eligidle to be avarded contracts or orders
2or the products covered by this specificetion. The activity responsidble for the
SasliZied Products List is the Naval Alr Systems Commsand, Department of the Mavy,
washizg=on, D. C. 20360 (Attentiom: AIR-530323); however, information pertaining to
ualifization of products may de obtained from the Naval Air Development Center,

Aero Mazerials Department (MAEM), Johnsville, warminster, Pennsylvania 1897%.

5.3.1 OQualification tests vill be authorized oniy upon presemtation of certified
test reyorts indicating that the nuts have met or vill meet the requirements of this
specisization (see b.3.3).

6.4 Definition.- In this specification the word "nuts”, unless qualified by
hexagon or plate, refers to both hexagon nuts and plate nuts. When only hexagon nuts
or oxly plate nuts are intended it will de so indicated in the specification.

Custodians: Preparing activity:
Army - AV Navy - AS
Savy - AS
Air ?zsce - 82 Project No. 5310-0077

Peviever actavities:
Arzy - AV
Savy - AS
Afr Poree - B2

15
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MIL-B-T8TLA
17 NOVEMRSR 1967

Superseding
- MIL-B-787h
29 February 1952

MILITARY SPECIFICATION
BOLT, MACHINE, 1200° F
This specification is mandatory for use by all

Departmeats ani Agencies of the Department of
Defense.

Z-. This specification covers the requirements for bolts that shall be
=¢1 in one grade only fcr use where temperatures will nct exceed 1200° F.

2. AFPLICABLE DOCUMENTS

2., The following documents, of the issue in effsct on date of invitation for
Sils c: request for proposal, fora a part of this specification to the extent speci-

rig: maraip:
s-el Zerz2in:g

FICATIONS

M. litary

IL-E-3982 {7

Hardvare {Fasteners and Related Items), Packaging
and Packing for Shipment and Storage of
MIL=3-7873 W:t, Self Locking, 1200 F
HZI—S-SS‘ S:rew Threads, Controlled Radius Root with Increased
Minor Jiameter, General Specification for

STANZARDS
¥ilitery
MIL-STD-105 Sazpling Procedures and Tables for Inspection
oy Attribtutes
TD-A31 Test Reports, Preparation of

vp--8 Of specifications, standards, dravings,and publicaticns required by
Liecs in connection with specific procurement functions should be obteined from
Frosuring activity or as directed by the contracting officer.)

MIL-B-~T87LA

2.2 Other rublications.- The following docuzent forms a part of this specifica-
tion to the extent specified herein. Unless othervise indicated, the issue in effect
on Jdate of invitation for bils or request for proposal shall apply.

American Standards Association
ASA BU6.1 - 1962 Surface Texture (SurZace Poughness, waviness and Lay)

(Copies of the above publication =ay be ob=ained from the American Standards
Association, Inc., 10 Eas: iCth Stree<, New York, %. Y. 13C16.)

3. REQUIREMENTS

2.1 Qualification.-The bolts furnished unier this specification shall be a
product which is in accordance with the applicable standsrd ani which has been sub-
Jected to and passed the gualification tests spe:ified herein, and which has been
listed on or approved for listing on the applicabdle Qualified Products Lis:

3.2 Material.- The tolts shall be fabricate2 from hea: and ccrrosion-resisting
material. Unless ouhervxsa specified, =:is mate-ial shall have a =inimun iensile
strength of 140,000 pounds rer square inth (psi), a minimuz 9.2 perzent yield strength
of 55,000 psi and a minimu® stress rupsure stremgs: of 63,230 psi in 23 hours.

.

3.3 Design and conssruction.-

3.3.1 Dimensions.- I:mensions shall be in aczordance with applicable

standards.
3.3.2 Threais.-

.1 Form end dizensions.- Thread dimensi>as shall be in accordance with

and shall be fully formed by any singla rdlling process after hest treat-

3.3.2.2 Incozplete ‘*—ﬂad nitch-s. The

sds shall be faired into the shank

=um of cne ircperfect threads, %o
The tzizom ani sides of runcut

: *ﬂ'La.e Srom true t:read for: w2 shall te smooth end free of tool

S g8 ]
[T
Wb
o
0
i
Q
[
+
i
]

csntour «ith the

a right

T 28 the

£ 10 min-
iangth
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3.3.3.2 Head structure and grasin flow.~ A section of the head shall show no
‘-"*~‘ntal defects and shall snow grain-flow lines substantially as shown on figure MIL-3-TBTLA

The grain-flow lines may be slightly brokem by the finish machining or grinding.

TA3LZ ITI. Tezsile and snear strength
3.4 Surface roughness.- The surface roughness of the bolt shall not exceed

<he values specified in table I. The surface roughness shall be measured in accord- Tensils breaking Double shear
~e with publication ASA B46.1 - 1962. Bolt size Room tezperature strength
TABLE I. Surface roughness 5 ~5 (P°“"§;:$§§ieaal__
1/ 5,-19 2,120 8,300
Aree Roughness height rating 5/16 8,330 -2 13,000
(rhr) (maximum) 3/8 13,339 5,220 18,800
Shank and underside of head 63 /16 18,220 7,239 23,600
Heed to shank fillet 32 1/2 2k,270 9,730 33:LOO
Sides of thread and root area 32 9/16 30,30 12,32 52.200
Other surfaces 125 5/8 38,220 15,223 52,200
3/h 55,223 22,33 75,12¢
3.5 Straightness.- The straightness of the bolt shall be within the values 7/8 75,322 31,27 102,008
speci’ied in table II wken the bolt is rolled on a surface plate and the point of 1 : 42,729 133,592
greatest deviation is measured with a feeler gage. 52,211 169,009
66,350 208,600

TABLE 1I. Shank straightness
- Bol%s —ay possess laps and seams, exzept in locetions

Bolt si Deviation of bolt shank from plate of discoziinuities, when mersured normal to the surface
L size (max) (inch per inch of bolt length) etration, shall no: exceed 0.005 inch for H5. 12 through
] 0. 0040 7/16 an2 :.008 for 1/2 through 1-1/h.
1/h, 5/16 .0030
3/8, 1/16 .0025 3.7.2.3 inuities  laps, sea=s and surface irregularities).- Thread
1/2 and larger .0020 ingle laps 2: the r:cct or on the sides, figure 3, except

issible 22 the cres: % excesd 25 percent of the basic
outsice azeter. Slight deviation freo ihe
at the **-st of tXe thread.

wnich éo -
3.6 Mechanical properties.-

3.6.1 Tensile and rupture stren
tol<s zhall be as specified in table Z7I.

threzl contour Is permis

The tensile and rupture strength of the

used Ior <he texs: and stress rupture tests stall
that i 2% trea%ed to develor the fulil
e threads i accoria=ce with MIL-3-8873,

2.6.2 Shear strength.- The ulti=ste double shear strength of the bolts shall

e as specified in table III.
cation =7 oroduct.- 3olts shall be identified in ascordence with

2.6.3 Hardness.- Hardness shall be Rockwell C27 to C37.

2.7 Metallurgical croperties.- Jdesign reguire-

2.7.1 Carburization.- The bolt shall show no decarburization, carburizetion
r rCecarburization on the bearing surface of the head, heed-to-shank fillet, shank % QUALITY ASZiZANCE TFIVIZIONS
r throeds,

9 Q

ise specifie? in the contract
for=mance of 211 inspection
ified, the supplier may
laboretcry acceptadle to the
r2serves <> rerforz any of the inspections set
nere su i are deegmel necessary .3 assure

to pre = aTents.

3.7.2 Discontinuities.- iscontin:ities shall not exceed the following

7.2.1 Cracks.- There shall be no cracks in eny location. A crack is definﬂ*

sion Sl foreign elements.
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%.2.1 All inspection records of examinations and tests shall be certified
a3 shall de supplied for each production lot or portion thereof. The records and
~eports shall be submitted to the purchaser with the shipper's list and not in each
individ:al package (see 6.2).

L. 2 Classification of tests.- The inspection and testing of 1200° F bolts
shall e classified mas follows:

(a) Qualification tests (4.3)
(b) Quality conformance tests (L.h)

L.2 gQualification tests.-

4.3.1 Sampling instructicns.- Qualification test samples shall consist of 30
8 for each size and type for vhich qualification is desired. The grip length of
bolts shall be approximetely 2-1/2 inches. The self-locking nuts in accordance
wizh 3.3 shall be furnished with each set of qualification test sample bolts.

Sazples szall be identified as required and forwarded to the activity responsible for
Falifizazion designated in the letter of authorization from that activity (see 6.3).

4.3.2 Tests.- The qualifization tests of bolts shall consist of all the -ests
22 <his ssecification as specified usder test methods (4.5).

L.3.2.1 Certified test report.- Each set of qualification test samples shall
te asccoraaied by a certified test report showing that the manufacturer's product
2onfor=s 0 the applicable siandards and this specification. Test reports shall be
FUerered in accordance with ¥IL-ST2-831. When the report is submitted it shall be
aczc=panied by a dated drawing which completely describes the manufacturer's product
Ty speciiying all dimensions and tolerances, material composition, coating or plating,
L1 39 treatment. The manulacturer's part nucter for each size and length shall be
iunde2 o3 the draving. Failure of the menufacturer to furnish a satisfactory certi-
Zied test report with the qualification sanples shall be sufficient cause for rejection
of the juaiification request (see £.2),

e suality conformance tests.- The quality conformance testing shall consist
= the folloving tests, as specified under test =ethods (b.5). In addition,bolts
shall be sublected to any of the other tests specified herein which the inspector
sonsiders necessary to deternine conformance to this specification.

'a) Examination of produst (L.5.
‘b) Tensile streng:h (L.5
(c¢) Head structure (L.5

)
J
)

AVANLV I 2

L...l Tests.~ The bolt manufactursr shall be responsible for accomplishing
the jual:ity conformance tes:s specified herein.

4.-.2 Lot.- The lot definition, fermation, end size shall be in accordance

wizh MIT-537D-10S.

MIL-B-T3TLA

4.4,3 Sampling.-

sample bol: shall be

cted for examination of product

in accordance with MIL-ST>-125, inspection level II, accepance quali*y level as

follows:

Major lefects 2.5
Minor A defec:s L.o

For the tensile and macro-2:7h tests & sample of <v> bolts Zrom each lot shall be
select=d to detercine confor=ance with 4,5,2 and -.3.,5. The acceptance number shall

be zero.

L.u.3,1 Classificatizs of defacts.- Defects shall be classified as shown in

“able IV,

A3LE IV. CTlassification of defects

AQL percer:
defective Classification -izangional characteris<tics
Hajor
2.5 iol hreai size ani form

102 hanx diameter

103 =plete thraals and thread runout
10k sagth

05 under heaj

106 238 between head and shank
107 S:ira2ighiness of shank

108 ate roughness

Z10 sr face diazeter

11

12

Mizor A
L.0 291 verall lengtt

292 z ight

233 I ication

20h jof on threald end

225 C: on hesi

135 2 2nd tool =arks

L g -

4 for conformance
ial, design, worktuan-
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b.5.2 Tensile strength.- Sample bolts shall be tested in tension betwsen the
head of the bolt and a nut conforming to 3.8. The bearing face of the nut shall be
located a minimum of two and a maximum of three pitches from the bolt thread termina-
zion. Bolts with a grip length of less than twice the shank diameter need not be
tested,

L.5.3 Shear strength.- The doudble shear strength test shall be performed on
the usthreaded portion of the bolt in a fixture conforming to figures 6 and 7. Other
~ypes of shearing jigs may be used if acceptable to the procuring activity. The test
need not be run to rupture of the bolt. If the bolt length is less than twice the
shany diameter, test coupons of the same material, diameter, heat treatment or cold
“9rx, or both, shall be prepared and subjected to the shear test.

©.5.4 Stress ruoture.strengih.- Saaples of the bolts shall be tested at 1200° :
+19 in tension between the head of the bolt and a nut conforning to 3.8. The rupture
<est shall consist of the application of a static tensile load as specified in table
I1I %o the bolit for 23 hows.

4.5.5 Head structure and grain flow.- Head structure and grain flow shall be
deterzined by macroexamination. Specimens shall de taxen from the finished bolt as
shova ir figure 5. The bolts shall be etched in an aqueous solution containing 50
sercent (by volume) of commercial hydrochloric acid at T1° to 82° C (160° to 180° F)
for sufficient time to reveal the macrostructure properly.

4.5.6 Hardness.- Each bolt of tne randcn samples shail be inspected feor a
2ockvell hardness on the erd of the bolt. Each bolt of the random sample shall have
a Rockvell hardness in the range of CZ7 to C37 in order for the inspection lot and
the production lot to de considerei acceptable.

5 Fackaging, packing, and carking.- Preparation for delivery shall be
exained for conformance with section 5.

5.  F2ZPARATION rOR DELIVERY

5.1 Bolts shall be preserved,packagel, packed, and marked i1, accordance with
MIL-H-33932.

-~

5. NOTES

5.1 Intendea use.- The tolts covered by this specification are intended for
use with nuts conforming to MIL-K-T873 at temperatures not exceeding 1200° ¥ in air-
craft accessories and engines,

6.2 Ordering data.- Procursement documents should specify the following:

(a) Title, number, end date of this specification.

(b) MS part nuaber of ihe bolt and the quentity desired.

(c) Data requirements (see 4.1.1 and k.3.2.1).

() Applicable levels of preservation, packeging and packing,
and unit quantities required.
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i i o iring qualification, awards
.3 Qualification.- With respect to products requ i o

will \6>e3:s;’; only for such products as have, prior to the tine set for.g,.;:i:g :t
bids, heen tested and approved for inclusion in the uppuc?ble Qualifi: ’...o uc'n’\
List, whether or not such products have actually been so listed by tha.‘-:.e. e .
atter;tion of the suppliers is calied to this requirement, and manufactur ::-: are u.:g:
to arrange to have th2 products that they propose to offer to the Federa: uov:rmn:n
tested for qualification in srder that they may de eli..gible to be ava.rfie:.con r?gi:
rs for the products covered by this specification. The activit/::spons e
Sialified Products List is the Faval Air Systems Cormand, Navy -efaru,nen N
-on, D. C. 20360, Attention: AIR-530323. Ho\{ever. information pe::ain.ng to
quslifi:a:ion of products may be obtmined from the Naval Air Engineering Center,

Thiladelzhia, Pennsylvania 19112, Attention: M-52.
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MILITARY SPECIFICATION

SCREW THREADS, CONTROLLED RADIUS ROOT WITH INCREASED
MINOR DIAMETER; GENERAL SPECIFICATION FOR

This specification is mandatory for use by all Departments
and Agencies of the Department of Defense.

1. SCOPE

1.1 This specification defines the requirements for Unified screw threads, classes
3A and 3B, altered to include a mandatory continuous radius of from 0.18042p to
0.15011p at the root of the external threads and with the minor diameter of both
external and internal threads increased (over Unified thread values) to accommodate
the root radius.

2. APPLICABLE DOCUMENTS

2.1 Thefollowing documentsof the issue in effect on date of invitation for bids or
request for proposal form a part of the specification to the extent specified herein.

Commercial Standard CS8-61 Gage Blanks
National Bureau of Standards Screw-Thread Standards for Federal
Handbook H28, Part} Services

(Application for copies should be addressed to the Superintendent of Documents,
Government Printing Office, Washington, D.C. 20402.)

3. REQUIREMENTS

3.1 Basic thread data. The basic thread data for all standard pitches of threads are
given herein in table I,

3.2 Thread forms

3.2.1 External threads. All external screw threads defined in this specification are
of Uzified form in accordance with Handbook H28, class 3A only, altered at the root

so that the flanks of the adjacent threads are joined by one continuous smoothly blended
curve tangent to the flanks at a thread depth of 9H/16. The radius of curvature adjacent
to the flanks shall be between 0.18042p and 0. 15011p (see figures 1 and 3).

3.2.2 Internal threads. The internal threads shall be of Unified form, modified at
the minor diameter to the values given in tables II through VII herein, and shall be
class 3B tolerance only (see figures 2 and 3).

FSC MISC
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3.3 Thread series. Series of threads are classified and distinguished from each
other by the pumber of threads per inch applied to a specific diameter (diameter-
pitch combination). The sizes and series for which limits of size are given in
tables 1I through VII comprise a selection from Handbhook H28.

3.3.1 Preferred selection. To encourage maximum usage of a limited number of
screw threads, the fine thread series of diameter pitch combinations (table ILI) shall
be used when design requirements permit practical application.

3.4 Limits of size, Screw threads, in accordance with this specification, shall be
within the limits of size specified in tables II through VII, for the selected diameter-
pitch combinations shown therein. The specified limits of size are considered exact
and are inviolable unless specific exceptions are made. The pitch diameter equivalent
of the variation in any given element, except pitch diameter shall not exceed 0.4 of the
pitch diameter tolerance. Flank angle equivalents are based on a depth of thread
engagement "h" which ig equal to 3H/4, (See figure 1.) The deviations in lead and
flank angle that are equivalent to 0.4 of the pitch diameter tolerance are determined
from formulas in the appendix. Values of 0.4 of tae pitch diameter tolerance and lead
and angle variations equal thereto are tabulated in the appendix.

3.4.1 Length of engagement. Tolerances specified herein are based on a length of
thread engagement equal to the basic major diar=eter for the UNJC, UNJF, and 8UNJ
series and a length of enrgagement of nine pitches for the UNJEF, 12UNJ, and

16UNJ series.

3.5 Incomplete threads. Unless otherwise specified, the runout threads on
externally threaded parts shall be no less than oze nor more than two pitches in
length, The threads shall run out onto the shank, eliminating any abrupt change in
cross sectional area. The root of the runout threads shall be radiused. The radius, as
it approaches the unthreaded portion of the shaax, shall be no less than the radius of
the full thread portion.

3.5.1 Leadthreads, Unless otherwise specified, the entering end of external threads
and the entering end of internal threads may be cu:side the specified limits of size

for a length not to exceed two pitches, including chamfer. In no case shall the lead
threads exceed the specified maximum material coadition.

3.5.2 Material limits ior coated threads, Cca:ing is one or more applications of
additive finish of any material including dry film l:bricants, but not including soft or
liquid lubricant. When externally threaded par:s zre to be coated, the minimum pitch
diameter may be reducac by not more than 0, 072 inch on all threads for which the
tolerance specified herein does not exceed 0, 07025 iach. For threaded parts for which
the pitch diameter toleraace specified herein is greater than 0.0035 inch, the minimum
pitch diameter may be recuced by an amount eg:2: to 0, 3 times the pitch diameter
tolerance but not more :=an 0.0015 inch. The ma:arial limits for coated external
threads shali be as specified herein. All thread =l2ments shall be witain tolerance
before coatirg. After ccating, the threads shall 2 within the maximum material limits
specified herein.

1]
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3.5.2.1 imecinal threads, Internal threads to be coated may be increased by the
same amount permitted for external threads. After coating, the threads shall be
within the minimum material limits specified herein.

MIL-S-8879A

3.6 Gages. Gage tolerances shall conform to the unilateral tolerance system and
shall be within the product limits. The gages used for the inspection of screw threads
shall conform to the applicable requirements of Handbook H28 and shall be made to
"X" tolerances., The lead, angle, and pitch diameter of setting plugs shall be made to
"W tolerances.

3.6.1 Gaging internal threads, Functional size final conformance gages for

internal threaded products are Commercial Standard 8 (CS8), AGD plain and threaded
piug gazes; or indicating type gages may be used if procedures require variable type
inspection. The lead, angle, and uniformity of helix of internal threads are subject to
inspection by sectioning or by making a cast and inspecting by single element methods
or by diZferential analysis. Inspection by variables forms the basis of final conformance
gaging of individual thread elements of the product,

3.6,1.1 Full form gages. Full form threaded plug gages may also be used for
internal thread gaging. The use of full form threaded plug gages eliminates the
require=ent for 2 minimum minor diameter plain plug gage check. Full form gages
shall b2 made to the maximum material limits of the product external thread with a
plus gazemakers tolerance. Full form threaded plug gages may be used as
a refere2 gage for the minor diameter.

3.6.2 Gaging external threads. External threads require single element gaging in
order to ascertain that all elements are within the required limits of size. Gages for
external :aread inspection shall be checked or set with setting plugs.

3.6.2.1 Thread snap gages. Thread snap gages having adjustable gaging anvils or
indicating type gages shall be used to inspect the minimum material limits of external
threads. The gaging elements shall engage the thread over a length of not more than
two pitctes, Gaging elements that engage one pitch may also be used and have the
advantage of minimizing the effect of lead and angle deviations.

3.6. 2.2 Indicating type gages. The lead, angle, and uniformity of helix of external
threads may be inspected and analyzed by a set of indicating type gages. This type of
gaging is xnown as differential analysis and is used to determine the extent of
deviatioz in any of the elements of the thread. The deviations in various elements shall
not exceed that specified in 3. 4.

3.6.2.3 Ring gages. Threaded ring gage inspection may be used only todetermine
functior2! size and will prove only that a part accepted by the Go threaced ring gage
will assemble with a part accepted by a Go threaded plug gage. Acceptance by Go
tareadec ring gages does not preclude the necessity of determining the accuracy of
individual elements by single element gaging,

' . .

3.6.2.4 Root radius insoection, The radius of the root of external threads may be
inspected by optical means. No portion of the root shall have a radius of less than
0.15011p or greater than 0. 18042p.

MIL-S-8879A

3.6.3 Referee procedure. The referee procedure for both internal and external
threads involves the measurement of the various thread elements as outlined herein,

Any element of the thread that exceeds the allowable tolerance is justification for
rejection of the part. The fact that the part is accepted by a Go threaded plugz or ring
gage does not alter the justification for rejection determined by single element inspection,

3.7 Surface roughness. On certain parts it may be necessary to control the surface
roughness of the thread flanks, roots, or crests. This requirement shall be specified,
if necessary, on the part crawing or specification. Due consideration shall Le given to
the practical method of preduction and the surface roughness commensurate =ith that

method.

3.8 Definitions. The icextifying letter "J" is restricted to use in the desizration of
threads as defined by this specification, For terms, symbols, and data not cefined or
specified herein see Hancook H28,

3.9 Designations. The =reads described herein shall be designated in accordance
with the following examples:

External thread - . 2500-23 UNJF-3A
MIL-S-3379

Internal thread - .2500-2: UNJF-3B
MIL-8-:379

3.9.1 Designation of special threads, Special diameter pitch combinations developed
in accordance with this spezcification shall be designated as follows:

Example

External thread:

8.750 - 8 UNJS-3A
Major diameter
Pitch diameter
Minor diameter
Root radius
MIL-S-8879

8.735-8.750

8.6625-3, 6688
8.5918-%, 6056
0.0188-0,0226

Internal thread:

8.750 - § UNJS-3B

Major diameter 8.750 MIN
Pitch diameter §.6688-3,5769
Minor diameter 8.6283-3.3433
MIL-S8-8579
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3.10 Hizh temperature applications. In some instances it may be desirable to
provide an allowance for applications in excess of 900°F. In these instances the
allowance shall be provided in the internal thread.

3.10.1 A1___ ° of allowance. The amount of allowance for internal threads for
aigh temperature applications will be determined as follows:

a. The internal thread pitch diam.ter, major diameter, and minor diameter for all
threads 0. 190 inch in diameter and larger that have pitches 32 and coarser will be
increased by 0,003 inch,

b. The internal thread pitch diameter, major diameter, and minor diameter for all
threads smaller than 0,190 inch or for pitches finer than 32 will be increased by
0. 001 inch.

For plated parts, the dimensions shall apply after plating.

3.10.2 Internal allowance thread designation. The internal threads requiring an
allowance as defined in 3. 10. 1 shall be designated in accordance with the following
example:

. 2500-23 UNJF-3BG
MIL~-S-3879

The symbol "G" denotes that the allowance is required.

3.11 Special diameter-pitch combinations, Dimensions for threads of special
diameter-pitch combinations shall be computed by the following formulas:

Exterral threads:

Maximum major diameter = Basic major diameter

Minimum major diameter = Maximum major diameter minus tolerance specified
in table I, column 20

Maximum pitch diameter = Basic major diameter minus 0.649519p. See table I,
column 14

Minimum pitch diameter = Maximum pitch diameter minus tolerance specified
in table IV . 6 titled "Pitch diameter tolerances for
external threads of special diameters, pitches, and
lengths of engagement, class 3A" of Handbook H28

Maximum minor diameter = Maximum pitch diameter minus 0.50518p. See table I,
column 18

Minirm:m minor diameter = Minimum pitch diameter minus 0.56580p. See table I,

column 19
= (0.18042p. See table I, column 8
= 0.15011p. See table I, column 7

Maximum root radius
Minirmum root radius

131
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Internal threads:

Minimum major diameter = Basic major diameter

Minimum pitch diameter = Basic major diameter minus 0.649519p. See table I
column 14 ’

Maximum pitch diameter = Minimum pitch diameter plus tolerance specified in
table IV .9 titled "Pitch diameter tolerances for
internal threads of special diameters, pitches, and
lengths of engagement, class 3B of Handbook H28

Minimum minor diameter = Basic major diameter minus 0.97428p table f, column 16
rounded up to the next larger fourth place decimal, unless
the fifth place is zero.

Maximum minor diameter= Minimum minor diameter plus the internal thread minor
diameter tolerance.

Minor diameter tolerance = [ 0. 05 ¥/p3 -0. 03p/D] -0, 002 except that the tolerance
shall be not greater than 0, 259809p nor less than
0.135315p for threads 13 threads per inch and finer.

For threads 12 threads per inch and coarser the
tolerance is equal to 0,120p.

Where p = Pitch
D = Basic major diameter

Dimensions of special threacs shall be rounded off to 4 decimal places as required
after all computations are mace.

3.12 TUse of existing tools aad gages. Threads defined in this specification may
utilize the followirg 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
made expressly for 3BG threads:

a, Taps and thread plug gages for class 3B
b. Thread gages for class 3A that have had the crest reworked to a 5p,/16 truncation.

3.13 Cha2nges in values of intermal threads. The minor diameter of the internal
threads covered by this specification nave been changed from the values specified

in the superseded specification. Internal tareads made to preseat values r?xay be used
on external threads made in 2ccordance with either tais specification or the
supersecad specification.

3.14 Workmanship, Wort
herein. Tne threads shall
that would make them unsuit

znship shall te consisten: with the tolerances specified
2 2 smooth finish, be iree from flaws and other defects
e for the purpose interced.
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4. QUALITY ASSURANCE PROVISIONS

4.1 Inspection. Products having threads in accordance with this specification shall
be inspected as stated herein and as specified on the detail standard, specification or
production drawing.

5. PREPARATION FOR DELIVERY

5.1 Not applicable.
6. NOTES

6.1 Intended use. Threads covered by this specification are reco mmended for high
temperature use and for applications requiring very high fatigue life and stress levels
comre~surate with the physical size and weight of the product. Applications are found
in airc.an cugine and airframe, missile, space vehicle, and similar design areas
where size and weight are critical,

6.2 International standardization agreement. Certain provisions of this specification
are ibe subject of international standardization agreement ABC AIR STD 17/16 and
17/40. When amendment, revision, or cancellation of this specification is proposed,
the departmental custodians will inform their respective Departmental Standardization
Offices so that appropriate action may be taken respecting the international agreement
concerned.

Custodians: Preparing activity:
Air Force - 11
Army - WC Project No. MISC-0145
Navy - WP
Air Force - 11
Review activities:

Army - EL, WC
Navy - WP
Air Force - 69, 84

User activities:
Army - MO, MU

Navy - WP
Air Force - 70, 71

* .
MIL-S-8879A .
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1.932% 1.92u) [N boatisd LTI 1.mma2 b KUY Q021 1 V. 1.1l 1.
2.0000 1. 9906 L. 1.921x 1.9492 1.8477 1,9394 1.4 [ PLO6TLE 2.
2.1250 | 21156 2. 2.0520 | 2.00642 | 2,0727 | 2.0n44 2. 2. 2.0 2
2, 2500 2. 2400 2.2 2,17 | 2.1892 2.19%% 2,200 2 2 F3 E
2.3150 2, 306 2. 2. 902n 2.0142 2.09227 2.0014 k4 ke i

EXTERNAL THREAD 12 UNJ CLASS 3A
ROOT RADIUS 0.0125 MIN 0.0150 MAX

MIL-~S-8879A

INTERNAL THREAD - 12 UINJ CLASS 21

INTERNAL TIREAD - 12 UNS C

17

MAJOR
NASIC SIZE DIAMETER

SEC-

PRI- OND-

MARY | ARY min |

1 2 3

3.07150] 3.363%

3.5000 3.4686
3.6250] .81

3. 1500 J.71386
3.u750] 3.8634

4.0000 3.9mn6
41250 40106

4.2500 4.2386
4.3750 1 4. 3636

4. 5000 4. 4
4.6250f 4.6)106

4.7500 4.1
4.8750] 4.m63

5. 0000 4. 986G
5. 1250 51136

5.2500 5. 23M6
5,310 5.4

5. 5000 R LT
9.6250 | H. 61

5,.7%00 DTG
5.W50{ Hon6dk

&, 0000 S 9NN

hon20Y
5.9409

5691

L KTA0
&. ho00

MINOR MINOI PITCH MAJOR prren
DIAMETER ER DIAMETER _‘ DA DIAMETEN 0
.- - - - -——1———— ———— —— e o -4
MAX] MAX __MIN | MIN MAX A_max
(I 10 13 ] K 5
3.2909 3.13212 3.3750 3.2969 30069 3.3239 3. 2002
34109 2.4522 1 3.5000 | 3.4219 | 2.4319 | 34480 | 1 4552
35439 3.5772 | 2.6250 | 3.5469 a.aras | 2 nme2
ety 31022 | 3.7%00 | 3.6719 soa0w | 2 t052
3.71909 LR 48273 | 3.8750 | 23,7969 a1 a2y 3
3.01me | 3 3.9520 | 4.0000 | 3,920 § 2 omu | a.04mn | 3
4.0409 | 4. 40773 | 41250 | 40469 Lot §a
4. 16M0 | 4 4,2021 | 4.2500 | 4.1719 EPREILE I I )
a.21un { 4. 2008 | 4.1 43210 ) 42000 | 4. 2069 doazaw 4o
a40in | ano |6 4.4523 | 4.5000 | 4.4210 1. 4.
a.0zen | @naa9 | 4 49775 | 4.6250 | 4.5409 4. 4
46508 | 4.6609 | 4. 4.7025 § 4.7500 | 4.6719 4. 4.
4.1 | 4.1939 48275 | 4 4 4.
4.900 | 4,989 o2 | 35 1 4
5, 02um § 55,0429 50175 | b 5. i
5153 | 56me | 5. 5.202% | 3 3. 5.
5. 2TMm
5,
5

[LRS
ke
»
@

’
n.

™

54209 H. w06
5.9488 | 05,9006

A-122
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MIL~S5-8879A

APPENDIX
ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS
10, SCOPE
10.1 This appendix contains the formulas for calculating lead and angle deviations
and a tabulation of 0.4 of the pitch diameter tolerance and the lead and angle
variations equal thereto,
20. Limits of size. With respect to the pitch diameter limits of size, it is intended,

except as qualified inysection 3, that no portion of the complete thread be permitted to
project beyond the envelope defined by the maximum-material limits on the one hand,

or beyond that defined by the minimurm-material limits on the otxer, and thus be outside of the

tolerance zone specified, Also, the diameter equivalent of the variation of any given
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
all other thread elements are zero.

20.1 Formulas, Deviations equivalent to 0,4 of the pitch dizeter tolerance shall
be determined from the following formulas:

a. Diameter equivalents of lead deviztions

S€ _8e
st a 1.7321

where
3 E = Pitch diameter increment due :o lead deviation

8 p = The maximum pitch deviation benveen any two of the threads engaged.

@ = Basic half angle of thread

b. Diameter equivalent of argle devi
SE
1.5p

tan 80 =
where

Sa = Error in half angle of thread

S E = Pitch diarmeter increment due :> caviation in half angle

Tabulated values for 0, 4 of the pitch Ziameter tolerance and i-2 _2ad deviation
equivalents are given to 5 significant ces and are determizzZ 2rior to rounding the
pitca diameter tolsrance to 4 places.

20



TABLE VIII MIL-S-8879a MIL-S-8879A
ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS TABLE VIII (Continued)

ALLOWABLE LEAD AND BALF-ANGLE DEVIATIONS

ve1-v

: EXTERNAL THREAD INTERNAL THREAD !
; .4PD EQUIV |EQUIV .4PD EQUIV | EQUIV | EXTERNAL THREAD ISTERNAL THREAD
! TOL LEAD |ANGLE TOL LEAD ANGLE '
' SIZE N. IN. (Deg Min IN. IN.  Ppeg Min, .4PD EQULV | EQUIV .4PD EQUIv | EQuIv
0600 -80 | .00052 | .00030 |1 35| .00068 |.00039 |2 5| SIZE b I T I = R
© 0730 -64|.00060 | .00035 |1 28| .00076 |.00064 (1  SL: : : S - ~.De  Hin
{0730 -72|.00056 | .00032 |1 32| .00076 |.0004% |2 5 -2625 -24 00120 .00069 } 1 6: -00156 | .000%0 | 1 26
| 0se0 56 | 00064 | .00037 |1 22| .o00s¢ |.o00i8 |1 48 | .6250 -11| .00166 | .00095 |0 61f 00216 | .00125 |0 s
' 0860 -64 |.00060 | .00035 (1 28 ( .00080 |.00046 (1 57| -6250 -12.00164 | 00095 | O 43,.00212 4 00122 4 0 58
©.0990 -48|.00068 | .00039 |1 15 [ .00088 |.00051 |1 37| -6250 -16| .00144 | .00083 |0 33, -00188 | .00199 | 1 9
:.0990 -56|.00064 | .00037 |1 22| .00086 |.00048 |1 48 | -6250 -18] 00140} .00081 10 58; .00180 | .0010: | 1 1
P'1120 a0 | ‘00076 | ‘gooee |1 10| 00096 | .oooss |1 28| .6250 -24 | .00120 | .00069 |1 6! .00156 ! .00090 |1 26

.1120 -48|.00072 | .00062 |1 19 | .00092 |.00053 {1 &1 -6875 -12| .00164 | .00095 {0 45t .00212 1 .00122 0 58
‘.1250 -40 | .00076 | .00044 |1 10| .00100 |.00058 |1 32 -6875 -16) 00144 1 .00083 10 531 .00188 ) 00109 |1 9
©.1250 -44 |.00076 | .00044 (1 17| .00096 |.00055 |1 37 -6875 -241.00120 1 .00069 1 61.00156 ,.00039 § 1 26
©.1380 -32|.00086 | .00048 (1 2| .0oo112 |.00065 {1 22 -7500 -10 .00176 | .00102 0 40} .00228 | .00132 | 0 52,
:.1380 -40 |.00080 | .00046 |1 13| .00100 |.00058 |1 32 -7500 -121 .00164 | .00095 |0 43, .00216 ) .00125 | 0 597
i 'leso -32 | oooss | ooos: |1 51 ‘oonz | oooes |1 22 .7500 -16 | .00152 | .00088 |0 s6! .00196 ! .00113 {1 12!

.1640 -36 | .00084 | .00048 |1 9| .00108 |.o00062 |1 29 -7500 -20} .00132 | .00076 |1 0:.0017z ; .00099 |1 19
©.1900 -24 | .00100 | .00058 {0 55| .00128 |.000764 |1 10 -8125 -12} .00168 -00097 10 46y .00216 {.00125 O 59
©.1900 -3z |.00092 | .00053 |1 7] .00116 |.00067 |1 25 -8125 -16 1 .00148 | .00085 10O 36, .00192 .00l ) 1 10,
©.2160 -24 [.00100 | .00058 |0 55| .00132 |.00076 {1 13 -8125 -20 | .00132 | .00076 |1 01 .00t72 4 .00033 (1 19,
©.2160 -28 | .00096 .00055 1 21 .001264 |.00072 |1 20 -8750 -9 | .00188 -00109 1 0 391 .00244 ) .00121 | O 50 !
..2160 -32|.00096 | .00055 1 10 | .00126 [.00072 |I 31 -8750 -12§ .00168  } .00097 10 46, .00220 ; .00127 | 1 o]
©.2500 -20|.00112 | .00065 1o 51| .00144 |.00083 |1 6 -8750 -141.00164 | .00095 10 230 .00212 00122 1 8.
!.2500 -28].00100 | .00058 |1 4| .00128 |.00076 |1 22 -8750 -16, .00148 | .00085 10 54, .00192 1.001i1 |1 104
:.2500 -32}.00096 | .00055 |1 10| .00126 |.00072 |1 31 -8750 -20, 00136~} 00079 }1 2| 00176 100132 | 1 21
:.3125 -18|.00120 | .00069 {0 50 | .00156 {.00090 |1 4 +9375 -12,.00168 ) .00057 40 6, .00220 00127 ) 1 0
©.3125 -24|.00108 | .00062 |0 59| .00144 |.00083 {1 19 -9375 -15 100148} 00085 10 >4,.00192 .00t )1 10
'.3125 -32|.00100 | .00058 {1 13| .00128 |.0007% |1 3 -9375 -204 .00136 | .00079 )1 2;.00176 00102 |1 2L
1.3750 -16 | .00132 .00076 |0 48 | .00172 |.00099 |1 3 1.0000 -8 | .00204 -00118 10 37..00266 . .00152 ) O 48
{.3750 -26|.00116 | .00067 |1 4 .00148 |.00085 (1 21 et O ey N IR G S ENCEsd gotrel i 5
! - .0000 -16 | .0014 : a1 | .00113
me ileme Gow ionlem feme om) RO om0 i o bon
}.3375 -16|.00140 | .00081 [0 51| .00180 |.00104 |1 6 1.0625 -8 /.00204 | .00118 |0 37, .30268  1.00155 | 0 49

. .2375 -201.00126 | .00072 {0 57| .00164 |.00095 |1 15 1.0625 -12,,.00172 | .0009% 10 47..90220 00127 4L 0
i.2375 -28(.00108 | .00062 |1 9| .00140 |.00081 {1 30 1.0625 -181.00152 | .00088 10 36..2019 L0013 1 12
. .5000 -13.00148 .00085 0 46 § ,00192 .00111 0 57 1.0625 -18; .001%4 .0008} 0 591 .30188 ! .00109 1 18
©.5000 -16 | .00140 | .00081 0 51! .0018 |.00106 i1 7 1.1250 -7 §.00215 ) 00125 10 35'.20286 | .0016: |0 46
1.5000 -20 |.00128 .00076 !0 59 | .00168 |.00097 |1 17 1.1250 -8 00208 -00120 10 38 .79268 ) .00155 )0 49
1.5000 -28!.00112 | .00065 I 12} .0014 |.00083 |1 32 {1.125012, 00180 | .0010: |0 0000236 1.00138 ) 1 >
:.3625 -12 | .00156 .00090 {0 43 | .00206 |.00118 |0 36 {11250 -18:.00152 -00088 10 360 .20196 ;00113 41 12
‘3625 16 | oors0 | [0008: o 51! ‘ooise | oo0e 11 7 1.1250 -15 | .0014% | .00033 |0 59¢.30188 :.00109 |1 18
©.5525 -18|.00136 | .00079 lo 56 | .00176 |.00102 |1 13 1.1875 -8 '1.00208 | .00120 0 38, .00z72  f.0015 1O 30

1.1875 -12 ;00172 | .00099 o 471 .00226  1.00122 |1 2
1.1875 -14 © 00152 | .00088 [0 55 .20196 }.oezzz 112
i i
21 22
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TABLE VIII (Continued)
ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS

MIL-5-8879A

EXTERNAL THREAD INTERNAL THREAD
_4PD EQULV EQUIV .4 PD EQUIV | EQULV
TOL LEAD ANGLE TOL LEAD ANGLE

SIZE IN. IN. |[Deg Min IN. IN. |Deg HMin
1.1875 -18{ .00144 .00083 0 59| .00188 | .00109 | 1 18
1.2500 -7 | .00220 .00127 0 35| .00288 | .00166 | O 46
1.2500 -8 | .00212 .00122 0 39| .00276 | .00159 | O 51
1.2500 -12 | .00184 .00106 0 51| .00240 | .00139 | 1 6
1.2500 -16 | .00152 .00088 0 56| .00200 | .00115 | 1 13
1.2500 -18 | .00144 .00083 0 59| .oo188 | .00109 |1 18
1.3125 -8 | .00212 .00122 0 39} .00276 | .00159 | O 51
1.3125 -12 | .00176 .00102 0 48| .00228 | .00132 | 1 3
11,3125 -16 | .00152 .00088 0 56{ .00200 | .00115 | 1L 13
11,3125 ~18 | ,00148 .00085 1 1| .00192 | .o00111 | 1 19
!1.3750 -6 | .00240 .00139 0 33| .00312 | .00180 | O 43
11.3750 -8 | .00216 .00125 0 40| .00280 | .00162 | © 51
{1.3750 -12 [ .00188 .00109 0 52} .00264 | .00141 | 1 7
!1.3750 -16 | .00156 .00090 6 57| .00200 | .00115 | 1 13
{1.3750 -18 | .00148 .00085 1 1] .00192 | .o00111 |1 191
11.4375 -8 | .00216 .00125 0 40| .00286 | .00164 | O 52}
1.4375 -12 { .00176 .00102 0 48| .00228 |.00132 | 1 3!
11,4375 -16 | .00156 .00090 6 57| .00206 | .00118 | 1 15
11.4375 -18 | .00148 .00085 1 1| .00192 |.00111 | 1 19
1.5000 -6 | .00244 .00141 0 3| .00316 |.00182 | O 43
1.5000 -8 | .00220 .00127 ¢ 40| .00284 | .00164 | O 52
11,5000 -12 | ,00192 .00111 0 53| .00252 | .00145 | 1 9
| 1.5000 -16 | .00156 .00090 0 57| .00204 | .00118 | 1 15
1.5000 -18 | .00148 .00085 1 1| .00192 | .o0111 | 1 19
ll.sazs -8 | .00220 .00127 0 40| .00288 | .00166 | O 53
|1.5625 -12| .00176 .00102 0 48] .00232 | .0013& |1 4
11,5625 -16 | .00156 .00090 0 57| .00206 | .00118 | 1 15
1.5625 -18 | .00148 .00085 1 1| .00196 | .o0113 | 1 21
'1.6250 -8 | .00224 .00129 0 41| .00288 | .00166 | O 53
'1.6250 -12 | ,00176 .00102 0 48| .00232 | .0013& | 1 4
£1.6250 -16 | .00156 .00090 0 57| .00204 | .00118 | 1 15
11.6250 ~18 | .00152 .00088 1 3! .00196 i .00113 | 1 21
|1.6875 -8 | .00224 .00129 0 41| .00292 | .00169 | © 564
11,6875 -12 | .00180 .00104 ¢ 50! .00232 | .0013& | 1 4
"1.6875 -16 | .00160 .00092 6 59| .00206 | .00118 | 1 15
1.6875 -18 | .00152 .00088 1 3] .00196 | .00113 | 1 21
11.7500 -5 | .00268 .00155 0 31| .0038 | .c0201 | 0 40
|1.7500 -8 | .00228 .00132 0 42| .00296 | .00171 | O 54
{1.7500 -12 | .00180 .00104 ¢ 50| .00232 | .00134 | 1 4
i1.7soo -16 | .00160 .00092 0 59| .00208 | .00120 | 1 16

23
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MIL-5-8879A
TABLE VII1 (Continued)
ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS
EXTERNAL THREAD INTERNAL THREAD
.4PD EQULV EQULIV .4PD EQULV EQULV
TOL LEAD ANGLE TOL LEAD ANGLE
SIZE IN, IN. Deg Min IN. IN. |Deg Min
1.8125 -8 | .00228 .00132 1] 42 .00236 .00171 0 54
1.8125 -12} .00180 .00104 0 50 | .00232 .00134 1 4
1.8125 -16{ .00160 .00092 0 59 | .00208 .00120 1 16
1.8750 -8 | .00228 .00132 0 42 { .00300 .00173 0 55
1.8750 -121 .00180 .00104 0 50 | .00235 .00136 1 5
1.8750 -16/ .00160 .00092 0 59 .00208 .00120 r 16
1.9375 -8 | .00232 .00134 0 43 § .00300 .00173 0 55
1.9375 -12 .00180 .00104 0 50 | .00236 .00136 1 5
1.9375 -16{ .00160 .00092 0 59 .00208 .00120 1 16
2.0000-4.5f .00284 .00164 0 29 | .00372 .00215 0 38
2.0000 -8 | .00232 .00134 0 43 | ,00304 .00176 0 56
2,0000 -12; .00180 .00104 4] 50 | .00235 .00136 1 5
2.0000 -16; .00160 .00092 0 59 | .00228 .00120 1 16
2.1250 -8 | .00236 .00136 0 43} .00308 .00178 0 56
2.1250 -12; .00184 .00106 o 51| .00236 .00136 1 5
2.1250 -16{ .00164 .00095 1 04{ .00212 .00122 1 18
2.2500-4.5 .00292 .00169 0 30 .00230 .00219 0 39
2.2500 -8 ; .00240 .00139 0 4L} .00312 .00180 0 57
2,2500 -12} .00184 .00106 0 51 i .002.0 .00139 1 6
2.2500 -16; .00164 .00095 1 0, .00212 .00122 1 18
2.3750 -8 | .00240 .00139 0 L4 ,00315 .00182 0 58
2.3750 -12; .00184 .00106 0 51 .002:0 .00139 1 6
2.3750 -16{ ,00164 .00095 1 0y .00215 .00125 1 19
2.5000 -4 | .00312 .00180 o] 29 7 .00432 .00233 [} 37
2.5000 -8 | .00244 .001i1 [ 451 .00320 .00185 o] 59
2.5000 -~12/ .00184 .00106 0 51} .002-:0 .00139 1 6
2.5000 -16; .00164 .000%5 1 0| .00215 .00125 1 19
2.6250 -8 | .00248 .00143 0 &5 1 .00322 .00185 0 59
2.6250 -12) .00188 | .00109 g 521 .002:% .00141 1 7
2.6250 —16! .00168 | .00037 1 21 .00215 .00125 1 19
2.75C0 -4 ; .00316 | .00182 0 29 1 .0012 .00238 0 38
2.7500 -8 ! .00252 ! .00145 0 L5 .0032% .00187 0 59
2.7500 -12| .00188 | .00123 0 52, .002ss .00141 1 7
2.7500 -16, .00168 .00037 1 20 .002.5 .00125 1 19
. 2.8750 -3 ! .00252 ! .001i3 0 L6 ' ,00328 .00189 1 0
i 2.8750 -12) .00188 | .001%3 o} 527 .002:8 .00141 1 7
i 2.8750 -16 00168 | .00037 1 2. .00222 .00127 1 21
? 31,0000 -3 { .00320 | .00185 0 23, .004%5 .00240 ] 38
i 3.0000 -8 | .00256 : .001:8 0 L7 1.00332 .00192 1 1
i 3.0000 —12: ,00188 © .00123 0 520 .002.83 .00143 1 8
! ! ! :
24
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MIL-S-3879A MIL-S-8879A

TABLE VIII (Continued) TABLE VIII (Continued)
ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS ALLOWABLE LEAD AND HALF-ANGLE DEVIATIONS
EXTERNAL THREAD INTERNAL THREAD EXTERNAL THREAD INTERNAL THREAD
.4PD EQUIV EQUIV .4PD EQU1V EQUIV .4PD EQUIV EQUIV .4PD EQUIV EQUIV
TOL LEAD ANGLE TOL LEAD ANGLE ,ToL LEAD ANGLE TOL LEAD ANGLE
SIZE IN. IN. |Deg Min IN, IN. [Deg Min SIZE IN. IN. Deg Min IN. IN. Deg Min
3.0000 -16| .00168 .00097 1 2\ .00220 .00127 | 1 21 4.5000 -16| .00180 .00104 1 51 .00232 .00134 1 25
3.1250 -8 | .00256 .00148 0 47| .00336 00194 | 1 2 4.6250 -8 | .00284 .00164 0 52| .00368 .00212 1 7
3.1250 -12| .00192 .00111 0 53| .00248 .00143 1 8 4,6250 -12{ .00200 .00115 0 551 .00260 .00150 1 11
3.1250 -16} .00172 .00099 1 3} .00220 .00127 1 21 4,6250 ~16| .00180 .00104 1 51 .00232 .00134 1 25
3.2500 -4 .00328 .00189 0 30 .00424 .00245 | O 39 4,7500 -8 .00288 .00156 1] 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 1.00236 .00136 1 27
3.2500 -16| .00172 .00099 1 31 .00224 .00129 1 22 54,8750 -8 .00288 .00165. o} 53, .00376 .00217 1 9
3.3750 -8 .00264 .00152 0 48) ,00340 .00196 1l 2 4,8750 -12| .00200 .00115 0 55 1 .00260 .00150 1 11
3.3750 -12] .00192 .00111 0 53] .00252 00145 1 9 | 4,8750 -16] .00180 . 00104 1 51.,00236 .00156 1 27
3.3750 -16] .00172 .00099 1 3] .00224 .00129 1 22 . 5.0000 -8 .00292 - .00169 0 5% .00376 .00217 1 9
3.5000 -4 .00332 .00192 0 301 .00432 .00249 | O 40 ! 3.0000 ~12, .00200 { .00i15 0 55, .00264 .00152 1 13
3.5000 -8 | .00264 .00152 0 48] .00344 .00199 | 1 3! 5.0000 -16] .00180 | .0010% 1 51.,00236 .00136 1 27
3,5000 -12; .00192 .00111 0 53] .00252 .00145 1 91 5.1250 -8 i .00292 ¢ .00159 0 s: | .00380 .00219 1 10
3.5000 -16| .00172 .00099 1 3| .00224 00129 | 1 22! 5.1250 -12} .00204 . .00118 0 55 | .00264 .00152 1 13
3.6250 -8 .00268 .00155 0 49} .00348 .00201 1 L 5.1250 -16i .00184 ©.00195 1 7 .00236 i .00136 1 27
3.6250 -12{ .00192 .00111 0 53| .00252 .00145 | 1 9 i 5.2500 -8 | .00292 . .00143 0 52 1.00380 | .00219 1 10
3.6250 -16] .00172 .00099 1 3] .00224 .00129 1 22 5.2500 -12| .0020% i .00113 0 55 1,00264 .00152 1 13
3.7500 -4 .00336 .00194 0 31| .00436 .00252 0 AN 5.2500 -16! .00184 .00105 1 T .00236 .00136 1 27
3.7500 -8 | .00268 .00155 0 49| ,00352 .00203 | 1 5 5.3750 -8 | .00296 = .00171 0 5. 0.00384 .00222 1 10
3.7500 -12] .00196 .00113 0 54| .00252 .00145 1 9! 5.3750 -12; .00204 i .00118 0 5% 1 .06264 .00152 1 13
3.7500 -16! .00176 .00102 1 5| .00228 .00132 1 24 5.3750 -16}- .0018% . .00105 1 T 1.00240 ! .00139 1 28
3.8750 -8 .00272 .00157 o] 50| .00352 .00203 1 5 5.5000 -8 .00295 ! .00171 0 534 :.00388 .0022% 1 11
3.8750° -12| .00196 .00113 "} 54! .00256 .00148 | 1 10 ¢ 5.5000 -12} 00205 : .0011S 0 35 . .00264 .00152 1 13
3.8750 -16f .00176 .00102 1 5| .00228 .00132 1 25 5.5000 -16l .00184 - .00105 1 T 1.00240 . .00139 1 28
4,0000 -4 .00340 .00196 0 31| .00444 .00256 | O [ 3 5.5250 -8 ; .00300 .00173 ¢] 55 .00388 ; .00224 1 11
4,0000 -8 | .00272 .00157 0 50| .00356 .00206 | 1 5 5.6250 -12. .0020: . .00113 0 3% 7,00268 . .00155 1 14
4.0000 -12] .00196 .00113 0 54| .00256 .00148 | 1 10 ; 5.6250 -16; .0018s . .00105 1 S .00240 ! .00139 1 28
4,0000 -16| .00176 .00102 1 5! .00228 .00132 | 1 24 5.7500 -8 | .00300 00173 0 53 7.00392 ! .00226 1 12
4,1250 -8 | .00276 .00159 0 51} .00360 .00208 | 1 6 - 5.7500 -12. .0020% 00115 0 34 .00268  ; .00155 1 14
4,1250 -12| .00196 .00113 0 5S4} .00256 .00148 | 1 10 ; 5.7500 -16; .00185 . .0019% . 1 T .00260 | .00139 1 2

4,1250 -16) .00176 .00102 1 5| .00228 .00132 | 1 24 5.8750 -8 | .0030% L0012 10 53 .00392 1 .0022% 1 12
|4.2500 -8 | .00280 .00162 0 51| .00360 .00208 | 1 6" 5.8750 -12% .00208 1 .0012> | O 57 .D0268 1 00155 1 14
| 6.2500 -12| .00196 .00113 0 54| .00256 .00148 | 1 10 ° 5.8750 -16. .0018: .00103 1 S .00240 | .00139 1 28
4.2500 -16 .00176 .00102 1 5| .00232 00134 | 1 25, 6.0000 -8 . .0030:  .0017% Y A2 .00396 .00229 1 13
4.3750 -8 | .00280 .00162 0 51| .00364 .00210 | 1 7. 5.0000 -12. .00208 00122 0 3° 20268 | .00153 1 14
f6.3750 -12{ .00200 .00115 0 55| .00256 | .00148 |1 10 5.0000 -15° 00183 L0023% G 1 T 30264 . .001sl 1 29

14,3750 =16/ .00180 .00104 1 6| .00232 .00134 1 25 : i !

!a.sooo -8 | .00284 .00164 0 52} .00368 .00212 | 1 7. ! .

i 4.5000 -12| .00200 .00115 0 55| .00260 .00150 | 1 11 ; :

| .
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25 Februarv 1972
Superseding
MIL-F-18240C(ASG)
17 November 1967

MILITARY SPECIFICATION

FASTENER, EXTERNALLY THREADED, 250°F
SELF-LOCKING ELEMENT FOR

This specification is mandatory for use by all Departments
and Agencies of the Department of Defense

1. SCOPE

1.1 This specification covers the self-locking element to be used
in externally threaded fasteners, such as bolts and screws, to be used in applica-
tions where the temperatures will not exceed 250°F,

2 APPLICABLE DOCUMENTS

.

2.1 The following documents, of the issue in effect on date of invi-
tation for bids or request for proposal, form a part of this specification to the
extent specified herein:

SPECIFICATIONS

MIL-H-3982 Hardware (Fasteners and Related Items)

Packaging and Packing for Shipment and
Storage of

STANDARDS

Military

MIL-STD-105 Sampling Procedures and Tables for

Inspection by Attributes

FSC 5305
FSC 5306

MIL-F-18240D
STANDARDS
Military (Cont'd)
MIL-STD-1312

Fastener, Test Methods

MS15891 Fasteners. Threaded Externally, Self-
Locking, Aerospace Vehicles and
Equipment Design and Usage Limitations

for
MS26531 Vibration Twst Rig
AN3 thru 20 Solt, Mackine, Aircraft
AN315 Nut, Plainx. Airframe
AN121501 thru .

Nut ~ Plain

AN121525

(When requesting applicable Zxcuments. refer to both title and number.,
Copics of unclassified documents m2 be obtai~-d from the Commanding Officer,
Naval Publications and Forms Centsr, 5%01 T:-aor Avenue, Phil;uk‘lphi;l,
Pennsylvania 19120, Requests for ¢-nies of ¢ ified documents should be ad-
dressed to the Naval Publications an’ Forms ¢ :ter, via the cognizant Govern~
ment representative, )

- The foll »wing documents form a part of
Pherein.  Unless otherwise indicated, the
bids or o quest for proposal shall apply,

2,2 Other publications
this specification to the extent spe
issue in cffect on date of invitation §

National Aerospace Standard: Commits. -

NAS 608 thru 602 Tew, Ma:line, Aireraft, Pan fHead.

ilips R< .- 25, Full Threaded,




8e1-v

MIL-F-18210D

NAS 1316 Bolt, Hex Head, Close Tolerance,
160,000 PSI Tensile
(C ...~ of NAS publications may be obtained from National Standards

.ssociation, 1321 14ith Strect, N.W,, Washington, D.C. 20005.)
3. REQUIREMENTS

3.1 ualification - The self-locking elements incorporated in
fasteners furnished under this specification shall be an element design which
has been subjected to and which has passed the qualification tests specified here-
in, and which has been listed on or approved for listing on the applicable Qual-
ified Products Lists.
* In addition, the retention of qualified products list shall be dependent on
a periodic verification of continued compliance with the requirements of this
specification (sce 1,.4.3.1).

3.2 Performance - The performance characteristics and
dimensions of the holts and screws, with the self-locking clements incorporated
therein, shall conform to the requirements of the applicable drawings, the
supplementary specifications, and the additional requirements specified in this

specification, (For definition of "supplementary spccifications,” see 6.5, 1.)
3.3 Torque - The bolt or screw, with the self-locking element

incorporated therein, shall withstand the torque test specified in 4.6.3.

3.4 Vibration - The bolt or screw, with the self-locking element
incorporated therein, shall withstand the vibration test specified in 4.6.7

3.5 Dimensions - The self-locking element shall be within the
dimensional limitations of MS15981 and if the elcment design is to be of a con-
figuration illustrated by figure 1, it shall be dimensionally in accordance with
figure 1.

3.6 Workmanship - Workmanship shall be consistent with high-

grade commercial practice.
1. QUALITY ASSURANCE PROVISIONS
$.1 General - The sampling, inspection, and test procedures of

this specification and the applicable supplementary bolt or screw specifications
shall apply.
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CONFIGURATIONB I/ 2/

STRIP OR PATCH

GOVERNMENT | NOMINAL PREVIOUS 3/
DESIGNATION| THREAD | CONFIGURATION A s c p |GOVERNMENT
8/ SIZE r DESIGNATION
PV max] miw | max v | max]mrs | i
04 . A .108{ .03 RRT 1, 35, 81
B .250{ .ong| 115 108} “ouqi 108|231 2, a0, 22
06 s A 108 . 066 184 [.144 3, 53, 38
B c281|.a2s 18T {130 “aeq | 20 |-B0 L 41 2
08 3 A 124,084 __ 192|152 s, 8, 52, 34
B TP IR TT Rl Chidd BV DR B PR
10 10 A 124 |.084 .208 1,150 s, 47, 37
: B s e i I T e
w s A 144,088 1191 10, 38, 39
i B 2315|142 B3 1280 Cgr T oa7 %111, s, 20
50 5/18 ‘ A L1881 .130 718 (222 12, 13, 54, 80
B .e57{ 108|315 -3} g00 | 312|014, 48, 27
80 /8 A .10 ].148 REIED) 15, 18, 17, 48
B 500|206 |*>"% |- %88 ‘a3 | 312|355, 31, 29
70 116 A 16a | .148 _301 |.281 18, 19
B “saz].200| %40 =839 aar | ais ™% ss, 48, 2
30 1/3 A L16s | 148 _s01|.281 20, 21, 49
B Y 2009 |.200]- 593|998 "gug | a5 | B ls, 30
1/ 1/2 INCH SIZE MAY RAVE TWO LOCKING ELTMENTS 90° APART.
2/ CONFIGURATION OF LOCKING ELEMENT OPTIONAL IF WITHIN DIMENSIONAL LIMITS “A” AND “B”
3/ GOVERNMENT DESIGNATION OF REV. B (S DEC. 1941) AND AMENDMENT -1 (2 NOV. 199).
v aEEe.4,
8/ BIEG.4.11ANDE.4.1.2

FGURE 1.

4

Elemerts, self-locking 250°F
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4.2 Responsibility for inspection - Unless otherwise specified
in the contract or purchase order, the supplier is responsible for the perfor-
mance of all inspection requirements as specified herein. Except as otherwise
specified, the supplier may utilize his own facilities or any other commercial
laboratory acceptable to the Government. The Government reserves the right
to periorm any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supplies and services conform
to prescribed requirements.

1.3 Classification of inspection - The examination and testing
of the bo. ~nd screws, incorporating the self-locking element, shall be class-
ified as follows:

ia) Qualification inspection (4.4)
M) Quality conformance inspection (4.5)

1.4 Qualification inspection

1.4.1 Sampling instructions - The qualification inspection samples
shall coasist of 60 bolts or screws, as applicable, with the self-locking element
incorpor-ated therein, as specified in table I, for each diameter upon which
qualification is desired. All nuts necessary for inspections specified herein
shall be furnished by the manufacturer, These nuts shall conform to table II,
Samples shall be identified as required and forwarded to the activity designated
in the letter of authorization from the activity responsible for qualification
isee A, ),

1.4.2 Qualification inspection by the Government will be limited
to 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
qualification indicating that the bolts or screws of the diameters to be tested have
met or will meet, the requirementsof this specification. These test reports
shall include actual results of all tests specified by this specification. When
these test reports are submitted, a drawing shall be submitted which shows the
location, size, material, method of attachment, and protrusion of the self-lock-
ing element for each diameter upon which qualification is desired. A manufac-
turer's designation shall be submitted for the locking element to be used in each
diameter of bolt or screw,

. . ’

Table I. Length and diamcter of bolts and screws required for
qualification inspection

MIL-F-18240D

Basic Length Basic Length
part No. dash No. part No. dash No.
NAS 600 12p ANS 20
NAS 01 12p AN9 21
NAS 602 12p AN10 21
AN3 15 AN12 22
AN+ 16 AN114 23
ANS 16 NAS 1316 22w
ANG 17 AN1S 25
ANT 17 AN20 27

Table [I. Dimensions of nuts required for tests (inches)

I[ Thread Maximum Nut 9n-degree

size i across flats thickness csink dia.
; ’L 2+.010 £, 010
No. 4-40 UNC-3B | 0.230 0.203 0.132
No. 6-32 UNC-3B ! .312 .250 .168
| No. S-32 UNC-3B ! L34 . 250 194
| No. 10-32 UNF-3B | .375 250 . 220
! 1/4 -2% UNF-3B . 437 .281 .281
5/16-21 UNF-3B . .500 , .328 .34
378 -24 UNF-3B | .562 | 328 . 406
7/16-20 UNF-3B LGN 375 . 168
1'2 -20 UNF-3B . 750 . .375 531
i 9/16-1% UNF-3B .875 H L422 .593
i 578 -15 "INF-3B ' 937 468 ; 656
{ 3/1-16 UNF-3B | 1,062 625 .71
D78 C14UNF-3B 1 1,930 1 L6565 X Lang
i1 <12 UNF-3B | 1.43% 750 borot
[ 1-1.% -12 UNF-3B WS S12 1.156
j 1-1 4 -12 UNF-3B | 1.%12 .75 1,281

NOTE: For thread size 9 16 and larger, nuts shown on AN315 mayv be used except
for the countersink, which is to be aliered to 90 degrees by 0,030 inch
over OD of threads, For thread sizes 375 throuch 1, nuts shown on
ANI2150] throush AN121525 mav be used,

Material: Steel, cadmium-plated; corrosinn-resistant steel, passivated: as
reguired, «See 16,0 and 46,70

6
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443 Inspection - The qualification inspection of the bolts and
screws, with the self-locking element incorporated thercin. shitll consist of all
the inspections of this specification.

1.4.3.1 Retention - The retention of gqualification shall consist of
periodic verification to determine compliance of the qualification requirements
of the specification. The Lime and method of periodic verification shall be speci-
fied by the activity responsible for the qualificd Products List and shall be in-
cluded in the Notice of Qualification letter.

1.5 Quality conformance inspection - The bolt or screw manu-
facturer shall be responsible for accomplishing the quality conformance inspee-
tion specificd herein and the quality conformance inspections required under the
supplementary bolt or screw specifications. The procuring activity may, at its
discret” “a 1accept certification of inspections required under the supplementary
bolt or screw specifications when the basic holts or screws are manufactured
at a separate facility. Whnen milling or slotting operation is used for insertion
of loczing element into non-coi rosive resistant bolts or screws the complete
assembdly shall pass the salt spray test as required by the applicable bolt, screw
or plating specification.

4.5.1 Sampling - For the inspections specified herein, the sample
bolts or screws shall be selected at random from each lot as specified below.

+.5.1.1 Random sample - A random sample is a specific number of
items so sclected 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
sample is drawn, each of the remaining items has the same chance of being the
second item in the sample. and so on.

£.5.1.2 Lot - A lot shall consist of [inished bolts or screws with
self-locxing elements incorporated which are of the same diameter and length,
fabricaied by the same process, heat treated in the same manner, and produced
as one continuous run or order or part thereof.

1+.5.1.3 For examination of product - Sample sizes for examination
of product shall be in accordance with Inspection Level I of MIL-STD-105. The
acceptance and rejection criteria shall be applied for the following Acceptable
Quality Levels (AQL's) applying to the corresponding class of characteristics:

Major 2.5 percent
Minor A - 4.0 percent
Minor B -~ 6.5 percent

MIL-F-18240D

45.1.3.1 Classification of defects - All dimensional characteristics
are conmsidered defective when out of tolerance. The classification of defects
for self-locking bolts and screws shall be as follows:

Major
101 Locking element missing (see applicable standard).

Minor A

201 Locking element location (see applicable standard).
202 Measurement over locking element (see applicable
standard).

203 Burrs and slivers (see applicable standard).

Minor B
301 Identification of product (see applicable standard).

45.1.4 For maximum torque, minimum breakawav torque, and
reusability - Sampling for these tests shall be in accordance with the attribute
plan shown in table UI. The sam: sample may be used throughout for these
tests. The acceptance and rejection numbers shall apply to these tests taken
separately, i.e., a bolt or screw may be classified as defective for maximum
torgue, minimum breakaway torque, or reusability.

Table OI. Attribute Plan

Lot size Sample Acceptance
size number
Under 10,000 3 0
10,000 through 50,000 10 0
50,001 through 100,000 15 0
Over 100.000 27 1
4.5.2 Inspections - The quality conformance inspections of self-

locking bolts and screws shall consist of the quality conformance inspections of
the applicable supplementary bolt or screw specifications and the following in-
spections:

o
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Tensile strength (see 4.6.1.1}
Examination of product (see 4.6.2)
Maximum torque (see 4.6.3.1)
Minimum breakaway torque (see 4.6.3.2)
Reusability (see 4.6.6)

Also, seif-locking bolts and screws shall meet any of the other tests herein
specified which are considered necessary by the procuring activity to deter-
mine conformance with the requirements of this specification.

1.6 Inspection methods -
+.6.1 General - The bolts or screws shall be tested as specificd

in the applicable supplementary bolt or screw specification, except as specified
in £.6.1.1.

4.6.1.1 Tensile strength - The tensile test shall be conducted as
specified in the applicable supplementary bolt or screw specifications with the
added provision that when the tensile test is conducted, the nut shall meet the
dimensions of table il and shall engage the threads of bolts and screws that
have grip portions. te within one to two thread pitches of the thread runout.
3oits and screws thiat do not have grip portions shall be engaged by the nut
uatil the bolt or screw protrudes from the top of the nut a distance of two thread
sitches, including chamfer, if any. The nuts shall be of such strength as to fail

the bolts 0 serews.

$.6.2 Examination of product - The bolts or screws shall be
examined for conformance o the cpplicable standard, relative to:

Presence of locking element
Location of locking element
Measurement over locking element
Presence of burrs and slivers
Identification of product

$.6.3 Torque - The nuts used for this test shall be as specificd
in table U and shall assemble {reely on the bolt or screw up to the self-locking
device. Carbon-steel nuts shail be used with carbon-steel and alloy-steel bolts
or screws. Corrosion-resistant steel nuts shall be used with corrosion-resist-
ant steel bolts or screws. Each nut shall be screwed on and off the bolt or screw
a total of 15 consecutive installations and removals. Each installation shall con-
sist of either turning the nut until its bearing surface has traveled completely
along the thread length of the effective area of the specific element design or

9

‘ ' ‘

at least five complete turns of the nut after the threads of the nut have initially
engaged the locking device, whichever provides the greater number of turns.
For quality conformance inspection on bolts or screws without sufficient thread
length for X min. of MS15981, only a positive indication of torque is required
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-
stallation. The torque test shall be run at a rate slow enough to yield a de-
pendable measure of torque, and the temperature rise of the nut being tested
shall not exceed 75°F. A new nut and bolt or screw shall be used for each
test. For qualification, 10 of the sample bolts or screws supplied shall be
used for this test.

MIL-F-18240D

4.6.3.1 Maximum torgue - Maximum torque shall be the maximum
value indicated by the torque device during the 15 installations and removals,
This torque value shall not exceed the applicable value shown in table IV.

4.6.3.2 Minimum breakaway torque - Minimum breakaway torque
shall be the minimum torque required to start removal of the nut from the in-
stalled position. It shall be determined at the start of the first and fifteenth
removals. This value shall be not less than the applicable value shown in
table IV.

4.6.4 Torque (with heat-conditioned bolts or screws) - The nuts
used for this test shall be as specified in table II. The nuts shall be screwed on
the bolts or screws until the bearing surface of the nut has traveled completely
along the thread length of the effective area of the specific element design or at
least 5 complete turns after the threads of the nuts have initially engaged the
locking element, whichever provides the greater number of turns. Ten new
bolts or screws shall be subjected to this test. These assemblies shall be con-
ditioned at a temperature of 250° + 10° F for 3 hours. The assemblies shall
then be cusled in air to room temperature for not less than 1 hour. The assem-
blies shall then be tested as specified in 4.6.3. Maximum locking torque readings
shall be taken each installation and removal of the nut.

. 4.64.1 Maximum torgue - Maximum torque shall be the maximum
value indicated by the torgue device during the installation and removal. This
value shall not exceed 150 percent of the applicable value shown in table IV.

1642 Minimum breasziway torque - Minimum breakaway torque
shall be the minimum torque required to start removal of the nut from the in-
stalled position. It shall be determined at the start of the first removal. This
torque value shall be not less than the applicable value shown in table IV.

10
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TABLE 1V. Torque
(At room temperature in inch-pounds)

Maximum torque Minimum
i Bolt o.r (installation or breakaway
screw size removal) torque
No. 4-40 UNC-3A 3 0.5
No. 6-32 UNC-3A 6 1.0
No. 8-32UNC-3A 9 1.5
No. 10-32 UNF-3A 13 2.0
1/4 -28 UNF-3A 30 3.5
5/16 -24 UNF-3A 60 6.5
3/8 -24 UNF-3A 80 9.5
7/16 -20 UNF-3A 100 14.0
: 1/2 -20 UNF-3A 150 18.0
i 9/16 -18 UNF-3A 200 24.0
5/8 -18 UNF-3A 300 32.0
3/4 -16 UNF-3A 400 50.0
7/8 -14 UNF-3A 600 70.0
1 -12 UNF-3A 800 92.0
1-1/8 -12 UNF-3A 900 117.0
1-1/4 -12 UNF-3A 1,000 143.0
+.0.9 Minimum breakawav torque at 250°F temperature - Using

the same assemblies tested in accordance with 4.6.4, minimum breakaway
torque shall be determir.od on t-e first removal cycle at temperature while the
bolt or screw engagement with the nut is made according to 4.6.3, and after the
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
requirement of table IV.

1.6.6 Reusability - The threads of the bolts or screws and nuts
used in the torque tests shall show no distortion or scratches deep enough to
reduce the efficiency of the threads. The threads of the bolts or screws and
nuts shall remain in a serviceable condition and shall freely permit the installa-
tion with the fingers, of a new bolt or screw or nut, as applicable, up to the self-
locking device.

11
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1.6.7 Vibration - Sample nuts with bolts of the size and quantities
specified in Table V shall be vibrated in accordance with MS26531 or
MIL-STD-1312, Test 7. An average vibration life, for each lot of eight speci-
mens tested to MS26531, of less than specified in Table V shall be cause for
rejection. Vibration life, for each lot of five specimens tested to MIL-STD-1312
Test 5 of less than 30,000 cycles shall be cause for rejection. The vibration test
may be waived at the option of the activity responsible for qualification for bolts
larger than the 1/2-inch thread size, provided the bolt of 1/2-inch thread size
with the same type and design of locking element has satisfactorily passed the
vibration test. The vibration test is not required for elements for screw-thread
sizes below 10-32,

£.6.7.1 Preparation for vibraiion test to MS26531

i
£.6.7.1.1 ' Method - The nuts shail be screwed on the bolts or screws
that p. through the drilled holes in the 2rbor and sleeve of the test rig, as
shown o1 sheet 5 of AMS26531. The nuts shall not be tightened against the slceve
but sh2ll be screwed on until the end of the Holt or screw extends through the
nut a ;m:nimum length of two thread pitches and a maximum length of three
ziiches. The holts or screws shall e [rec to rotate in the arbor and
sleeve. The locking element of the bolt or screw shall be the only factor which
restrains the nut from turning on the bolt or screw. The thrust load on the test
arhor. inciuding the weight of the electrical power unit, shall be 63 pounds.
Refercace lines shall be scribed. or other saitable markings shall be made. on
both the nuts and the bolts or screws for the purpose of determining whether or
not the =:i turns on the bolt or screw during the vibration test.

1.8.7.1.2 The tests shall be conZucted in periods of running and per-
t to permit the clectrical power unit to cool. A fan or blower shall be

10-min rest intervals shall not develon tomperatures greater than 105°F in
the tes: svecimen.

(7)  The fan or blowcr shall be turned off after cach
20-minute rann:ng period is complete, and shall

taken.

(h) A rotation of grizer than 30 degrees for a nut
shall he considerod a fajlure of that clement. and
the end of the run veriod in which the element
failed shall he ~zcorded as its vibration life.

« x .
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5.3 Marking - In addition to any special marking required by the con-
tract or order. the unit packages and shipping containers shall be marked in accordance

with MIL-1i-3982.

5. NOTES
6.1 Intended use - The seif-locking clements covered by this specifica-

tion are intended to be incorporated in external screw threads to provide resistance to
turning due to vibration. These elements are to be uscd in applications where maximum
temperature does not exceed 250’ F. When these elements are incorporated in external
threads and are used in compliance with }MS15981, all the configurations of figure 1 are

interchangeable. It is intended that in specifying elements in conformance with this

specification the locking element shall be specified in accordance with MS15981 (re., a
configuration should not be specified). A configuration should be specified onlv for non-
standard parts where. because of part design or application requirements. only one con-

figuration can be used.
6.2 Ordering data - Irocurement documents should specify:

(a) Title, number. and date of this specification.

(b) Part number in accordance with the applicable
standard (see 3.5).

(c) Applicable level of preservation, packaging, and
packing (see 5.1 and 5.2).

6.3 Use of standard and nonstandard self-locking externally
threaded [asteners. - For definition of these terms, see 6.5.2 and 6.5.3)

6.3.1 Standard self-locking externally threaded fasteners.- ihe
release for use of standard self-locking externally threaded fasteners is gov-
erned by the requirements of the weapon system or equipment gencral or de-
tajl specification.

6.3.2 Nonstandard self-locking externally threaded fasteners -
Self-iocking externally threaded fasteners, formed by incorporation of self-
locking elements listed on QPL-13240 with fasteners that are in accordance
with specifications and standards approved by the weapon system or equipment
specifi.auv. and, as assemblies, are in accordance with the acceptance tests
and requircments of this specification, will be considered to have been released
by the procuring activity for use for specific applications at the time the pro-
curing activity has received notice of the specific applications and complete
descriptions of the items being specified. This release for use does not con-
stitute waiver of the other applicable requirements of the weapon system or
equipment specification. The use of other nonstandard self-locking externally
threaded fasteners will require prior release for use.

6.4 Qualification - With respect to products incorporating
element designs requiring qualification, awards will be made only for sech
products incorporating elements, the design of which, prior to the time set
for opening of bids. has been tested and approved for inclusion in the appli-
cable Qualified Products List, whether or not such element designs have
actually been so listed by that date. The attention of the suppliers is called
to this requirement. and manufacturers are urged to arrange to have the
locking element designs that they propose to incorporate in bolts or screws
to be offered to the Federal Government tested for qualification, in order that
they may be eligible to be awarded contracts or orders for products incorpor-
ating element desizns covered by this specification. The activity responsible
for the Qualified Products List is the Naval Air Systems Command, Attn:
AIR-52021, Washington, D. C. 20360. However, information pertaining to
qualification of procucts may be obtained form the Naval Air Development
Center, Aero Mater:als Department (MAEM), Johnsville, Warminster,
Pennsylvania 18974,

MIL-F-18240D

6.4.1 Qualification approval for locking element designs are
based on testing arc evaluation of element designs incorporated in 3A coarse
threads for sizes sailer than N-». 10 and on 3A fine threads for size No. 10
and larger. Elemex: designs listed in figure 1 are approved for incorporation
in 2A or 3A fine thr=2ds for sizes smaller than No. 10 and in 2A and 3A coarse
threads for sizes N:. 10 and larzer if the requirements for quality conformance
inspection (4.5) are et and are within the dimensiona! limitations of MS15981.

6.4.1.1 2ualificati>» tnspection and evaluation of configuration A"
(see figure 1) lockizz clement dssigns were hased on the protrusion of the ele-
ment being in accorZ:: fizure 1. dimension "B”. Conafiguration "A" de-
signs with protrusic -, and that are otherwise the same as those
listed. also have qu -roval.

cification ajp;

6.4.1.2 Ta identifv
protrusion the addiz: =al +0.00
or drawing for the ; =v2: for ponsz:
ation add a "P" to -+ Governmy -

<ne additional element design with the greater
otrusi~n must be specified on the standard
'ts that require a specific configur-
tion.

Example: 1+ <ing clems = MIL-T-1-240 Government designation of
0P, 1 4 thread wiis _onfigurat: = “A™ 0.0 0-inch protrusion, self-locking
element.

ith 0.2 -jnch and 0.010-inch protrusion cle-
eable. A fastener with 0.003-inch protru-
orowith A nio-ineh protrusion, if all other

It should be noted ti:: Jasteners
ments are not univer<zily intero

ston can be substiter. <

interchangeable fac: 72 are subsiuthive,
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* 6.4.2 For qualification, vibration requirements as specified in
MIL-F-18240 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 be
listed as the procurement specifications on the self-locking boit or screw
drawings.

6.5.2 Standard self-locking externally threaded fastener(s) - In
this specification a ""standard self-locking externally threaded fastener" refers
to bolts or screws that incorporate self-locking elements conforming to this
specification, and locking elements specified in accordance with MS15981, and

are completely described as assemblies by specifications and standards released

for weapon design and construction by weapon system equipment specifications.

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.

6.6 Marginal indicia - The margins of this specification are
marked to indicate where changes, deletions, or additions to the previous
issue have been made. This is done as a convenience only and the Government

assumes no liability whatsoever for any inaccuracies in these notations. Bidders

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.

Custodians: Preparing activity:
Navy - AS Navy - AS
Air Force - 11
Army - AV Project No. 5305-1077
Reviewer activities:
Navy - AS

Air Force - 11, 82
Army - AV, WC
DSA - IS
17
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MIL-N-25027D
2, JULY 1969

Supersedirg
MIL-N-25027C
22 March 1955

MILITARY SPECIFICATION

NUT, SELF-LOCKING, 250° F, 450° F, AND 800° F,
125 KSI FTU, 60 KSI FTU, AND 30 KSI FTU

This specification is mandatory for use by all Cepart-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 This specification covers self-locking nuts (see 6.4) and self-locking plate
nuts for use where texperatures will not exceed 250° F, 450° F, and 800° F, and will
devssop the ultimate tensile sirength of 125, 60, and 30 ksi (1,000 pounds per square
inen) Fey (ultimate tensile stress) bolts, as applicable.

2. APPLICABIE DICWMENTS
2.1 The following documents, of the issue in effett on date of invitaticr for

bids or request for proposal, form a part of this specifization o the exten: specifisd
herein:

SPECIFICATIONS
Federal
Q-P-416 Plating, Cadmiua (Electrodeposited)
TT-E-751 Ethyl Acetate, Technical
TT=-1-735 Isogropyl Alcohol
TT-M-261 Metnyl-Sthyl-Xetone (for Use in Organi: Coatings)
TT-§-97 Naphtna, Aromatic
GAG-Y-636 Wrenzh=s (Box, Cpen End, and Combination)
Military
MIL-H-3982 Hardware (Fasteners and Ielated Items) Fackaging and Packing
for Shipment and Storage of
MIL-5-5002 Surface Treatments and Metallic Ccatings for Metal Surfaces
of Weapons Systems
MIL-C-554L1 Chemizal Films and Chemical Film Yaterials for AL
Aluninum Alloys
¥11-~B-6812 Bolts, Aircraft
MIL-1-6866 Inspection, Penetrant Method of
MIL-1-4868 Inspection Process, Magnetic Particle
MIl-F-7179 Finishes and Coatings: General Specifization for Protectien

of Aircraft ard Airzraft Parts

MIL-N-25027D
MIL-5-7502
HMIL-S-T70L2

MIL-A-B8625
MIL-S-83C2

MIL-5-8879
MIT-I-17214
STALDARDS

Federal

Sealing Compound, Integral Fuel Tarmxs and Fuel Cell
Cavitles, High Achesion, Accelerazor Required

Screw Threads, Standard, Optimum Selezted Series:
General Specification for

Anodic Coatings, for ALunimu and AZunimm Alloys

Sealing Compound, Tezpsrature-Resis-ant, Integral Fuel
Tanks and Tusl Cell Cavities, High-Adhesion

Screw Threads, Con:ro:led Radius Poct with Increased Minor
Diameter, Zenera. Spesification for

Indicator, Permest:ility, Zow-Mu (Gc-Yo-Go)

FED. TEST MSTHCT 37D, ™7, 151 Metals: Test Mathezs

Military

MIL-STD-105
MIL-STZ-%:0

MIL-STD-753

MIL-5TD-1312

Sampling Procedures and Tables fer Inspection by Attributes

ualificatisn of Inspesiion Personnmal (Magnetic Particle
and Penstrant)

Corroston-Sesistant Tteel Farts: Sazpling, Inspection and
Testirg for Surfa:e Passivaticn

Tasteners, Iest Matihods

MS26531 Vibration Tes: Rig
AN3 thra AN20 S2lt - Mach Airzrals
ANSU3 Strew -~ Mac ~e¢ Tillister “ead, Coarse Thread
AN960 washer, Flaz
(Copies of specifications, standards, : publizations required by

suppliers in cornection =
the procuring astivity or as directed

2.2 <Ctiher publi

caticn to the ex:e

effect on date of invi

spezifiz Id te ctiained from

ar

a rart of this specifi-

ated, <he issue in

- .
shall applyr.
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Socisty of Automotive Engineers
AMS24,10 Silver Plating, Nickel Strike - High Baie

(:opios_of SAE publications be obtained from the Society of Automotive
Znginsers, inc., Two Pernaylvania , New York, New York 10001.)

Natd Aero 8 Standard
YNAS220-21 Screws - Brazlier Head, Phillips Recess

{Azplication for copies of NAS publications should be addressed to the Aerospace
irdustries, Association of America, Inc., 1725 DeSales Street N.W., Washington,
D.2. 20036.)
3. PEJUIREMENTS

3.1 Qualification. - The nuts furnished under this specification shall be
FTodusts which are qualified for lisiing on the applicable Qualified Products List
8> the tize set for opening of bids (see L.3 and 6.3).

3.2 Materials. -

3.2.1 250° F nuts. - The threaded and load-carrying elemenis of the 250° F nuis
shall de fabricated from noncorrosion-resistant steel, corrosion-resistant steel,
aixz=irua alloy, or copper-base alloy in accordance with the coding on the applicidle
M35 or cther approved standard. Aluxinum alloy may te used which wIll conform to the
specification rejuirements., When using noncorrosion-resistant steel, neithur the
s fur ror phosphorus content shall exceed 0.050 percent by weigh* for thread sizes
%9. 8 ad above when the nut is heat treated to Hockwell C36 or greater.

3.2.2 L50° F nuts. - The threaded and load-carrying elements of the 450° nuts
shall be fabricated from noncorrosion-resistant steel or corrosion-resistant steel.
e sullur content or the phosphorus content of noncorrosion-resistant steel shall
ot exseed 0.050 percent by weight for thread sizes No. 8 and above when the nut is
=eat treated to Rockwell C36 or greater.

3.2.3 800° F nuts. - The B00° F nuts shall be fabricated frc— sorrosion-resis<ant

steel,
3.3 Sesign. - Nut design shall conform to that shown on the applicable standard.

3.4 Zomstrustion. - The lock mut shall be a self-contained unit, including the
se_l-loccxing device. The locking device shall not operate by means of separate
=oveceant from the installation and shall not depend upon pressure on the bearing
sirface for locking action.

MIL-N-25027D

3.4.1 Besring surfazs. - The bearing surface shall be normal to the axis of
the pitch dlameter of <ze :nreads within the vaiues shown on figure 1. The surface
roughness of the beating s:rface shall not exceed 125 mircolnthes in accordance with
'ISA BL6.1-1962.

3.4.2 Threads. - The :hreads shall be as specified on the applicable stendard.
Threads used on the lockizg device ray be displaced or deformed in any manner which
provides self-locking nuts zonformirg to this specification. The nut, without
lubricant, shall allow t:= “Zo" gage to enter a ninimm of one-half turn before
engagenent of the lockirg siement. When the application of a lubricant prevents
the use of standard gages. -he nuts shall permit a minimun free rotational bolt
thread engagement of thre=-Tsurths t:imn before engagement of the locking element.

3.4.3 Plate nut rive:-colt hole sovacing. - Plate nut rivet-bolt hole spacing

shall ba in accordance wiz: the applizable standard.

3.5 Plating or surfacs ireatmen:. -

3.5.1 Noncorrosion-casistan: steel. - Nuts fadricated from noncorrosion-
resistant steel shall be -s<=iun plated in accordance wit: <he applicable standard.

3.5.2 800° F corros:
resistan: steel nuts shal
of such finish to the e
No plati finish shall :
iection weld p'aze nuts.

sesistant steel muts. -~ The threads of 200° F sorrosion-
s silver leted in ac:ordance wisn AMS2L:0. Application

.1 250° F and L

> T corrosion-resistanc
esistant steel Z

s shall o azzardance with the cle
-5002 anZ tested in azcordance with L.5.1.3.

Jabricated lrom copper-tase allicy shall be
appiicadle s:andard.

base a lcy nuis. - lcpper-base alloy nuts shall be
f : This dasignation shall be specified cn

tats fabriczated from sluminum alley shall be ancdized
or chemizally surface treated in accordance with

sh need te applied %o clad aluminum-plate nu:
iden:ification curposes, the threaded elemant of

in accordance
MIL-C-53.1.
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3.6 Llubrication. - The nut nay be provided with coating which will prevent
nut-bolt seizure, provided the zoating has passed the appiicable tests 22 4.5.8.
The Qualified Products Iist shall identify the lubricant and shall slassify it as
sither ¢ry film or soluble filn. The lubricant shall rot be changed wizhout
rorualification of the nut.

3.6.1 Pry fiim lubricant (lubricant that is not removed by test t.5.8.6). - Ury
Lilm lubricant shall pess the “ests specified in 4.5.8.1, 4.5.8.2, 4.5.3.3, 4L.5.8.%,
snd 4.5.8.5. The test specified in 4.5.8.6 shall be used for determining if the
.uuricant is a dry film type.

3.6.2 Soluble lubrizant (Zubricant that is removed by test 4.5.3.5). - Soluble
lubricants shall pass the test scecified in 4.5.8.1, L.5.8.2, 4.5.3.5, and 4.5.8.6

3.7 Axial tensile strengt:. ~ Unless otherwise specified, the nute shall have

3.8.1 Wrench torgue. - Hexagon steel nuts shall witis:iand the >
specified in tadle II when t°s-e:’. as specified in 4.5.3.1, without ag rmanent

>
i W
— WIDTH OR BASE RING 3EiRING I‘L'J"l"” " ceformazion which may interfere with the use of a tox or cpen end wr nforming
w SURFACE DIAYET -_2' (I“NEF‘)‘ to GGG-w-536. Wwrench torques for abm:.n\m—a.-::;, rnuts sha e a p= of the
~ __(70 NEAR=ST 1736 Iice : values of table Il egual to the ratio of their axial tensila sirer specified
i) 1 table I, to that of steel m Values for copper-allcy nus shall T2 30 percent
LESS THAN  3/i6 0,004, of the values srecified in tab
gﬁig %//: 'ggz 3.8.2 L:ck"zg torgue. - Locking toryue tesis shall e performed In ascordance
’ ° 2 arplis ragr a7 tior L coverin xing torgue
7;.;6, L; 007 with th2 arpliczadle paragraphs =7 section 4 ¢ Lorg
9/16, 5/8 .008 ) Perranent
/6, ¥ 009 el
13/16, 7/8 010 specified in 4.5.3.2.1.
15/i6, 1 011 vt 3 e : . e : menl S ~ant o
16, 1-1/8 012 :8.2.2 upapllity. - b | iis or sorews, as -?Pf':;_._ [l be
1-3/16' 1-1/4 -013 screws, as » of the 12515 3, 5, and 7. srecified
- in table 7V
15716, 198 014 il
1-7/16, 1-1/2 .015 i 5 _ 114222 val
- .8. . M utbiniits P a0 =7 installa 2r remova.
1-9/16, 1-5/8 -016 shall ne e : y tahle -
1-11/16, 1-3/4 017 aximun tabulatad
1-13/16 018 sorque table III.
snall b2 k
T , 20 tesis 7.
FIGURL i, Dinensions for —easuring relationsnip of bearing surface a5 lige:3

with ressect to the axis of the piich diameter of the threais
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Tatle 1. Axial tensile stirenpth in pounds
Fine thre.d seriec Coarse throad serie:
Repular nute J Shear nute _.':/ ltepular nuts 3/ Chear nut: 1/ !
Thread size Thread :ize —_—r -1 ——4|
“teel A2 alloy Tteel Al alloy Steel Al alloy Steel Ioaliny!
4
T S
2246 A0 4/ LL0 230 of 22
| Lol 750 L/ 750 3% W
: (-3 1,130 1,130 Abi Wf Sl
2/ 3 R s QP 95 4| B-30 A YW et IV
10-32 2,000 1 4/ 2,460 1,0% W Lo 5/ asa LY ke
' 5 reee VAR o IR 1 o 2,010 1,000
i i/h-28 4,580 1 4/ L,5e0 2,090 3 | 6 V/h=00 3,760 1,860
) R 5 Fcbhe
L /162 *,390 3,670 3,700 2,810 1 6/ /1618 6,360 3,160
3/8-2L 11,450 4 600 Lm0 2,p00 | B/ 3/B-16 9,540 4,730
7/16-20 14450 7 660 T2 3.830 } 6/ 7/16-1, 13,140 6,520
1/2-20 21,110 10,470 110,550 f, 240 %/ /2-13 17,730 8,800
9/16-18 26,810 13,300 {13,400 6,650 / 9/16-12 22,89C 11,360
¢ 5/8.18 34,130 16,930 TLO60 R L0 _,/ n/R-11 28,030 Th, 00
| 3/h-16 50,020 o4, Mo o010 12000 | &f Afh=10 K270 21,000
v 7/8-14 68,440 33,940 3,200 IR '(g’/ 7/8-9 60,330 29,900
/ Fdde | 9Rri80- Py TS #6000 PPt |, B/ 1-8 79,280 39,330
-12 i 90,000 Li 640 45,000 22,320
1-1/8-12 116,700 57,880 58,350 28,940 | 3/ 3=3/8~8 | 1OhTHE- 53840
Ll-l/b-lz 147,940 73,380 73,970 36,690 | 3/ 3-1f4=8 |333:300- brRo0-

_l_/ There are no axial tenuile strength requirements on copprr-bare alloy nuis.
g/ The "regular nut” values shall be used unless the standard specifies that the values for shear nutls are

applicable.

3/ Tnactive for denipn.
I/ Mese are the axial Lenntle nteength vatues for e bigh-ctrength ahminum-alloy nute fdentifled by a

bine dye.

5/ Thene ars the axia) Lensilde strenpth values for Lhe lowantrength alumimm-alloy nuts,  These nute are
innetive for deaipn,

6/ Inanlive for desipn for military alrerafl,  For application other than military atveepaft, aee 61,0,

A-138
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Table III. Locking torque at room ambient temperature
(Zn inch-pounds)
{ Fine thread series Coarse thread series
! Maximum Minizum Maxtmum Minimum
i Thread size ! locking torque, | breakaway Thread size | locking torque, | breakaway
¢ installation torgue installation torgue
l or removal or removal
o - . —5 2/ 2-5% 2.5
= 5— 20— =3 | 2/ L0 5
T/ 35 -5 <5 | IS S —5— —3+0-
=32 18 2.9 6-32 10 1.0
8-32 i5 1.5
/i-28 3 3.5 3 -2 18 2.0
5/16-20, 60 5.5 3 /-0 30 L.S
3/8-24 80 3.5 3/ 5/i5-18 60 7.5
~/16-20 100 PR 3/ 3/3-16 80 12.0
1/2-20 15C 23,0 3 /263 100 16,5
9/16-18 20 2.2 5 /13 150 24L.0
5/3-18 300 32.2 3/ 9/.5-12 200 30.0
3/L-16 400 3.2 3/ 5/3-11 300 L0.0
., 7/3-1 600 "2 2/ 3/.-10 400 60.0
oo 800 E) Y 1/3-9 620 32.0
5 At ~850= [55- 3/ i-8 300 120.0
1-1/8-12 900 pSIai] = 1-if8-8— 553 237,09
1-1/6-12 1,000 1.3.9 I -1 a8~ - 1800 b5 00—

3
L.5.3.2.2.1.2

Lemperature

MIL-N-25027D
Table IV. Dursbiliz; tests
!
Test No. and test Percent allowable Baxing
peragraph Nut 772s maxix2 torgue procedure Test temperature
of <a®le III 1
1
4.5.3.2.2.1.1 All nuts 20 Yone Room a=biens
2 Zake 3 hours a* | Room ambient
L.5.3.2.2.1.2 2500 7 -t i3 250° F than

Preheat 1 hour at
25C> F and test at
this temperalure

4
4.5.3.2.2.1.1

1/ Inactive for design.
2/ Must have some indication of torgue.

b/

Inactive for design for milita-y aircraf:.

L50° =

Tuts

. Zaxe 6 hours at
L50° F chen
cool to rocz
ambient

Boon amoient

Preheat 1 hour at
453° F an2 test at

) 4.5.3.2.2.2 39 this temparature
i.._._.
i [
t 4.5.3.2.2.1.1 800° T
. Preheat 1 howr at
4 80C> F and -est at
L.5.3.2.2.2 this tempersture
Yy olts > s2 , 85 agplicatle,
with at s3nfer ext Seysnd 4%
aut,
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3.8.2.2.2 Mipimm breskaway torgue. - Breakaway torque shall not fall below
~he vasues listed in table iil for the ninlmm breakaway torque when tested as
specified in 4.5.3.2.2.2. All nute shall be subjocted to test No. 1 specified in
-able iV. In addition, nuts shall be subjected to those tests 2 through 7 which
£ay apply An accordance with their msximm usage temperature ss listed under "Nut.
types” of table IV. For tests 3, 5, and 7 listed in table IV, nuts used in tests
2, 4, or 6, ss applicable, shall be assembled on bolts with at least a length of
<wo thread pitches (including chacfer) extending beyond the muts, and preheated as
specified.

3.8.2.2.3 Reusability. - All nuts and bolts or acrews used in the durability
sasts shall be inapscted for injwy to the threads as specified in L.5.3.2.2.3.

3.8.3 Torque out. - Torque out values for floating and retained nonfloating
=ype piate nuts and gang channel ruts, with no axtal load on the seat of the nut,
shall be not less than the values listed in table V, when tested as specified in
4.5.3.3. This test 1s not spplicable to other types of plate nuts than those
listed above or to hexagon nuts.

Table V. Torque out

Torque

Thread size (inch-pounds)
No. 2 i0
No. & 20

if Nertbe =5
¥a. 6 32
0. 8 L5
Yo. 10 60
ifL 1
5/16 160
3/3 240
7/25 350

1/ Inactive for new design.
3.9 Push out. - Push out values for the floating and nonfloating type plate

fats and gang chamnel nuts shall be not less than the values listed in table VI
when tested as specified in 4.5.4.

11

MIL-N.25027D
Tadle VI. Push out

hresd slisze Pousds

No. 2 20
No. & LI
1/ Norb- 55
No. 6 50
No. 8 80
No. 10 100
1/L and o>ver 25

1/ Irastive for new design

3.10 Vibration. - Self-lock: nuts shall wiznst B 4
epecitiod 1o arse ing stand the vibration test

3.11 Discontinuities. - Discontinuities in stesl nuts, as specif i gur
2, shall not exceed the depths shown in sable VII wnen test,,ed asp:cpecii.geznii L 507
’Jar:-. nust be exercised not to confuse crazks with ontirzizies. A crack is A
dgfmed as a clean crystalline break passing throug: the grain or grain boundary
witlout the inclusion of foreign elements. Cracks are not permitted in any location

Table VII. Limits of depths on laps, seacs, and inzlusion of finished nuts

Thread size |5/16 and | 3/8 '7/16 /2 9/::!
of nmut under

5/ | 34| 78] 1 |1-1/8

1 /4

t
Hexagon and :
plate nuts ‘
made fron i
sheet ze:3l | 0.005 0.006 12.007 | 2.209{ 0.022
Fexagon 3md l
plate ruts '
cade froz J
bar or wire | .010 011 | 012 | .2 L0135 |

1

12.012 i 2.0 | 0.017

L017 § .19} .C227 .025) .028

.oz#

12
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{SBAM EXTENDS INTO WASHER
FACE AND SDIE)

ACCEPTABLR, PROVINED DISONTINUITIES ARE WITHIN THE LIMITS OF
TAZE VII.

TOOL MARKS AND DRAW MARKS OF ST_T-LOCKING NUTS AS A RESULT OF 'CRMAL
MACHINING OR HEADING OFZRATIONS SHALL NOT BE CAUSE FOR REJECTICH.

ACCEPTABLE

FIGIPE 2. (Sheet 1 of 3) Accer
™S as revealed -
inspezticn

z5le and relectable defezts of self-lesking
magretic particle or fluorescen: penesrant

13
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NUT HAVING SHALLOW TOOL MARKS

S, LAFS, O INCUJSIONS WHICH
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NUT HAVING SEAMS, LAPS, G2 INCLUSIONS WHICH INTERSECT
AN EDGE IN LINE WITH BZAM SLOTS PASSING THROUGH THE
CENTZR OF THE HEX FLATS

ACCEPTABLE, FR0VIDED DISCONTINUITIES DO NOT
EXCZED ONZ-#ALF THE LIMCTS OF TABIE VII

YUTS BAVING LAPS CR SEAMS IZUE TO THE FORMING OF THE
METAL IN EXCZSS OF THE LIMTS SPECIFIED IN TABIE VII

REJECTABLE

FIGUPE 2. (Sheet 3 of 3) Acceptable and rejectable defects of self-losxing
nuts as revealed by magnetic particle or fluorescen: peneirant
inspection

MIL-N-25027D

3.12 Stress embrittlement. - The noncorrosion-resistant steel nuts shall
satisfactorily pass the stress embritilement tests specified in L.5.9.

3.13 Magnetic permeability. - The magnetic permeability of the corrvsion-
resistant steel nuts shall be less than 2.0 (air=1.0) for a field stremgth of
H=200 oersteds.

3.14 Workmenship. - Workmanship shall be consistext with the type of product,
finish, and the class of thread fit specified. Sharp =dges shall be broken; hanging
bturrs and alivers which might become dislodged under :sage shall be removed.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for insvection. - Unless otherwise specified in the contract
or purchase order, the supplier is responsible for the cerformance of all inspection
requirements as specified herein. Ex:ept as otherwiss specified in the contract or
order, the supplier may use his own or any other facili:ies suitable for the perfor=-
ance of the inspection requirecents specified herein, :nless disapproved by the Govern-
ment. The Goverrment reserves the right to perform a-y; of the inspections set forth

and services conform to prescritbed requirements.

4.2 Classification of inspactions. - The inspectizn and testing of nmuts shall
be classified as follows:

(a) Qualification inspectior (4.3)
(b) Quality conformance inspection (A.4)

8.3 suaiifi-ation insvection. -

4.3.1 Sampling instructions. - The qualification :s2s% samples shall consist of
100 nuts or plate nuts for each size upon which qualifi:zstion is desired, Alil bolts,
screws, and mandrels necessary for tes:s specified hersin shall te furnished by the
manufacturer. Complete descripzzive and processing da all be sutmitted as to the
lubricating material used on the nuts. Samples shall identifi=d as required and
forwarded to the activity responsible Zor qualificati:s, designated in the letter of
authorization from that activizy (see 5.1).

4.3.2 Tests. - The qualifization tests of self-l
examinations and tesis of this specificzazion as speci

zing nuts shall consist of all
2 under L.5.

4.3.3 Certified test repor:
report showing that the manufa:
specificazion. The test report
tests specified herein. Wwhen

- The —anufacturer sz
cduct satis?
de, as a o
is sutmited
es the manu’

_1 furnisk a certified ‘est
ily coniorms to this

=, actual resulis of the
shall “e accompanied by
er's product by specify
lected, coating or platirg
awn), and the heat <reatment.

all dimensions and tolerances,
applied, ferming process (mach
The manufasiurer's rart nuzber Ior
drawing (see 6.3).
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L.L Quality conformance inspection. - Quality conformance inspection shall oonsist
of the sampling tests specified in 4.4.2.

L.L.1 Seiection of sanples. - Sample nuts shall be selected at random from each
lot as specified herein.

4.L.1.1 lot. - A lot shall consist of finished nuta which are of the sane type
and ¢ianeter fabricated by the same process, heat treated in the same manner, and
p:oduzed as one continuous run or order or part thereof.

L.L.1.2 S_qg]_.i_.g‘_%n_.u - Sampling sizes for examination of product (threads,
fintsh, and dimensions) shall be in accordance with MIL-STD-105, Inspection level I.

The as:eptance and regoction criteria shall be applied for the following Acceptable
Qualisy Levels (AQL'S) applying to the corresponding class characteristics:

Major A - 1.0 percent
Major B - 2.5 percent
Minor = 4.0 percent

4.L.1.2,1 Classification of defects. - The classification of defects for self-
locking nuts shall be as follows:

Major A:
Locking element missing
Major B:
101 Thread fit
102 Locking elemesnt derormed
103 Bearing surface squareness
104 Surface finish, plating or surface trestment
105 Rivet hole location and alignment (plate nuts only)
Minor:
201 Height of nut
202 Dinension across nex flat (hexagon nuts only)
203 Loose or hanging burrs
204 Height of hex wrenching surface (hexagon nuts only)
205 All other dimensional characteristics not covered above

L...1.3 Sam an B. - For the Axial strength test (4.5.2), the sacple
shall -e selected in accordance with table VIII or table IX, as specified herein.

Table VIII. Variables plan

Lot size Sample size
Under 10,000 5
10,000 o 50,000 7
50,001 to 100,000 10
Over 100,000 15

. . ‘
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Zach sample shall conform to the requirements tha: X-0.LO0R exceed the rinimm
strergth requirements of table I

Where: X = sample average tensile strength
R = sample range, i.e., largest tensile strength minus scallest
tensile strength

In the svent that the sample fails the above varisblss plan tes: and no one item
of the saaple falls below the cinlmum reg:irement, a ~ew sample shall be taken
ascording to the attribute plan below.

Table IX. Attribute rlan

lot size Sample sizs Acceptance
|
Under 10,000 5 ! 2
10,000 to 52,200 10 o}
50,001 to 12C,000 15 0
Over 100,00C 27 b

L.2.2.3.1 Axial stre
in z3tl= IX may be used at

. = The atiribute plan shown
ne outset in “leu of the variables plan.

the torzue out, and push out
=ling shall be in accordance

ance or rejection ni=bers shall
orque, torgue out, and push out
iIl:2 defective if it fails to conform

4.2.1.4 Sampling plan C.
rests (L.5.3.2, 4.5.3.3, and
with the attribute plan shown in
aprly =5 all of the individual
tests -axen separately; i.e., 3 nut sha®
%9 3y reauirements of any cne of these tes<s,

L.4.1.5 Sampling plan B. - For the 2is:
andom in accordance L-STh-113.
L of 1 percent defe:
or in nonconforman:e
ination in accordan:ze -
g nuts, shall be i
%o nuts less than 1/:

l0se nuts which are judged

iirements 7 figure 2 and table VII after
Myltipd uch as gang channels

These requiremenis shall

Tests. - The qualizr conforman:s tests o7 :alf-lecking nuts shall consist
I the I:llowing tests:

(b) Axial tensils
(c) lockirg tor
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(a) Torgque out (4.5.3.3)
(o) Push out (not applicable to right-angle plate ruts) (L.5.4)
:‘; Discontinuities (4.5.7)

(g) i8-hour stress embrittlement test (4.5.9)
4.5 ZInspection methods. -
L.5.1 Zxamination of product. - The nuts shall be examined for conformance to LAP FIT 4 HGLES K" -.002 MIN
tnis spezification and applicable approved standards with respect to material,
workaansaip, dimensions, design and construction, and finish.

4.5.1.1 3Searing surface. - Bearing surface values shall be measured by means € £.0002 -750 MIN
of a tadle sguarensss gage, with a seating surface diamster equal to W (see figure

1), in conjunction with a feelsr gage, with a class 3A threaded ber at engag 1t J +.0002- \!' /

in the locking device, and twmed finger tight. NOoM ;_ /
§: f\\ y r B .004 CLEARANCE

4.5.1.2 Plate nut rivet-bolt hole spacing. - Plate put rivet-bolt hole spacing
=a7 be determined by the means of a functional aligmment gage in accordance with -
figure 3.

f- C £.0002

L.5.1.3 250° F and 450° F corrosion-resistant steel nuts. - The corrosion- 0002 - ) _—
rasiscant steel nuts shall be tested for surface cleanliness in accordance with Nogl f

Method 11 of MIL-STD-753.

- 0 = 1~ .008 CLEARANGE
L.5.2 Axiai tensile strength. - Bolts of minimum grip length equal %o twice N | N DIAMETER
the bol: diameter on whicn the nuts assexdie freely up to the self-locking element

with the fingers may be used for this test. The bolt and nut assembly shall be ]
testad with at least a length of two thread pitches (including chamfer) of the bolt asic mgon
extending through the nut. Such bolts shail be heat treated to an ultimate tensile —=RTAD 2433
strengzh of 160,000 pounds per square inch (psi) minimm and shall have class 3A
tnreads in accordance with MIL-S-77L2 or MIL-5-8379. All bolts shall be clean. The
50.% hole ir the bearing plate shall have a free fit not in excess of 0.0l inch
greater than the dianeter of the bolt. Thickness of the bearing plate shall not

De iess than the dianster of the bolt used in the test. In the case of floating
mats, the hole in the test plate should be iarge enough to simulate the float. Axial
tensile load for 100-degree countersunk ruts shall be met when tested on a fixture
with a configuration conforming to the bearing contour of the nut assembly.

MS OR AN TOLERANCE ON DIMENSION "J" 3nTwIZl RIVET HOLES = +.002, GAGE
PINS BZING .002 BEL4 MIN "% DIA Ci=CK PART3 TO ,002 FUNCIIONALLY.

A%

VS TOLERANCE TN DIMENSION "C” 23TTJEEN RIVET AND TASTZO HOLE = THE
CENTZR 0F TAPFED EQLE SHALL NOT DEVIATZ I¥ ANY DIRECTION IR0M THE CENTER
OF PLATZ NUT AS DZTZRMINZD 3T THE RIVIT HOLTS 37 MORE TERN .005.

4h.5.2.1 Qualification. -~ Not less than six sample nuts shall be subjected to the
axtal sirength test. The nuts shall be assembled on the bolts. Three of the 450° F
muts shall be baked on the bolt for 6 hours at 450° P. Three of the 800° F (corrosion-
resistan® steel) nuts shall be baked on the bolt for 6 hours at 800° F. The 250°
7uts need not be baked prior to this test. All the nuts shall then be tested at
roct tecperature. The tests shall be carried to destruction.

THE CENTIR HOLE IN THS GAGZ ZAVING 004 CLEARANCE PER SITZ
HOLE FINS EAVING .0Cl CLEARANCT PEZR 3IDZ CFZIES THI RELAZIC:
TOTAL CF .005 FER SICE FONCTIZUALLY.

DIMENSICKS IN INCHES.

L.5.2.2 Quality conformance. - The muts shall be assembled on the bolts and
subjected %o the axial strength test. The testing shall be done at room temperature.
The tests shall be carried to destruction when the variables sampling plan (4.4.1.3)
is used. The tests need not be carried to destruction when the attribute samupling
plan (4.4.1.3.1) is used.
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4.5.3 Torgue. -

4.5.3.1 Wrench torque {h%on nuts ongl. —~ Steel bolts identical to those
used 4n the axial strength test (4.5.2) on which the nuts assemble freely up to the
self-locking eiement with the fingers may be used for this test. Such bolts shall
khave class 3A threads in accordance with MIL-5-7742. <hree of the nuts submitted
for quaiification shall be subjected to this test. The regular nuts shall be
tightened against a steel bushirg with a box wrench to the torque values for regular
nuts specifisd in table II. The regular nuts shall also be tightened against a
stesl bushing with an open end wrench to the torque values specified in table II
for shear muts for sizes through 5/8 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, class 1, and type iV conforming to GGG-W-636. Deformation which
interferes with the proper applization and removal of <ihe nut with the wrench is
sufficient cause for rejection.

4.5.3.2 _ocking torgue. - The locking torque tests shall be run with no axial
load on the mut at a rate slow enough to obtain a deperdadle measure of torque. The
tepperature rise of the nut under test shall not excesd 75° F above room ambient
temperature.

L.5.3.2.1 Dermanent set. - Permanent set shall be svaluated by subjecting the
nut, at room a=bient temperature, to one complets instaliation and removal cycle
on & bYol% or =:rew, as applicablie, and then repeating <he test cycle with the same
clean nut on a ninimum pitch mandrel, in accordance with 4.5.3.2.1.1. Three of the
auts subaitted shall be subjected to this test. The doits or screws for this test
snall conform o MIL-B-6812 for sizes No. 10 and above, and to AN503 for sizes under
N>. 10, excep. that the pitch diazeter of the bolt or screw shall be established at
75 percent, “C.0)00 - 0.0004, of the tolerance range of class 3A above the minimum
pitch dianmeter, subject to check with functional pitch diameter tri-roll gages.

4.5.3.2.1.1 Mandrel for per—anent set test. - The mandrel shall conform to
figure L. Threads shall confor= o table X. It shall e checked with pitch diameter
tri-roll gages.

4.5.3.2.2 Qurability. - For zualification, 20 nuts shall be subjected to this
test. Tallure of any nut to pass the requirements of ihis test shall be cause for
rejection.

4.5.3.2,2.2 Maxiznm locking torgue, class 3A bolts or screws. -
4.5.3.2.2.2.1 Tests 1, 4, a=d 6 of table IV. - For these teats, the nuts shall

be ergaged or disengaged on a ciean bolt or screw, as agplicable, as specified in
4.5.3.2.2.1.3 for 15 full installazion and removal cycles without any axial load on
the nut. A bol: shall be considered fully installed when a length of two thread
pitches (including chamfer) exterd beyond the locking device of the nut, and the
removal cycle shall be considered ccnmpleted when the locxing device is disengaged.
.\‘.l.xiz'.a lockirg torque readings shall be taken on the first, seventh, and fifteenth
cycles.

2
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4.5.3.2.2.1.2 Tests 2 and 3 of table IV. - For these tests, the nuts shall be
tested as specified in 4.5.3.2.2.1.1, immediately preceding, except that the nut shall
be engaged or disengaged, as applicable, for only one full installation and removal
cycle. Maximm locking torque readings shall be taken on installation and removal of
the nut.

4.5.3.2.2.1.3 DBolt or secr for lock: torgue breaka
torgue tests. - For the maximum locking torqus and minimum brearaway torque tests,
screws conforming to AN503 shall be used on nuts under mmber 10 size, and bolts
conforming to MIL-B-6812 shall be used on nuts mumber 10 size and larger. The pitch
dianeter after plating on these screws or bolts shall be class 3A. All screws or
bolts used shall allow the nut to be assembled freely with the fingers up to the
locking element. Each new nut shall conform to these dimensional requirements at the
beginning of each test. Cadmium-plated, nonzorrosion-resistant steel screws or bolts
shall be used for testing noncorrosion-resistant steel nuts, copper-base alloy nuts,
and high-strength alumimm-alloy nuts, sizes No. 8-32, No. 10-32, and 1/4-28,
identified by a blue dye. Aluminum-alloy bolts or screws shall Se used for the testing
of the other alumimm-alloy nuts. Corrosion-resistant steel bolts shall be used for
testing corrosion-resistant steel nuts.

4.5.3.2.2.2 Minimm breakaway torgus. - During *he last installation and removsl
cycle in the test specified in 4.5.3.2.2.1, the same nut shall Se checked for minim:
breakaway torque. Minimm breakaway torque shall be determined during the last removal
cycle {1st or 15th, as applicable) between the limits of a miniz=xs of one, and a
maxizm of two threads of the bolt or screw, as applizadle, ex:erding beyond the nut.
In addition to the above, tests 3, 5, and 7 of table 17, as eppiizable, %40 the maxizi
usage tecperature, shall be conducted by checking the ninimum breakaway torgue on ths
first removal cycle only.

£.5.3.2.2.3 Reusability. - At the conclusion of the minimz treakaway torque
tests, the nuts and bolts or screws used in this test shall be exa~ined for damage to
the threads. HNoticeable distortlon or scratches deep enough to reduce the efficiency
of the threads shall be cause for rejection. The threads on the tolt or screw, as
applicable, shall remain in serviceable condition and permit the installation of a
new mt freely with the fingers up to the self.locking slement.

L.5.3.3 Torgue out. -. In table V, the torque out values of floating and
nonfloating-type plate nuts and gang channel nuts listed shall apply to nuts when
tested with no axial load cn the seat of the nut. The nut or nmut assembly shall
conform to the values specified without cracking the retainer ard without becoming
malforzed sufficiently to preclude the applization of <he sace torgue in the opposite
direction., The nuts to be subjected to this test shall be riveted to a steel plate
of a thickness egual to or greater than the zmaximum thread diameter. The bolt hole
in the plate shall be located concentric with ihe nocinal position of the threads in
the within 0.010-inch £l indicator reading. The diazeter of the torque stud or
device shall have a maxdmz dizmetral clearanze of 0.017 inch in the test plate. The
torg:e stud or device shall “e provided with 3 shoulder to sea’ against the base of

nut or shall incorporate a suitsble bust =plish *his. Reverse loading
zzcaplished by the addition of a ch
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L.5.4 Push out. - The minimm load required to push out the mut from the
resaizer of any type plate nut and gang channel nut or to effect a permanent
defor—a-ion axial with the threaded element of 0.030 inch, measured at the thread
sente-line between the test plate and the base of the mxt, shall be not less than
<ne values specified in table VI. The nuts shall be prepared for this test in the
canner specified in 4.5.3.3, except that the push-out stud or device shall be
srovided with a herispherical end of a dianeter equal to the thread digmeter plus
1/32 imch, minimum, instead of the shoulder or bushing.

4.5.5 Vibration. -~ Sample nuts with bolts of the size and quantities specified
ir zable XI snail be vibratsd in accordance with MS26531 or test 7 of MIL.STD-1312,
An average vibration life, for each lot of eight specimens tested to MS26531, of less
than specified in table XI shall be cause for rejection. Vibration life, for each lot
of five specimens tested in accordance with MIL-STD-1312, test 7, at less than 30,000
cgcles shall be cause for rejection.

Table XI. Vibration requirements

MS26531 MII~STD-1312, test 7

Bolts and nuts Average Bolts and muts

i
i required Vibration required Assembly
Nat Bolt i (min. of each) life (min. of each) torque after
Size Size | (hours) ake (in. - 15.)
N l7250"? 450 & 80Q0°F 250°F L50 & 800°F
L
10-32 AN3-15A 8 16 0.6 5 10 36
i/L-23 ANL-16A 8 16 1.0 5 10 60
5/26-2" {AN5-16A 8 16 3.5 5 10 120
3/3-2L  1AN6-17A 8 16 6.0 5 10 160
7/16-2C 1ANT-17A 8 16 8.0 5 10 200
/2-20 iAN&-zol 8 16 9.5 5 10 300

L.5.5.1 Vibration tests on nuts larger than 1/2-inch size are waived, provided
that 1/2-inch nuts and smmaller of the same type and design of locking device have
satisfasztorily passed the vibration test.

4.5.5.2 Preparation for vibration test to MS26531. -

4.5.5.2.1 Bakinz of test sgecinens. - Falf of the 450° F and 800° F nuts shall
be assearbled on the appropriate AN bolts and baked for 6 hours at 450° F and 800° 7
respectively. The baked specimens shall te allowed to cool slowly in air to room
a=blen: temperature before being vibrated. It is not necessary to bake the 250° 7
nuts for this test.
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4.5.5.2,2 Iug removal of olate puts. - &xo—p-ecs platp nuts shall have their
attaching lugs mso <rizmed that they l!'5 oqual to <ze width of <he part and provide
symmetry about thelr threaded axes. On nmultiplece -late nuts, fixed or floating
type, only the threaded elezernt shall be tested, ;r:vided the locking devizas is
integral therswith. Such threaded locking elemsn: s-all be —aie symmeirical as
above noted. If the threaded element and locking 2evize are no: integral, the lugs
of the attaching retainer shall be tri-=ed as above 5 proviie the closest possible
symmet=y. The triz~ed assecbly shall <hen be testsd,

4.5.5.3 Method. - The “est nuts shall be screved on the aircraft bolts which
pass thraugh the drilled holes in the arbor and siseve of the test rig as shown on
sheet 5 of MS26531. The nuts shall ro: de tightens? against :he slesvs, but shall
be screwad on until the end 5f the bol: extends “hr::zh the -::. The bolts shall be
fres to rotate in <he arbor and slesve. The lockizg 2evice =7 <he mu: shall bs the
only fa:zor which res:irains zhe rut {rez turning <= <he bolt. The thrust load on the
test astor, including the w s cwer uris, shall e €5 pounds,
Reference lines shall be scritad, or -*"-e" suitub-e zarkings *all be zade on both
the nu*s and the b:l:s for purpose =f determi-: turns on the bolt
during --e vibraticn test.

4.5.5.3.1 The -asts sha’l be co
rest to rermit the el:ztrical power o
direct a zurrent of air om <he test rf
rest intervals shall not develzp ter
specimerns when conZusted as Iollows:

(a) The fen cr blower shall be tus
running :=riod 1s c:zrplete, z2nd shall rszmain off o=

are taxen.

(b) ation t2st shall be ::
the average vibrati:zn life spz:zified
30 dn*-“: either siie of the scribe
exte""f-‘ toatetzloof X

—ore r-.s, tbe

~age vitration life
all be considered

e nut failed shall
1ife s=3ll be defined
being evaluated.
2azer than 30 degrees

. <he rut design shall

averag2
er sev
have paszad the t2s7.
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L4.5.5.3.2 The nuts shall be considered to have failed to pass the vibration
test uader the following conditions:

(a) If any structural failurs, such as broken segments, locking
irserts falling out, and significantly cracked nuts, occurs during the test, pro-
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
with the fingers after any 20-mimute run during and after the completion of the
average vibration time.

(c) If any nut comes completely off the bolt during the average
vibration “ime.

(d) If a test lot fails to develop an average vibration life equal
to or grester than the sverage vibration life specified in table XI.

4.5.5.4 Preparation for vibration test to MIL-ST0-1312, test

4.5.5.4.1 Accelerated vibration. - The nuts shall be assembled in accurdance
with figure 1, of MIL-STD-1312, test 7, with bolts and torque values as specified
in table XI. The nuts shall then be removed and reinstalled to this torque four
additional times before being vibrated.

L.5.5.4.2 Baking of test specimens. - Half of the 450 and 800° F nuts shall be
assesbled on the appropriate bolts and baked for six hours at 450 and 800° F, respec-
tively. The baked specimens shall be allowed to cool slowly in air to room lempera-
ture. The nuts shall then be removed and reinstalled to torque values specified in
taoie XI for four additional times before being vibrated. It is not necessary to
Laae the 250° F nuts for this test.

4.5.5.5 Method. ~ Use MIL-STD-1312, test 7 procedure.

4.5.5.5.1 Determination shail te made throughout the test to guarantee that
assenbiy is traversing the entire iength of the slots in the test fixture. The
test szall be run for 30,000 cycles except that it shall be stopped prior to the
cecpletion of the 30,000 cycles in the event a nut becames disassembled from the
bolt. The mut samples shall be exanined under 10X magnification for cracks.

4.5.5.5.2 The nuts shall be considered to have failed to pass the vibration
test under the following conditions:

(a) If any structural failure, such as broken segments, locking
inserts falling out, or cracks occurring in the nuts during the test, provided
failure is not the result of failure of the bolt.

(b) If any nul coces completely off the bolt or can be turned
complete’y on or off the bolt with the fingers during or after completion of
30,000 cyzles.

(¢) If relative rotation between any nut and bolt exceeds 360
degrees.
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4L.5.6 3Stress corrosion. - For purposes of qualilication, samples
No. 2-56 through and including 1/4-28 high streng:: alumima a’loy m::f-hﬂ:;.l‘t:”
subjected to the following test. Five o the nuis 52 the sire being qualified shall
be assembled on cadmium plated steel bolis or screvs, as spplicable, against cadmium
plated steel btushings. The torque used in assembly shall be:

(a) 4 inch-pounds for the No. 2-56 sise.

(o) 8 inch-pounds for the Ko. L-40 size.

(2) 15 inch-pounds for the No. 6-32 size.

(2) 20 inch-pounds for the No. 8-32 eizs.
(e) 4O inch~pounds for the N>. 10-32 si:ze.
(£) 100 inch-pounds for the No. 1/4-23 sizs.

The assembly shall then be submerged in a solution :z:insistirg of 53 grame of sodium
chloride and 5] grams of sodium chromate rer liter > solutiz: for a period of 2 weeks
at room temperature (75° F). At ths conclusion of =:e time ;eriod, the muts shall be
examined and any cracks visible to the unaided eye s=all be a:‘omatic cause for
rejection. If no cracks ers visidble, one sample of sach sizs ‘rom the above tests
shall be sectioned, polished, and subjected to meta > rgical examination. Any cracks
shown ty thls examination shall cause relection of <he lot.

L.5.7 [Ciscontinuities. - The presence of discon:inuities in nuts, such as laps,
seams, and sions, shall jbe determined by one o ~e follzwing methods of

inspection, ess visual Inspection dis:loses discanzinuities which would preclude

the necessity for these inspectior reans. The press=:e of crazks in nuts is cause

for rejection. Other indications as noted on figurs 2 shall -5% be cause for

rejecticn, orovided the are within the acceptable linits of tadle VII. If, in the
opinion of th2 Govermment inspector, the indications :se for rejection,
representative samples shall be taxen fro= <hose ~dications which shall

be further exztined by microexzminaiion <5 detemine wha e indicated discontinuities
are in accor2ance with the limits a., discontinuities within
the acceptable limits of table VII

4.5.7.1 Cnscection method for noncorrssion-resiscant stee® muts. - Magnetic
particle insp n shall be perfcr=ed in ascotdan: 41-7-6868. Such inspection
shall, in general, be performed by the self-locking wurer or finished nuts
of thread sizes 1/L inch and larger, but i any cas to any processing ?
operations whizh could adversely affect the part. a_l be ragnetically

inspectioned sularly only. The nagnetizing fiel2 s2all be normal to the longitudinal
axis of the n Nuts shall not be dyed as an indi on of zmazretic particle inspection
specified by ation. Fersonnel conducting

magnetic parti:le inspecticn shall be qualilied in a::a~dance with MIL-5TD-410.

ction metned for corrosiin-resista: steel —uts. - Fluorescent

~th MI1-2-5866. Such inspection
_ read sizes 1/4 inch and larger,
but in any which 1d adversely affect
the part. n penetrant inspection
specified plin iren - rsonnel conduzting
flucrescent i .- ifi . ascordance with MIL-STD-L10.

shall, in
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L.5.8 Sultab: of lubricant coat: .-

~.5.8.1 W
Zasvasic corrosion. ~ ricant coated and unlubricant coated "Scratch panels,”
=ads of the same material as the finished fastener product, and cadmium plated in
accordance with QQ-P-416, shall be scratched through to the basis metal. The
unlubricated panel shall be cadnium plated in accordance with type II, class 3 of
GQ-?-4316. These panels shall be subjected to a 96-hour salt spray test in accordance
with Method 811 of Fed. Test Method Std. No. 151. After exposure, no significant
di2Zerence in corrosion shall be found when a comparison is made between the panele
with th. Inbricant and the unlubricated panels.

L.5.8.2 Effect of the coating on siructural materials in contact with the
faszener. - Corrosion test specimens will be panels with four test fasteners per
pane.. Two fasteners ot each s ecimen panel shall be cadmium plated in accordance
with type II, class 3 of QQ-P-416 without lubricant coating, and the other two
faszeners shall be plated in accordance with type II, class 3 of QQ-P-416 and shall
be lidricant coated. Duplicate specimen sets of the following alloys and finishes
shail be subjected to a 96-hour salt spray test in accordance with Method 811 of
Fed. Test Method Std. No. 151:

(a) Bare 7075-76 and 202L-T6 alunimm-alloy surfaces treated in 2:cordance

with MIL-C-5541 and anodized in accordahce with MIL-A-8625
(b) Clad 7075-T6 and 2024-T6 aluminum alloy
(c) Titanium alloy
(d) Corrosion-resistant steel
(e) Magnesium alloy wherein the fasteners are insulated from the
magnesiun in sccoréance with MIL-F-7179

Afser expusure, the specimens shall be disassexbled and no significant difference
in zorrosion shall be found on either the fasteners or panel faying surface
a scrparison is made between the fasteners with lubricant and fasteners without

lubricant.

L.5.8.3 Behavior of coatinz with caint. - Corrosion test specimens shall de of
ali=imm alloy similar to those specified in 4.5.8.2 and painted, including the
Zas-eners, with wash primer zinc-chrocate primer system in accordance with MII-F-7179.
hess specimens shall be subjected to a 96-hour salt spray test in accordance with
Meznod Bl of Fed. Test Method Std. Yo. 151. After exposure, no significant dif-
ference in corrosion, blistering, or loss of adhesion of the paint shall be found when
& 2:=parison is made between the fasteners with lubricant and fasteners without

1sbricant.

L.5.8.4 Effect of coating on sea.ing caterials. - Corrosion test specizens shall
be of aluninum alloy siniiar to those specified in L.5.8.2, except that MIL-S-3302

and MIL-5-7502 fuel tank sealant material shall be applied to the fasteners. A
specinen panel shall be prepared for each sealant material. Before the application
of the sealant material, the fasteners and panels shall be cleaned by scrubbing and
rirsing with solvent formmiated in accordance with table XII. After rinsing, and
walle still wet, the spacimens snall be wiped dry with clean, nonoily wipirg cloths
or tissue. These specimens shall be subjected to a 96-hour salt spray test in ac-
co-dance with Method 811 of Fed. Tes: Method Std. No. 151. After exposure, nd>
significant difference in loss of adnesion or degradation of sealant —aterial shall
be ‘ound when a comparison is made be:ween the fasteners with lubrican: and fasteners
wizhout lubricant.
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Table XII. For=ulatlon 57 cleaner
I
Percent
Ingredient Specification by
volume
Arcoatic petroleum TT-N-97, s7pe I,
naphtha grade 3 50
Ethyl acetate To-Z-751 20
Methyl-ethyi-ketone TT-¥-261 20
Isopropyl alcohol TT-I-73% 10

L4.5.8.5 Effect of coa:ing on siress corrosion resistance of fasteners. - The

lubricated threaded fastensr shall be scraicied through to the Sasis metal. Torque
shall be applied against ::e alumini-alloy ranels :o induce 90,000 psi in mating
bolt. The assembly shall salt-srray tested for S: hours in accordance with
Method 811 of Fed. Test Me-:od 5td. No. 151. After sxposure, the lubricated fastener
shall not have any cracks w~ich can be detarmined 7 visual inspection under 10
diameters magnifization.

e lubrizant coated panels, made

of the sace material and z:ntaining 3s the fastener product, shall be
sutmerged for 10 minutes -1 =inute in saner srecified in table XII. The panel

shail then be wiped dry W=k clean, non ~iping :loths or tissue, Tailure of all
lubricant to be removed Irxx the = = =2 above rrocess shall be cause for
rejection of the Jastener :roduct.

L.5.9 Stress embrit:l tos1 are heat ireated to over

Rockwell CL46, or ejuivalen: -

A =nimz of 10 nuts, or not more

¢ assexmbled with suitable bolts or
z=ber heat treated to Rockwell

7 shall e stored at room

e visually examined for
huts with lower

e III shall be sectioned and

than 10 percent, skall be
screws and washers in a &
€25-C32. (See figure 5 2
tenperature for L2 hours. .
cracks and the mininum breacaway tsrgue shall be &
breakaway torque than the —ini
exanined under 17X magnil
rejection of the I:ot.

= of 10 nuts or not more than
ed with suitable bolts or

4.5.9.2 153-Tour emtristlecent test. - A

10 percent shall te selezza? frem =azh L

d assa

screws and washers in a drilled s:teel S-type ber heat treated to Rockwell

€25-C32 (see fig:ure 5 an? -adle ¥ assext’> shall be stored at rom ambient

temperature for 128 hours. After L . the nuts shall te visually examined for
; be 2::ermined. Nuts with lower break-

shall be sectioned and examined
s-:.1 be cause for rejection of the

»
o
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Table XIII. Stress embrittlement test specinen assecbly and torque values

Mut design to be Bolt or screw Washer Torque
tested (inch-1b)
2-56 b4 Y
4-40 pY Y
6-32 Yy
8-32 NAS220-21 AN960-8L 23
10-32 AN3-18A A%N960-10L L5
1/h-28 ANL-18A AN950-L16L 15
5/16-24, AN5-154 AN960-516L 260
3/8-2 AN6-17A AN9S50-616L L350
7/16-20 AN7-17A AN9SO-T1SL 955

_],/ Thers are no stress embrittlemern. tests on the No. 2, No. 4, and No. 6 nuts.

L.5.10 Megnetic permeability. - The magnetic permeability shali be determined
by the use of an indicator in accordance w=ith MIL-I-17214, or equivalent. This “est
?hall t):e performed on the sane sazples whith were used in the axial strength test

4.5.2),

4L.6 Packaging, packing, and marking. - Preparation for dslivery shall be

exanined for conformance to section 5.
5. PREPARAT:iIN FOR DELIVEZY

5.1 Preservation, packa rackinz, %ing. - Self-locking nuts shall be
preserved, pacxaged, packed, and rarked I>- shipmen: in accordance with MIL-H-3932,
Preservation and packaging shall be level A or C as spacified in the contract or order
$=ee 223 Tacking shall te level n, B, cr C, as sgecified in the contract or order
see 5.2

6.1 Intended use. - The nuts aid plats nuts conScrming to this specification
are intended for use in applizations whers the maxi~m temperatures do not exceed
the following values:

Copper-base alloy nuts - 25C° F.
Aluzinu=-alloy nuss - 250° T,
Noncorrosion-resis<ing steel - 232° F or L32° T,
Corresion-resisting steel - 250° 7, LS0° =, >r 800° T,
l./ The icorrosion-resisting steel nuts covered by this specification are

32
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6.1.1 The specifying, by reference to this specification, of self-locking
nut designs for use in the design and construction of military aerospace vehicles
will be limited to those nut desigms with thread size and pitch combinations noted
as approved for design in table I or listed as approved for design in standards
approved by the specific aerospace vehicles specifications and are also liated on
QPL-25027. Design and usage limitations shall conform to MS33588.

1/ Nut designs listed on QPL-25027 which are od and classified as 550° or
500° F nuts, under urevious revisions of this specification are universally

interchangeable with nut design classified as 450° F mts,

6.1.2 The specifying, by reference to this specification, of self-locking
nut design for applications other than military aerospace vehicles may include
those -t designs with fine thresd pitches for sizes under No. 10 and coarse thread
pitches for sizes No. 10 and larger if there is a nut design listed on QPL-25027
for the thread size, and there are no exceptions taken to the locking element dimensions,
locking element material, and locking torque of the design qualified. For applications
other than military serospace vehicles, these nut designs are considered qualified. If
any provision of the specific equipment specification conflicts with this provision,
the equipment specification will govern.

6.1.3 Standard and nonstandard nut designs that are approved for use in design
and construction of aerospace vehicles; that are specified by reference by this
specification; and that have all descriptive factors that affect universal inter-
changeability the same, except for the type of plating in accordance with QQ-P-i16,
are considered to have the following interchangeability relationship:

’-Y  Those nuts with type II plating can be used to replace those nuts
with type I plating in all applications.

(b) Those nuts with type I plating cannot be used in place of those nuts
with type II plating. Ir applications for dry film lubricated nuts, the type and
class uzo optional, if the ruts meet the salt spray requirements for tyre II of
QQ-P-416.

6.2 Ordering data. - Procurement documents should specify the following:

(a) Title, nuzber, and date of this specification,
(b) MS Part No. (see section 3).
(c) Applicable levels of packaging and paciking (see 5.1).

6.3 Qualification. - With respect to products requiring qualification, awards
will te made only for products which are at the time set for opening cf bids,
quali’ied for inclusion in the applicable Qualified Products List, whether or not
such products have actually been so listed by that date. The attention of the suppliers
is cailed to this requirezent, and manufacturers are urged to arrange to have the
produsts that they propose to offer to the Federal Goverrment tested for qualification
in order that they may be eligible to be awarded contracts or orders for the products
covered by this specification. 7he activity responsible for the Qualified Products
list is the Naval Air Systers Cammand, Navy Department, Washington, D.C., 20360; however,
inforzation pertaining to qualification of products may be ottained frca the Naval Air
Inginesring Center, Philadelphia, Pernsylvania, 19112,
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6.3.1 Qualification tests will be suthorised only upom presentation of certified
test reports indicating that the nuts conform to or will confor:a to this speeification
(see 4.3.3) and the applicable MS or a standard approved by the activity responsible
for qualification.

6.4 Definitions. - In this specification the word "muts", unless qualified by
hexagon or plate, refers to both hexagon nuis and plate muta. When only hexagon
nuts or only plate nuts are being referred to, it will be so indicated in the
specification.

Custodians: User activities:
A'n:y—WC Army - GL, MU, wC
Kavy - AS Alr Force - 82

Air Force - 11
Proparing activity:

Reviswer activities: Navy - AS
Arzy - MI, AV, WC
Navy - A4S, SH Project No. 5310-C527

Alr Force - 82, 85

~U 3 TULTRANMENT FRINTING OFF'CE 1349-303-000 3307
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SAMPLING PROCEDURES AND TABLES
FOR INSPECTION BY ATTRIBUTES

SNOUEYS

1.

1.1 PURPOSE. This publication estab-
lishes sampling plans and procedures for
inspection by attributes. When specified by
the responsible authority, this publication
shall be referenced in the specification, con-
tract, inspection instructions, or other docu-
ments and the provisions set forth herein
shall govern. The ‘“‘responsible authority”
shall be designated in one of the above
documents.

1.2 APPLICATION. Sampling plans des-
ignated in this publication are applicable, but
not limited, to inspection of the following:

a. End items.

b. Components and raw materials.
¢.  Operations,

d. Materials in process.

¢.  Supplies in storage.

[, Maintenance operations.

g. Data or records.

h.  Administrative procedures.

These plans are intended primarily to be
used Tor a continuing series of lots or batches.

SCOPE

The plans may also be used for the inspection
of isolated lots or batches, but, in this latter
case, the user is cautioned ito consultl the
operating characteristic curves to find a plan
which will yield the desired protection (see
11.6).

1.3 INSPECTION. Inspection isthe proc-
ess of measuring, examining, tesling, or
otherwise comparing the unit of product (see
1.5) with the requirements.

1.4 INSPECTION BY ATTRIBUTES. In-
spection by attributes is inspection whereby
either the unit of product is classified simply
as defective or nondefective, or the number
of defects in the unit of product is counted,
with respect to a given requirement or set
of requirements,

1.5 UNIT OF PRODUCT. The unit of
product is the thing inspected in order to
determine its classification as delective or
nondelective or to count the number of de-
fects. It may be a single article, a pair, a set,
a length, an area, an operation, a volume, a
component of an end product, or the end
product itself. The unit of product may or
may not be the same as the unit of purchase,
supply, production, or shipment.
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2. CLASSIFICATION OF DEFECTS AND DEFECTIVES

2.1 METHOD OF CLASSIFYING DEFECTS.
A classification of defects is the enumeration
of possible defects of the unit of product
classified according to their seriousness. A
defect is any nonconformance of the unit of
product with specified requirements. Defects
will normally be grouped into one or more
of the following classes; however, defects
may be grouped into other classes, or into
subclasses within these classes.

2.1.1 CRITICAL DEFECT. A critical de-
fect is a defect that judgment and experience
indicate is likely to result in hazardous or
unsafe conditions for individuals using,
maintaining, or depending upon the product;
or a defect that judgment and experience
indicate is likely to prevent performance of
the tactical function of a major end item such
as a ship, aircraft, tank, missile or space
vehicle. NOTE: For a special provision re-
lating to critical defects, see 6.3.

2.1.2 MAJOR DEFECT. A major defect
is a defect, other than critical, that is likely
to result in failure, or to reduce materially
the usability of the unit of product for its
intended purpose.

2.1.3 MINOIt DEFECY. A minor defect
is a defect that is not likely to reduce ma-
terially the usability of the unit of product
for its intended purpose, or is a deparlure
from established standards having little bear-
ing on the eflective use or operation of the
unit.

2.2 METHOD OF CLASSIFYING DEFEC-
TIVES. A defective is a unit of product which
contains one or more defects. Defectives will
usually be classified as follows:

2.2.1 CRITICAL DEFECTIVE. A critical
defective contains one or more critical de-
fects and may also contain major and or
minor defects. NOTE: For a special provi-
sion relating to critical defectives, see 6.3.

2.2.2 MAJOR DEFECTIVE. A major de-
fective contains one or more major defects,
and may also contain minor defects but con-
tains no critical defect.

2.2.3 MINOR DEFECTIVE. A minor de-
fective contains one or more minor defects
but contains no critical or major defect.

3. PERCENT DEFECTIVE AND DEFECTS PER HUNDRED UNITS

3.1 EXPRESSION OF NONCONFORM.
ANCE. The extent of nonconformance of
product shall be expressed either in terms
of percent defective or in terms of defects per
hundred units.

3.2 PERCENT DEFECTIVE. The percent
defective of any given quantity of units of
product is one h-t"n'ag'x}c‘l'%imes the number of
delectlive units of product contained therein
divided by the total number of units of prod-
uct, i.e.:

A-158

i Number of defectives
Percent defective = Roop oo units inspected 100

3.3 DEFECTS PER HUNDRED UNITS. The
number of defects per hundred units of any
given quantity of units of product is one
hundred times the number of defects con-
tained therein (one or more defects being
possible in any unit of product) divided by
the total number of units of product, i.e.:

Defects per Number of defects
hundred units = Number of units inspected

X 100




4. ACCEPTABLE QUALITY LEVEL (AQL)

4.1 USE. The AQL, together with the
Sample Size Code Letter, is used for index-
ing the sampling plans provided herein.

4.2 DEFINITION. The AQL is the max-
imum percent defective (or the maximum
number of defects per hundred units) that,
for purposes of sampling mnspection, can be
considered satisfactory as a process average
(see 11.2).

4.3 NOTE ON THE MEANING OF AQl.
When a consumer designates some specific
value of AQL for a certain defect or group
of defects, he indicates to the supplier that
his (the consumer’s) acceptance sampling
plan will accept the great majority of the lots
or batches that the supplier submits, pro-
vided the process average level of percent
defective (or defects per hundred units) in
these lots or batches be no greater than the
designated value of AQL. Thus, the AQL
is a designated value of percent defective (or
defects per hundred units) that the consumer
indicates will be accepted most of the time
by the acceptance sampling procedure to be
used. The sampling plans provided herein
are so arranged that the probability of ac-
ceplance at the designated AQL value de-
pends upon the sample size, being generally
higher for large samples than for small ones,
for a given AQL. The AQL alone does not

5. SUBMISSION

5.1 LOT OR BATCH. 'The term lot or
batch shall mean “inspection lot” or “inspec-
tion batch,” i.e., a collection of units of prod-
uct from which a sample is to be drawn and
inspected to determine conformance with the
acceptabilily criteria, and may difler from a
collection of units designated as a lot or batch
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deseribe the protection to the consumer for
individual lots or batches but more directly
relates to what might be expected {rom a
series of lots or batches, provided the steps
indicated in this publication are taken. It is
necessary to refer to the operating character-
istic curve of the plan, to determine what
protection the consumer will have.

4.4 LIMITATION. The designation of an
AQL shall not imply that the supplier has
the right to supply knowingly any defective
unit of product.

4.5 SPECIFYING AQLs. The AQL to be
used will be designated in the contract or by
the responsible authority. Different AQLs
may be designated for groups of defects con-
sidered collectively, or for individual defects.
An AQL for a group of defects may be des-
ignated in addition to AQLs for individual
defects, or subgroups, within that group.
AQL values of 10.0 or less may be expressed
either in percent defective or in defects per
hundred units; those over 10.0 shall be ex-
pressed in defects per hundred units only.

4.6 PREFERRED AQLls. The values of
AQLs given in these tables are known as
preferred AQLs. If, for any product, an AQL
be designated other than a preferred AQL,
these tables are not applicable.

OF PRODUCT

{or other purposes (e.g., production, ship-
ment, etc.).

5.2 FORMATION OF LOTS OR BATCHES.
The product shall be assembled into identi-
fiable lots, sublots, batches, or in such other
manner as may be prescribed (see 5.4). Each
lot or batch shall, as far as is practicable,




5. SUBMISSION O}

consist of units of product of a single type,
grade, class, size, and composition, manu-
factured under essentially the same condi-
tions, and at essentially the same time.

5.3 LOT OR BATCH SIZE. The lot or
bateh size is the number of units of product
in a lot or batch.

54 PRESENTATION OF LOTS OR
BATCHES. The formation of the lots or

* PRODUCT (Coniinuetd)

batches, lot or batch size, and the manner ‘

in which each lot or batch is to be presented
and identified by the supplier shall be des-
ignated or approved by the responsible au-
thority. As necessary, the supplier shall
provide adequate and suitable storage space
for each lot or batch, equipment needed for
proper identification and presentation, and
personnel for all handling of product re-
quired for drawing of samples.

6. ACCEPTANCE AND REJECTION

6.1 ACCEPTABILITY 6F LOTS OR
BATCHES. Acceptability of a lot or batch
will be determined by the use of a sampling

plan or plans associated with the designated
AQL or AQLs.

6.2 DEFECTIVE UNITS. The right is re-
served to reject any unit of product found
defective during inspection whether that
unit of product forms part of a sample or
not, and whether the lot or batch as a whole
is accepted or rejected. Rejected units may
be repaired or corrected and resubmitted for
inspection with the approval of, and in the
manner specified by, the responsible au-
thority.

6.3 SPECIAL RESERVATION FOR CRITI-
CAL DEFECTS. The supplier may be required
at the discretion of the responsible authority
to inspect every unit of the lot or batch for

critical defects. The right is reserved to in-
spect every unit submitted by the supplier for
critical defects, and to reject the lot or batch
immediately, when a critical defect is found.
The right is reserved also to sample, for crit-
ical defects, every lot or batch submitted by
the supplier and to reject any lot or batch
if a sample drawn therefrom is found to con-
tain one or more critical defects.

6.4 RESUBMITTED LOTS OR BATCHES.
Lots or batches found unacceptable shall be
resubmitted for reinspectlion only after all
units are re-examined or retested and all de-
fective units are removed or defects cor-
rected. The responsible authority shall deter-
mine whether normal or tightened inspection
shall be used, and whether reinspection shall

include all types or classes of defects or fdr onev

the particular types or classes of defects
which caused initial rejection.

7. DRAWING OF SAMPLES

7.1 SAMPLE. A sample consists of one
or more units of product drawn from a lot or
batch, the units of the sample being selected
at random without regard to their quality.
"I'he number of units of product in the sample
is the sample size.
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7.2 REPRESENTATIVE SAMPLING. When
appropriate, the number of units in the sam-
ple shall be selected in proportion to the size
of sublots or subbatches, or parts of the lot or
batch, identified by some rational criterion.




7. DRAWING OF SAMPLES (Continued)

When representative sampling is used, the
units {rom each part of the lot or batch shall
be selected at random.

7.3 TIME OF SAMPLING. Samples may
be drawn after all the units comprising the
lot or batch have been assembled, or sam-

ples may be drawn during assembly ol the
lot or baich.

7.4 DOUBLE OR MULYIPLE SAMPLING.
When double or multiple sampling is to be
used, each sample shall be selecied over the
entire lot or batch.

8. NORMAL, TIGHTENED AND REDUCED INSPECTION

8.1 INITIATION OF INSPECTION. Nor-
mal inspection will be used at the start of
inspection unless otherwise directed by the
responsible authority.

8.2 CONTINUATION OF INSPECTION.
Normal, tightened or reduced inspection
shall continue unchanged for each class of
defects or defectives on successive lots or
AL “s“except where the switching proce-
dures given below requirei"change. Fhe
switehing—-procedurecs-givon-below require a-
change. The switching procedures shall be
applied to each class of defeets or defectives
independently.

8.3 SWITCHING PROCEDURES.

8.3.1 NORMAL TO TIGHTENED. When
normal inspection is in eflect, tightened in-
spection shall be instituted when 2 out of 5
consecutive lots or batches have been re-
jected on original inspection (i.e., ignoring
resubmitted lots or batehes for this proce-

dure).

8.3.2 TIGHTENED TO NORMAL. When
tightened inspection is in eflect, normal in-
spection shall be instituted when 5 consecu-
tive lots or batches have been considered
aceeplable on original inspection.

8.3.3 NORMAL TO REDUCED. When
normal inspection is in efTect, reduced inspec-
tion shall be instituted providing that all of
the following conditions are satisfied:

a. The preceding 10 lots or batches (or
more, as indicated by the note to Table VIII)
have been on normal inspection and none
has been rejected on original inspection; and

b. The total number of delectives (or de-
fects) in the samples from the preceding 10
lots or batches (or such other number as was
used for condition “a’” above) is equal to or
less than the applicable number given in
Table VIII. If double or multiple sampling
is in use, all samples inspected should be in-
cluded, not “first” samples only; and

c¢. Production is at a steady rate; and

d. Reduced inspection is considered de-
sirable by the responsible authority.

8.3.4 REDUCED TO NORMAL. When re-
duced inspection is in eflect, normal inspec-
tion shall be instituted if any of the following
occur on original inspection:

a. A lot or batch is rejected; or

b. A lot or batch is considered acceptable
under the procedures of 10.1.4; or

¢. Production becomes irregular or de-
layed; or

d. Other conditions warrant that normal
inspection shall be instituted.

8.4 DISCONTINUATION OF INSPECTION.
In the event that 10 consecutive lots or
batches remain on tightened inspection (or
such other number as may be designated by
the responsible authority), inspection under
the provisions of this document should be
discontinued pending action to improve the
quality of submitted material.
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9. SAMPLING PLANS

9.1 SAMPLING PLAN. A sampling plan
indicates the number of units of product
from each lot or batch which are to be in-
spected (sample size or series of sample
sizes) and the criteria for determining the
acceptability of the lot or batch (acceptance
and rejection numbers).

9.2 INSPECTION LEVEL. The inspection
level determines the relationship between
the lot or batch size and the sample size. The
inspection level to be used for any particular
requirement will be prescribed by the re-
sponsible authority. Three inspection levels:
I, II, and III, are given in Table I for general
use. Unless otherwise specified, Inspection
Level II will be used. However, Inspection
Level I may be specified when less discrimi-
nation is needed, or Level III may be speci-
fied for greater discrimination. TFour addi-
tional special levels: S-1, S-2, S-3 and S—4,
are given in the same table and may be used
where relatively small sample sizes are neces-
sary and large sampling risks can or must be
tolerated.

NOTE: In the designation of inspection
levels S-1 to S-4, care must be exercised to
avoid AQLs inconsistent with these inspec-
tion levels.

9.3 CODE LETTERS. Sample sizes are
designated by code letters. Table I shall be
used to find the applicable code letter for the
particular lot or batch size and the prescribed
inspection level.

9.4 OBTAINING SAMPLING PLAN. The
AQL and the code letter shall be used to ob-
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tain the sampling plan from Tables II, 111 or
IV. When no sampling plan is available for «
given combination of AQL and code letler,
the tables direct the user to a dilferent letter,
The sample size to be used is given by the
new code letter not by the original letter. If
this procedure leads to different sample sizes
for different classes of defects, the code letter
corresponding to the largest sample size de-
rived may be used for all classes of defects
when designated or approved by the respon-
sible authority. As an alternative to a single
sampling plan with an acceptance number
of 0, the plan with an acceptance number of 1
with its correspondingly larger sample size
for a designated AQL (where available), may
be used when designated or approved by the
responsible authority.

9.5 TYPES OF SAMPLING PLANS. Thrce
types of sampling plans: Single, Double and
Multiple, are given in Tables II, IIT and IV,
respectively. When several types of plans are
available for a given AQL and code letter,
any one may be used. A decision as to type
of plan, either single, double, or multiple,
when available for a given AQL and code
letter, will usually be based upon the com-
parison between the administrative difficulty
and the average sample sizes of the available
plans. The average sample size of multiple
plans is less than for double (except in the
case corresponding to single acceptance num-
ber 1) and both of these are always less than
a single sample size. Usually the administra-
tive difficulty for single sampling and the
cost per unit of the sample are less than for
double or multiple.




10.  DEVERMINATION OF ACCEPTABILITY

10.1 PERCENT DEFECTIVE INSPECTION.
To determine acceplability of a lot or batch
under percent defective inspection, the ap-
plicable sampling plan shall be ysed in

accordance with 10.1.1, 10.1.2, 10.1.3, 16 1.4,
and--10.1:5:

10.1.1 SINGLE SAMPLING PLAN. The
number of sample units inspected shall be
equal to the sample size given by the plan.
If the number of defectives found in the
sample is equal to or less than the acceptance
number, the lot or batch shall be considered
acceptable. If the number of defectives is
equal to or greater than the rejection num-
ber, the lot or batch shall be rejected.

10.1.2 DOUBLE SAMPLING PLAN. The
number of sample units inspected shall be
equal to the first sample size given by the
plan. If the number of defectives found in
the first sample is equal 1o or less than the
first acceptance number, the lot or batch
shall be considered acceptable. If the num-
ber of defectives found in the first sample is
equal to or greater than the first rejection
number, the lot or batch shall be rejected.
If the number of defectives found in the first
sample is between the first acceptance and
rejeclion numbers, a second sample of the
size given by the plan shall be inspected. The

number of defectives found in the first and
second samples shall be accumulated. If the
cumulative number of defectives is equul to
or less than the second acceplance number,
the lot or batch shall be considered accept-
able. If the cumulative number of defectives
is equal to or greater than the second rejec-
tion number, thelot or batch shall be rejected.

10.1.3 MULTIPLE SAMPLE PLAN. Under
multiple sampling, the procedure shall be
similar to that specified in 10.1.2, except that
the number of successive samples required
to reach a decision may be more than two.

10.1.4 SPECIAL PROCEDURE FOIt RE-
DUCED INSPECTION. Under reduced in-
spection, the sampling procedure may termi-
nate without either acceptance or rejection
criteria having been met. In these circum-
stances, the lot or batch will be considered
acceplable, but normal inspection will be
reinstated starting with the next lot or

batch (see 8.3.4 (b)).

10.2 DEFECTS PER HUNDRED UWITS IN-
SPECTION. To determine the acceptability
of a lot or batch under Defects per Hundred
Units inspection, the procedure specified for
Percent Defective inspection above shall be
used, except that the word “defects” shall be
substituted for ‘“defectives.”

11. SUPPLEMENTARY INFORMATION

1.1 OPERATING CHARACTERISTIC
CURVES. The operating characteristic curves
for normal inspection, shown in Table X
(pages 30-62), indicate the percentage of
lots or batches which may be expected to be
accepled under the various sampling plans
for a given process quality. The curves shown
are for single sampling; curves for double
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and multiple sampling are matched as closely
as practicable. The O. C. curves shown for
AQLs greater than 10.0 are based on the
Poisson distribution and are applicable for
defects per hundred units inspection; those
for AQLs of 10.0 or less and sample sizes of
80 or less are based on the binomial distri-
bution and are applicable for percent defec-




11. SUPPLEMENTYARY INFORMATIONW (Cuniiiucd)

tive inspection; those for AQLs of 10.0 or
less and sample sizes larger théh 80 are based
on the Poisson distribution and are applica-
ble either for defects per hundred units in-
spection, or for percent defective inspection
(the Poisson distribution being an adequate
approximation to the binomial distribution
under these conditions). Tabulated values,
corresponding to selected values of probabil-
ities of acceptance (P,,in percent) are given
for each of the curves shown, and, in addi-
tion, for tightened inspection, and for defects
per hundred units for AQLs of 10.0 or less
and sample sizes of 80 or less.

11.2 PROCESS AVERAGE. The process
average is the average percent defective or
average number of defects per hundred units
(whichever is applicable) of product sub-
mitted by the supplier for original inspec-
tion. Original inspection is the first inspec-
tion of a particular quantity of product as
distinguished from the inspection of product
which has been resubmitted after prior
rejection.

11.3 AVERAGE OUTGOING QUALITY
(AOQ).
outgoing product including all accepted lots
or batches, plus all rejected lots or batches
after the rejected lots or batches have been
effectively 100 percent inspected and all de-
fectives replaced by nondefectives.

11.4 AVERAGE OUTGOING QUALITY
LIMIT (AOQL). The AOQL is the maximum
of the AOQs for all possible incoming quali-
ties for a given acceptance sampling plan.
AOQL values are given in Table V-A for
each of the single sampling plans for normal
inspection and in Table V-B for each of the
single sampling plans for tightened inspec-
tion.

The AOQ is the average quality of

11.5 AVERAGE SAMPLE SIZE CURVES.
Average sample size curves for double and
multiple sampling are in Table IX. 'These
show the average sample sizes which may be
expected to occur under the various sampling
plans for a given process quality. The curves
assume no curtailment of inspection and are
approximate to the extent that they are
based upon the Poisson distribution, and that
the sample sizes for double and multiple
sampling are assumed to be 0.631n and 0.25n
respectively, where n is the equivalent single
sample size.

11.6 LIMITING QUALITY PROTECTION.
The sampling plans and associated proce-
dures given in this publication were designed
for use where the units of product are pro-
duced in a continuing series of lots or batches
over a period of time. However, if the lot
or batch is of an isolated nature, it is desira-
ble to limit the selection of sampling plans
to those, associated with a designated AQL
value, that provide not less than a specified
limiting quality protection. Sampling plans
for this purpose can be selected by choosing
a Limiting Quality (LLQ) and a consumer’s
risk to be associated with it. Tables VI and
VII give values of LQ for the commonly used
consumer’s risks of 10 percent and 5 percent
respectively. If a different value of con-
sumer’s risk is required, the O.C. curves and
their tabulated values may be used. The
concept of LQ may also be useful in specify-
ing the AQL and Inspection Levels for a
series of lots or batches, thus fixing minimum
sample size where there is some reason for
avoiding (with more than a given consumer’s
risk) more than a limiting proportion of de-
fectives (or defects) in any single lot or

batch.
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TABLE 1—Sample size code letters

(See 9.2 and 9.7

G91-v

SUALL
100J

Special inspection levels General inspection levels
Lot or batch size
S-1 S-2 S-3 S-4 I 11 11
2 to 8 A A A A A A B
9 to 15 A A A A A B C
16 to 2 A A B B B Cc D
26 to S0 A B B Cc C D E
51 to 90 B B o c Cc E F
91 to 150 B B C D D F G
151 to 280 B C D E E G
281 to 500 B C D E F H ]
501 to 1200 C C E F G J
1201 to 3200 o D E G K L
3201 to 10000 C D F G J L M
10001 to 35000 o D F H K M N
35001 to 150000 D E G J L N P
150001 to 500000 D E G J M P Q
500001 and over D E H K N Q R
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% % TABLE II-A—Single sampling plans for normal inspection (Master table)
D
2 o (See 9.4 and 9.5,
>
—
Acceptable Quality Levels (normal inspection)

Sample

::; S:;:le 0.010 { 0.015 | 0.025 | 0.040 | 0.065 ] 0.10 | 0.15 | 0.25 | 0.40 | 0.65 10 15 25 490 6.5 10 15 25 40 65 100 150 250 § 400 657

letter

Ac Re|Ac RejAc RejAc RejAc RejAc Re]Ac Re|Ac RejAc Re|Ac RefAc Re|Ac RejAc RefA: Re

7

Ac BRelAc RelAc Re|{Ac Re|Ac Re]Ac Re|Ac Rejic Re|Ac RejAc RejAc RejAc

s 6] 7 sl njuasia i

A 2 IR RIREE 1 ] BRERE [I{}ox”@ 2 3]3 4
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D 8 0 M| 2 313 405 6 7 8J1011]14 15{21 2230 31|44 45|
E 13 01{}@122334 67810111415212330314445(} P
F 20 01@{}122334567amuulszlzz(TA_/T o
G 32 N0 TS 2 3 4[5 6] 7 810 11]14 15[ 20 2/ |
H 50 {70‘1@012 5 6| 7 810 1114 15[21 2) N
] 8 4701{}&1223 7 810 111¢ 1521 22]
K 125 <~ o UL 2 33 45 7 810 11{14 15{21 22}
L 200 ] 1@&12 2 3| 3 5 7 8)10 1114 15[ 21 20\ |
¥ | s {701@01223345678101114152122_7 '
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|
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]

@ Use first sampling plan below arrow. If sample size equals, or exceeds, lot or batch size, do 100 percent inspection.
Q = Us.e first sampling plan above amrow.
Ac = Acceptence number.

Re

Rejection number,




TABLE 11-B—Single sampling plans for tightened inspection (Master table)

(See 94 and 9.5,

Acceptable Quality Levels {tightened inspection)
Sample
size | Sample
“code size 0.010 | 0.015 | 0.025| 0.040 | 0.065 0.10 015 { 025 040 | 0.65 1.0 15 25 4.0 65 10 15 P 40 65 100 150 50 400 63
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L% = Use fitst sampling plan below arrow. If sample size equals or exceeds lot or batch size, do 100 percent inspection.
47 = Use first sampling plan above arrow.
Ac = Acceptance number.
Re = Rejection number.
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TABLE II-C— Single sampling plans for reduced inspection (Master table)

(See 9.4 and 9.5,

annay
J19NIS

Acceptable Quality Levels (reduced inspection)T

Sample
size | Sample o
code size 0.010 | 0.015 | 0.025 | 0.040 j0.065 | 0.10 | 015} 025 | 040 | 0.6 10 15 25 40 | 65 10 15 2 40 65 100 150 | 250 | 400 | 650 ° GG
letter

Ac Re|Ac RelAc Re]Ac Re|Ac Re]Ac Re{Ac Re|Ac Re|Ac Re|Ac Re {Ac Re{Ac Re Ac Re| Ac Re| Ac Re[Ac Re Jac Re[Ac Relac Relac BelAc Re[Ac Re|Ac Rej Ac Re '
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3> = Use first sampling plan below amow. If sample size equals or exceeds lot or batch size, do 100 percent jnspection.
< = Usc first sampling plan above arrow.
Ac = Acceptance number.
Re = Rejection number.
t = I the acceptance number has been exceeded, but the rejection number hes not been reached, accept the lot, but reinstate normal inspection (see 10.1.4).




TABLE HI-A—Douwuble sampling plans for normal inspection (Master table)

691-Y

TVWION
119n0d

Acceptable Quality Levels (nor=a! inspection)
Sample Cumu-
size Sample | [ative 2 5 25 0o 6s 23
Sample . 0.010 0.040 015 ] 0.25| 040§ 065 | 1.0 15 2. 4 . 23 40 100 150
code sze sample
letter size
Ac Re Ac Re Ac Reldc He]Ac Re | Ac Me]Ac Re|Ac Re|Ac Re|Ac RefAc Re Ac Re{Ac RelAc Re Ac RelAc Re
B M » - - - - - -
A 1 [1 JL JL
B First 2 2 - 0 210 1 412 3 715 9
Second 2 4 ii 1 213 4 4 51 6 8 911213
(o} First 3 3 * !! ¢ 2l o0 3 4 2 5[ 3 5 9171
Secon 3 6 1 213 4 5| 6 71 8 12 13|18 19
P First S 5 . ﬁ 0 210 3 41 2 51 3 7] 5 7 11111 16
Second 5 10 JL 1 23 41 4 5] 6 7| 8 9 18 19126 27
£ First 8 8 - TT !! 0 210 3|1 4 2 5|3 7S 9 11 16liT 2
Second 8 16 <~ 1 213 414 5 1 8 911213 2% 20f37 38
F First 13 13 - TT 0 210 3|1 4125 715 9 11 O e
Second 13 26 < 1 213 414 56 7 912 13118 19
G First 20 2 d 0 210 311 4{2 5/3 7 9 T 11N 16
Second| 20 40 ~ “&1234456789 13} 18 19} 26 27
H First 32 32 . 2{ 0 3] 1 4}2 5{3 7|5 ¢ 11{ 1} 16] e~
Second 32 64 < D & 1 2/ 3 4/ 4 5]6 718 9]12 19126 X7
J First 50 50 - ? D 0 210 3|1 412 53 7|5 9 16{ ™
Second 50 100 1 213 4f 4 S{ 6 718 9712 13 ad .
K | Fime 80 8 ﬁ.D 0 210 3/1 4] 2513 715 9o 71 f\ i
Second 80 160 1 213 4] 4 5( 6 7] 8 9f12 13{18 19|26 :
1
L First 125 135 ATT !! 210 3|1 s} 2 513 5 9] 71111 16 :
Second 125 250 1 213 4| 4 S| 6 7} 8 12 1318 19]26 27 :
\ First 200 200 - ﬁ 0 290 3/ 1 412 5/3 715 71111 16|
Seconid 200 400 1 2|3 4| 4 516 7|8 9[12 18 19126 o7
N\ First 315 315 ? [! 0 210 3|1 4] 25{3 Tys5 97 11 16
Second 315 630 1 23 4|4 5} 6 7] 8 12 13| 18 2 27
" First 300 300 ! ! 0 210 31 4}2 51 3 715 ¢/ 711
Second 500 1000 {/- 1 213 4f4 S5(6 7| 8 9]12 13]18 19| 26
Q First 800 800 - 0 210 3}1 4|2 513 7} 5 9| 7 11{11 16
Second 800 1600 1 2|3 4]/]4 5|6 718 9[1213{18 15{26 27
n First 1250 1250 ? 0 210 3 3 7S 9 71111 16 ﬁ. , J
Second} 1250 | 2500 1 203 4 8 9|12 13f1819|2 2 L] L L] L L !
& = Use first sampling plac below arow. If sample size equals or exceeds Int or Latch size, do 100 percent ir<pection.
- Use first sampling plzn ahove arrow.

>
A
| I

Acceptance number

flejection number

Use corresponding sircie sampline plan (or altematively. use double sampling plan below, wher availablel

(See 9.4 and 9.5,




0LT-¥

AINILHILL

119n00

TABLE lI-B— Double sampling plans for tightened inspection (Master table)

(See 9.4 and 9.5

Aceeptable Craabity Levels (tightene t teswection)
Samp.e Curu-
s . s =l latv H . _ . . N i
I B e et FRST s fowd | cw o fes]ewfow foo s [ e | ao| es w5 ] s | w | e | e | e | s || e
letter size } ! T
R A A R e A A A R A e A I L e A e O e O e A N ;
— —_ o | - - - — -
\ i : ¢ M N M . - . . . . .
1T , o 2z
8 First 2 ‘_‘! ! - 0 2fuv 3 EY - b Y CIRES £ S
Second 2 ; . vo2| s sl s osle tla ol el s -
i i ;
. : ; i
¢ |Fiese 3 s 1 i ! . 0o 200 3] SINEY S IS R EEREN KPRy
Seconi 3 5 |- ! : ~~ 1 203 3} 4 5|6 3
N |Fiest 5 51 P ' . 0 200 3|1 4|2 53
Second 5 w | ‘ i L 1 203 o4 5|6 T
¥ N
£ {Fiest 8 8 || - ! - o 2lo 31 4§25 s
Second 8 1 |} ! ; <> 1 203 o ¢ 5|6 7{u 1ofss
!
oo Fim 13 13 . o 2{o 3[1 4f2 5|3 7610
Second | 13 % \/L <>|1 2{3 ss ste fn o5 163
G |Fist 20 20 B 0 210 31 4|2 5|3 3| 610 ¢ 18] ~
Second | 20 2 <> 1 3 44 sle 7]u 1015 16)m3
0 {Fiest Y 3 - o 2[o0 31 o2 5|3 7|6 10f 914
Second | 32 6 <> 1 203 4| 4 7|1 12015 16) 23 25
5 |Fiest 50 50 . o 31 a2 s|3 6 10 9 14 ~ !
Second | S0 | 100 <t 1t 203 af 4 s|e 7l 12|15 16]o3 T i
K |Fist 80 80 - e 2o 3f1 a2 5|3 f6 10|90 1] s !
Second| 80 | 160 28 < 1 23 4fs ste 7l 12his 16|73 24 ;
1 |Fiest 15| 1 - 1 o 2f ¢ 31 ¢f2 5|3 7fe0]s 1e|ls :
Second | 125 | 230 <> 123 ¢]ls s]e 7]u 21 16l 2
v |Fiest 200 | 200 - 3 o 2| o 3] 1 2 53 7|6 10 9 14] ~
Second | 200 | av0 < <>|1 23 4] s 3]6 71 a2fis 1623 %
N |Fiest ns | 35 - o 2o 1 o] = 5|3 7]610]9s
Second | 315 | 630 <L \/L 1 2|3 4]l e s|e tfuazlis s|2 2 .
1 |Fiest 500 | 500 . R 2503 7|6 10]9 14 h
Second | 500 | 1000 i 1 2] 3 &] 4 ste 7l 12|15 163 24 Db : X
o |Fiest 800 | 600 - o 2|0 1 a2 5)3 7|e6wons ' i :
Second | 800 | 1600 1 213 4l s sle tfn2f1s 16]m 2 ; {l
i j !
R s | 1350 | 1m0 |- 0o 200 3[1 4253 7{610fcue i
second | 1250 | 7500 1 2|3 ¢|a sfe sfurazjisie)ss o IBRIRRIBRIREI IRRIBE J _
s Jrise | 2000 | oow 0 -
Second | 2000 3000 1 2

i

Use first sam

Use first sar v plan above arrow.
Acceptance nu—ter

Kesection ne-zer

Use comvspon Zine sinele samg ling plan (or. zltematively. use

ine plan below arrow. If sample size equals or exceeds lot or batch size. do 100 percent inspection.

det o sampling plan Selow, where availatite)



TABLE III-C— Double sampling plans for reduced inspection (Master table)
(See 9.4 and 9.5,

Acceptable Quality Levels (reduced inspcction)t

Sarple Comu- T "
size Sampl Sample | lative ] g 0101 0.015] 0.025| 0.060 | 0065} 0.0 | 015 | 0.25] 040 | 065 | 10| 15 | 25| 40 | 65 ] 10 15 % 40 | 65 | 100 | 150 | 250 | 400 | €3 'xml
code ™ple | size sample '
letter size i
Ac Re]Ac Re|Ac Re|Ac ReiAc Re{Ac Re{Ac Re|Ac Re|Ac RejAc Re|Ac Re|Ac Re|Ac Re[Ac RelAc Re|Ac Re| Ac Re|Ac Re|Ac RelAc Re]Ac Re|Ac RejAc Re[Ac Re|ic felac He
- aininini ﬂ 1 f U SIS T
B » ? - - - . - . . - - .
[od ] . - ﬁ D - - - - - - - - - = 7
v |Fiem 2 2 " AL 0304041521355107121117_/5'_‘
Second | 2 4 0 2|6 41 513 6|4 7j6 9|8 12{i2 jis 2% 0| ||},
i
£ | Fim 3 3 -ﬁgozoao&o;nszvassmlm P
Second 3 [ o 2f0 4f{1 53 6|4 7 :

o o
N s
o
-~
-
L7
w o
LS
- -
«
o
0~
@ W
B e
~ oo
[N

i

]

i i

7 117 N

6 98 12{12 16]18 226 30 N
b

H

D o
53
oo
o
-
=]
-
—
3
~N

(VA )

? 7(3 8|5 10/<"~ I
2 4]1 s]3 6}4 7|6 9]8 12{12 16 :
i
K | Fimt 13 13 . 0 200 310 4]0 4|1 5|2 7|3 8|5 |~ ;
Second} 13 6 2f0 al1 5§13 6l4 T]6 98 1212 6 ! t
J | First 20 ~ﬁ!!o,o 0404x52733510z} l
Second| 20 ) < 0 0 1 5|3 6{4 7]6 9|8 12]12 16 i
K | Fim 2 32 -ﬁ o 210 3o 4o af1 siz 7|3 6|5 10|~ .
Second| 32 64 -~ 4L02041 3 6]4 716 9] 8121216 :
L | Fim 50 50 ﬁ 6 2010 3|0 4]0 4|1 5|2 7 8| 5 10l ;
Secoad| 50 | 100 <~ &o 0 4]1 5|3 6f¢ 7}6 9] 12012 16 Sl
v | Firse 8 80 . 00203040415-730510A !
Second| 80 160 < 0 2]0 4f1 5|3 6[4 7/6 98 12{12 16

apnan
119n04

=)
ta by
©
o
-
o
IS
-
]
~
“
®
W
s

N |Fime | 15| 13 .
Second| 135 | 250 o zfo 4|1 s{3 6|4 7]6 9|5 12f12 16
1
P |Fit | 20 200 -? 0 2{0 3]0 4]0 af1 s|2 7|3 8]5 10 |
Second | 200 400{7 417020 1 5|3 6|4 7 9la 12[12 16 i
¢ |Fiem | 35| 315 | - 0 2{0 3lo «la 4{1 S]2 7|3 &ls 10
Second| 315 | 630 o 2{0 4|1 s{3 6]4 7]6 9|8 12}1216
R | Fimst 500 500 0 210 310 4{0 2|1 5§27 8 w? J
Second] 50 | 1000 o 2|0 4|1 5|3 6/¢ 7|6 9]8 1212 16 Jiu Uy Uyl L

Use first sampling plan below arrow. [If sarple size equals ar exceedds lot or batch size, do 100 perrent inspection.

Use first sempling plan above smrow.

Acceptance number.

Rejection number.

Use comesponding single sampling plen (or 2ltematively, use double samgpling plan below, when available.)

I, after the second sample, the acceptance nember has bren exceeded, but the rrjection numbier has not been reached, accept the lat, but reinstete nomal irspecticn (see10.14).

>
A
i
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TABLE IV-A— Multiple sampling plans for normal inspection (Master table)
(See 9.4 and 9.5)
Aceeptable ot Levels ineeal inspection)
“"‘:“' \..R‘,'Ih 1
size e | Sompte | cazies m,w{ ,__ms-l cuast e L] oo f ooz | eos ] e | o | 1o ] as v L 6s]| o] 15 | 5| 0| & |100]150] 250 |40} 650 |1000
cone ? size a@ie i
letter =ne
Ac Kafic tied tc biel \e timlve Rl W Hejte Beltc Hie Ve Kel A\ Re] Ac tislac te | Ac hinl tc diefAc He{Ac Rel Ac He]|Ac HelAc RelAc RelAc Relac RelAc RelAc Relac Re |Ac He
\ ’—Ffrr[‘f‘rﬁ(ﬂ D{}D@
8 X l : - iqr P e A R el Bl Il s
¢ ' ' ; ?@4—0—4—#—4—#4—#“4—!—4—0—4—#4—##?
i |
p |Fiem 2 z ) !l i ' L PN -2-2-3-4040517:_9412616i
Second | 2 B : | : - ~20303151633410714111917:7,'i
Thiet 2 6 : ! : ‘ 0 2[{0 3f1 4| 2 6|3 8] 6 10] 8 13]13 19|19 27|29 3} !
Fouth | 2 8 : ! 0 3/t «]2 s|3 7s 10]813]12 17]19 5] 3:{e0 <g] |
Fifth 2 10 ; 1 32 4f3 6|5 8 7 njn 1517 20| {36 s0{s3 ssi !
Sixch 2 :2 ; 1303 sla 6] 7 ol 12 17| mlm mlss 7|6 es] |
Seventh] 2 is : | ] 2 314 sle 7] 910]13 1a]18 1925 26{37 38)53 5:}%T TE| |
; | L !
E | First 3 3 ! ‘ '{\'-2-2-3.¢o40511294126m !
Second | 5 6 i , « 210 3|0 3|1 s|[1,6[3 8] 410]7 1af19fs7 % ;
Thied 3 ° : o 2f0 3|1 4|2 6| ¥ 8|6 10] 81313 19[19 7|29 3 .
Fowth | 3 2 ; P o 31 42 s|3 7[s"10f8 13}12 17{19 25|27 34[40 49
Fifth 3 i5 | ! 1 3{2 4]3 65 8{7 1|1l IS{IT 20{25 29({36 40|53 56 j
Sixth 3 8 t ‘ J 1 313 sla 67 9fi0 12|18 17|21 {31 33[+5 47][65 68
Sevemt] 3 ot i ! 7|2 3l 4 sje 7} 9 16l 14]18 10)2s 26f37 38[53 54|77 8
; H
F  |First 3 s i 1 Sl M s S e o2 e 3fx 4f0 aj0 S[L T2 9 o~ | NS
Second| 5 i ' L = 2|lo 3fo 3j1 sf1 6/3 8fa0)7us |
Third 5 ) b o 20 311 4f2 6[3 8|6 108 1301319 ;
Fouth | 5 o o 0 3]1 4f2 5|3 7|5 10]8 3|12 15{19s i
Fifch s 3 : : 1 3}2 4|3 6fs 8| 7 1f115[17 205 > !
Simb H 0 : P 1 3]3 sta 6|7 9fro t2)ua 17| {35 :
Seventh 5 3 : <= | 2 314 506 7| 9 10{13 14]18 195 26|37 38 i
G {Fist 8 [ | s e~ e 2fs 2fs 3] 4fo 4o s{1 [z 9 =
Second | 8 6 i « 2{0 350 3|1 s|1 e]3 afer0]7ul9gr>
Third 8 % . : o 2f0 3}1 4|2 6}3 8]610f8 131319
Fouth | 8 i : 0 3]1 s}2 s}3 7/510)8 131217019 75
Fifth 8 3 . | v 3]2 4|3 6f{s5 8} 7 1|1 1517 329 J
Siath 8 8 i P 1 3]s 5|« 6} 7 ofro 12)1a 17| BN B P
2 [ Y = -
Seventh| 8 £ [ I - L</-3|5679101314mw.azs.ss
i [ i
i JFime | 13 3 1 . s lesl s zls 2| s 3)e 4jo afo spr T2 9 !
Second | 13 22 : 'j e 2to 3]oe 3]1 5|1 6}3 8[40]7 14 i
Taiel | 13 3 o 2]o 3|1 4|2 6|3 86108 13{1319 |
Yourth | 13 g2 0 3{1 ]2 5{3 7]5 0|8 13f1217]19 35 | :
Fifth | 13 & . 1 302 4|3 6}s 8 7 ujn 15017 0 :
sint | 13 =3 i 1 303 s[4 6|7 9/10 1214 17} 23f31 33 l
Seveath] 13 c ! - L ]2 3]¢ sle6 7|9 10]13 1a}18 195 2637 38 '
1 |Fiem | ™ ; . M1« 2]z 2= 3]+ 40 4fo sj1 7|2 9 !
Second | 20 ; = 210 310 3]1 s|1 6¢[3 8f 4071
Tied | 20 i o 2|0 s{i 4= 6|3 8le 108 13|13 19
Fourth | 20 o 3f1 4{2 s5{3 7{s5 0|8 w12 17fe 5
fFih | 20 1 o3]2 sf3 els 8] v ufn sh s o
Sinch 20 1 313 5[4 6f7 910 12f14 17|25 2331 W L L
Seveath 20 ~ < 12 314 sle 7]9 10f13 1418 19|25 26|37 38 L L L L
<L = Use first aampling plan below srrow (refer ta continuation of table on followisg psge. when necéssary). If sample size equals or excerds It or batch size. dn 100 percent inspection.
3> = Ler first sampling plar. soove armow.
Ac = Acceptancs number.
He = Hejrction number,
. Lee corrreponding sincie sampling plan (or slteraatively, use rultiple sampling plan below, where available).
H+ = La cormaponding daubie sampling plan (or al 1y. use rultiple sampling plan below, where available).
” = Acceptance nnt permitte: at this semple size.
- I N
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TVWUION

1dILNW

(See 9.4 and ©.5,

. L] ‘ *
TABLE IV-A— Muzltiple sampling plans for normal inspection (Master table)
(Continued)
Accepiazie Yuality Levels (normal inspection)
Sampie Cumu-
size .| Sampie ] Lative | po1o | 0.0i5{0.025 | v.0s0 | 0065] 010 015 | 035 | v o.e:’ ol s asl40)6s | 1o 15| 25 ] a0 ] 6 | 100 {150 | ¢ | 400 | es0 | 1000
code | Samiie | gize | samote
lrtter sz
Ac Re|Ac Helac HeAc RelAc Relac RefAc Re|ac RefAc hie|ac nelac tief Ac Re| Ac Be|Ac He] Ac Re[Ac Be|ac He|Ac He]ac RefAc Re[ac RelAc Helae Be|tc Re[Ac Ke|Ac He
K | Fiest 3 2| = — )= e ezt sl d]osjosliale s A\ A S PN PN
Second | 32 5 I M . 0l e closic sl s]ioef3 8lans 714A <%
Thira i o ‘ bl josjes|iel2el3 8610|8313 19
[ g ' l ' fp s o3| slzs|3stselenfizarfies
Fifth 52 160 ; ! | i 1 5[2 af:os|s sl Tuiiasfi7 fn o
Sinn 52 e ! i “ 1303 sfs 6|7 9Q02l1a17)2r 23 33
Sevemth]| 42 s ! ' 2 slaste Tlorw|i3refissls 26]37 3
L : . e ole o|s 3. glo afo s} 7|2 9]~
<P‘,rx:ososzslese4no1u
i . o 2lo 311 4|2 6[3 8|6 10|88 131319
U do 3{1 af2 5|z 7]s0lsnfizizfie s
| . 1 3] 2 415 6fs 8} 7 uln 15| 20)2s 2
: : 1 3]3 54 6|7 9o 2lia7| B3 3
i Ll 2 3|4 sle T|<c 013 1418 19|25 26]37 38
iy H -Z}”=2:2.3z4(40517:9_/\_ ' H
= 2|6 3{o 311 s{: 6|3 84107 14 : : |
o 2fo 311 4j2 6|z €]610]813{13 19 : ;
¢ 31 s12 503 Tlsiofs3f1o1ijios N :
1 32 &f3 6/5 sl ulinashico|s e !
J 1 313 sha 6|7 ofic2fia e la :
{2 314 s|e 1|9 105 14]18 19|25 26]37 3 i
hY i 4} o 2(= 2(s 3{x 490 4fC 571 {2 N {
r-:2030315163541071: I :
0 2/0 3§11 412 6] 3 8j610] 8 13[13 19 '
6 311 at2 sl3 715 10f8 1312 17|19 35 i
1 312 413 65 8|7 1|1l 5§17 20|25 .;
1 313 s{a 6|7 ofio 1201 22l 3fa1 33 H
Ll [=~"]2 3¢ s{6 7|9 1013 14]18 19} 26]st | o
r 7 ]* 2hx 2f= 3f« s]lo sfo si2 T}z 9l s
# 2{0 3o 31 5|1t 63 83 T : o
0 2|0 31 42 6/l3 8l610]s::{1319 | s
0 3|1 4f2 s5[3 7fs0fefir | s . .
1 312 4|3 6} 8 7nfunasfic s 2 i A
1 313 5|4 6|7 910 12]12 17} 1 33 I
~"12 3|4 sj6 7|9 10Q13 1415 10 7 38 R
. e 21e 2pa 3 3o 3o 5|1 7 !!I
":20301151638410 i o
0 2o 311 4] 6|3 8]610[8 13 . [ I
0 3]1 4|2 s|3 t}s510)8 13,17 : P
1 3]2 4{3 6|5 8|7 1njinsiis ! Vi
133 sla 67 90 12|1e 17| w Pt
2 3|4 5|6 71910 |13 12|18 19]55 N ! i i!
" e 2fe 2|« 31« 4]0 afo 3|1 72 9 o
:205031516334107:{? ; y
0 210 3|1 4[2 6]3 86108 13|13 10| I} | I
0 3]1 4]2 503 7/S5 10]8 13{12 17|19 25} ; ° : |
1312 43 6|5 8|7 1{n 15)17 20({5 2] - i
1 313 sf{a 6|7 9fro 12t 7| ;3|m af ;
2 34 sfe 7f9 10013 12 |18 1e)o5 2 s [ Ll | L BN U 4] u I I O B L | Lo

[T L

Use first sampling; plan below atrow. If sample size equals or excasds int of bach size, do 100 percent inspection.
Use first sampling: plan above arow (refer (o preceding page, whan aeressanc?

Acceptance number,

Rejection aumber,

Use comespanding single sampling plan fa: al ivelv, use multiyie pianbelow, where acalablel

Acceptance not premitted at this sample size.




TABLE IV-B— Multiple sampling plans for tightened inspection (Master table)
(See 9.4 and 9.5;

QINALHOLL
1d1LINW

vLT-Y

Accepaole Quality Levels (tightened inspection)
Cuma-
. Sampie | lative - .
Sampie size sample |V o1v | 0015 J0.025 {00s) j0065 ]| 010} 015 | 025 | 040 | 065} 10 15 25 40 65 10 15 25 40 65 100 150 | 250 400 650 1000
size
Ac Heldc HelAc HelAc Beldc HelAc Relac HelAc HelAc RelAc Relac RejAc RelAc RelAc RefAc Rejac RejAc RejAc Refac RelAc RelAc RejAc HelAc RefAc ReJAc Re]Ac Re
- - - M - M - M M M M r @ g a3 - . . . . o . .
- - - | - o | e} e | | ] =
- SURE [UR BOUES VR (UGN RIVL) EOO) IO BT LS
: 2 1 -2~2~3:40406153|06l$/}
2 3 # 210 310 31) 5§12 713 916 1210 1T{1I6 25
M 6 0 2|0 3f1 4f2 6b4 3]T 121U 17T} 24]% 36
2 8 0 3|1 4}2 5{3 7}6 11|10 15|16 22J2¢ 31137 46
B 0 1 3|2 4{3 e|s 8]l9e 12)1s 17|22 532 79 55
2 12 1 33 Si4 6]7 912 14|18 20{27 29|10 4361 64
2 n </L 2 3|4 s}6 719 10ha 15{m 2§32 338 e9f2 73
First 3 3 * = 2% 2|a 3lws 4|0 4]0 6]1 B8f3 0|6 I5
Second 3 6 F « 210 3|0 3j1 Si2 7396]21017!625?
Tinnd 3 9 0 2{0 311 412 6|4 9|7 12)I1 I7{17 246 36
Fourth 3 2 0 3J1 4|2 5|3 7T}j6 11010 15|16 22}24 31|37 46
Fifth 3 15 1 3|2 4|3 6|5 8|9 12|14 17§22 2532 3I7j49 355
South 3 18 1 3(3 s]4 6|7 9h2 14|18 20{27 2|0 a3l61 63
Seventh 3 21 ~ <~ 12 314 5{6 7{9 lojl4 15§21 22)32 33148 49|72 3
First 5 s - r e 200 2= 37¢ 4|lo alo 61 8|~
Second 5 10 * 2|0 3]¢ 3|1 S]2 ?[3 9|6 12
Third H 5 0 210 311 412 614 917 12111 17
Founh 5 2 0 3|1 42 5|3 7}6 1ji0 1Si16 22
Fifthh S p+] 1 312 43 615 8]9 1214 172 25
Sixth S 30 } 1 313 Sf4 617 9|12 14j1I8 20(77 29
Seventh] 5 35 <~ B 2 3|4 sfe 7|9 1016 151 22|32 33
First L) 8 . M « 2« 25« 3|~ 4]0 4}0 6]1 B 4}
Second 8 16 « 2190 310 3|1 512 713 9|6 12
Third 8 ) 0 210 3|1 42 6{4 9|7 121 1
Fouerth 8 32 0 31 4|2 53 7{e6 1ifl0 ISIs 22
Fifth 8 40 1 3]2 4|3 65 8j9 12|14 17]22
Sixth 8 @ L 1 33 Sje 6|7 9|12 14}18 20027 29
Seventh 8 56 =~ 2 3{4 5|6 7|9 10]16 15|21 2232 33
Fiest 13 13 - 8 ® 2j= 2e 31x 4|0 4]0 6{1 B]
Second | 13 % = 210 3j0 311 S§§2 7{3 9{6 12
Third 13 39 0 210 31 4}2 614 9|7 12j11 17
Fourth | 13 52 ¢ 311 42 S{3 76 11}10 15016 22
Fifth 13 65 1 3]2 4|3 6|5 89 12{14 17|22 25
Sixth 13 8 L 1 33 Sf4 6]7 9012 14]18 20|27 29
Sovent| B 9 < <>lz2 3|« sie 7|9 wofu 15|21 2| n
First 20 20 * « 2« 21x 3|« 4|0 40 6{1 8
Second | 20 40 « 210 310 311 5|2 73 9|6 12
Thirl 20 60 6 2[0 3]1 42 614 97 12i1 17
Fourth 20 80 0 311 42 S|3 7{6 110 15{16 2
Fifth 2 100 l’ i} 1 312 43 65 B|9 12i¢ 17{22 25
Sixth ) 120 v 313 S{4 67 9112 18 20(27 29
Seventh| 20 150 ’V'\}VvVK/L s s3la sle 79 tofie 1sfn 2|32 .] L LU U L L U
L = Use first samgling plan below srrow (refer to continuation of table on following page, when necesssry). If sample size equals or exceeds lot or batch size, do 100 percent inspection.
<> = ‘Lze first sampling plan shove artov.
Ac = Acceptance numisr
Re = Hejection number
. =  Use sponding tingle ling plan (or al 1y, use multiple sampling plan below, where available).
> = Use ding doalile pling plan (or al ively, use multiple sampling plan below, where available).
. "= Acceptance not prrmitted at this sample size.
+ .




TABLE IV-B— Multiple sampling plans for tightemed inspection (Master table)

GLT-V

(INILHOIL
1dLLINW

(Continned)
(See 9.4 and 9.5
Acceptable Quality Levels {tightened inspection)
Sample
wize | Sample N
code | 2RI E T hine 0010 | 0.015 } 0.025 [cosz | o065 [ 010 J 015 | 025 | 040 foes | 1 [ 15 | 257 40 [ 65 | 10 15 | s 0 | 65 | 100 { 150 | =50 | 40u | 650 | 1000
letter
Ac Re|dc Reladc Re|ac HRefac Hel|Ac Nejdc Heladc Re|Ac He|dc Helac FelAc He[Ac He]Ac He[Ac RelAc HelAc Helic HejAc HefAc RelAc Rejic Reflic HelAc Re[Ac He|Ac Re
K k] M - = 2le of e 3 4f0 4]0 6|1 Blags PSP P
& —1 Fl I T W 2o o3f1 sja 7|3 9|62 j’ﬁ‘ '>‘{\(~F‘j’[>
o 0 210 31 el2 6f ¢ 9} T 2iu 7
12 0 3f1 |2 5|3 7]enjioisfie2
160 P 3|2 43 6fs 8]l 92f1e 17|22
197 1 3|3 s| & 6] 7 9f1214]18 20]27
2 2 3]l4 5] 6 790014 15|20 23233
L 50 . r e 2le 2 3« 4|0 4]0 6|1 8
100 = 2o 3lo 152 739|612
150 0 2/0 31 <2 6|4 9/ 712[11 17
0 o 311 a}c 53 7] 612]1015]16 2
250 132 4|3 €5 8|9 1fle1i]22 25
300 L 1 313 5|« ¢ ¢ 9)iz14]1820{2n 2
350 < 712304 516 7] 910fs asia 232 B
L] a0 - M ¢ 2] £ 21« 3]« 40 4| 0 6/ 1 8]\
160 e 210300 31 52713 9612
240 0 20 3{1 af2 ¢l a 973017
20 0 3[1 «|2 s{3 < 611|10 15{16 22
00 1 3] 2 4|3 6] 5 ¢ 912{14 17p20 2
480 1 31 3 5|4 6f 7 ¢l1214018 20[27 2
560 < ~{2 3] 4 56 719 ixf1s 15[ 22/32 33
N 125 . [ e 2l e 2] =23 4f0 sl 061 Bl
250 « 200 3o 31 sj2 )3 961
315 0 20 3|1 4]2 64 ¢ 712|117
300 o 31 4/ 25]3 7|6 i
625 1 312 4l 3 6ls 89:
5 & 1 33 54 6f7 912
85 ~ = 2 3¢ 56 7]9 10l14
P 200 200 - e 2|« 2f « 3 » 4]0 4]0
200 490 FI « 2f0 310 3/15]2 7|3
200 600 0 2{0 31 4} 2 6} 4 9f 7
200 800 o 311 4 25| 3 7]6 1f10
200 1000 t 3|2 4/ 3 6/ 5 89 121e
Sixth 200 1200 1 3]3 sia 6} 7T 912 1418
Seventh] 200 1400 <> ~~|2 3/« s| 6 7} 910f1s 1521
Q |First 35 35 - N « 2fe 2|« 31 s 4] 0 ¢l 0 61
Second] 315 630 « 2/0 3o 331 5 273 9s
Third 315 945 o 2|0 3|1 4 2 6 ¢ 97 12411
Fourth | 315 1260 o 3}1 «f2 s/ 3 71 6njio 15016
Fifth 35 1575 1 3|2 4f3 6 s 8] 912f1s 1}
Sixh 315 1890 1 3|3 5|« 6 7 912 14]18 20|20
Seventh] 315 2205 2 3|4 s| 6 | 90f1e3in 2w
R |Firs: 500 500 . « 2= 2|« 3]« 40 4] 0 6] 1 B
Second | 500 1000 « 2{0 30 31 s/ 27 39612
Third 500 1500 ¢ 210 311 42 6 ¢ 9] 7|1 07
Fourth | 500 2000 o 3|t af2 s{3 3} e611f101516 2
Fifth 500 2500 vz 4]3 6]l 5 8l 912)14 17120 o5
Sixzt 500 300G 1 3} : sia 6 7 9121418 20|27 29
Secentt]| 500 3500 2 3[4 516 7] 9 10j14 15 21 m2f 32 3y L U U L L U L] L Li Ll U L L |
S |Firse 800 800 . 2
Second 800 1600 n 2
Thie | 800 2400 v 2
Fourth | 800 3200 [}
Fiftn 800 4000 13
Sixt 800 4800 13
Seventh} 800 5600 2 3
= Usc first sempling plan beim arrow. Il sample size equals or exceeds lot or batct s:ze do 100 percent inspection.
= l'se first sampliag plan sivve arrow (nfer'to preceding page, when necessary).
Ac = Acceptance aundw-r
fle = Hejection number
- = lise comresponding single sampling plan {or altematively, use mudtiple sampling piz- below, where availabic)

Acceptance Dot promitted at this sample size,
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TABLE IV-C— Multiple sampling plans for reduced inspection (Master table)

(See 9.4 and 9.5,

Accepiable Quality Levels (reduced inspection) T
Savo.e Comu-
s | pte ] 37l Y 18 3 9030 L0015 | 0.005 | 0.00 | 0065 | 030 § 015 | 05| o4 oes | 10 | 15| 25 J 40 | 65| 10 | s | 25 | e [ es | 100] 150 250 | a0 | 650 | 1000
code size samp.e
letter sire N N
Ac He[Ac RelAc RelAc Re]ac Relac RejAc Re[Ac RejAc RelAc RefAc RejAc Re]Ac RejAc Re|Ac Relac Re[Ac Relac Helac Relac Relac Re[Ac Re|Ac Rejic Relac Relac Rre
A - - W - - -‘ T - N 1 Ngh . . - . . - . . -
: AN REEEEE
c < 9 - . . . . . . N
h) *7 . ? & — - - -t - - - -~ - -—
€ * ? 4} o | e | e | - wr o || - | | -
F o |Firs 2 2 PN e 2] e 2] « 3]« 3 « 4|]e 4]0 s]0 6 PN
Second | 2 . « 2l « 3/ « 330 4 0 sj1 6[1 73 9
Third 2 [ 0 210 3] 0 40 S{ 1 6/2 83 9612
Fourth 2 8 0 3|6 4 0 s{1 6 2 73 0|5 121815
Fifth 2 10 0 310 4 1 6l 2 71 3 8|5 Uj7 BinNn 17
Siath 2 12 0 3J1 sf 163 7 49712010 1514
Seventh| 2 1 > U V3f1osi 214 8 610f9 1813 17f18 =2
G |Fim 3 3 Tlesi Nt 2l 7 2]« 3| & 3|« 4 & 40 510 6]
Second 3 [ « 21« 3]« 3 0405 161 7|3 9
Third 3 9 0 2|0 3]0 4 0 Sj 1 6{ 2 8|3 916 12
Fourth 3 12 ¢ 3{0 4]0 5| 1 62 7 3105 i2(8 IS
Fifth 3 15 0 310 4|1 6 2 74 3 8 snuj7 131117
Sixth 3 18 L 0 3|1 Sj1 6 3 7| 4 9 712{10 15{i14 20
Seventh 3 21 <L <1 3{1 512 7 4 8] 6 16 914[13 17|18 22
# [First= 5 S e . r} e 2fe 2]« 3p & 3 o 4f « 4 0 5[0 6|~
Secoad 5 10 * 2y« 31« 310 4 0S]2 6 1739
Thied 5 15 0 2jo0 3} 0 4]0 s| 16} 2 8 39612
Fourth S ] 0 3j0 4]0 sl 1 6 27310 512[8 15
Fifth S f~3 0 3{o0 4f 1 62 77 3 8] s1| 713jn 17
Sixth H 0 { 0 3j1 S{1 6] 3 7] 4 9f 7121015014 2
Seventh] S 35 ~ <~ |1 3]1 s} 2 104 8f 610f 9 1¢] 13 17|1g 22
1 [Fiem ] 8 '(T ~ 2le 2[e 3]« 3|« 4] & 40 5[ 0 6|~
Second 8 16 « 2|« 3« 3]0 sj0 S| 1+ 61 7 39
Thiet & 24 0 20 30 4jJ0 sl1 6] 283 9 612
Fourth 8 R 0 30 40 S5} 1 6/ 2 7) 31 512 815
Filie. 8 © 0 3]0 41 6/ 2 7/ 3 8 s} 7N
et 8 4@ L 0 311 S|t 613 7] 4 9 71201015\ 140
Qeventh ] 56 - 1 311 512 7|4 8] 610} 914513 17{ 18 22
K Fiest 13 n M 2 a 2|2 2= 3| 3| 4f « 3] 0 S| 0 6
Second 13 2% « 2|= 31« 310 4|0 S| 1 6f ) 7 39
Third 13 » 6 2/o0 30 40 S{1 6] 2 8] 39| 612
Fourth n 52 0 310 4/0 s|1 6|2 7| 3101 S12{ 915
Fifth 13 65 0 310 41 62 713 8] sl 1B3ny
Sixth 13 ] J’ J o 311 sj1 63 74 9f 712|015 1¢ 0 J
Seventh] 13 a |~~~ . J\—L LI 3J1 sj2 7la 8] 610] 9 1afr3n)ig Jjuluyu)u L U | U
L = Use first sampling plan below strow {refer to contincation of table on following pagz. when necessary). If sample size equals, or exceeds lot or batch size. do 100 percent inspection.
<> = Use firat sampling plan sbove arrow.
Ac = Acceptance aumber
e = ‘Rei!tlionunbef
. = Use ponding single pling plan (or all iv. use multiple sampling plan below, where available).
-~ = Use ponding double pling plan (or sl ivels, use muluple ling plan below, where available).
* = Acceptance not permitted st this sample size.
+ = f, sfter the final sample, the accrptance number has Leen excerind. but the rejecuon number has not bren trached, sccert the lot but reinstate normal inspection (see 10 1 4).




TABLE 1V-C— Multiple sampling plans for reduced inspection (Master table)

LLT-Y

(Continued) (See 9.4 and 9.5,
Acceptable Quality Levels (reduced inspeclion)T |
Sampie Comu- :
520 Somple §507€ | 1ve g 010 | 0.015 | 0.025 | 0.0s0 |0.0s5| 00 | 015 025 040 | o6s{ 10 | 15 | 25 ] 40 [ 65| 10 | 15 |25 | 40 | 65 | 100 [ 15 | 250 | 00 | €55 | .f).'
code size sample ¢
fetter size ]
Ac RefAc RelAc Re[/Ac Re]Ac ReiAc ReAc Relac Re]Ac HelAc He|Ac RelAc Re|Ac He|Ac Re[Ac RelAc Re|Ac RejAc RelAc ReiAc RelAc Re|Ac Re|Ac Relic Reli- e :: Ra
[ i
L |First 2 20 q ] ¥ » 4 -2-:=3~3n4-4osqu"XAAAA{\AAQSQ
Second | 20 0 2/« 3 e 30 4f0 5{1 6]1 7{3 9 I
Third 2 60 | 0 2|0 30 4 0 sj1 6] 2 8/3 9]612 ‘:fl!;
Fourth | 20 80 0 3/0 40 5|1 6f2 7310512815 bt
Fifth 20 100 0 30 4 1 6 2 7{3 8] 5snf713117 R
simh | 20 | 120 031 s{1 63 7/4 9f 712/1015(14 2 ;:Iig
Seventhf 0 140 L 1 31 s 2 7] 4 8/ 6 10] 914]13 17|18 22 : :
¥ |Fiest 3 32 IR R R R T [
Second 32 64 » 2} « 3|« 310 4 051 6;1 7|3 9 ;
Third k' 96 o 2| 0 30 4 0 S|t 6/2 8] 3 9] 612 |
Fourh | 32 128 0 3] 0 40 s 1 6] 2 7| 310f512]815 .
Fifth 30 160 0 3] 0 41 6 2 7] 3 85 1| 713N o
Sixth 32 192 0 3] 1 s]1 6 3 7] 4 9]712{10 1514 0 ,
Seventh| 32 224 <5 J{<>|1 3} 1 5/ 2 74 8| 610 914|1317{18 22 i
N |Fim 50 50 '¢?”:2-2-3-3=4=40506¢’? f
Second|{ S0 100 = 2) = 31 »« 340 ¢/ 05/ 16017 39 i
Third 50 150 0 2] 0 3 0 40 S 1 6{ 2 83 9] 612 H
Fourh 50 200 0 3/0 4 05/ 1 6 2 7] 310512815 o
Fifth 50 250 0 30 4 16/ 2 7] 38/ s51713jn17
Sixth 50 300 e 3f1 s} 16/ 3 7] 4 9f 712/1015/14 20
Seventh| S0 350 g <> 131 sl 274 8 610] 911317182 i
P [First 89 80 < # 21 = 2| & 3| » 3| # 4{ = 41 0 5] 0 6| <
Second | 80 160 # gf ¢ 3f« 31 0o 4]0 s{ 16|21 7|30 i
Thied 80 240 0 2/ 030 4 0S| 1 6] 28|39]¢12 ;
Fourth 80 320 0 3] 040 s] 16/ 2 7] 310512815 i
Fifth &0 400 o 3[ o 4{1 6 2 73 8] 51| 71jn1w !
Sixth [ 480 0 3/ 1 s{1 6 37 4 9 712/1015|1¢4 2
Seventh| 8 360 § 7 LU | =<~ {1 3§ 15{2 7| « 86 10 914]1317118 2
0 Jris | 123 125 -/}” e 2|« 2] 3o 3] « 4]a t]o0s]|o 6]«
Second 3 250 e 2« 3] =310 4/ 05|21 611 7] 39 i
Third 133 375 o 2fo 3 o4f0s{ 162 8|39 612 g
Fourth | 125 500 0 3]0 ¢ 0o5[1 6 2 7[310]512{ 815 o
Fifth 125 625 0 3/ 0 4/ 16/ 2 7 38/snu|l713n P
Sixth 125 30 i} 0 3/ 1 5{ 16/ 3 7 49[712[1015/142 ,;i )
Seventn| 125 | 875 1 31 5] 27/ 4 8] 610 911]1317|1822 o -
] First yJn 200 * 2]« 21 & 3] = 3| &« 4 2 3]0 5{ 0 6 :v| i
Secand | 200 400 # 2y 3 =3 04} 0 s{ 1t 6f1 7] 39 L
Tairdl | 200 600 0 2o 304 0511 ¢ 28]3 9] e P
Fourth | 200 800 o 3o 4f 0 5] 16/ 2 7] 3100512] 815 A
Fifth 200 1000 o 30 4f 1 6f 273 g s} 73l s
Sixth 200 1200 0 31 s| 1 6f 374 of 712f10 15|15 20 N
Seventh| 200 1400 L) 1 31 s} 2 7] 486 10 914f13 17|18 22 J L L _j i J 1 ] || s N

annal
1HLINW

Use first samoling plan below arow. If sample size equals, or exceeds. lot or batch size, do 100 percent inspection.
Use first samplineg plan above arrcw {mfer to preceding page when necessary).

Acceptance nu~her

Hejection nur e

g

Acceptanre nnt permiteed at this sarp

“exgf

I, after the final sample . the aconpiance number has been exceeded, but the rejection number has not bren reached, aceept the lot, but minstute rome! inspection (see 10.1.4).
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TABLE V-A— Average Outgoing Quality Limit Factors for Normal Inspection (Single sampling)

(See 11.4)

Cod Sample Acceptable Quality Level
Letter Size

0.010 0.015{0.025 |0.040/0.065 | 0.10 | 0.15] 0.25}0.40 [ 0.65] 1.0} 1.5 | 25| 40 | 65 | 10 | 15 2|40 65 | 100 | 150 | 250 | 400 | 65C ! 1000
A 18 42 | 69 971 160 | 220 | 330 | 470 | 730 | il
B 12 28 | 46 | 65 [ 110} 150 | 220 | 310 | 490 | 720 { 110

v
c 7.4 W |2t | 39}63| 9/ 130 190 | 200 | 430 { 660
D 8 4.6 11 171 24 40 | 56 82| 120 | 180 | 270 | 410
E 13 28 6.5 | 11 151 24 34 | 50 721 110 | 170 § 250
F 20 1.8 42| 69 97] 16 | 22 33| 47 73
G 32 1.2 261 43] 6.1 991 14} 21 2 | 46
H 50 0.74 17127 39|63} 90| 1319 | 2
J 80 0.46 11| 17) 24 ] 40| 56 8.2 12} 18
K 125 0.29 067{11] 16} 25| 36|52} 75{ 12
L 200 0.18 0.42(069| 097] 1.6 | 2.2 | 3.3] 4.7 7.3
L] 315 0.12 02710441 062] 1.00] 1.4 2.1 | 3.0] 4.7
N 500 0.074 0.1710.27} 0.39] 0.63| 090} 1.3} 19| 29
P 800 0.046 0.11]0.17}0.24{ 0.40| 0.56| 0.82] 1.2} 1.8
1250 |0.029 R 0.067j 0.11 { 0.16 | 0.25( 0.36| 0.52] 0.75{ 1.2

R 2000 0.04210.069]0.097] 0.16 | 0.22 ] 0.33} 0.47] 0.73

Notes For the exact AOQL, the above values must be multiplied by (1~

Sample size

—— (£ee 11.4)
Lot or Betch size
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TABLE V-B— Average Outgoing Quality Limit Factors for Tightened Inspection (Single sampling)
(See 114
Acceptable Quality Level
Code | Sample
letter size e
0.010 | 0.015 | 0.025 | 0.040 {0065} 020 | 0.15] 025 | 040 065 | 10| 15 | 25 | 40 | 65 | 10 | 15 | 25 | 40 | 65 | 100 | 150 | 250 | 400 | 650 - 100
A 2 2 6 97 | 160 | 260 | 400 | 620 U
8 3 12 2B | 46 | 6 | no [ 170 | zi0 | 410 | 650 1o
P 5 74 17 | 22| 30| 63 | 100| 160 | 250 | 390 | e
o 8 46 11 17 | 24 | 4| & 99 | 160 | 260 | 380
E 13 28 65 |11 15 | 22 0| & 95 | 150 | 240
F 2 18 2169|9716 | 25| /| e
G 32 1.2 26 | 43| 61 [ 99| 16 | 5| »
H 50 0.74 17| 27| 39| 63 |10 6 |
J 80 0.45 11| 17| 24 ] 40 | 64 | 99 | 16
K 125 0.2 067 f 11 | 16| 25| 41| 64 | 99
L 200 0.18 042 069 | 097| 16 | 26 | 40 | 62
M 35 0.12 027 | 044} 062 | 10 | 16| 25 | 39
{
N 500 0.074 017 | 027 ] 039 | 063 | 10 | 16 | 25 ;
P 800 0.045 011 | 017 | 024 | 040] 064 | 099 | 16
Q 1250 0.02 0.067) 0.11 | 0.16 | 025 | 0.41 | 064 | 0.9 i
1
i
" 2000 |0.018 0042 | 0.069| 0.097| 0.16 | 0.26 | 0.40 | 062 |
2 3150 0.027 ]
Note: For the exact AOQL, the ebove values must be multiplied by ( 1 - Semple size ( see 11.4)

Lot or Betch size



081-v

%001

(SIALLDAAAQ) O1

TABLE VI-A— Limiting Quality(in percent defective) for which P, = 10 Percent
(for Normal Inspection, Single sampling)
(See 116,
Acceptable Quality Level
Code | Sample P Y
letter size
0.010 | 0.015 | 0.025 | 0.040 } 0.065 { 0.10 | 0.15 0.25 | 0.40 0.65 1.0 15 2.5 4.0 6.5 19
A 68
3 54
C 37 58
D 8 25 41 54
E 13 16 27 36 44
F 20 11 18 | 25 30 | 42
G 32 6.9 12 16 20 21 34
H 50 4.5 7.6 10 13 18 22 26
J 80 2.8 4.8 6.5 8.2 11 14 19 oe
125 1.8 31 | 43| 54| 74| 94| 12 16 | 23
200 1.2 2.0 2.7 3.3 4.6 5.9 7.7 10 14
| 315 0.73 1.2 1.7 21 2.9 3.7 49 6.4 9.0
N 500 0.46 0.78 1.1 1.3 1.9 2.4 3.1 4.0 5.6
800 0.29 0.49 | 0.67 | 0.84 1.2 15 1.9 2.5 3.5
Q 1250 0.18 0.31 0.43 0.53 0.74 0.94 1.2 1.6 2.3
R 2000 0.20 0.27 0.33 0.46 0.59 0.77 1.0 14
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TABLE VI-B— Limiting Quality (in defects per bundred units) for which P, = 10 Percent
(for Normal Iuspection, Single sampling)
(See 11.5;
Acceptable Quality Level
Code | Sample
letter size [
0.0100.0150.025 [0.040 | 0.065| 0.10 {0.15 | 0.25 | 0.40[0.65{ 1.0 | 15[ 25 |40 [ 65 | 10 | 15 |25 | 40 | 65 | 100 | 150 | 250 | 400 | 650 1 10¢>
l
2 120 200 | 270 | 330 | 460 | 59 | 770 | 1000 [1400 1927
3 7 130 | 180 | 220 | 310 | 390 | 510 | 670 | 9401300 {18C¢
5 46 78 | 110 | 130 | 190 | 240 | 310 | 400 | S60 | 770{1100
8 29 49 | 67| 8¢ | 120 150 | 190 | 250 | 350 | 480 | 670
13 18 30 | @0 |s1| 71| 91|12 160|220} 300 | 410
20 12 20 |27 | B[4 59| 77| 100] 140
G 32 7.2 12 (17 |21 | 29| 37| 48| 63| 88
H 50 4.6 tafn |13 |19 | 24 31| 40 s6
| 80 29 a9| 67| 84|12 15 | 19 35
125 18 31| 43] 54| 74| 94{12 | 16
200 12 20 | 27| 33| 46f 59| 27{10 | 14
“ 315 0.3 12 {17 | 21| 29| 37| 49| 64| 90
N 500 0.46 07811 [ 1.3 | 19| 24| 31| 40] 56
800 0.29 049 {067|084)12 | 15| 19| 25 35
0 1250 |0.18 031043053/ 074{0.94f 12| 16| 23
i 2000 0.20 | 0.27{ 033 | 0.46| 059} 0.77| 1.0 14
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5 TABLE VII-A— Limiting Quality (in percemt defective) for which P 2 = 5 Percent
(for Normal Inspection, Single sampling)

= (See 11.6)

xxl

R Acceptable Quality Level

=X| Code | Sample

=/ lerter | size

« 0.010 | 0.015| 0.025 | 0.040 | 0.065| 0.10 0.15 0.25 | 0.40 0.65 1.0 15 25 4.0 6.5 10
A 8
B 63
C 45 66
D 8 31 47 60
E 13 21 32 41 50
F 20 14 22 28 34 46
G 32 8.9 14 18 23 30 37
H 50 5.8 9.1 12 15 20 25 32
J 80 37 5.8 1.7 9.4 13 16 20 25
K 125 2.4 3.8 5.0 6.2 8.4 11 14 18 24
L 200 1.5 24 3.2 3.9 5.3 6.6 8.5 11 15
M 315 0.95 1.5 2.0 25 33 4.2 5.4 7.0 9.6
N 500 0.60 0.95 1.3 1.6 2.1 2.6 3.4 4.4 6.1
P 800 0.38 0.59 0.79 0.97 1.3 1.6 2.1 2.7 3.8
Q 1250 0.24 0.38 0.50 0.62 0.84 1.1 14 1.8 2.4
R 2000 0.24 0.32 0.39 | 053 | 0.66 | 0.85 1.1 1.5




TABLE VII-B— Limiting Quality (in defects per hundred units) for which P, = 5 Percent
(for Normal Inspection, Single sampling)

(See 11.6;
Code | Sample Acceptable Quality Level
letter | size
0.01010.015]0.02510.040]0.065{ 0.0 { 0.15} 0.25 { 0.40{ 0.65{ 1.0 | 1.5 25 1 4.0 | 65 | 10 | 15 25 40 | 65 | 100 | 150 | 250 | 400 | €50 10:0
150 240 | 320 | 390 { 530 | 660 | 850 §1100 | 1550 2070
B 3 100 160 | 210 | 260 | 350 | 440 | 570 | 730 {1000 | 14001620
c 5 60 95 ] 130 | 160 | 210 | 260 | 340 | 440 { 610 | 810 | 1100
8 38 59 179 97 [ 130 | 160} 210 270 { 380 | 510 | 710
13 3 37 48 | 60 81 | 100 | 130{ 170 | 230 | 310 | 440
20 15 24 | 32 39 | S3 66 | 85 | 110 ] 150
o G 32 9.4 15 | 20 | 24 33 ] 41 53 95
»c'; H 50 6.0 95|13 16| 2a| 26|3a| &4] &
w 80 3.8 591 79| 9.7 13 16 21 | 27 38
K 125 2.4 3850 62| 84] 11 14 18| 24
L 200 15 24132 39 53} 66| 85| 11 15
M 315 0.95 15120141 25]33] 42| S4] 7.0; 9.6
N 500 0.60 095/13 1} 1.6 21| 261 34| 44| 6.1
800 0.38 0591 0.79{ 097} 13| 16|21 | 27| 3.8
Q 1250 ] 0.24 0.38|0.50]0.62f 0.84f 1.1 | 1.4 | 1.8 | 24
E 2000 0.2410.32{ 0.39]0.53]0.66| 085} 1.1 | L5 l
(9, ]
2

(S13143a) 01
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TABLE VII — Limit Numbers for Reduced Inspection

(See 8.3.3)

Acceptable Quality Level

Nuezver of
sacrie units [
froz Last 10 Iy :
lots or betches , E
0.010§0.015 | 0.025 | 0.040 [ 0.065 | 0.10 | 0.15| 0.5 | 0.50 { 065 | 10 | 15 | 25 |40 [ 65 | 10 | 15 | 25 | 40 | 65 {100 | 150 | 250 | 400 | 650 0%
.2 T . . . . . . . . o | . . . . 0 0 2 4 e | 1| 2| w0 6| ns
2.49 L CTNN INCTNN N LI R C (T SRS T IR BEP U ol o 1| 3] 7} B3| 2} %| e 5] e =
50-19 . . . . . . . . . . . . . 0 0 2 3 7 1B x| 63| 10 i 81 | 30
8-129 o | . . . . . . . . . - 0 0 2 4 T 1| 24| «2 | 68 | 105| 181 | 297 !
132. 199 o | . . . . . . . . . . 0 0 2 ‘ T 13| 25 a2| w2{us | 17 31| 2,
0. 319 o | . . . . . . . . . 0 0 2 4 8| | 2] 0| e ns|w | 2wl an !
320. 499 e | o . . . . . . . 0 0 1 4 8| W | 24| 39| 6 | 113 | 189
5% - 799 o | - . . . . . . 0 0 2 3 7l u| 5] w0} 6|10 |18
833 - 1219 o | e . . . . . 0 0 2 4 7 14 | 20| 42| 68 | 105 | 181
1257 - 1999 o] . . . . . 0 0 2 4 7] 13 24| 40| 69 {100 | 169
2% . 3149 .| . . . . 0 0 2 4 6| | =] 0 6 | ns|is
3157 . 1999 e | - . . 0 0 1 4 8 1| 2 3| & | | 18
5000 . 7999 . . . 0 0 2 3 7| 1] | @ e |10 |11
8012199 | . 0 0 2 4 7 1w o2a| a2 ] e | 105 |18 ;
12591999 | 0 0 2 4 7)1 24 | 4 6 | 110 | 169 ; g
L
20003 - 31499 0 0 2 4 3 1“ | 2 40 | 6 | ns | 11 : ]
31500 - 49999 0 1 4 8 | 14 24 | 38 67 1 i1l | 186 , !
50000& Over 2| 3| 7| | [eo|eal]|we|mn ': !

Denotes that the number of sample units from the las: tea lots or batches is n3: sufficient for mduced inspection for this AQL.. Iu this instance mnre than ten lots or
czlculation, provided that the lots or batches used 22 the most recent ones ir. sequence, thet they have all bren on normal inspection, 2n¢ that rone hes been rejected while on

[}
b

Lo used for e
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TABLE IX— Average sample size curves for double and multiple sampling
(normal and tightened inspection)

(See 11.5)
L]
".I"'Plg 0°'6/’
- P P
T5A s v,
&en o
. 2{7' Xae =
T c=sl T c=2
0 3 ] 1 i 1 1 1
o 1 2 3 4 0 1 2 3 4 5 6 01 2 3 ¢ 5 6 7 0 s W 0 3 s s .

TS5 n Y
Average
- "' .
Sam??e 12a
Size _ -
L285N Y
I c=8 IF Ic-m Ic-lz c=14 c=:e'
[JUEEANEEEEE NS N 1 1 1 N VR NN TR | | [ | 1. 1 ! i 1
0 7 " ¢ 4 8 12 )6 0 3 6 9 122 15 18 0 3 6 9 12 15 18 21 o s w0 15 22 =
n x proportion defective

.75']’ ;/4||

. 5‘0 n ’l/i'n/

L2SHIBE

[J

n x preportion defective

n = Equivelent sicgle sample size
€ = Single sarrle scceptance number

T = AQL for norma! inspection

1ZIS 11dWVS

IOVUINY
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PEUCEAT OF LOTS
FANFECTED TO HE
ACCEFTED «P,'

TABLE X-A—Tables for sample size code letter: A

CHART A

- OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

(Curves for double and multiple sa=; ing are matched as closely as practicable)
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QUALITY OF SUBMITTED LOTS (p. in percent ce 2 for -\l,‘l.'sz 10; in defects per hundred units for AYL’s > 10)
Note: Figures on carves are Acceptet ty Levels (AQL's) for normal inspection.
TABLE X-A-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quezlitv Levels (normal inspection)
Pe 65 6.5 ] 25 ] 40 I 65 | 100 l 150 ] > l 230 I >< l 4 J >< L 650 ] > l 1600
p (in percent defective) p (in defects per hundred units)
99.0 0.501 0.3 7.45 218 412 ' 145 175 239 303 629 30 L
95.0 2.53 254 17.8 40.9 68.3 l 199 235 308 385 745 9335 1122
9.0 5.13 5.23 2.6 55.1 87.3 : 233 272 351 432 812 1073 1206
75.0 13.4 144 48.1 86.8 127 . 298 342 31 521 934 1314 1354
50.0 29.3 3.7 83.9 134 184 ; 383 433 533 633 1083 1383 1533
25.0 50.0 69.3 135 196 256 l 484 540 651 761 124 1568 1728
10.0 68.4 115 195 266 334 589 650 770 889 1409 1748 1916
5.0 76 150 237 315 388 657 722 848 972 1512 1862 2035
1.0 90.0 230 332 420 502 800 870 1007 1141 1718 2088 2270
> > | 65 | 100 >SN Bmo | >S| wo > | | >KL

Acceptable Quz.i:v Levels (tightened inspection)

Noe: Bisomial distribution esed for pervent defective compatations; Poinson for defects per hundred units.
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TABLE X-A-2

- SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: A

Cumu- Acceptable Quality Levels (normal inspection) Coru-
Type of lative lative
ml'vl"'s sample fLessthen | g5 1] 10 | 15 | 25 | 40 65 | 100 [ 150 | S| 250 S| a0 | DK | 650 | > | 1000 | semcie
“plan size i size

Ac  RelAc Re|Ac RelAc Re |Ac Re |Ac Re|Ac Re|Ac Re]Ac Re[Ac Re|Ac Re|Ac RelAc Re[Ac RejAc Re[Ac Re[Ac Re|Ac Re
Single 2 v 0 1 2|2 313 4]s5 6j7 8i8 9j10 11]12 13|14 15}18 19|21 22|27 28|30 3l 2
Use Use Use
Double v * Letter | Letter | Letter | (*) (*) (*) * (*) *) *) *) (*) (*) 16J] (*) *)
D C B
\lultiple V * * - - * » - . . . . * - -
Less than _ ]
o 1> w0 15 | 25 0 | 65 | 100 | 150 | > 250 | > a0 | > 650 | > 1000 | >
Acceptable Quality Levels (tightened inspection)

/ = Use next subseguent sample size code letter for which acceptance and rejection numbers are available.

Ac =  Acceptance number

Re = Rejection number

= Use single sampling (or alternatively use letter B).

= Use single sampling plan above (or alternatively use letter D).
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TABLE X-B—Tables for sample size code letter: B

CHART B - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

PERCENT orm TS (Carves for double and multipie se=siicg are matched as closely as practicable)
ACCEPTED (P,)
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QUALITY OF SUBMITTED LOTS (p, in percent defective for AQL's 2 10; in defects per hundred units for AQL's > 10)
Nete: Flgures on curves are Accepie:ie Quality Levels (AQL e) for normal inspection.
TABLE X-B-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC. CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
Pq 40 40 l 15]5 ] © ]65 Imo|>< 150.[><]zsol><|m]><lssoj><lxooo
p (in percent defective) p (in defects per hundred units)
99.0 0.33 0.34 4.97 14.5 274 59.5 96.9 | 17 159 203 249 345 419 573 651 947 1029
95.0 170 1.71 | 11.8 27.3 455 87.1 133 I 157 206 256 308 415 496 663 748 1065 1152
90.0 345 350 | 17.7 36.7 582 | 105 155 | 181 234 288 343 456 541 716 804 1131 1222
75.0 9.14 960 | 320 S1.6 845 | 141 199 228 287 u7 408 530 623 809 903 1249 1344
50.0 20.6 231 55.9 89.1 122 189 256 289 356 422 489 622 22 922 1022 1389 1489
25.0 370 46.2 89.8 13 170 247 323 360 434 507 580 124 832 1046 1152 1539 1644
10.0 53.6 76.8 | 130 177 223 309 392 433 514 593 671 825 939 1165 1277 1683 1793
5.0 63.2 99.9 | 158 210 258 350 438 481 565 648 730 890 1008 1241 1356 1773 1886
1.0 78.4 154 21 280 335 437 533 580 672 761 848 1019 1145 1392 1513 1951 2069
65 65 | 25 40 65 | 100 | > 150 | D om0 | D w0 | D> oeso | > w0 | >
Acceptable Quality Levels (tightened inspection)
Note: Binomial distribation used for percer: defective computations; Poinson for defectn per hundred crita.
' & - .




TABLE X-B-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: B

Acceptable Quality Levels (normal inspection)
Cumu- Curu-
Type of lative |Less than - lative
sampling | a0l a0 |65 D> 10 |15 [ 25 | a0 | 65 {100 [>| 150 | D] 20 > 400 |><| 650 [>< | 1000 | 0t
sample - m; e
plan size size
Ac  Re |Ac RelAc Re|Ac Relic RelAc Re|Ac RelAc Re|Ac Re|Ac RelAc Re|Ac Re|Ac RelAc Re [Ac ReiAc RejAc RelAc RejAc Relic Re
Single 3 v 0 1 1 212 3|3 4f5 6f7 8|8 9l10 11{12 13{14 1518 19(21 22/27 28{30 31|41 42{44 45 3
Use | Use | Use
2 v * 0 2|0 3|1 4|2 5|3 7!/3 7{5 9 6 10/ 7 11]9 14]11 16{15 20{17 22{23 29,25 31 2
Double Letter|Letter |Letter _
4 1 213 4{4 si6 7{8 911 12{12 13{15 16|18 19|23 24|26 27|34 35|37 38|52 53;56 57 4
T
A A D C
[ee)
(o]
Multiple v |- R IR I I R e I T T = I e B e B e I o I S i o s
Less than
6.5 65 |[><lw | 15| 2 |4 |6 | 100 | > 150 | > 250 {><]a00 |>| 650 |><]|1000 | >
Acceptable Quality Levels (tightened inspection)
W = Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
Ac = Acceptance number
lte = Rejection number
. = Use single sampling plan above (or alternatively us~ letter F).
) ++ =  Usedouble sampling plan above (or alternatively use leter D).
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TABLE X-C—Tables for sample size code letter: C

CHART C - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

(Curves for double and multiple sacpling are matched as closely as practicable)

PERCEXT OF LOTS PERCENT OF LOTS
T EXPECTED TO BE
Efggg;&"ﬁf ¥ ACCEPTED (P)
100 e RN T 10— NESWA ~ ~
WSSO T W N
o BN N - EESEANARY B
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adin| \ WAL ﬁ ® \ \Y \ N ‘
-o H NI N ! -0 : \ x \ i
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o —{_ NEEERR Ry . ™ ° [l - - ) ]
s0 100 150 200 250 300 100 200 300 00 500 600 00 800 900 1000 100 1230

QUALITY OF SUBMITTED LOTS (p,  in percent defective for AQL's < 10; in defects per hundred units for AQL's > 10)

Note: Figures oo curves are Acceptable Quality Levels (AQL’s) for normal inspection.

TABLE X-C-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)
r, 25 10 25 I 10 ' 15 [ 5 } 40 ] 65 I ><I wo | > | 150 l > I 250 ] > ] 400 l > l 650
p (in percent defective) p {in defects per hundred units)
%.0 0.20 3% | 020 | 289 | 872 | 165 | 37 | se1 | w01 | 54 | 12 150 | 207 31 | s | 30 568 | 618
95.0 1.02 763 103 | 710 {164 273 | 523 | m6 | 939 | 1 154 185 | 219 208 | 308 | a9 639 | 691
90.0 209 | 112 210 | 106 |20 39 | &0 | 931 [ 109 140 113 | 206 | 23 35 | 4 | 4s2 679 | 133
5.0 550 | 194 576 | 192 | 345 507 | ssa | 19 | 137 172 208 | 25 | 38 38 | e85 | s42 | 749 | 806
50.0 12.9 314 139 | 336 |s3s B4 | 3 |13 | 1@ 213 253 | 203 | 313 333 | 53 | e13 | 833 | 893
25.0 2.2 454 277 | 539 |84 | 102 us | 191 | 216 260 306 | 38 | 435 19 | 67 | e 923 | o987
10.0 36.9 58.4 61 | 78 1106 134 186 | 235 | 260 308 356 | 403 | 495 ses | 6 | 766 | 1000 | 1076
5.0 45.1 65.8 599 | 99 |12 155 20 | 263 | 289 339 38 | 438 | s34 605 | 75 | e | 10ss | 1131
10 0.2 778 921 |13 |1es 201 %2 | 30 | 348 403 a6 | s09 | 612 687 | &5 | s | nn | 120
w [l | | 40 s | ><Jwo | D] w0 [ D] m0 [D<K| w0 [ D] &0 | D><
Acceptable Quality Levels (tightened inspection)

Note: Binomisl distribution used for pescent defective computations; Poisson for defects per hundeed wnita.
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TABLE X-C-2

- SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: C

Fzd
oo

Acceptable Quality Levels (tightened inspection)

Use next subsequent sample size code letter for which acceptance and rejection numbers zre available.

Acceptance number.

Rejection number.

Use single sempling plan above (or alternatively use letter F).

Use dsuble sampling plan above (or altematively use letter D).

Type of ]C::":,l: Less
. 1 =
m‘r;‘;ﬂs semple '2*'34" 25 [ 40 (D] 65|10 |15 |3 | e |6 [ D] 100 | > 150 | D] 20 | D>} 400 | >| 6s0 | w00 |
P size size
Ac__RelAc Re Ac RelAc RelAc RdAc Re'Ac_RelAc ReiAc RelAc RejAc RelAc RelAc Re{Ac RelAc RelAc Rel|Ac RelAc RejAc RelAc RejAc  Re
Single 5 A\VAI L B! 2 3J3 4|5 67 8]8 910 11{12 1314 15{18 1921 22|27 28[30 31141 42|44 45 5
Use | Use | Use Use
3 AVAR I 0 3{1 4|2 5{3 7/3 7{S 9|6 10/7 11|9 14|11 1615 2017 2223 29p5 3 3
Double Letter | Letter | Letter Letter
6 3 4|4 S5{6 T8 9011 1212 13{15 16[18 19|23 24{2 27 [34 35137 3852 S3(S6 57 €
B | E|D B
Multiple v - | | | E o adl I S S B o B S R S ol = o I o B o B o ol B o
Less
then [ 40 (><| 65|10 |15 [ 25 | 40 | 6 | >| 100 [>| 150 | D> | 250 | >| @00 | ><i 650 | > | 1000
40
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TABLE X-D—Tables for sample size code letter: D

»

CHART D - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
(Curves for double and multiple sampling are matched as closely as practicable)
Fe L IREET P T AT
- R : TR y
e ANAN 3 i * : :
o AENRE : ® NN, W ;
™ a A N ™ \ Y N :
“ \\ : \ \ H . \ y ‘ ‘\ l \ y
) \ A ) ‘ \ \ AN .
“ 1 \‘ © \ \ . \ \\
* \ z N\ AN % A N :
2 \ k) ‘;s 10 15 qm 2 \65 10( I\S( 250 ‘«)o: .
10 NP ‘\‘I‘ . - ~ 10 h ‘\‘\ \ :
. Ny | I~ ° == — —)
10 20 30 4 SO 60 70 6 9 100 110 120 130 140 150 160 170 100 200 300 400 500 600 :
QUALITY OF SUBMITTED LOTS (p, in percent defective for AQL's z 10; in defects per hundred units for AQL's ~>10)
Note: Figares on curves are Acceptable Quality Levels (AQL'S) for nonmal inspection.
TABLE X-D-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
Py 15 | 65 | 10 15 | 65 10 5 | > o [ > e D> w [ > s | DO om0 | > |
p (in percent defective) p (in defects per hundred units)
99.0 0.13 2.00 6.00 0.13 1.86 5.45 103 223 36.3 438 59.6 76.2 93.5 129 157 215 244 335 36%
95.0 0.64 2.64 11.1 0.64 4.4 10.2 17.1 327 498 58.7 771 96.1 116 156 186 249 281 399 43z
90.0 1.31 6.88 14.7 1.31 6.65 | 13.8 218 394 58.2 67.9 87.8 108 129 171 203 268 301 424 45¢
5.0 353 | 121 2.1 3.60 12.0 216 317 52.7 745 855 108 130 153 199 234 303 339 468 561
50.0 830 | 20.1 321 866 | 21.0 334 45.9 70.9 9.9 108 133 158 183 233 271 346 383 521 558
25.0 15.9 30.3 43.3 17.3 33.7 49.0 63.9 928 121 135 163 190 218 272 312 392 432 517 617
10.0 25.0 40.6 539 28.8 48.6 66.5 835 116 147 162 193 222 252 309 352 437 478 631 67
5.0 31.2 47.1 59.9 375 59.3 78.7 96.9 131 164 180 212 243 274 334 378 465 509 665 nes
1.0 43.8 58.8 70.7 5.6 83.0 105 126 164 200 218 252 285 318 382 429 522 568 732 N !
25 | 10 > | 25 |0 15 % 0 [ s [0 S s0 S s > w0 | > ;
Acceptable Quality Levels (tightened inspection) ,

VR Jf;/\,pn;;/./pg D:37721BrTIC A LIED Fe fIRERCEL Y DIFLCNVE QINTITETtA S Firstis Foe Limdos
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TABLE X-D-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: D
Acceptable Quality Levels (normal inspection) }s
Type of Cumo- Less th Higher Cuze- 1
pe ¢ lati ss than P t fativ
s.,..,lpl,.,g s:r:;;e s |15 |25 (>[40 |65 |10 |15} [a0 (| 65 | > 100 > 150 > 20 | > 400 hen :_ )
plan . mie |
size size
Ac  Re|Ac RefAc RelAc Re|Ac Re|Ac RelAc Re [Ac Re |Ac Re [Ac Re[Ac Re|Ac RelAc RejAc Re|Ac Re|Ac Re|Ac Re|Ac RejAc Re|Ac RelAc Re !
Single 8 v 0 1 1 212 3{3 4|5 6|7 8|8 9{10 11|12 1314 15|18 19j21 2227 2830 31{41 42{44 45| A\ 8
Use | Use | Use
5 v hd 0 2]0 3|t 4|2 S|3 713 7|5 91610}7 11]9 14/11 16{15 20 (17 22|23 29125 31| A 5
Double Letter] Letter [Letter
10 1 213 4[4 516 718 9[11 1212 13}15 16|18 19|23 2426 27 {34 35 |37 38|52 53|56 57 10
C F E
2 v . # 2ls 212 3= 410 4f0 410 5/0 6/1 7|1 8]2 9|3 10{4 12{6 15| 616] A 2
4 # 210 310 3[1 5|1 6}2 713 8[3 9(410]6 12| 7 14|10 17{11 19{16 2517 27 4
6 0 210 3¢1 42 6|3 8|4 9]610)7 128 13|11 17[13 1917 24|19 27|26 36|29 3¢ 6
Multiple 8 0 3|1 412 53 7|510{6 11| 8 13|10 15(12 17|16 22{19 25{24 31[27 34[37 46|40 49 8
10 I 3[2 43 65 8|711]9 12]11 15{14 17]17 20|22 25|25 29{32 37|36 40[49 55(53 58 10
12 1 3|3 5[4 6|7 9101212 14]14 17}18 20{21 2327 29|31 33 {40 43|45 47[61 64]65 68 12
14 2 314 5|6 7[9 10 |131414 15/18 19)21 22[25 26{32 33|37 38 {48 49|53 54{72 73|77 78 14
Higher
Less than g
s 25 > 40 |65 10 |15 | 25 | e I 65 | > 100 || 150 > 250 | D] eo0 | > then
Acceptable Quality Levels (tightened inspection)
/\ = Use next preceding sample size code letter for which acceptance and rejection numbers are available.
V = Use next subsequent sample size code letter for which acceptance and rejection nurmbers are available.
Ac = Acceptance number
Re = Rejection number

= Acceptance not permitted at this sample size.

Use single sampline plan above (or alternatively use letter G).
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TABLE X-E—Tables for sample size code letter: E

CHART E - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

PERCENT OF 101 . . .. ) .
EATFCIED 70 Wb (Cnrves for druble and multiple samcling are matched as clésely as practicable)
ACTERTED Py

o0 e T 7 0 T~ T T ‘ 7
oo NN : ! c0 N\ ! ~ [
NN N : LY N RN 7
80 L WAV 80 \'\ A\ A\ AN i N ) [
NN N TR IINAVINAY N i T
o K AN -0 . N . 7
: N \\' i ‘L\ ’ \ \ [ N 7
(1 1A ] \ ]
“ = N ® VY \ X ™
0 '\ N\ 0 JTAVINA \ ! T\ ]
i \ hN ‘»‘ \ \ \ ; TN | ;
! | T T
n 30
AEAN \ il \ A : t
so L\ N\ N 30 \ VLY C : : N
! ! i oL N ssi N _ S
o0 fo ! 1.0 ﬁ 3 - |1 ‘5\25 u \65 100 101 NPT
- ; ERANIEERN ~N b \ N T N
- N A\
10 N1 AN 10 \ N A\ N N
' N | NMAUANEAN AN N
o ] ; g 1 I o 0 NS SNOT™L -~ 1 —— ! P S
5 10 15 bt B 30 35 40 45 50 55 60 50 100 150 200 250 300 350 400 450 3en
(QUALITY OF SUBMITTED LOTS (p, in percent defective for AQL's{ 16; in defects per hundred units for AQL's > 10
Note: Figures on curves are Acceptable Quality Levels (AQL’s) for normal inspection.
TABLE X-E-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
p, |10 | a6 | 6.5 I 10 1.0 l 4.0 I 65 l 10 | 15 | 5 | > I 40 [>< l 6 I > l 100 | > j 150 [><T 250
p (in percent defective) p (in defects per hundred units) i
99.0 0.077 1.19 : 3.63 7.00 0.078 1.15 3.3 6.33 | 13.7 24 270 36.7 16.9 515 79.6 96.7 132 150 219 238
95.0 0.394 2.81 6.63 | 11.3 0.395 2.3 6.29 | 105 20.1 30.6 36.1 475 59.2 71.1 95.7 | 115 153 173 246 266
90.0 0.807 4.16 8.80 | 14.2 0.808 4.09 8.48 | 134 24.2 35.8 41.8 54.0 66.5 9.2 105 125 165 185 261 282
5.0 219 7.41 I 13.4 19.9 2.22 739 133 19.5 325 45.8 52.6 66.3 | 80.2 94.1 122 144 187 208 288 310
50.0 5.19 12.6 20.0 215 5.33 12.9 20.6 28.2 43.6 59.0 66.7 82.1 975 | 113 144 168 213 236 321 344
25.0 110.1 19.4 28.0 36.2 10.7 20.7 30.2 39.3 57.1 745 83.1 | 100 117 134 167 182 241 266 355 379
10.0 |16.2 26.8 I 36.0 4.4 17.7 299 40.9 51.4 71.3 90.5 100 119 137 155 190 217 269 295 388 114
5.0 {20.6 31.6 l 41.0 495 23.0 3635 48.4 59.6 80.9 | 101 11 130 150 168 205 233 286 313 409 435
1.0 {298 415 ! 50.6 58.7 354 51.1 64.7 773 101 123 134 155 176 196 235 264 321 349 450 437
T -
15 65 10 || 15 | es f 10 [ s | [ D> a0 [ > e | D> w0 | S| w0 | > | s | DK
Acceptable Quality Levels (tightened inspection) j

Note: Binomial distribation used for percent defective computationn; Poinson for defecta per huadred enita.



TABLE X-E-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: E

G6T-V

Accepteble Quelity Levels (normal inspection)
Cumu- ju—
:3:!1:; teaive | 2 |0 | s S<| 25|40 fes |0 s [ > w0 6 [S<[100 >S50 (S| 30 e
J . 1 : K
plan n{nple 1.0 >< 2;;
size
Ac  Relic Relic RelAic RelAc ReAc Relic RelAc RelAc RelAc RejAc Rejic RejAc RelAc RelAc RefAc ReiAc RejAc ReAc RelAc ReiAc Re
Single 13 Y [0 1 1 2]2 313 4i5 6|7 88 910 11{12 1314 15]18 19{21 22|27 28{30 31]41 4244 45 JA) i3
Use | Use | Use
8 v o 2|0 3[1 4]2 sS|3 7{3 7|5 9|6 1007 11{9 1411 1q5 2017 22[23 25 31| A €
Double * | Letter | Letter [Letter
16 1 2|3 ale sSle 7|8 9fn 12{12 1315 1618 19|23 24|26 27|34 35 (37 38/S2 53{56 57 16
D G F
i
3 \V; . ¢ 2le 2(# 3¢ 4]0 4|0 4]0 S}0 6/1 7{1 82 9/ 310i4 12/ 6 15/6 16| A 50
|
6 # 2|0 3|0 31 S|1 6/2 7|3 8{3 94 10/6 12/ 7 14/10 17|13 19}16 25[17 27 55
9 0 2/0 3|1 42 63 8/ 4 9]6 10]7 12{ 8 13(11 17113 19|17 2419 27]|26 36{29 39 £
. 12 o 31 4f2 s5/3 7{5 10{6 1118 13110 15/12 17li6 22119 2524 31 (27 34|37 46{40 49 i
Muitiple
15 1 3|2 4/3 65 87 1|9 12/l1 15_14 17{17 20[22 2525 29{32 3736 40|49 55|53 58 1
18 1 3}/3 Sl4 6]7 910 12/12 1414 17/18 2021 23127 29|31 33/40 43 |45 47;61 6465 68 18
2 2 3]4 S|6 719 10{13 1414 15(18 19|21 22|25 2632 33|37 38[48 49|53 S4{72 73|77 W a4
o | 1s ID<| 2s [ a0 [es |0 |15 |5 [><| @ S<| s > 0 150 250 o
an . . X . then
1.5 >< >< >< 250
Acceptable Quality Levels (tightened inspection)
/\ = Use next preceding sample size.code letter for which acceptance end rejection numbers are availeble.
X7 = Use next subsequent semple size code letter for which acceptance end rejection nunbers are aveilable.
Ac = Acceptance number.

Re = Rejection number.

- =  Use single sempling plan above (or elternatively use letter H).

Acceptance not permitted at this semple size.
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PERCENT OF LOTS
EXTECTED TO RE

TABLE X-F—Tables for sample size code letter: F

CHART F - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

(Curves for double and multipie sa=pling are matched as closely as practicable)

ACCEFTED (P,
100 \\)v : { [ : ] 0 - -
o i\ \ R TN T T Qg \‘\ N N
oo Y L 1N N AN i
A NN TN 80 N N i
oA\ NN ! - N i
o ? 0
QTAWA \ Y ] N T\
o —H AL\ i\ i , \
AV WY 0 LY LY
PPy N A\ ! N \ \
| N\ \ i wn \ N
A T W RS A X X
NN : - 3
a0 T T N ] w
- [ 65; is 4.? 6.? 1o| " 15 25 40 [
T n
10 S N f\\ 10 - h
-
° ] - o 0 v o - ~d
10 20 30 40 50 20 40 '60 80 100 120 140 160
QUALITY OF SUBMITTED LOTS (p, in percent defeccive for AQL’s (10; in defects per hundred units for AQL's > 10)
Note: Figures on curves ate Acce::atle Quality Levels (AQL"s) for normal inspection.
TABLE X-F-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
P | oss [ 25 [ a0 [ es | 0 Joes [ 2s Jao [os [0 | 15 [D<| 5 [><| 0 | ><]| &
p (in percent defective) p (in defects per hundred units)
99.0 0.050 0.75 225 4.31 9.75 0.051 0.75 2.18 4.12 8.92 14.5 17.5 239 30.5 374 51.7 62.¢
95.0 0.256 1.80 4.22 713 14.0 0.257 1.78 4.09 6.83 13.1 19.9 235 30.8 385 46.2 62.2 745
90.0 0.525 2.69 5.64 9.03 16.6 0.527 2.66 551 8.73 158 23.3 212 35.1 " 432 51.5 68.4 81.2
5.0 1.43 4.81 8.70 12.8 21.6 1.44 4.81 8.68 12.7 211 298 342 43.1 52.1 61.2 79.5 93.4
50.0 3.4 8.25 13.1 18.1 219 3.47 8.39 134 184 284 383 433 53.3 63.3 733 93.3 108
25.0 6.70 129 18.7 242 348 6.93 13.5 19.6 2.5 311 48.4 54.0 65.1 76.1 87.0 109 125
10.0 10.9 18.1 245 30.4 41.5 11.5 19.5 26.6 334 46.4 58.9 65.0 770 88.9 101 124 141
5.0 13.9 21.6 28.3 344 456 15.0 237 315 38.8 52.6 65.7 72.2 84.8 97.2 109 133 151
1.0 20.6 28.9 35.6 42.0 53.4 23.0 332 420 50.2 65.5 80.0 87.0 101 114 127 153 172
1.0 40 6s | 10 | >]| 10 4.0 65 | 10 15 > s [ 0 | > s | DX
Acceptable Quality Levels (tightened inspection)

Note: Bisomial distribation ased for percent defective computations; Poisesa for defects per hundred anits.



TABLE X-F-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: F

61V

& 4D

-
Acceptable Quality Levels (normal inspection)
sa:ll::ns ,:;,:.e then | 065 | 10 > o1s | 25 4.0 65 10 5 | D> s [ D> 0 | > 6 than | (oie
Ac Re|Ac Re{Ac Re |Ac RejAc He]Ac Re|Ac HRelAc Re|[Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Relic Re o
Single 20 v |0 1 1 2]2 3{3 4fs 6|7 8|8 910 1|12 1314 15018 19|A 27 A 20
Use Use Lse
13 < * o 20 3{1 4|2 s{3 713 7}Ss 9j6 1wo0f7 1|9 w1 B A 13
Double Letter | Letter | Letter
% 1 2|3 4{4 5|6 7|8 9ojn 12012 13)15 16{18 19|23 2¢[26 2% 26
E H G
5 7 . = 2|% 2| 3!+ 4]0 40 4f0 50 6|1 1 82 e A 3
10 = 2]o 3]0 3y sl1 e/ 2 713 83 9|4 1006 127 14 19
15 o 2]o0o 31 42 6|3 8|4 96 1007 12y8 13f11 17|13 19 15
Multiple 20 0 3!1 4}2 513 7f5 10f6 11is 13110 15{12 1716 22f19 25 20
% 1 3l2 4{3 6|5 8 7 1|9 12{11 15{14 17{17 2022 25[25 <9 23
30 1 33 5|4 6|7 910 12/12 1af14 1718 20i21 23{27 29|31 33 30
35 2 3|4 5|6 7|9 10[13 14{1a 15{18 19|21 22|25 26|32 33|37 38 5
Less " R Higher
than | 10 > | 15 | 25 40 65 | 10 B> 5 |[D| 0 |I>X| 68 | > than
Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size code letter for which acceptance and rejection numbers are available.

Use next subsequent sample size code letter for which acceptance and rejection numbers are available.

Acceptance number

Rejection numher

I_se single sampling plan above (or alternatively use letter J).

i

Acceptance not permitted at this sample size.
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Eﬁ%ﬁ%}{g%’%}s (Curves for double and multiple sampling are matched as closely as practicable)
ACCEPTED (Fy)

100 . . T 100

N 1 | . ' ! i

N ]

ANE ] I T
« YAUAN T N IR % AN \]\
0 \ A} AN ' [ \

\ A i 1 v 80 \

AN A\ Ni ] ) : ]
IO TN N i B ] \ \X
A LY ] AN N\ AY A :
0 L I O O, AN 60 \
NP N TN A AN

0 Y - N "IN N se \ AY

\ AN i
w 1 AN ; 40 \\
. N\ \ \ i :‘\\! ‘ - N 0 \\ \\
o \.co 1 : 2 . "\'4. ; 6.5 10 - \ \15 \25 N

\ i
to NS N to N -
\ [l =M i - S NN P - [ . \
5 10 15 20 3 30 35 40 ¢ 20 40 60 80 Hexd

TABLE X-G—Tables for sample size code letter: G

CHART G - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

QUALITY OF SUBMITTED LOTS (p, in percent defective for At)L's ( 10; in defects per hundred units for AQL’s > 100
Note: Figares on curves ere Acceptable Quality Levels (AQL’s) for normal inspection.

TABLE X-G-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)

p, |ow | 15 [ 25 [ 40 | 65 | 10 Josw ]| 15 [ 25 | a0 ] es | 0 [ D] s [ > 5 [ >X] w
p (in percent defective} p (in defects per hundred units)
990 0032 | oars | 138 ] 263 | soa | o | om2| ose6| 136 | 257 | ss7 i 908 | mo | w9 | 191 | 24 | 323 | 393
950 | o161 | 113 | 259 | 439 | sso| 131 | oae0| 110 | 255 | a2 | 816 | 124 | 147 | 193 | 260 | 289 | 389 | 465
900 | 039 | 167 | 350 | 55 | 102 | 150 | 0328 | 166 | 344 | 545 | 985 | 146 | 170 | 29 | 220 | 322 | 427 | sos
750 [o8ss | 301 | sa2| 798| 134 | 190 | o900| 300 | 539 | 792 | 132 [ 186 | 24 | 269 | 326 | 32 | 497 | s84
500 | 214 | 519 | 27| ma | 175 | ;7 | 206 | s2e | 835 | us | 177 | 20 | on1 | 333 | 396 | 458 | 583 | 617
250 | 423 | 819 | 19 | 154 | 23 | 20 | 433 | s {123 | 160 [ 22 | 303 | 338 | a7 | a76 | 504 | 619 | 7m0
100 [ 694 [me | 158 | 197 | 220 | 300 | 719 | 122 | 166 | 209 | 290 | 368 | 406 | 481 | ss6 | 69 | 74 | es1
50 | 894 [140 | 184 | 205 | 301 | 300 | 936 {148 | 197 | 22 | 329 | a1 | 451 | 530 | 608 | 654 | 834 | 945
10 [135 |90 | 57 | 280 | 359 | ©83 |14 [ 207 | 263 | 314 | a10 [ 500 | se4 | &0 | 3 | w5 | es6 | 107
065 | 25 a0 | 65 [ 10 [ > oe | 25 o [ es o [ D> 1DX<i=s |[D>X| o | DX

Acceptable Quality Levels (tightened inspection)

Note: Bisoaial distribaticn smed for percent defective compatations; Poiason for defecta por handred waita.
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TABLE X-G-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: G

661-Y

Acceptable Quality Levels (normal inspection)
Tpeof | Come - TR
- ative Less than 1€l ative
SR | aple | 040 | 040 | 065 > 1o as [ 2s a0 fes | 0 [ D D] s (D] 0 | thn | armple
n
P size AL size
Ac  Re |Ac Re{Ac Re]Ac Re|jAc Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re[Ac Re|Ac Re] Ac Re|Ac Re|Ac Re[Ac Re Ac Re
Single 32 v 0 1 1 212 3|3 4| s 6 7 88 910 nji2 13/14 15(18 1901 22| A 32
Use Use Use
.
20 v 0 2/0 3/1 4/ 2 s5/3 7|3 ¥[s 9o 107 19 wn 16f A 20
Double . Letter | Letter | Letter
40 1 213 4{4 5|6 718 9f11 12112 13{15 1618 19{23 24 (26 27 40
F ] H
8 v . # 2] s 2|« 3/« 4/ 0 4]0 4|0 sfo 6|1 71 8i2 9| A 8
16 ¢ 210 3{0 3]1 5|1 6f{2 713 8|3 9]4 106 12|7 14 16
24 0 20 3|1 4/ 2 6{3 8|4 9|6 1077 12|8 13[11 17{13 19 24
Multiple 32 0 3j1 4] 2 5|3 7|5 10]6 11{8 13[10 15§12 17(l6 22119 25 32
40 1 3/ 2 4]3 6/5 8] 7 13/9 12/11 15|14 17J17 2022 25125 29 40
48 1 313 S{4 6| 7 910 12|12 14|14 17|18 20{2+ 23|27 29 |31 33 48
56 2 314 516 7| 9 10/13 1414 1518 19f21 2225 26|32 33137 38 36
Less tha Higher
eS:
0es || 065 > o | s es a0 fes |0 D] s D] |DX]| 0 | DX then

Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size code letter for which acceptance and rejection numbers are available.
= Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
= Acceptance number.

= Hejection number.

= Use single sampling plan above (or alternatively use letter K).

= Acceptance not pernitted at this semple size.
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PERCENT OF LOTS
EXPECTED TO BE

TABLE X-H—Tables for sample size code letter: H

CHART H - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

(Curves for double and multiple sampling are matched as closely as practicable)

ACCEPTED (Pg)
1 TS ; = |
90 IR\ S, ™ i
AN N AN [ N S [ ;
oo H AN\ AN N TS 1
AUAWA Y \ Nt N N )
0 AV N N\ N, . N\
A\ AW K D
0 AW\ W . N : |
1\ .V N\ N ! :
50 A L N
A (A WA ] N N
© A TV TN N\ N N N
A W VLY AY A A, N\
0 t AL N \ AN h N
(A ¥ 0.2\ 1.0.\1.5 N\ 2.5 4.0 6.5. Ao N s 3 25
2 ! i\ N Y N
| N N~ N AN g
10 NERANELUAN ) ™
NN - [
° T ] L. 1 Pl
S 10 15 20 25 30 35 40 45 50 S5 60 65
QUALITY OF SUBMITTED LOTS (p, in percent defective for AQL(s < 10; in defects per hundred units for AQL’s > 10)
Note: Figures on carves are Aueptible Quality Levels (AQL’s) for normal inspection.
TABLE X-H-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
P, 025 [ 10 | 15 | 25 J 40 |65 [>Z| 10 Jos |10 | 15 |25 Jao |65 [ >0 [>| 15 |><|
p (in percent de’ective) p (in defects per hundred units)
99.0 0.020 { 0.306 0.888 1.69 366 6.06 7.41 11.1 0.020 0.298 0.872 1.65 3.57 5.81 7.01 9.54 12.2 ] 15.0 207 25.1
95.0 0.103 | 0.712 1.66 2.77 5.34 8.20 9.74 129 0.103 0.710 1.64 2.73 5.23 7.96 9.39 {123 154 18.5 24.9 298
90.0 0.210 | 1.07 2.23 3.54 6.42 953 | 11.2 145 0.210 1.06 2.20 3.49 6.30 9.31 10.9 14.0 17.3 20.6 273 325
75.0 0574 | 1.92 3.46 5.09 8.5i 12.0 13.8 175 0.576 192 3.45 5.07 8.44 | 119 13.7 17.2 20.8 4.5 318 374
50.0 1.38 3.33 5.31 7.30 1z 15.2 17.2 21.2 1.39 3.36 5.35 734 { 113 15.3 17.3 216 253 293 373 43.3
25.0 2.74 5.30 .70 10.0 145 18.8 21.0 25.2 2.77 5.39 7.84 10.2 148 19.4 21.6 26.0 30.4 348 43.5 49.9
10.0 4.50 7.56 10.3 129 178 224 24.7 29.1. | 4.61 7.78 10.6 13.4 18.6 235 26.0 30.8 35.6 40.3 49.5 56.4
5.0 5.82 9.13 121 14.8 iec 247 27.0 31.6 5.99 9.49 12.6 15.5 21.0 26.3 289 339 389 438 53.4 60.5
1.0 8.80 12.5 15.9 18.8 2.3 292 31.7 36.3 9.21 133 16.8 20.1 26.2 320 348 403 45.6 50.9 61.1 68.7
040 | 15 25 4.0 65 [ > |10 > o4 |15 25 a0 [ 65 [ D> 1> |>X|s | >
Acceptable Quality Levels (tightened inspection)

Note: Binomial distribution used for percent delective computations; Poisson lor defects per hundred units.
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TABLE X-H-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: H

Accep:able Quality Levels (normal inspection) Cums-
Cumu- lative

Type of . Higher o
S lative h € —-
sampling sample “50’2'5“ 025 | 040 [ ><|oss | 10 | 15 |25 | 40 |65 [>T w0 (D[ 15 DX than Sai»_;’-f
plan size . s s1z=

Ac  Re|Ac Re|{Ac Re|Ac Re]Ac Re|Ac RejAc Re|{Ac Re|Ac Re|/Ac Re[Ac Re]Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re
Single 50 v 0 1 1 212 3[3 4145 6/ 7 8|8 9|10 11{12 13{14 15}18 19|21 22 yay 5C¢
Use Use Use
32 v * 0 2]¢ 3|1 4}2 5{3 7/3 7[5 9|6 107 11|{9 14|11 16{ A 30
Double Letter | Letter | Letter
64 1 2|3 44 5S|6 718 9111 12|12 13{15 1618 1923 2426 27 62
G K J

13 v * # 2t= 20« 3|l= 4]0 40 4j0 s{o 6l1 7|1 82 9 A 12

26 = 210 3{0 3|1 S5I'1 6,2 7{3 8|3 914 10{6 121 7 14 )

39 0 2!0 311 412 6] 3 8/ 4 9j6 107 1218 13{11 17]13 19 3¢

Multiple 52 0 3|1 42 513 71 5 101 6 114 8 13{10 15}12 17(16 22{19 25 3z

65 1 32 413 6]5 8] 7 111 9 1211 15|14 17|17 20{22 25|25 29 63

78 1 3|3 514 6]7 9110 12|12 14114 17{18 20{21 23}27 29(31 33 e

91 2 3|4 5(6 7{9 10}13 14|14 1518 1921 22125 26{32 33|37 38 o

Less than - v Higher
oao 1 040 [ D> o6 | 1o |15 | ozs oo | oes DK 0 [ D] 15 1| s | > than

Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size code letter for which acceptance and rejection nurnsers are available.

= Use next subsequent sample size code letter for which acceptance and rejection ru~bers are available.

= Acceptance number

= Hejection number

= Use single sampling plan above (or alternatively use letter L).

= Acceptance not permitted at this sample size.
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EEFCEST OF LOTS
XPECTED TO BE

TABLE X-]—Tables for sample size code letter: |

CHART J - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

{Curves for doubie anc multiple sampling are matched as closely as practicable)}

ACCEPTED (P,

l0¢ 1 . : . — T——— 1 T 7 T
AN N Ul Il 4T ~L 1 I ]
° Yy N i ' 1 7 i
'\ AW N : i PN i i
& N AN LN AN i V 1 N\ ! i
R TA WA AN i [ : v |
| W WA WA | : e RN t :
o CUVN X, NG k e
YN \ ! N . N N i [ .
s0 LA NEAY N\ N TN |t v T ;
Y A\ NG TN IRANI] : AN i L :
« ANV AN R N LN R N N i L '
’ NN NN h RN N : - b 7 T ;
\ N IN TN AN 3 [ AN EEN q 7 TV 7
* N NN AN T ' T AN . T ‘
- NO.  NO065 \1.0 \ 15 [NE a0 - W51 |1 10 ) K ]
) NN N 1 NN 1 N ! ™~ [ :
0 N ANERN Wl N 1N : N i T~ [ [
: N e S e [ I ! - i :
o Lt 1l I T~ el — - i M o [T AN N a—
1 2 3 4 s [ 7 8 9 10 1 12 13 14 15 16 1T 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 30
QUALITY OF SUBMITTED LOTS (p. in percent defective for AQL's €10; in defects per hundred units for AQL's >10)
Note: Figures on curves are Acceptable Quality Levels (AQL's) for normal inspection.
TABLE X-J-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
Pe | 015 ! 0‘651 1.0 I 15 l 25 | 4.0 l><| 65 |><] 10 | o1 o.ss] 1.0 | 15 Tz.s I 4.0 ><] 65 |><| 10 1>< 15
p (in percent defective) p (in defects per hundred units)
99.0 0.013 | 0.188 | 0.55¢ | 1.05 2.30 372 | 450} 613 | 7.88 9.75 ] 0.013 { 0.186 | 0.545 | 1.03 | 2.23 363 | 438 59 | 7.62 | 935 | 129 | 157
95.0 0.064 | 0.444 | 1.03 1.73 332 506 | 598 | 791 | 9.89 | 11.9 | 0.064 | 0.444 | 1.02 171 | 3.27 498 | 587 { 7.71 | 961 | 116 156 { 18.¢
90.0 0.132 | 0.666 | 1.38 2.20 3.98 591 691 | 895 [11.0 13.2 | 0.131 | 0.665 | 1.38 218 | 3.94 582 | 679 | 878|108 | 129 17.1 20.2
75.0 0359 { 1.202 | 2.16 | 3.18 5.30 750 | 862 1109 }13.2 155 | 0.360 | 1.20 | 2.16 317 | 527 745 | 8551108 {130 }153 19.9 | 23.:
50.0 0863 | 2.09 | 333 | 457 7.06 955|108 {13.3 15.8 18.3 | 0866 | 2.10 | 3.34 459 | 7.09 9.59 { 10.8 133 | 158 | 183 233 | 272
25.0 1.72 333 | 484 6.31 9.14 | 119 | 133 I 16.0 |18.6 213 § 173 | 337 |49 639 | 9.28 | 12.1 135 | 163 | 190 | 218 272 | 312
10.0 2.84 4.78 | 6.52 816 113 142 {157 1 18.6 |21.4 242 | 288 | 486 | 6.65 835 |11.6 14.7 | 16.2 19.3 1222 {252 30.9 5.2
5.0 3.68 5.80 | 7.66 9.39 {127 158 | 173 i 203 232 26.0 | 3.75 | 593 | 7.87 9.69 |13.1 164 [ 180 {212 | 243 | 274 334 | 3¢
1.0 5.59 8.00 (101 12.0 15.6 189 [ 205 {236 {265 295 § 576 | 830 (105 126 {164 200 {218 | 252 [285 | 318 382 42¢

025 |10 |15 |25 | 40 >< 6.5 >< o (> oxs |10 [1s 25 | 40 [ > 65 [ >0 [ D] 15 >

Acceptable Quality Levels (tightened inspection) I

R Nl WY ; , 7 . - = .
R - ab 1o b genien B Aot b esic — e ebi S y
pﬂc ~7 € cidgon- o_the

i |

c - rrent _ } . ;
ACTE D Biuwemiy gt DISTRIB 160 OSED Fore prccevr DEFECTIE Cermpp izon s Fissow s Sipiers s
- =

Hor e DT s T ‘
- 3
1
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TABLE X-J-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: J
Acceptable Quality Levels (normal inspection)
Type of Cumu- Curu-
i lative ]Less than Higher lative
h £2 )
w:ln:n % | pample | s | O3 | 0B | D] %0 Joes | 10 [ 15 | 25 | a0 [ D[ 65 [ D 10 D] 55 than | gompie
size tize
Ac  RelAc Re|Ac Rcl/Ac Re|Ac Re|Ac Re]Ac Re|Ac Re{Ac Re|Ac Re [Ac Re |JAc Re |Ac Re|Ac Re|Ac RejAc RefAc Re
Single 80 v 0o 1 1 212 3|3 4|5 6|7 8!8 9410 11j12 13{14 15{18 19|21 22 A 80
Use Use Use
50 v hd 0 2|0 311 42 5{3 713 7|5 976 10]7 1119 14|11 16 A 5¢
Double Letter | Letter | Letter
100 1 2|3 414 5]6 718 911 1212 1315 16{18 19|23 24|26 27 102
H L K
20 v - # 2|5 21# 3{# 4l0 4|0 4j0 sS{O 6]1 71 8{2 9 A 2
40 #» 210 3]0 3|1 511 6|2 713 8{3 9(/4 1016 1217 14 40
60 0 2|0 3i1 4}2 6{3 8|4 916 10{7 12]¢ 13§11 1713 19 67
Multiple
80 0 3|1 412 5}3 7S 10]6 11|18 1310 15/12 17{6 22|19 25 8¢
100 1 312 413 615 817 1119 12411 15|14 17{17 20{22 25|25 29 100
120 1 3|3 514 6{7 9110 1212 14|14 17|18 20{21 23}27 29 (31 33 120
140 2 3|4 sS|6 719 10{13 144 15|18 19{21 22425 26{32 3337 38 141
Less than | 4 o > | 040 | 065 | 10 Higher
025 . 4 . : 15 | 25 | 40 D] 65 [ 1 [>T B | > than

fl

Acceptance number

Rejection number

Acceptable Quality Levels (tightened inspection)

= Acceptance not permitted at this semple size.

Use single sampling plan ahove {or alternatively use letter M)

Use next preceding sample size code letter for which acceptance and rejection numbers are available.

Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
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TABLE X-K—Tables for sample size code letter: K

CHART K - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

(Curves for double and muitiple sampling are matched as closely as practicable)

PERCENT OF LOTS PERCENT OF LOTS
EXPECTED TO BE EXPECTED TO BE
ACCEPTED (P} ACCEPTED (P
10 eSS u N 1o
P
90 “ ;‘ \' ! % \ \ N
\
N e % M A\ A
To 70 | A\
\ \\ A
60 N N 60 A\l [\ \
0 AN s0
N N\ LYW AN \
M

w - N © \VEAVEA . \

30 B - : 30 N

. o0 N 040 ury 10 sl 2s Neo - -+

- N 20 N D,

" A\ K AN
10 = ™~ 10 NANERN A
- - - ANANEAN A
0 - [ - Sime 0 I o Y iy 3 S -~
Lo 2.0 3.0 4.0 5.0 6.0 7.0 5 10 1s 2 25
SUALITY OF SUBMITTED LOTS (p. in percent defective for AQL's <10; in defects per hundred units for AQL's > 10)
Note: Figures on curves sre Acceptable Quality Levels (AQL’s) for normal inepection.
TABLE X-K-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
Acceptable Quality Levels (normal inspection)
Pe 0.10 I 0.40 l 0.65 | 1.0 I 15 I 25 I > 40 I > I 65 l >< 10
p (in percent defective or defects per hundred units)
99.0 0.0081 0.119 0.349 0.658 1.43 233 2.81 3.82 4.88 5.98 8.28 10.1
95.0 0.0410 0.284 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 3.3 4.35 5.62 6.92 8.24 10.9 13.0
3

7.0 0.230 0.769 —Q%B".‘} 2.03 3.38 477 5.47 6.90 8.34 9.79 12.7 14.9
50.0 0.554 1.34 214 294 4.54 6.14 6.94 8.53 10.1 11.7 14.9 17.3
25.0 1.1 2.15 314 4.09 5.94 7.75 8.64 10.4 12.2 13.9 17.4 20.0
10.0 1.84 3.11 4.26 5.35 -7.42 9.42 10.4 12.3 14.2 16.1 19.8 225
5.0 2.40 3.80 5.04 6.20 8.41 10.5 11.5 13.6 15.6 17.5 214 24.2

1.0 3.68 5.31 6.73 8.04 10.5 12.8 18.3 16.1 18.3 204 245 21.5

0.15 0.65 1.0 LS 25 > 4.0 > 65 > 10 >
Acceptable Quality Levels (tightened inspection)

Note: All values given in ebove teble besed on Poisson diatribution as an iation to the Binomiel
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TABLE X-K-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: K
Acceptable Quality Levels (normal inspection)
Cumu- Curu-
Type of lative {Less th Higher Tative
omPling | ample oo | 010 | 015 | D o2 |00 foes | 1o |oas |25 | D] a0 | D[ es [ D<| w00 | e |
P size size
Ac RelAc Re{Ac Re|Ac Re]Ac RelAc Re|Ac Re|/Ac Re]Ac Re|Ac RejAc Re|Ac Re|Ac Re]Ac Re|Ac Re]Ac Re|Ac Re
Single 125 v 0 1 1 212 3{3 4]5 6} 7 8|8 910 11[12 13|14 15]18 19|21 22 Ja 1%
Use Use Use ;
80 v * 0 2j0 3|1 4}2 S| 3 713 7S5 916 10/7 11]9 14|11 16 A 8-
Double Letter | Letter | Letter
160 1 2]3 414 516 71 8 9|11 12}12 13{15 16]18 19{23 24{26 27 162
J M L
2 v . = 2% 2|+ 3{« 4]0 4f0 4f0 sSlo 61 7|1 8 2 9 AOD 3
64 + 210 3]0 3|1 511 612 7|3 813 9|4 10f6 12/ 7 14 6
96 0 20 3{1 4]2 6] 3 8/ 4 96 107 1218 13|11 17413 19 ¢
\ultiple 128 0 3]1 4|2 5|3 71 5 10] 6 11{ 8 13|10 15{12 17}16 22{19 25 1%
160 1 312 4|3 615 8f 7 1] 9 1211 15/14 17117 20|22 25{25 29 160
192 1 3[3 s|4 6|7 910 12[12 14]14 17[18 20|21 23|27 29|31 33 10
224 2 314 S|6 7{9 10[13 14|14 15{18 19|21 22(25 26{32 33{37 38 ans
Less th Higher
cssthan ] 015 | < | 025 | 040 | 0es | 10 | 15 | 25 | | 40 [ D<| 65 | DX > than

Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size code letter for which acceptance and rejection numbers are available.

= Use next subsequent sample size code letter for which acceptance and rejection numbers are available.

= Acceptance number

= Rejection number

= Use single sampling plan ahove (or alternatively use letter N).

= Acceptance not permitted at this sample size.
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TABLE X-L—Tables for sample size code letter: L

e or Loms CHART L - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
E}gégr}_i&)‘l(‘g:,m (Curves for double end multiple sampling ere matched as closely as practicable)
100 : "
| (B : e —y -—
%0 \ AU [N Nt N o
Y ‘\ 1 : | . N
80 ‘ \ \ W .
i\ ; A I~
-0 1 I N N\ N
* i i N X AN NG
@ \ ) 3 AN
\ \ N\ ALY [N, 1
50 L VIR WANAY \ \ N i
)Y \ N NC N -
40 ‘\ ‘\
N\, N ) h
\ P,
] N\ N [N e
2 0.065 N0-25 \N0.40] N 0.65 1.0 1.5 2.5 NN 40 6
5 h ‘
10 A NELNEEL ) - -~ I~
] | ) - N - I~ ~
0 n e - =3 -— L o
10 20 30 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 120 13.0 14.0 15.0 16.0
QUALITY OF SUBMITTED LUTS (p, in percent defective for AQL's ( 10: in defects per hundred units for AQL's > 10)
Note: Figeres on cutves are Acceptable Quality Levels (AQL’s) for normel inepection.
TABLE X-L-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
- Acceptable Quality Levels (normal inspection)
Pe 0065 | 025 0.40 ] 0.65 10 15 I > I 25 l > I 4.0 I >< l 65
p (in percent defective or defects per hundred units)
9.0 0.0051 0.075 0.218 0.412 0.893 1.45 175 2.39 3.05 3.74 5.17 6.29
95.0 0.0256 0.178 0.409 0.683 1.31 1.9 2.35 3.09 3.85 4.62 6.22 7.45
90.0 0.0525 0.266 0.551 0.873 1.58 233 2.72 351, 4.32 5.15 6.84 8.12
75.0 0.144 0.481 0.864 1.27 211 298 342 4.31 5.21 6.12 1.95 9.34
50.0 0.347 0.839 1.34 1.84 284 384 433 5.33 6.33 7.33 9.33 10.8
25.0 0.693 1.35 1.96 2.56 . 4.84 5.40 6.51 7.61 8.70 10.9 125
10.0 LIS 1.95 2.66 3.34 464 5.89 6.50 1.70 8.89 10.1 12.4 14.1
5.0 1.50 237 3.15 3.88 5.26 6.57 7.22 8.48 9.72 10.9 133 15.1
1.0 230 3.32 4.20 5.02 6.55 8.00 8.70 10.1 11.4 12.7 153 17.2
0.10 0.40 0.65 1.0 15 > 25 > 40 > 6.5 >
Acceptable Quality Levels (tightened inspection)

Note: All valuee given in sbove table based on Poisson dietribati;

to the

PP
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TABLE X-1-2

- SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: L

Acceptable Quality Levels (normal inspection)

Ac
Re

Cumu-
T}'pe.of lative P——— Higher
sampling sample | ooes | 0.065 | 010 | > | 015 | 025 | 040 o6 | 10 [ 15 [ > 25 | D] 40 [ D] 65 then
pian size -2
Ac  Re|Ac RelAc RejAc Re{Ac Re{Ac Re|Ac Re|Ac Re|Ac RejAc RejAc Re|Ac Rejic Re|Ac RelAc Re{Ac Re|Ac Re
Single 200 v 0 1 1 212 313 4,5 6] 7 8] 8 9410 1112 13{14 15{18 19§21 22| A 2060
Use Use Use
125 0 2|0 3|1 4|2 503 713 7|5 976 10} 7 11}9 14]11 16 FAN 1z
Double v * Letter | Letter | Letter
250 1 2|3 414 516 71 8 911 12112 13|15 1618 19123 2426 27 oz
K N M
50 v . # 2|s 2|s 3|z 4]0 4/0 4f0 S|O0 6|1 7T/1 8{2 9| A 3
100 # 210 3]0 31{1 5|1 62 713 8|3 94 10/6 12]7 14 iU
150 0 210 311 4;2 6] 3 8/ 4 9]6 10;7 12| 8 13|11 1713 19 3
Multiple 200 0 3(1 4|2 53 71 5 100 6 1118 13§10 15{12 17{16 22}19 25 20l
250 1 3§{2 4|3 615 8] 7 111 9 12411 1514 17|17 20{22 25)25 29 250
300 1 3(3 5|4 6|7 9110 12§12 1414 17 (18 20}21 23]27 2031 33 33
350 2 314 S5|6 T}9 10113 14;14 15)18 19|21 22125 26{32 33]37 38 33
Less than Higher
sl 010 | <] oas| 0z oso ] ess| 10| 15 | D] 25 | D] w0 [DX<| 65 | DK than
-

Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size code letter for which acceptance and rejection numbers are available.

Acceptance number

Rejection numher

= Acreztance not permitted at this sample size.

Use single sampling plan above (or alternatively use letter P).

Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
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TABLE

TABLE X-M—Tables for sample size code letter: M

CHART M - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

PERCENT OF LOTS .

EXPECTED TO BE (Curves for double and ipl pling are hed as closely as practicable)
ACCEPTED (p,)
100 Fm; - - T
0 AN SIS T ~3
AV Y NN | N
e AN\ h L N
L WA WA N N,
o H A N \ A N
Sy \ \ [\ N,
oy W WA Y N
WA 3 N N
0 L I WAY \ ) AN
\ I\ N A
ol \ \ N N
X N d
- \ N N, h
af N T TN N NP A NP
| |0-060\0.15\0.25\,0.40 ] "\ 0.65 1.0 S AN $
2 h € N
10 \‘ A > -
o | =t o ==m o= - =
10 2.0 3.0 4.0 .0 6.0 7.0 8.0 9.0 10.0

QUALITY OF SUBMITTED LOTS (p,  in percent defective for AQL's <10, in defects per hundred units for AQL's >> 10)
Note: Figures on curves are Acceptable Quality Levels (AQL’s) for normal inspection.

X-M-1 - TABULATED VALUES FOR OPERATING CHARACTERSTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspecticn)

Pe 0.040 0.15 ] 0.25 [ 0.40 I 0.6 I 1.0 I > l 15 l >< [ 25 | > 40
p (in percent defective or in doéF:fsc p?r hundred units)
9.0 0.0032 0.047 0.138 0.261 0.566 0922 L1 151 1.9 2.38 3.28 3.99
%.0 0.0163 0.112 0.259 0.433 0.829 1.2 149 1.9 2.44 294 3.9 4.13
9.0 0.0333 0.168 0.349 0.533 1.00 1.48 1.72 2.23 2.75 3.27 434 5.16
5.0 0.0914 0.305 0.580 0.604 1.3¢ 1.89 217 2.74 331 3.89 5.05 5.93
50.0 0.220 0.532 0.848 1.17 1.80 2.43 2.75 3.39 4.02 466 593 6.88
25.0 0.440 0.85¢ 1.24 162 2.36 3.07 3.43 413 483 5.52 6.90 7.92
10.0 0.731 1.23 1.69 2.12 294 3.74 413 4.89 5.65 6.39 7.86 895
5.0 0.951 151 2.00 2.46 3.34 4.17 4.58 5.38 6.17 6.95 8.47 9.60
1.0 146 211 267 3.19 416 5.08 5.53 6.40 1.5 8.08 9.71 109
0.065 0.25 0.40 0.65 1.0 > 15 > 25 >< 4.0 >

Acceptable Quality Levels (tightened inspection)

to the Bil ial.

Note: All values givea in above table based oo Poiseon distribution as s

PP




TABLE X-M-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: M

Acceptable Quality Levels (normal inspection)
Curu- mu-
Toeot | B e '
sar;':l.mg sorple | Jhen | 000 | 0.065 > | o010 | oas | o] os] oes | 10 [ DSI 15 [ D] 25 | D] 40 than | cemcle
P size - - size
Ac Re|/Ac Re|Ac HRelAc RelAc Re|Ac Re|Ac Re|Ac Re|Ac RelAc Re|Ac Re{fAc Re[Ac RejAc Re|Ac RelAc RelAc Re
Single 315 v ¢ 1 1 212 3|3 4|5 6|7 8ls 90 11|12 1314 15018 19j21 2] A 315
Use Use Use
200 v - Letter | Letter [Letter | 0 2/ 0 3]1 4|2 s{3 7/3 7|5 9l6 10{7 11]9 1|1 16| A 200
Double
400 1 2/3 4|4 5|6 7|8 9 12§12 13{15 1618 1923 24|26 27 100
L P N
80 v |+ 2 2|« 2/# 3{# 410 4|0 4l0o s5{0 6f{1 2|1 82 9] A 80
160 # 200 3/0o 3[1 s{1 e6}2 7|3 8|3 9f{4 1wWj6 12f 7 14 160
240 o 200 31 4|2 6{3 84 96 107 12{8 1311 17}13 19 210
. 320 o0 31 4f 2 si{3 7]s5 1|6 1|8 13]10 15{12 17]16 22}19 25 3%
Multiple
400 1 3 2 4/ 3 6|s 8|7 1|9 1211 15|14 1717 2022 5|25 29 200
480 1 33 5{4 6]7 910 12012 14{14 17{18 201 23}27 29{31 33 480
S60 2 34 5|6 7|9 10013 14[14 15}18 19}21 22{25 26/ 32 33| 37 38 560
Less Higher
than | 0.065 | > | 010 | 015 | 025 | 040 | 065 | 10 [ D> | 15 [ > | 25 [ > | 40 [ D | then
0.065 4.0
Acceptable Quality Levels (tightened inspection)

= Use next preceding sample size cade letter br which acceptance and rejection numbers are available.
= Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
= Acceptance number.

= Rejection number.

= Use single sampling plan above (or alternatively use letter Q).

=  Acceptance not permitted at this sample size.
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TABLE X-N —Tables for sample size code letter: N

CHART N - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

PERCENT OF LOTS
EXPECTED TO BE

ACCEPTED (P} (Curves for double and multiple sampling are matched &s closely as practicable)
100 ! . J S [l ! 1
% X! LN ] | ]
AvR ’ ™
® \ \ N i
-0 I N N
\ N !
P \ \Y \ h\ N
LA hY \ \ ;
w© LY \ A AN N
\ ALY LN\ \ N AN
! N L EN i
© 1 ‘ N
30 - 2 : AN Ny N
\ Ay N
0 0025\ 0. 101,015 N335 | | N 040 | |\ 065 1.0 K 25
- N7 ) Y AN
10 N A : A
L) ey - ™ I~ !
¢ - *5 — SN ——— T e — — I
os Lo LS 20 25 3.0 3s 4.0 45 5.0 55 6.0

QUALITY OF SUBVITTED LOTS (p, in percent defective for AQL's € 10; in defects per hundred units for AQL’s > 10)

Note: Figures on curves ate Acceptable Quality Levels (AQL’s) for normal inspection.

6.5

TABLE X-N-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)

Pe 0.025 0.10 I 0.15 0.2 I 0.40 I 0.65 l > 1.0 J >< ] 15 > 25
p (in percent defective or in defects per hundred units)
99.0 0.0020 0.030 0.087 0.165 0.357 0.581 0.701 0.954 1.22 1.50 207 2.51
95.0 0.0103 0.071 0.164 0.273 0.523 0.7% 0.939 123 1.54 185 2.49 2.98
90.0 0.0210 0.106 0.220 0.349 0.630 0.931 1.09 1.40 1.13 2.06 2.73 3.25
5.0 0.0576 0.192 0.345 0.507 0.844 119 1.37 172 2.08 2.45 318 3.4
50.0 0.139 0.33 0.535 0.73¢ 113 153 1.73 2.13 2.53 2.93 3.73 4.33
25.0 0.277 0.539 0.784 1.02 1.48 1.94 2.16 2.60 3.04 3.48 4.35 4.99
10.0 0.461 0.778 1.06 134 1.86 2.35 2.60 3.08 3.56 4.03 4.95 5.64
5.0 0.599 0.949 1.2 155 2.10 2.63 2.89 3.39 3.89 4.38 5.34 6.05
10 0.921 1.328 1.68 201 2.62 3.20 3.48 4.03 4.56 5.09 6.12 6.87
0.040 0.15 0.25 0.49 0.65 > 1.0 > L5 > 25 >

Acceptable Quality Levels (tightened inspection)

Note: All values given in above table besed or Féwmon distribution as an approximation to the Binomisl
fL.s55om
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TABLE X-N-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: N
Acceptable Quality Levels (normal inspection)
Cumu- Cumu-
Type ‘nf lative Leas thon Higher lative
sampling sample |X55a0e0] 0025 | 0.040 | <[ 0065 | 010 | 015 | 025 | 040 | 065 | >} L0 | > | 15 > | 28 the | sample
plen size - size
Ac RelAc RelAc Re{Ac Re|lAc RelAc RelAc Re|Ac Re|Ac RelAc RelAc Re{Ac RelAc Re{Ac Re|Ac RelAc RelAc Re
Single S00 v | 1 1 2|2 313 4)]s 67 8 8 o9f10 m(12 13j14 15{18 19j21 2] A 500
Use Use Use
315 o 2|0 3i1 42 s{3 743 %[5 9/6 10j7 1|9 1{n 16| A 315
Double v . Letter | Letter | Letter !
630 1 2!3 4|4 sle 718 9olm 12012 13}15 16{18 19{23 24{26 =7 630
M 0 P
125 v . e 2|l 2|¢ 3|« 40 4fo0o 4j0o slio {1 71 82 9 A 125
250 « 2{0 3]0 3{1 s|1 62 7|3 8{3 9|4 10j6 12|7 14 250
375 0 2|0 3|1 4|2 {3 84 96 0|7 12{8 13|11 17{13 19 375
Multiple 500 0 3|1 4|2 s}i3 1715 106 11{8 13|10 15/12 17|16 22}19 25 500
625 1 3}2 4|3 6js5 8}7 1|9 1211 15|14 1717 20{2 25{25 29 625
750 1 3|3 s|4 6|7 o9lio 12{12 14)14 17]18 20|21 23|27 29|31 33 750
875 2 3|4 s|e 7|9 1013 18f14 15{18 192 22|25 26|32 33{3r 38 875
Leas than | 0.040 | >< | 0065 | 010 | 0.15 | 025 | 040 | 065 | D><| 10 A REED SR D¢ Figher
0.040 - - - - : | ) 2.5

Accepteble Quality Levels (tightened inspection)

= Use uext preceding sample size code letter for which acceptance and rejection numbers are available.

Acceptance number

= Rejection number

Acceptence not permitted at this sample size.

Use single sempling plan above (or alternatively use letter R).

Use next subsequent sample size code letter for which acceptance and rejection numbers are available.
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TABLE X-P-—Tables for sample size code letter: P

CHART P - OPERATING CHARACTER!STIC CURVES FOR SINGLE SAMPLING PLANS

TEHCENT OF LOTS
fé‘&C}FPDTpr\' i (Curves for double and muitipie sampling are matched as closely as practicable)
too AN S : q s 4t — 4
ol RN U i N R ' 1
\ \ N Py [
sl X L\ I\ 1 N ! i
et IR W VAL W o ! N i
IR YA WY A 3\ ]
L VL VAN AEAN N\
A A \ N\ RNKE]
b 3 WR MR AY A LN N
0 AL ) Y N AN N
A= l MY \ N AN h N :
- \ NENAN :
TN N I\ [ N
- \\' N ISTIN TN \‘ [N N
RUN\\ENE il |
\601}(0 065\,0.10N 015 | ., 0.35 | | N 0.0 N 065 1.0 15
N AN\ W AN AN 1
10 NEANFANEAN E i E N )
10 T T 1 [
o 1 D S - .y e ] - n T .
0.5 10 18 20 25 3.0 35 4.0

QUALITY OF SUBMITTED LOTS (p  in percent defective for AQL's € 10; in defects per hundred units for AQL's > 10)
Note: Figures on curves ate Acceptable Quality Levels (AQL's) fot sormal inspection.

TABLE X-P-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)

P, 0.015 0.065 0.10 l 0.15 [ 0.25 J 0.40 I > I 0.65 I > I 10 > l 15
plin percent defective or defects per hundred units)
9.0 0.0013 0.0186 0.055 0.103 0.223 0.363 0.438 0.5% 0.762 0.935 129 157
95.0 0.0064 0.0444 0.102 0.1711 0.3%7 0.498 0.587 0.771 0.961 116 1.56 1.86
2.0 0.0131 0.0665 0.138 0.218 0.394 0.562 0.679 0.878 1.08 1.29 171 2.03
5.0 0.0360 0.120 0.216 0317 0527 0.745 0.855 1.08 130 1.53 199 2.34
50.0 0.0866 5210 0.334 0.459 0.799 0.959 1.08 133 1.58 183 233 2.1
2.0 0.173 0337 0.4%0 0.639 0.928 121 1.35 163 190 . 2.8 2.72 312
100 0.288 0.486 0.665 0.835 116 147 1.62 193 2.22 252 3.09 3.52
5.0 0375 0.593 0.787 0.969 131 164 1.80 2.2 243 2.74 334 3.78
10 0576 0.830 1.05 126 164 2.00 218 252 2.85 3.8 382 4.29
0.025 0.10 0.15 0.5 0.40 > 0.65 > 10 >< 15 >

Acceptable Quality Levels (tightened inspection)

Note: Al valucs given in above table besed an Prierton distibution as en ap imation to the Binocie!
a"ts.'cw
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TABLE X-P-2

- SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: P

Acceptable Quality Levels (normal inspection)

Topeof | L0 o B
s-::;ns semple 0.010 { 0015 | 0.055 | >< | 0.040 | 0065 | 030 | 015 | 035 | 040 | > | 065 b dRLEP 4R t}\;n sezsle
81z¢ |:ze
Ac Re]Ac Re[Ac Re|Ac Re{Ac RelAc Re|Ac RefAc Re|Ac Re]Ac Re|Ac Re|/Ac Re|Ac Re [Ac RejAc Re|Ac RejAc Re
Single 800 Vv |01 1 212 3{3 4|5 6/7 88 9/10 11|12 13|14 15|18 9|21 22| A 800
Use Use Use
500 v o 20 3{1 4f2 5|3 7|3 715 9/6 10| 7 119 141 16| A 500
Double - Letter | Letter | Letter
1000 1 2(3 4/4 s|6 7/8 9j11 12/12 13|15 16|18 19{23 24|26 27 1000
N R Q
200 | V - e 2|2 2|« 3|# 4]0 40 40 Sj0o 6/1 71 B2 9 A 200
400 #» 2|0 3]0 3{1 s|1 6/ 2 7/ 3 8/3 9{4 10/6 12{ 7 14 400
600 0 2)o0 31 4|2 6|3 8/ 4 9/ 6 107 12}8 13j11 17]13 19 600
Multiple 800 o 3}1 4|2 s|3 1705 100 6 11} 8 13|10 15{12 17|16 2|19 25 §00
1000 1 3|2 4|3 65 8 7 11| 9 12|11 15{14 17]17 20§22 25{25 29 1600
1200 I 3|3 s|4 6|7 9|10 12{1z 14|14 17{18 202t 23{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 1400
Less henl .05 | >< | .00 | 0065 | 030 | o5 | 025 | oa0 | D[ 05 | D] 10 [ D} 15 | D }:}%ﬂ

Acceptzble Quality Levels (tightened inspection)

= LUse next preceding sample size code letter for which acceptance and rejection numbers are evailable.

= Use next subsequent sample size code letter for which acceptance and rejection numbers are available.

= Acceptance number.

= Rejection number.

= Use single sampling plan ebove.

= Acceptance not permitted at this sample size.
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TABLE X-Q—Tables for sample size code letter: Q

CHART Q - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

EXPECTED TO BE ; .
ACCEPTED (B o) (Curves for double and multiple sampling are matched as closely as practicable)
1 LAY : T ~ 1 —
0 \ N . ]
A AN ] N
o AN - ~ )N
AYAY ERAY N\
» VNN \ C
Y A N :
P I WL N_|
AN L\ N N,
0 AR AN N N\ N
Y AN \ I A
e VNN NG h
AVER VIR LN AN 3
2 Fi W \ ] N N
i\ ; T AN AN
2 t_30.010 \3- .06\, 0.1¢ 0.15 | 1\0.25 N, 0.40 0.65 1.0 ]
N T NI N N ™ ‘ |
10 PN N N N
i N ; L. ] T -
° I O e ——— ! 1

6l 02 03 04 05 06 07 08 09 1.0 11 1.2 L3 14 15 16 1.7 1.8 19 20 21 22 23 24 25
QUALITY OF SUBMITTED LOTS (p, in percent defective for AQL's € 10; in defects per hundred units for AQL's >> 10)

Note: Figures on curves are Acceptable Quality Levels (AQL’s) for nermal inepection)

TABLE X-Q-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)

Py 0.010 J 0.040 l 0.065 I 0.10 I 0.15 T 0.25 I >< I 0.40 l > ] 0.65 I > J 10
p (in percent defective or defects per hundred units
9.0 0.00081 0.0119 0.6349 0.0656 0.143 0.232 0.281 0.382 0.488 0.598 0.828 101
95.0 0.00410 0.0284 0.0554 0.109 0.209 0.318 0.376 0.494 0.615 0.740 0.995 119
9.0 0.00840 0.0426 0.0382 0.140 0.252 0.372 0.435 0.562 0.692 0.824 1.09 1.30
750 0.0230 0.0769 0.138 0.203 0.338 0.476 0.547 0.690 0.834 0.979 127 1.49
50.0 0.0554 0134 0.214 0.294 0.45¢ 0.614 0.694 0.853 1.01 117 1.49 173
2.0 0.111 0.215 0.3i¢ 0.409 0.594 0.775 0.864 1.04 1.22 1.39 1.74 2.00
10.0 0.184 0.310 0.52 0.534 0.742 0.942 1.04 1.23 1.42 161 1.98 2.25
5.0 0.240 0.380 0.5% 0.620 0.841 1.05 115 1.36 1.56 L.75 2.14 2.42
1.0 0.368 0.531 0.62 2.804 1.05 1.28 1.83 161 1.83 2.04 2.45 2.75
0.015 0.065 0.1 0.15 025 > 0.40 > 0.65 > 1.0 >

Acceptable Quality Levels (tightened inspection)

“ote: All values given in above table based on Poisson diaribwion ®s an approximation to the Bisomial
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TABLE X-Q-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: Q
Acceptable Quality Levels (normal inspection)

Type of Cunu- Cumu-
samplin lative Higher lative
€ sample 0.010 { 0.015 0.025 { 0.040 | 0.065 [ 0.10 015 | 0.25 0.40 0.65 1.0 than sample

plan P 1.0 P
size - size

Ac RelAc Re{Ac RejAc RelAc Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac RelAc Re|Ac RejAc Rejic Re|Ac RelAc Re
Single 1250 0 1 1 2112 3|3 415 6] 7 8|8 910 11j12 1314 15018 19|21 22 ‘A 1230
Use Use Use Use
800 0 2]0 311 412 S 3 713 7{5 9|6 107 11{9 1411 16 FAY 800
Double Letter . Letter | Letter | Letter
1600 1 2§13 4|4 5|6 718 911 12|12 13{15 16{18 1923 24{26 27 1500
R P S R

315 . # 2tx 2|n 3|# 41 0 4] 0 4|0 5[0 611 711 8l 2 9 N 313

630 #» 210 3j0 311 S| 1 6|2 713 8|3 914 10j6 12| 7 14 637

945 0 2j0 311 412 6/ 3 8{ 4 9/6 10}7 1298 13|11 17{13 19 Qs

Multiple 1260 0 3{1 412 5|3 715 10} 6 11] 8 13}10 15§12 17}16 22119 25 1267
1575 1 312 4|3 6]5 8] 7 11| 9 1211 15]14 17|17 20§22 25]25 29 1572

1890 1 313 S|4 617 9110 12}12 14114 1718 20{21 23(2T 29|31 33 1893

2205 2 3|4 5|6 Ti{9 1013 14{14 15{18 19)21 22125 26432 33|37 38 2243

Higher
0.010 | 0.015 | ><| 0025|0040 |00es | 010 | 015 | 035 [ D> | 040 [ D> 0es | D> | 10 | DK than

Acceptance number

Rejection number

Acceptable Quality Levels (tightened inspection)

Use single sampling plan above.

Acceptance not permitted at this sample size.

Use next preceding sample size code letter for which acceptance and rejection numbers are available.




!

91¢-v

TABLE X-R—Tables for sample size code letter: R

CHART R - OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS
PERCENT OF LOTS

EXPECTED TO BE (Curves for double and multiple sampling are matched as closely as practicable)
ACCEPTED ll’.‘

10w RN L1 I 1 > [ A
00 AN TN GHEERRRSN T -
ANAN h KN RER ™ ™~
h\ Pt ) .
hid T ONG N
AHEA VA NL T : h h

w0 } 1 .

! - 1 AN
60 A\ . TN AN AN hN

AN \ | N AN N, h

S0 N1 i AN

N NN N N N T
bl I i N

\ N\ N .
» 0.025 \o.0so N 00ss| N 010 015 (025 oo 0.65
-0 N1 1N ! N ) -
- | N | [ —
AN - - — -
10 Y [ e - - -— -
e = = = T
[} —
0.1 0.2 0.3 0.4 .S 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 15

QUALITY CF SUBMITTED LOTS (p,  in percent defective for AQL's < 10; in defects per hundred units for ACL’s 2> 10)

Note: Figutes on curves sre Acceptable Quality Levels (AQL’s) for normal inspection.

TABLE X-R-1 - TABULATED VALUES FOR OPERATING CHARACTERISTIC CURVES FOR SINGLE SAMPLING PLANS

Acceptable Quality Levels (normal inspection)

Pa 0.025 0.040 0.065 0.10 s | D<K 0.25 > 0.40 > 0.65
p (in percent defective or defects per hundred units)
99.0 0.0074 0.0218 0.0412 0.0892 0.145 0.175 0.239 0.305 0.374 0517 0.629
95.0 0.0178 0.0409 0.0683 0.131 0.199 0.235 0.309 0.385 0.462 0.622 0.735
90.0 0.0266 0.0551 0.0873 0.158 0.233 0.272 0.351 0.432 0.515 0.684 0.812
5.0 0.0481 0.0869 0.127 0.211 0.298 0.342 0.431 0.521 0.612 0.795 0.934
50.0 0.0839 0.13¢ 0.184 0.284 0.384 0.433 0.533 0.633 0.733 0.933 1.08
25.0 0.135 0.196 0.256 0371 0.484 0.540 0.651 0.761 0.870 1.09 1.5
10.0 0.195 0.266 0334 0.464 0.589 0.650 0.770 0.889 1.01 1.24 1.41
5.0 0.237 0.315 0.368 052 0.657 0.722 0.843 0.972 1.09 1.33 T1s1
1.0 0.332 0.420 0.502 0.655 0.800 0.870 1.02 114 1.27 1.53 172
0.040 0.065 0.10 0.15 > 0.5 > 0.40 > s | >

Acceptzble Quality Levels (tightened inspection)

Note: All valwes given in sbove table hesed on Poisaon diatribation as an epproxicctioa to the Hisomic!.
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TABLE X-R-2 - SAMPLING PLANS FOR SAMPLE SIZE CODE LETTER: R
Acceptable Quality Levels (normal inspection)

Toeot | |
samplivg | oo > | o0 | oos | > | 0os | 00 | 006 | ot [oas [ D | 0z [ D] 040 [ S| 085 13?25 e
plac size size

Ac__Re[Ac RelAc  Relac  Re|Ac Re|Ac RelAc RelAc Refac Re|Ac  Re[|Ac ReAc Re|Ac Re|Ac RefAc RelAc  Re
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Acceptable Quality Levels (tightened inspection)

=  Use next preceding sample size code letter for which acceptance and rejection numbers are availeble,

=  Acceptance number.

=  Rejection number.

Use single sampling plan above.

=  Acceptance not permitted et this sample size.
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TABLE X-S—Tables for sample size code letter: S

Acceptance number

Rejection number
Acceptance not permitted at this sample size.

Acceptable Quality Level
{(normal inspection)
Type of C“f““'
sampling lative ><
plan sample
size
Ac Re
Single 3150 1 2
2000 0 2
Double
4000 1 2
800 # 2
1600 * 2
2400 0 2
Multiple 3200 0 3
4000 1 3
4800 1 3
5600 2 3
0.025

Acceptable Quality Level
(tightened inspection)




Index of terms with special meanings

Term Paragraph
Acceptable Quality Level (AQL) ..o 4.2 and 111
Acceptance number ... 9.4 and 10.1.1
Attributes ... 14
Average Outgoing Quality (AOQ) ool 11.3
Average Outgoing Quality Limit (AOQL) ............. 114
Average sample Size ..o 11.5
Batch oo 5.1
Classification of defects ..o 2.1
Code Jetters ..o 9.3
Critical defect ... 2.11
Critical defective . ... 221
DefeCt wornie e 21
Defective unit ..o 2.2
Defects per hundred units ... 3.3
Double sampling plan ... 10.1.2
INSPECLION oo 13
Inspection by attributes ... 14
Inspection level ... 9.2
Inspection lot or inspection batch ... 5.1
Isolated 10t oo 11.6
Limiting Quality (LQ) oo 11.6
L0t et e 5.1
Lot or batch Size ...cooooioociiii e 5.3
Major defect ... 2.1.2
Major defective .....oooociiiiiii e 2.2.2
Minor defect ... 2.1.3
Minor defective ........ocoo oot 2.2.3
Multiple sampling plan ... 10.1.3
Normal inspection ... 8.1 and 8.2
Operatling characteristic curve ... 111
Original inspection ... 11.2
Percent defective ...ooooooooviiceeeiiiiie e 3.2
Preferred AQLS ....oooiviiiii e 4.6
Process average ..........occoeoeeveeeiieeiniii e 11.2
Reduced inspection .........c.ccoeeoiiininninnccincniene 8.2
Rejection number ..o 10.1.1
Responsible authority ... 11
Resubmitted lots or batches ... 6.4
SampPle oo 7.1
SAmPle S1Z€ ..o 7.1
Sample size code letter ... 4.1 and 9.3
Sampling Plan .......ccoceeerireeee s 9.5
Single sampling plan ... 10.11
Small-sample inspection ... 9.2
Swilching procedures .........ccccooeeeioiieeiieiiceecieee 8.3
Tightened inspection ..o 8.2 and 8.3.1
Unit of product ..o 1.5
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