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FOREWORD

1. Background. The selection of fasteners in the design and construction
fihase of weapons systems and equipments and the analysis of fasteners .” .“:
u8ed therein for parameters, such as suitability, standardization, and
+jlification requires the evaluation and correlation of test data and:.~~;
criteria. In evaluating these functions, it has become increasingly
evident that the dats and criteria received from prime contractors,
fastener producers, private laboratories,military docunents, and.rnilicaw
laboratories cannot be adequately correlated. The chief reason for this
is the absence of unified standards prescribing test methods, procedures,
fixtures, data analysis, and data presentation. ‘rbisdisparity encourages
and often requires duplication of testing and reduces reliability.of ~ ~ ,
weapons systems and equipments, thereby impairing operations inv+ving
erigineeringcontrol, design maintenance, quality assurance, standardizst$on,
and,logistics simplification. TO correct this situation it was established
that a unified set of test methods and procedures is required to serve as

: i basic engineering tool for obtaining and presenting engineering data.
As a result, this document was developed and prepared to satisfy this
vital need. This standard delineates standard test methods, procedures,
conditions, fixtures, and methods of recording, analyzing and presenting
test data. The purpose of the resulting test data is to determine the
capability of fasteners to withstand the various environmental and
meclianicalconditions encountered when used in military weapons systems.

f

p Lts%%’Rieners.
Many benefits are to be expected by unified standard

The following is a list of benefits that can be
expected to accrue from using this standard.

\
a. Availability of testing techniques and criteria necessary for

the design and development of increasingly superior structural fasteners.
In the past, when a new fastener was needed to solve a problem, the
necessary test procedures had to be developed and written; also, the
macessary fixtures had to be designed. l’bisalways imposed delays,
additional expenses, variations in test methods and in test results.

b. Increasing incidence of correlation among fastener test data
and design engineering techniques and design criteria for weapons systems
and equipments. As new systems are designed to achieve higher performance
for a given volume and mass of material, it is essential that design data
for structural joints (a large portion of which is obtained by testing
fasteners) maintain a close correlation with engineering techniques and.:
design criteria. Where weight is of importance, such as in aircraft
structures, such close correlation will provide a substantial reduction
in tie!ight.

c. Availability of testing techniques and criteria necessary to
mbintain consistent quality in the procurement of fasteners.
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d. Reduction in the time and effort required for the development
of procurement specifications for fasteners by having a series of standard
tests available.

e. Elimination of duplication in the development of test methods
and documents by individual fastener producers, Government contractor,
and military activities.

f. Elimination of duplication of effort in research and evaluation
due to lack of unified standard teat methods. When test methods are not
standard, results cannot be correlated; therefore, producers, prime
contractors, and military activities will not accept each other’a results
and will duplicate research, development, and evaluation work.

g. For logistics simplification, fastener attributes must be
reduced to a common denominator so that variation .intype can be compared.
Data and the presentation thereof, by means of this standard, will be
provided in such form that various types and variation in types of
fastenera may be compared to determine their degree of interchangeability,
substitutability,and replaceability.

,h. Time and effort required to reach agreement in regard to
specific engineering changea will be reduced by providing unified standard
tests for use in evaluating new fasteners.

i. This standard will provide a means for establishing guidelines
for evaluating fastener test data and engineering techniques.

j. Industry and Government design personnel will become thoroughly
indoctrinated in the uae of a single standard prescribing unified standard
test methods.
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1. SCOPE

1.1 Applicability. ‘l%isstandard establishes methods for
testing fasteners, covering both the S1 and I-P units, to determine their
physical and mechanical properties. These standard test methods will
yield reproducible data for uae in research, development, procurement or
product application. These teat methods shall be observed when specifically
referenced in the applicable documents. In case of conflict between the
provisions of these methods and the individual test procedure in the
specification for a particular item, the latter shall take precedence.
This document exists as a dynamic standard subject to addition and change
as reflected by the “state-of-the-art.“

2“. REFERENCED DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards and handbooks. Unless
otherwise specified, the following specifications, standards and handbooks
of the issue listed in the current Department of Defense Index of Specifi-
cations and Standards (DoDISS) and the supplement thereto (if applicable),
form a part of this standard to the extent specified herein.

STANDARDS

MILITARY

MIL-sTD-962 Outline of Forms and Instructions for the
Preparation of Military Standards and Military
Handbooks

2.1.2 Documents applicable to a particular test method
bookform standard part or section shall be listed therein.

(Copies of specifications, standarda, handbooks, drawings, and
publications required by contractors in connection with specific acquisition
functions should be obtained from the contracting activity or as directed
by the contracting officer.)

3. DEFINITIONS

3.1 S1 - The International System of Units (from the
French “Le Systeme International d‘Unites”),as modified for use in the
United States by the Secretary of Commerce.

Inch-pound units - Units based upon the yard and the
pound commonly used in the United States of America and defined by the
National Bureau of Standards. Note that units having the same names in
other countries may differ in magnitude.

3.2 Definitions applicable to a particular test method
bookform standard part or section shall be listed therein.
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4. GENERAL REQUIREMENTS

4.1 ‘lestmethod numbering system. This standard consists
of a general basic document and supporting parts or sections. Each part
addresses a specific test method which is designated by a dash number
commencing with number 1 for the I-P system of measurement and number 101
for the S1 system of measurement. A different dash number is assigned to
each test method.

4.2 Documentformststructure. Each testmethodis
preparedas an individualdocumentin the format of a bookform standard
in accordance with the guidelines of MIL-STD-962. The individual bookform
standard part is identified by the basic document identifier, MIL-STD-1312
for the I-P system of measurement and DOD-STD-1312 for the S1 system of
measurement, followed by a sequential dash number. The dash number is
identical to the number of the test method. Examples:

I-P System

MIL-STD-1312-1
_ _ l _ _ T

I ~Dash number
Test Method No. 1, Salt Spray

~Doc.ment identifier assigned to the
basic standard

S1 System

DOD-STD-1312-1OI

T’

Dash number
TestMethodNo. 101,Salt Spray

~ Document identifier assigned to the
basic standard

4 . 3 Method of revision. The individual bookform standard
part is revised and issued independent of the other parts. Revisions are
identified by a capital Gothic letter immediately following the document
identifier dash number. Examples:

I-P System

MIL-STD-1312-lA
~ TT

L---Dash number
Test Method No. 1, Salt Spray

~ Document identifier assigned to the
basic standard

2

I

0’
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DOD-STD-1312-1O1A

7 _ T LRAS i O I J
I -Dash number

Test Method No. 101, Salt Spray

Document identifier assigned to the
basic standard

Changes to individual pages shall be accomplished in accordance with
change notice guidelines of MIL-STD-962.

the

4.3.1 Revisionto methodnumber. Revisionto the document
will also reflecta changeto the testmethodnumber. The revisionto
the teatmethodshallbe denotedby a letterfollowingthe original
number. For example: The originaltestmethodnumberassigned“Test
Method 1, Salt Spray”shallbe changedto “~estMethod IA> salt sPraY”‘r
VTe~tMethod lo~,Salt sPraY1ishallbe changedto “’lestMethod 10~A~salt
Spray” when revised.

4.4 Selectionof tests. The testscontainedhereinare
intendedto be used to provideuniformtestingmethodsand presentation
of data for fasteners and fastening. These tests shall be applicable for
research, development and procurement of weapons systems, equipments, and
fasteners. In selecting the tests that are to be applicable to fasteners
in a specific category or type, it is required that those fastener
properties be determined that are needed for incorporation of specific
fasteners in specific types of weapons systems and equipments and those
properties that are essential for fabrication of a satisfactory fastener.
After these essential properties have been determined, the appropriate
test shall be selected and specified for each property. Care shall be
taken to specify only those tests that are needed.

4.4.1 The testmethodsavailablefor referenceand selection
are outlinedin the following Appendices:

a. APPENDIX A - List of available test methods in
the I-P system of measurement.

b. APPENDIX B - List of available test methods in
the S1 system of measurement.

4.5 Method of reference. This standard shall be referenced
in general and detailed specifications or other documentation for military
weapons systems. Tests shall be referenced in the individual fastener
specification, fastener specification control drawing, etc., by specifying:
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The standard number with the applicable dash
number but without the revision letter. For
example: “the fastener shall be tested for
stress durability in accordance with MIL-STD-
1312-5.”

Test criteria or property values required.

5. DETAIL REQUIREMENTS

5.1 Detail requirements shall be
individual test method bookform standard part or

incorporated in the
seccion.

Custodians:
Army - AR
Navy - AS
Air Force - 11

Reviewer activities:
Army - AV, AR
Navy - AS, SH
Air Force - 11
DLA - IS

Preparing activity:
Navy - AS

(Project No. 53GP-0152)
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APPENDIX A

;o
I

L1ST OF AVAILABLE,.:,,,
IN I-P SYSTEM OF,,..

10. Testmethods. The
I-P system are available for selection

TEST METHODS
MEASUREMENT

following test methods in the
and reference:

MIL-STD-1312-1
MIL-STD-1312-2
MIL-sTD-1312-3
MII+STD-1312-4
MIL-STD-1312-5
MIL-STD-1312-6
MIL-STD-1312-7
MIL-STD-1312-8
MIL-STD-1312-9
MIL-STD-1312-1O
MIL-STD-1312-11
MIL-STD-1312-12
MIL-STD-1312-13
MIL-STD-1312-14

MIL-STD-1312-15
MIL-STD-1312-16

MIL-STD-1312-17
MIL-STD-1312-18

MIL-STD-1312-19
MIL-STD-1312-20
MIL-STD-1312-21

MIL-STD-1312-22

MIL-STD-1312-23

MIL-STD-1312-24

MIL-STD-1312-25

MIL-STD-1312-26

MIL-STD-1312-27
MIL-STD-1312-28

MIL-STD-1312-29
MIL-STD-1312-30

Salt Spray
Interaction
Humidity
Lap Joint Shear
Stress Durability
Hardness
Vibration
Tensile Strength
Stress Corrosion
Stress Rupture
Tension Fatigue
Thickness of Metallic Coatings
Double Shear
Stress Durability (Internally
Threaded Faateners)
Torque-Tension
Clamping Force for Installation
Formed Faateners
Stress Relaxation
Elevated Temperature Tensile
Strength
Fastener Sealing
Single Shear
Shear Joint Fatigue, Constant
Amplitude
Receptacle Push-out, Panel
Fasteners
Tensile Strength of Panel
Fasteners
Receptacle Torque-out,
Panel Fasteners
Driving Recess Torque
(Quality Conformance Test)
Structural Panel Fastener
Lap Joint Shear
Panel Fastener Sheet Pull-up
Elevated Temperature Double
Shear
Shank Expanding
Sheet Pull-up of lind
Fasteners
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APPENDIX B

LIST OF AVAILABLE
IN S1 SYSTEM OF

10. Testmethods. The
system are available for selection and

TEST METRODS
MEASUREMENT

following test methods in the,,S1
reference.

DOD-STD-1312-105 StressDurability
DOD-STD-I3I2-1O7 Vibration
DOD-STD-I312-1O8 TensileStrength
DoD-STD-1312-1O9 StreaaCorrosion
DOD-STD-1312-111 TensionFatigue
DOD-STD-1312-113 DoubleShear

6
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APPENDIX C

i.

I

‘o

10. SCOPE

10.1

10.2

ALIGNMENT..AND LOAD VERIFICATION OF
AXIAL-LOAD FATIGUE TESTING MACHINES

,-

l’bisprocedure covers the techniques and equipment.to be used
to verify proper machine and fixture alignment and cyclic-load
application for axial-load fatigue testing mxchines. Examples
of typical fixturea are included.

General Procedure. The general procedure for alignment and
load verification of axial-load fatigue testing mxchinea
consists of the following steps:

a.

b.

c.

d.

e.

f.

Select proper equipment for static alignment.

Check calibration of equipment.

Check machine alignment and make adjustments as required.

Select proper equipment for dynamic load verification and
install in test ruacbine.

Apply static loads and verify.

Operate machine dynamically, record indicated loads, and
compute amplitude and maximum load errors.

20. APPLICABLE DOCUMENTS

MIL-S-8879

MIL-C-15074

AMS 6280

AMS 6304

AMS 6485

AMS 6487

ASTM E4

Screw Threads, Controlled Radius Root with
Increased Minor Diameter, General Specifi-
cation for

Corrosion Preventive, Fingerprint Remover

Steel Bars, Forgings, and Rings, 0.50 Cr
0.55 Ni 0.20 Mo (0,28-0.33 C) (SAE 8630)

Steel Bars, Forgings, and Tubing, Low
Alloy Heat Resistant 0.95 Cr - 0.55 Mo -
0.3V (0.40-0.50 c)

Steel, 5 Cr - 1.3 Mo - 0.5V (0.38-0.43 C)

Steel Bars and Forgings,,5 Cr - 1.3
0.5V (0.38-0.43 C) Premium Quality,
Consumable Electrode Vacuum Melted

Verification of Testing Machines

Mo -

7
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ASTM E74 Verification of Calibration, Devices for
Verifying Testing Nachines ●

ANSI B46.1 Surface Texture (Surface Roughness,
Waviness, and Lay)

30. SIGNIFICANCEOF ALIGNMENTAND DYNAMIC VERIFICATION

30.1

30.2

30.3

30.4

,,.
while it is relatively easy to measure the forces applied to
a specimen under static condition, it is essential to ensure
that excessive bending loads are not induced and to verify
that the amplitude of the dynamic forces applied to the
specimen agrees with the amplitude of the indicated loads
within acceptable limits. I
The presence of unknown and undesirahle bending loads induced
through fatigue machine and/or fixture misalignment may
severely reduce the fatigue life of test specimens and,
hence, must be controlled within reasonable limits.

The accuracy of the indicated loads may be dependent upon
several factors which include:

a. Configuration of the specimen, including dimensions.
,.:

b. Configuration of the testing machine fixtures and specimen
adapters. ● :

c. Specimen material properties, including density, static
and dynamic stress-strain characteristics,and material
damping coefficient.

d. Load settings of the testing machine controls.

e. The waveform of the load cycle.

f. The frequency of the load cycle.

Ideally, the loads applied to a specimen in a fatigue test
should be verified for each combination of the above factors.
It is recognized, however, that within certain limits of
variation, the effects of an individual factor on the loads
IMY be small or reasonably predictable.

40. DEFINITIONS

40.1 Fatigue-testing machine. A device for applying repeated load
cycles to a specimen. ,.:

40.2 Load. The force applied to the specimen. In the case of
~gue-testing machines, load is usually measured in units
of pound-force or newtons.

8
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40.3

40.4

fLo.5

40.6

40.7

40.8

40.9

40.10

40.11

Load cycle. ‘Thesmallest segment of the load-time function
which is repeated periodically.

Maximum load. The load having the higheat algebraic value in
the load cycle, tensile load being considered positive and
compressive load being considered negative.

Minimum load. The load having the lowest algebraic value in
the load cycle, tensile load being considered positive and
compressive load being considered negative.

Mean load. The algebraic average of the maximum and minimum
loada in the load cycle.

Load amplitude. tie half of the algebraic difference between
the maximum and minimum loads in the load cycle.

Set loads. ‘Themaximum and minimum loads (or the mean load
and the load amplitude) that relate tn the settings and
adjustment of the controls of a fatigue-testingmachine,
according to an existing set of guidelines. These guidelines
may have been furnished by the manufacturer of the machine or
they may have been developed by the user.

Indicated loads. The maximum and minimum loads (or the mean
load and the load amplitude) that relate to the readings
obtained from the indicating or recording equipment associated
with the fatigue testing machine, according to an existing
calibration. This calibrationmay have been furnished by the
manufacturer of the machine, or may have been developed by
the user. In the case of fatigue-testing machines having no
provision for load readout, the indicated loads shall be
determined by introducing an appropriate sized dynamometer
into the load chain.

~namome ter. An elastic calibration device for use in
verifying the indicated loads applied by a fatigue testing
machine. It shall consist of an instrumented member having
mass, stiffneas, and end displacements such that the inertial
effects of the apecim.enand its attachment to the test
machine, for which the verification of loads is desired, are
duplicated as nearly as is reasonable. The instrumentation
shall permit an accurate determination of the magnitude of
the average strain, in a region of uniform transverse cross
section, when the dynamometer is subjected to a tensf.leor
compressive force along its longitudinal axia.

Dynamometer range. The range of loads for which the
dynamometer may be used for verification purposes. A
dynamometer for use in tension and in compression will have
two dynamometer ranges, one in tenaion and one in compression.

9
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‘.40.12 Alignment cell. An elastic device, normally cylindrical in
cross section, with strain gages affixed to the outer surface ●
so as to provide indications of axial strain at 90 degree
intervals around the circumference. Comparison of strain
readings at a constant load provides a measure of bending
induced by the loading system.

50. FATIGUE TEST MACHINES

50.1

50.2

50.3

50.4

Load measuring eystem. The dynamic load measuring system
shall be accurate within t 2 percent of the indicated maximum
load and amplitude, for loads-greater than 10 percent of the
maximum capacity of the dynamometer.

Loading maintaining system. The load maintaining system
shall be capable of maintaining the required load within t 2
percent. Machines operating without load maintainers shall
be monitored at intervals by the operator. The intervals
shall be determined according co the expected cycle life and
equipment capability.

Static alignment. Static alignment of each fatigue test
machine shall be verified at any time necessary to ensure
meeting the alignment requirements of this appendix. Align-
ment check may be accomplished by mechanical or strain gaged
alignment cell systems. The method employed (see Section 7)
shall be capable of proving that the stress caused by misalign-
ment (eccentricloading) shall not exceed 6 percent of the
average stress.

Dynamic load verification. The load accuracy of each mschine
shall be verified after each 1000 hours of oDeratine time or

0 “’

every 6 months, whichever occurs first, and after any machine
modification which could affect the load accuracy. The
verification procedure shall be in accordance with Section 8.

60. EQUIPMENT AND CALIBRATION OF ALIGNMENT AND DYNAMIC LOAD VERIFICATION *
EQUIPMENT

60.1 General. A dynamometer of any suitable configuration and
material may be used. The dynamometer should normally have
dimensions such that a strain in tbe range from 0.0012 to 1

0.0015 in./in. is obtained at the maximum load of the dynamometer
range. The dynamometer shall have a length of uniform cross “
section for attachment of the’transducer (see Figure 1).

il. The verification procedure consists of the following
principal steps:

●
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1. Obtain the static load - strain (or a quantity
proportional to strain) relationship for the dynamometer
using a static testing machine or dead weights.

NOTE 1: Whenever the term “strain” is used in this recommended
practice, it is understood that any quantity proportional
to strain is acceptable.

2.

3.

Measure the straina in the dynamometer during cyclic
loading at each of the desired maximum and minimum
loads and teat frequencies in the fatigue testing
machine.

Convert the measured straina or appropriate

60.2

instrumentation readings to loads-using the static
load-strain relationship. This approach assumes that
the load strain relationship for the dynamometer la
the same under cyclic loading as it is under static
loading. The extent to which this assumption is
justified is not known precisely at this time.

Strain transducer. The dynamometer shall be instrumented
with a transducer in such a way as to permit a determination
of the average strain in the uniform section of the dynamometer
and determination of the amount or percent of bending applied
to the dynamometer when it is subjected to an axial load.
The transducer shall be sensitive to force changes of 0.2
percent of the maximum load of the dynamometer range.

a. One acceptable transducer consists of not less than four
nominally identical electrical resistance strain gages
mounted longitudinally on the uniform section of the
dynamometer, at points equally distributed around the
section and equidistant from the ends of the section.
Provision shall be made for recording the strain sensed
by each gage individually for evaluating the amount of
bending in the dynamometer. For determination of average
strains, provision shall be made for connecting diametrically
OppOsed gages in series,eachpair in oppositearms of a
Whetstone bridge. In the othertwo arms of the bridge,
fourgagesidenticalto the four gagesaboveshallbe
mountedtransverselyon the dynamometerand connectedin
pairsso as to providetemperaturecompensation(ace
Figure 2).

NOTE 2: The use of 90-degree rosette gages is acceptable.’

NOTE 3: Transducers for uae on electromagnetic systems should be
,, made from nonmagnetic materiala such as titanium.

11“
11
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60.3 Measurement of static strains.
record the static strains shall

‘I’heinstrumentationused to
be.the same as that to be

used to record the dynamic strains. ● “

a. ‘Toachieve high resolution and accuracy, a null-reading
method may be emp~oyed in which the output from the
transducer can be adjusted to be zero at any particular
load. It is then necessary only to detect zero output of
the transducer at any load. When using the electrical
resistance strain gage transducer, a convenient method is
to have the strain gages in the adjustable bridge circuit
fed from a direct current (de) supply and to observe the
output on an oscilloscope which ia switched rapidly
between the bridge output and ground. When the switching
produces no change, the bridge is in balance and the
adjustment made to produce a balance relates to the
applied load. The oacillnscope must be sensitive tn load
changes of O.2 percent of maximum load when the strain
gage bridge is in a nearly balanced condition. It is
necessary to ensure that the output of the bridge circuit
and any amplifier between the bridge and the oscilloscope
ia linear with amplitude and independent of frequency
throughout the frequency range.over which the force will
be cycled (see Figure 3 for typical equipment).

60.4

b. If a null methnd ia not used, the oacillnscope used must
be capable of neaauring loads with sn accuracy of 0.2
percent of the maximum load. Use of a pen-type recorder
is discouraged due tn the inertia of tbe writing pen;
however, light beam oscillographs are acceptable.

c. A preferred method is to use a dual-channel oscilloscope
where one channel records the output of the bridge and
the other channel is grounded. The bridge i: then
balanced when the null ia nbserved, that is, the two
s i g n a l s a r e coincident.

●“

Static calibration. Tbe dynamomete~ shall be statically
calibrated using dead weighca, a static testing machine, or a
fatigue machine using a loading range that complies with ASTM
E4. Calibration of the’dynamometer ia tn be performed at a
minimum of five loada, consisting of a low load not lnwer
than 10 percent nf the dynamometer range, the highest lnad of 2
the dynamometer range, and a minimum of.three additional
loads spaced at approximately equal intervals through the
dynamometer range. The dynamometer shall be mounted in the
testing machine in such a way as to minimize bending. The
sequence for the calibration procedure is aa follows:

12
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a.

b.

c.

d.

e.

f.

g.

Connect the associated instrumentation, such as the
adjustable bridge circuit power supply, amplifier, and
oscilloscope, etc., to the dynamometer transducer and,
after switching on, allow the requisite period for
stabilization.

Minimize bending by mounting the dynamometer in such a
way that the strain measured by any one of the measuring
elements of the transducer attached to the dynamometer
does not differ by more than 6 percent from the average
of the strain measured by all the elements at any load in
the dynamometer range. Measure output for zero load with
only one end of the dynamometer gripped in the testing
machine.

Prior to static calibration, apply and remove loads at
least three times from zero load to the maximum load of
the dynamometer range. The change in axial strain
recorded after a period of not less than 1 minute at the
minimum load, on consecutive readinga, shall not exceed
*O.2 percent of the axial strain at the maximum load.

Apply static loada in not leaa than five approximately
equal increments up to the maximum of the dynamometer
range. At each increment, simultaneously record the
transducer strain readings and load.

Unload the dynamometer in not less than five approximately
equal increments to zero load. At each increment,
simultaneously record the transducer strain readings and
load.

Repeat operations c, d and e twice to obtain three series
of calibration readings. Between each two series of
readinga, rotate the dynamometer approximately 30 degrees
to facilitate the detection of maximum bending. Between
the second and third series of readinga disconnect the
aaaociated transducer instrumentation and remove the
dynamometer from the testing machine, and then remount it
as above. The average strain meaaured during any one
series shall not differ by more than 1 percent from the
average strain of all three series.

Obtain the static calibration of the dynamometer from the

● 70.1 Equipment. Equipment described in Section 6 may be used for
static alignment and dynamic loaF verification, aa applicable.

mean of the three series of transducer and indicated
loads of the static or fatigue testing machine or dead
weights. The relationship between load and strain should
be essentially linear.

70. PROCEDURE FOR STATIC ALIGNMENT
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70.2

70.3

70.4

a.

b.

c.

d.

MIL-STD-1312B I

Strain gaged dynamometers (load cells) of appropriate
size may be used for alignment adjustment (Figures 3a and
4). o
A bridge amplifier (or equivalent) ia used to condition
and amplify the load (strain) signal (Figure 3b).

A multichannel switch and balance is used for strain gage
element selection and basis signal balance (Figure 3c).

A high quality oscilloscope or light beam galvonometer
recording device is used to display the load (strain)
signal.

Alignment cells. Static alignment cells should be designed
to operate between 15 and 60 ksi at the verification load.
The verification load shall be at least 10 percent of the
maximum machine capacity. Typical alignment cells, the
material from which they were mxde, and verification loads
that cover mxximum machine capacities from 440 pounde to
250,000 pounds are shown in Figure 4. Tubular cells or
actual test bolts of appropriate load range mxy be used.

Procedure. Four strain gages shall be bonded 90 degrees
apart around the circumference on a common plane perpendicular
to the axia of the cell. Sach active strain gage shall be

wired into a separate channel of the switch and balance unit
so it can be individually balanced and switched f.ntothe “o
strain indicator.

Alignment example.

a.

b.

c.

d.

’10check the alignment on a 24,000 pound
take 10 percent of 24,000 = 2400 pounds.
select cell no. 7, rated for use between
pounds.

fatigue machine,
From Figure 4
2400 and 9600

Assemble the alignment cell into the test machine using
equipment that meets the apecified fixture requirements.

Load the alignment cell to 2400 pounds and record the
strain in order from gages 1, 2, 3 and 4. Unload the
machine, and rotate the alignment cell 45 degreea; load
the cell again to 2400 pounds and record the readings

>

from gagea 1, 2, 3 and 4.

Sample calculations of strain gage results from the
2400 pound test loadings;

●
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Strain readings from

Parameter Gage 1 GaKe 2 Gage 3 E!2@L

‘2400 lb load 573 570 604 603 Mean strain
= 587

Minus mean 587 587 587 587— — — —

D~fference 14 17 17 16

Ave’ragedifference of gages 1 plus 3 frommean: 14 + 17 = 15.5
2

Average difference of gages 2 plus 4 from mean: 17 + 16 = 16.5
2

Maximum value frommean = ~15.52 + 16.52= 22.64

Percent bending = Maximum value from mean x 100 = 2264 = 3.86%
MEAN m

Rotate Alignment Cell 45 Degrees:

Strain readings from

Parameter Gage 1 Gage 2 Gage 3 Gage 4

2400 lb’load 610 609 580 578 Mean strain
= 594.3

Calculate as above for percent bending = 3.62%

Average bending = 3.86 + 3.62 = 3.75%; i.e., less than 6%
2

80. PROCEDUREFOR DYNAMIC VERIFICATION OF FATIGUE MACHINES

80.1 General. Dynamic verification of the fatigue machine is
required over the entire load range and frequency range where
fatigue information ia desired for each type of specimen to
be teated. The overall verification conaista of procedures
covering both static alignment and dynamic operating conditions.

80.2 Measurementof dynamicstrains. The instrumentationused to
recordthe dynamicoutputof the transducershallbe the same
as that used to record the static strains. Using the null-
balance method, adjuat the bridge ao that the peak of the
load signal ia tangent to the ground trace on the oscillo-
scope when the signal is switched rapidly between the
dynamometer and ground. When using the dual beam oscillo-
scope, adjust the bridge ao that the peak of the strain,
signal is tangent to the ground signal and the adjustment to
achieve a tangent relative to the applied dynamic load.

15
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80.3 Procedure. For
maximumloadat

MIL.sTD-1312B

the verification of
each test frequency

following procedure:

each minimum load and
desired, adopt the,..

I

●
a. Mount the dynamometer in the fatigue machine, connect the

associated transducer instrumentation and allow sufficient
time for stabilization of all instruments.

b. Ensure that tbe strain measured by any one ,oftlie“measuring
elements of the transducer attached to the dynamometer
does nnt differ by more than 6 percent from the average
of the strain measured by all of the elements at any load
in the dynamometer range.

c. Applythe desiredminimumload staticallyand recordthe
strain output of the transducer. Increa~e the “load
statically to the desired maximum and again record the
transducer strain output.

d. Operate the machine dynamically and adjust the mschine
contro1s to the programmed load level and frequency.
Record the actual minimum and maximum operating strains
from tbe transducer output.

e. Compute the machine error as a per&nt of cyclic
amplitude and maximum load as follows:

Static Comparison Dynamic Comparison
Machine Dynamometer Machine Dynamometer

●
Programmed Indicated Strain Programed Indicated Strain
Load Lb ,JM@JKkL Load - Lb

Min Max Min Max— Min— Max Min. . Max— — —.

300 3000 18 187 300 3000 19 185

Amplitude Error:

(185-19) - (187-18) ~ loo = ~ ,77
(187-18) . .

Msximum Load Error:

185-187~
187

f.

100 = -1.07%

With the instrumentation
balanced) at the maximum
the transducer, stop the
not less than 5 minutes,

>

stabilized (for example, bridge
output level of one element of
cyclic load. After a period of
restart the cyclic load, observing

the output of the transducer during the first cycle.
Estimate the time interval before the output stabilizes
at the steady state cyclic level. .0

16
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‘o

90.

NOTE 4: This indicates the msgnitude of any start-up load
transients which may have effects on the fatigue life of
specimens tested in the machine.

g. Repeat step f for each condition of maximum output level
and frequency.

80.4 Note that changes in the ambient temperature of the room in
which the verification is being carried out will adversely
affect the precision of the measurements. The room temperature
shall not change more than .5°F (2.8“C) during the verification.

REPORT.

8Q.i The report shall contain the following:

a.’ Description of equipment:

1.

2.

3.

b. For

1.

2.

3.

c. For

1.

2.

3.

4.

Serial numbers and names of the manufacturers of all
equipment used, including the fatigue-testingmachine,
the static-testingmachine, the transducer, and each
item of associated transducer instrumentation.

The information contained in the verification certif-
icate for the static testing machine.

Complete, detailed description of the

the static dynamometer calibration:

Method of mounting the dynamometer in
machine.

dynamorneter.

the testing

Complete record of the load and strain in the
dynamometer calibration test and date performed.

Strain transducer excitation including chopper or
carrier frequency, if applicable.

each dynamic verification test condition:

Strain transducer excitation including chopper or
carrier frequency, if applicable.

The load and the frequency settings.

The ahape of the waveform.

Load and strain readings from the dynamometer readout
equipment.

17
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5. Load readings from the readout equipment associated
with the fatigue testing machine, if any. ●

6. The estimatedvalue of the maximum startup overshoot
or undershoot at esch dynamic condition and the time
to reach a steady state cyclic condition.

7. The date of calibration.

FIXTURES. Standard .fixturinghas been developed for various.types
of fatigue machines (resonan; , spring/mass, s~rvo-hydraulic,“direct-
stress, etc.). Examples of typical fixtures are included for
reference only. I

100.1

100.2

100.3

Hole details. Head-to-shank fillet clearances, countersink \
head details, spacers, and adapters are shown in Figure 5.

Threaded fasteners, /

a. Example fixtures for use with threaded fasteners in ‘1
spring/mass, servo-hydraulic and direct stress machines
are shown in Figures 6 through 12. I

b. Example fixtures for use with threaded fasteners in
Amsler resonant freauencv machines are shown in Fimres
13 through 15. “ -

..

Installation formed fasteners. ,;. ● “
a. Example f’ixturesfor uae with installation formed fasteners

in spring/mass, servo-hydraulic and direct stress machines
are shown in Figures 16 through 18.

b. Example fixtures for use with installation formed fasteners
in Amsler resonant frequency machines are shown in
Figures 19 and 20.

0’
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1
1“0 ‘
1 (, , .

:., .:...
I

RING TYPE.,

A

STRAIN GAGE TYPE

,.

FIGURE 1. Elastic calibration devices.
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A “
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I I D
- c l -

B
, 1——

: . = = L J - - - - – - – - – – – – – – - - - – – . - - – 1 - – – – - .

,.

( A ) LOAD CE L L

,,
,=. .

.. -,’/

. .. . ..
.,

!-
!..
;,.

...

( B ) HAL F BR I DGE

●

✌

( C ) FUL L BR I DGE . . ’ ;~ ‘
$

FIGURE 2. Typicai load cell circuits.
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(c) Multichannel switch and balance

FI(;(!KE3. Tvpical equipment used for checking alignment

and dynamic load verification.

●
21
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.

.

CHAMFER OR RADIUS

(o) PRoTRUDING HEAD
AS REQUIRED FoR
FILLET CLEARANCE.

_ RaD, us AS REQUIRED FOR
flLLET CLEARANCE

\A \

~ + .=3
- .oOO—

(b) FLUSH HE LO

TAPER .25 INCH PER FT.

T MIN *MAX BOLT RAD!us

.f \\\\\\\\, ‘

# I
~+~

-.000 -u
CHAMFER OR RADIUS AS REOUIRED TO PROVIDE
CL E4RANCE FOR MAX, BOLT FILLET RADIUS.

[c) SPACER

*B”

~?N
D+~3

- .ooO— —
./

+

T4PER .25 INCH PER FT.

P

BREAK ALL SHARp EDGEs

(d) NUT END ADAPTER

1.
7. .

3 .
4 .

1

Material: Steel, HRC 43 minimum.
Clean as required to maintain 32 microinch finish and required
t,oleranceaon load bearing surfaces.
All diameters to be square and concentric within .001” FIM.
Unless otherwise specified, dimensions in inches.

Taper Optional ,.

FIGURE 5. Loading cups.
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-ti=’’’’”’-
.062 t.010 R

\ I IP-’”ooo”+ I

.031*.010 x 45”-
CHAMFER

LL3’000/

Hi!&
NOTES:

1. Unless otherwise specified, tolerances +.030, angles +2° .
2. Surface texture: 125 miC1Oincl,es,in accordance with–ANSl B46. 1.
3. Material: A7SI 4340, H-1[, Maraging, or 17-4PE!.
4. H’eattreat: 35 HRC minimum.
7.. Dimensions marked with an asterisk are optional..
6. Unless otherwise specified, di”e”sions illillche~.

FIGU1{E6. Holding fixture, fatigue 60,000 pounds ~apacity.
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‘ ‘~ ~“ % -l~~F1-’”
@

.“.’
. .. ——— ———

/,
/ + ’.. “i /.\____ -c —---

.093 *.010 x 45”

L UNDER CUT TO
ROOT OF THREADS

NOTES:

1. Unless otherwise specified, tolerances~.030, Angles ~2° .
2. Surface texture: 125 micloinches, in accordance with ANSI 1346.1.
3. Material: AISI 4340, H-n, maraging, or 17-4PH.
4. Dimensions marked with an asterisk are optional.
5. Heat treat: 35 HRC minimum.
6. Unless otherwise specified, dimensions in inches.

FIGURE 7. HOlding fixture, fatigue 2 5 0 , 0 0 0 pound capacity.—.
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I I . 3 7 5

~ ] ; ] . 0 0 ; : I M I F ~ ~ ~ ~. 2 5 0

@~p ‘~ ? 11]:’

/ -\
IN \ ~ $,.1.,.0,0 ~~

+’
.9995 DIA

\ .9990
\\ /’ +/

1 A .001

,0,0 + 30’
.040 t .010 R -o’ ‘

.020 F1- d
“ L

MAX -A-

Nominal Fastener D
E

Diameter Max Min

#6 .140
#8

.139 .360
.166 165

0.190
.420

.192 :191
0.250

.470
.252 .251

0.313
.588

.314 .313 .716 :

NOTES:

1. Unless otherwise specified, tolerances +.030.
2. Suiface texture: 125 microinches, in a~cordance with ANSI B46.1.
3. Naterial: AISI 4340, H-n, maraging, or 17-4PH.
4. Heat treat: 35 HRC minimum.
5. Unless otherwise specified, dimensions in inches.

~lGURE 8. 100° Adapter, 5,000 pound capacity holding fixture.
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:0
I

f!zb’“~‘“ ~
I

——— .——.
,-

/
‘\ 3.870 DIA

‘ /y -\ ‘\ ,~ 1.750RJ r
:/ \\

+

“ 0 3 ’ ’ 0 ’ 0 ’&:CHAMFER

i OdZ~ ) I= a t - r l
‘=3- ~“,N “ “’’*1) \

.062 * .010 R — 2.620

m+
LL x ,Oo1

d

2.500 DIA

l-1/2-12 UNF-3B*
~ X .003 FIM

NOTES:

1. Unless otherwise
2. Surface texture:

0
specified, tolerances ~.030, angles A2 .
125 microinches, in accordance with ANSI B46.1.

3. Miterial: AISI 4340, H-11, maraging, or 17-4pH.
4. Heat treat: 35 HRC minimum.
5. Dimensions marked with an asterisk are optional.
6. Unless otherwise specified, dimensions are in inches.

FIGURE 9. HOldi”g fixture, fatigue 15,000 pound capacitY.
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I

$,

5DIA.

——___ ____ L—

Fastener
——

Sizt?
D

A B Max Min

#lo .5(J5 ..190
0.250

.192 .191
c .562 .250 ..252 .2510.3125 .625 .312

0.375
.314

.750
.313

.375 .37? .376 ,-0.4375 .875 .437
0.500

.439
1.000

-.430
.500 .502 .5010.5625 1.125 .562

0.625
.564

1.250 .625
.564

0.750
.627

1.500
.626

.750
0.875

.752 .751
1.7500 .875

1.000
.877

2.000
.876

1.000 1.002 1.001

NOTES:
,,

1. Unlsss otherwise specified, tolerances +.030.
2. Surface texture: 125 microinches, in a~cordanc’ewith ANSI B46.l,.
3. Ftaterial: AISI 4340, H-11, maraging or 17-4PH,,
4. Heat treat: 35 HRC minimum.
5. unless otheryise specified, dimensions in inches.

,,
FIGURE 10. ~~~~r~dapter, 15,000 and 60,000 pound CapaCity “hold in&

—.
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,0

.020
u \

[ I I n
Bolt A

.010 Max Min
Size 2

0.0190 .347 .192 .191

0.250 .&63 .252 .251

0.3125 .591 .31h .313

0.375 .718 .377 .376

0.4375 .846 .438 .438

0.500 .973 .502 .501

0.5625 1.101 .564 .563

0.625 1.222 .627 .626

NOTES:

1. Unless otherwise specified, tolerances ~ .030.
2. Surface texture: 125 microinches, in accordance with ANSI B46.1.

3. BTeak edge to a .030R
4. Material: ATSI 4340, (UNS G43400) ‘-11~ ‘araging 0= 17-4PH”
5. Heat treat: 35 HRC minimum.
6. Unless otherwise specified, dimensions in inches.

FIGURE i~. ~ooo ~da te=, 15,000 and 60,000 pound caPacitY llOldin&
fixture..—
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●

✌✍
✎✌

NCL

TOP DISC HOLDER

T CENTER“’”‘0‘“’T

GENERAL NOTES:

Naterial: Alloy steel
~‘Heat treat: 46-51 HRC
Finish: Black oxide

12uN-3A
L-S-8879

:3; ,NCL

lb

‘STAMP SERIAL NUMBER
LISTED ON PURCHASE ORDER
(DESIGNATED SURFACE ONLY)

BOTTOM OISC HOLOER

(De-Carb free condition)

Concentricity: All diameters concentric within .001 FIM.
Dimensions ih inches.
surface texture: Unless otherwise specified, 125 tiicroincl!es,in

accordance with ANSI B46.1.

FIGURE 13. Holding fixture, fatigue Amsler.
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1.f1965/l.4955HOLE

\

C SINK90”f 3° I NCL TO ‘
1 . 5 4 6 5 / 1 . 5 4 5 5D I A

. =

,;

JP

NOTES :

Material: A11oY steel.
Heat treat: 41-46 HRC (De-Carb free condition).
Finish: Black oxide

.“.

Unless Otherwise specified, dimensions in inches. ,.
Surface Texture; 125 microinches, in accordance with ANSI B46.1.

FIGURE 14. Disc holding nut fatigue fixture, AMsler.
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t

I

o

● .

,.. .
.,

.,, ...,,-.

SHARP EDGE-.
-,

[

T R&O. ~Ty LE ,,y

— @BOTTOM FIxTURE

/

R R&D.

f ._

,;,o~”””’

,,, .,,..

K31F@cl
,,

,A & ~

2.277
,., 2.273

7 $ .‘L
D D(A

v L!ML!Eu
STYLE “C”’

TO~E
,, ,,, ,,

~
I ~ I ll.X$?” “’’’’[’) c~+R RA”

L STAMP SERIAL NuMBER $%&&&l&
LISTED ON PuRCHASE ORDER
(DESIGNATED SURFACE ONLY I .

_

I I 1 1 I 1 1 T I !

(a) “D DIA” for standardsizefasteners.
(b) “D DIA” for 1/64 oversize fasteners.
(c) “D DIA” for 1/32 oversize fasteners.
(d) “R RAD” co be designated by purchase order (e.g., .267 DIA x .O&O

SAD)

NOTES :

Material: 4340 alloy steel.
Heat treat: 1+1-46 NRC (De-Carb free condition)
Finish: Black oxide.
All radii to blend vith adjacent surfaces.
Surface texture: In,accordance with ANSI B46. 1. All surfaces 63.
Dimensions in inches.
Identification example:
100094 - style “c” - .267 DIA x .040 IUD (Seri,i IICF4II-2671O)

-Purchase Order No.
“D DIA” X “R h.!ll”
style
Basic Part Number

FIGURE 15. Adapter, fatigue fixture.

33

http://www.abbottaerospace.com/technical-library


MIL-STU-1312B

● ’

:...

A.

DIA. PIN

I

.,

,,

FIGURE 16.. ~ioldingfixture.
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1’.

I
Im-

- -’=FT3”7-+1-
-1 1

,
.75 I

, v///
‘~ J

I ‘ “ r I 314 D-.O6&

T T_““i“1.50

I,m —.. —

uila ; ~

-1 TI.0
2.0

J
2.50

Iizll

II

\

\\\\\l Llw
111———

.03 WASHER CERROLOW J + .25
OR EQUIVALENT. ADD SHIMS
AS REQUIRED TO MAKE 4L .50
PROPER GRII?

~:

D= NOMINAL SHANK DIAMETER

FIGURE 17. Protruding head adapter.
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1

,,,

. 0 3 WASHER CERROLOW 1
OR EQU I VAL ENT . ADD SH I MS
AS REQU I RED TO MAKE
PROPER GR I F !

NOTE:
-MINAL SHANK DIAMETER

‘u i“

-.25

““4’. ‘k:50 “

:
I

, . . I

-.

FI.GURE18. Flush head adapter.
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1,

“-m-

YP

FOR GU I DE P I NS

FIGURE19. Compressionloadingfixtureassembly.
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D ’ (NOTE 4)

‘!!II

r1 . 5 0 0+

L
1 - - 1

D’ (NOTE 4)

7

@

r
1.500 +

L

L,.500J

NOTliS:

1. Naterial: Alloy steel.
2. Hea”ttreat: 48-50 HRC

1$
COUNTERBORE
(NOTE 5)

I

f

J L.250
I

T
COUNTERBORE
(NOTE 5)

NEVER LESS
THAN O.020

t-

.500 DIA
BALL

\
~’
-d

-41-.250
3. Ma~hine or grind edges square with face.
4. D’ = (D + .001) +.004 -.000 where D equals the fastener

maximum shank diameter.

.7
I

,

;

5. Counterbore as required for grip.

FIGURE 20. Test plate.
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