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MSFC ST/%NDRRD, THREADED FASTENERS, TORQUE LIMITS FOR

1. SCOPE

1.1 Scope. This standard establishes acceptable torque limits

for threaded fasteners used in space vehicles and support equip-
ment, methodology for establishing acceptable torque limits for

same, and criteria for the use of torque wrenches and o_heE
torque indicating devi=es on such fasteners.

1.2 This standard has been completely revised.

2. APPLICABLE DOCUMENTS

2.1 The following documents form a part of this standard to the

extent specified herein. Unless otherwise indicated, the issue
in effect on date of invitation for bids or request for proposal
shall apply.

SPECII_ICATIO_S ,STANDARDS

_edera_

FED-STD-H28/2A Screw Thread Standards for Federal Services
Section 2, Unified Inch Screw Threads-UN and
UNR Thread Fo_ms

Wrench, Torque

Plating, Cadmium (Electrodeposited)

MIL-HDBK-SF

MIL-STD-1312
Test 8
Test 15

Metallic Materials and Elements for Aerospace
Vehicle structures

Fastener Test Methods

Tensile Strength
TorqUe-Tension

MIL-T-SS44 Thread Compound, Antiseize, Graphite-
Petrolatum

MIL-N-25027 Nut, Self-Locking, 250OF, 450°F ,
and 800°F

MIL-L-46010

Type 1
Lubricant, solid Film, Heat Cured, Corrosion
Inhibiting

MIL-L-87132 Lubricant, Cetyl Alcohol, l-Hexadecanol,
Application to Fasteners
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Washer, Countersunk and Plain, For Use With
Bolts and Nuts Up to and Including 220 ksf

_ety Wiring and Cotter Pinning, General
Practice For

National_and_p__q_Administratlon

NHB 8060.1 Flammability, Odor, and Offgassing
Requirements and Test Procedures for

Materials in Environments that Support
Combustion

NASA TM-86556 Lubrication Handbook for The Space Industry

SP-R-0022A Vacuum Stability Requirements of Polymeric

Material for Spacecraft Applications

GeoraeC. Marshal_ _D_ce F1iqbt Cente_

IOA00527 Sealing of Fasteners Subject To Seawater

Exposure on the SRB, Excluding the SRM

40M3958! Connectors, Electrical, Circular Miniature,
Installation and Mounting, Procedure For

LvndonB_=.Johnso_ SPace Center

NSTS 08307 Criteria For Preloaded Bolts

(copies of specifica*tions, standards, drawings and publications
required by contractors in connection with specific procurement
functions should be obtained from the procuring activity or as
directed by the contracting officer).

OTHER P_LICATIONS

Nationa_ _erospaceSt__dards

NAS 1587 Washer, Plain and Countersunk, 1200 ° F

(Applications for copies should beaddressed to:

Aerospace Industries Association of America, inc.
1250 Eye Street, NW

Washington, DoC. 20005 )

Li
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AerosDace Standards

AS 1310 Fastener Torque for Threaded Applications,
Definitions of

(Applications for copies should be addressed to:

Society of Automotive Engineers Inc.
400 Commonwealth Drive

Warrendale, PA 15096 )

_merioan _stit_teo__St__Construotion

Specification for structural Joints Using ASTM A 323 or
A 490 Bolts

(Applications for copies should be addressed to:

American Institute of Steel Construction
1 East Waoker Drive

Chicago, IL 60601

s. DZ_X_XTXO_S

The torque definitions provided herein arethose which are com-

monly used in the aerospace industry (reference AS 1310).

3.1 BEeakaway Torquez The torque required to overcome static
friction when 100 percent of the locking feature is engaged and

the fastener is unseated. Breakaway torque shall not contain any
component of torque required to produce an axial load in the
fastener assembly. Breakaway torque can be prefixed with the
words MAXIMUM or MINIMUM and can be measured in either a loosen-

ing or tightening direction.

3.2 Fastening system: An installed fastener, its component
parts (structural elements, nut, nutplate, insert, washer, lubri-
cant, fastener coating, etc.), the geometry of the hole where it

affects the performance of the system, and installation and
removal tooling and procedures.

So3 F_ee Running Terquel This shall be the torque required to

overcome kinetic friction between mating threads. This torque
can be measured in either a loosening or tightening direction.

Free running torque shall not include any component of torque
required to overcome a self-locking feature or axial load in a
fastener assembly.

3.4 Znstallation torques The designed torque applied at final
assembly. It shall include the net effect of the following:

3
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a) The torque required to overcome kinetic friction between

mating bearing faces and between mating threads, plus;

b) The torquerequired to overcome the self-locking feature (if
any), plus;

c) The torque required to apply the desired axial load to a

fastener assembly.

The installation torque may be prefixed by the words MAXIMUM or

MINIMUM when referring to the toleranced torque values ofthe •
nominal installation torque. The installation torque shall be
measured only in the tightening direction.

3.5 Looking deviue_ A part or mechanism designed to prevent
loss of preload or disengagement of a fastener.

3.6 self-Loukingz An attribute of a fastener or fastener

assembly having an integral locking element to impede relative
rotation of mating components.

3.7 Self-Loaking Torque (Running Tozq_e)_ This shall be the

torque required to overcome kinetic friction of the mating

threads plus the torque required to overcome the locking feature
when i00 percent of the locking feature is engaged and fastener
is unseated. The word "self-locking" shall be understood as the

average locking torque when it is not prefixed by the words

MAXIMUM or MINIMUM. Self locking torque shall not contain any
torque component for axial load in the fastener assembly. The
self-locking torque can be measured in either a loosening or a
tightening direction while the fastener is in motion.

•3.8 Sheaf appliaation_ Shear application in this standard

refers to that application in which the applied tensile loads are

low and the shear ultimate strength (Fsu) of the part is used to
determine the installation torque value.

3.9 Tensile appli=ation: Tensile application in this standard

refers to that application in which the applied tensile loads are

not low and the tensile ultimate strength (Ftu) Of the part is
used to determine the installation torque value.

3.10 TorqueXnstallation Sequenoez A method indicating sequence
of assembling fasteners in a prescribed pattern.

3.11 Verlfioatlon Torquez This shall be the torque required to
initially move the wrenched fastener from the assembled condi-

tion. Verification torque is always measured in the tightening
direction and it usually exceeds the maximum limit of the desired

installation torque. It is normally used to: (1) break loose the
net seizure effects before encountering the corrosive effects

when the fastener assembly is disassembled, (2) initially
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deform the captive internal thread element on blind fasteners

with threaded cores, or, (3) to determine the magnitude of the
installation torque after a given span of time, after cyliu
thermal or vibration loading, etc.

4. REQUIREaENTS

4.1 Tozque Lim£ts.

4.1.1 ACCeptable torque limits for threaded fasteners for use in

space vellicles are tabulated for specific materials, conditions
and strength levels in Appendix A.

4.1.2 Torque-tension data and proposed torque values used for

unique fastener systems not represented in Appendix A shall be
submltted to the procuring activity prior to use. A tolerance of
plus zero (+) 0, minus fifteen (-) 15 percent shall be applicable

to all torque-tension data and torque values obtained. Torque-
tension data and torque values submitted shall be determined by
using one of the following methods:

4.1.201 Torque-tenslon testing. Torque tension testing is the

preferred metho_and shall be used for determining torque-tension
data and torque values to the maximum extent possible. Torque-
tension testing shall be conducted in accordance with the test

methods described in Appendix B. Torq_e-tensibn data and torque

values which meet the testing requirements of Appendix B shall be
incorporated in Appendix C, and allowed for use on appropriate
fastener system designs.

For typical.preloaded structural assembly tension applications,
the torque shall not exceed a value which will result in a
tensile preload greater than 65 percent of the tensile yield

strength as determined by MIL-STD-1312-SA (Johnson's 2/3 approxi-
mate method for determination of yield strength; Figure I).
Torque values based on lower percentages of tensile yield
strength shall be permitted based on the speoiflc application and
procuring activity approval. For shear applications, the torque

shall not exceed 60 percent of the tensile application torque
determined by MIL-STD-IS12-SA.

For critical preloaded structural assembly tension and shear

applications, torque values basedon higher percentages of ten-
sile yield strength shall be permitted based on procuring activi-
ty approval.

Where the ultimate tensile load levels of the internally and
externally threaded members t (bolts, screws, nuts, nutplates,
inserts, etc.) are different, the torque requirement correspond-
ing to the lower allowable tensile load level shall apply.
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4.1.2.2 Rmalysls. Preload torque may be determined by analysis

(e.g. NSTS 08307) as the torque value required to ensure joint

assembly integrity, considering all loading, thermal, and opera -•

tional environments and applicable safety factors, where torque-

tension testing is not justifiable, or where data exists with

similar design configuration which supports the analyis. Deter-

mination by analysis is subject to procuring activity approval.

Analysis shall be based on the material minimum or A-Basls (ref.
MIL-HDBK-SF) tensile yield strength and the thread minimum ten-

sile stress area (e.g. formulas in FED-STD-H28/2A, Table II.B.I,

etc.), or the minimum shank cross sectional area, whichever is
least.

_.-i
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For typical preloaded structural assembly tension applications,
the torque shall not exceed a value which will result in a

tensile preload greater than 65 percent of the tensile yield

strength as determined by tensile testing of the fastener. Torque

values based on lower percentages of tensile yield strength shall

be permitted•based on the specific application and procuring
activity approval. For shear applications, the torque shall not

exceed 60 percent of the tensile application torque, determined
by MIL-STD-1312-8A.

For critical preloaded structural assembly tension and shear

applications, torque values based on higher percentages of ten-

sile yield strength shall be permitted based on procuring activi-
ty approval.

Where the ultimate tensile load levels of the internally and

externally threaded members' (bolts, screws, nuts, nutplates,

inserts, etc.) are different, the torque requirement correspond-

ing to the lower allowable tensile load level shall apply.

4.1.3 Automatia Preload Inaicatlng Fastening systems. Fastening

systems which employ special features to provide and/or indicate •
predetermined preload levels upon installation shall meet the

preload tolerance requirements of 4.1.2 when tested in accordance

with 4oi.2.1. Manufacturers' torque-tension data or equivalent
shall be submitted to demonstrate compliance.

4oi.4 High Strength Fasteners. Methodologies other than torqu-
ing should be utilized to determine fastener preload where there

is a concern with fastener materials which have high yield

strength to ultimate tensile strength ratios, and/or low ductili-

ties. Preload can be more accurately determined with hydraulic

tensioners, preload indication washers, ultrasonic devices,
instrumented bolts, etc.

40105 SUpport Equipment Struatural Steel Appllaationso Steel

construction for ground • support equipment applications (ASTM
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A307, A32S, A354, A490, etu. bolts) shall conform to the require-
ments of the AMERICAN INSTITUTE OF STEEL CONSTRUCTION SPECIFICA-

TION FOR Structural Joints Using ASTMA325 or A490 Bolts. Struc-
tural steel applications are not covered in this document.

4.2 ToZque Wrenches. Unless otherwise specified, torque shall
be applied to fasteners using torque wrenches which conform to

Specification GGG-W-686. The torque wrench to be used shall be
chosen such that the specified torque values for a particular
fastener shall be between 20 and 80 percent of the full scale
torque.

4.2.1 Calibration. Unless otherwise specified, torque wrench
calibration shall be checked prior to the first use and thereaf-
ter at intervals not to exceed 30 calendar days. A dated certi-
fication of such check shall be securely attached to the wrench.

4.2.1.1 Sealing and Marking. Torque presetting Wrenches shall
be sealed after adjustment and calibration check with a suitable
tamperproof material. The torque to which the wrench is set

shall be clearly and conspicuously marked on the wrench.

4.2.1o2 Reaallbratlon. If a torque wrench is dropped, struck or

otherwise damaged, or suspected of being out of calibration, the

wrench shall be checked before further use and, if found to be
out of calibration, the wrench shall not be used until recaii-
brated.

4.2._ Adapters. Adapters or extensions shall be used with

torque wrenches only when necessary. Adapters or extensions
shall be used only with wrenches designed for their use and the

wrench or adapter combination shall be calibrated prior to use or
correction made for actual torque by an acceptable analytical
method.

4.S Installa_ion.

a. Use sockets and wrenches that have no sharp edges or burrs

that could damage the fastener plating or coating.

b. Torque shall be applied fromthe nut of the fastening system

to the maximum extent possible when a nut is present. Whenever
clearance is a problem, torque may be applied from the bolt head
of the fastening system, to the high side of the torque range
specified in the torque tables of Appendix A.

o. The nut, nutplate, insert, etc., shall not engage any incom-
plete threads adjacent to the bolt or screw shank.

d. Any identification mark in the washer used under the nut
shall be placed opposite the face of the nut.
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e. When• a self-locking screw thread fastening system is being

installed or removed, the locking or break-away torque shall _

comply, with_the applicable torque values shown in TABLE XI,
Appendix A.

f0 Install fastener threads to extend through nuts, or nutplates

to comply with thethread minimum protrusion requirements shown

in TABLE X!I, Appendix A. [Depth of fastener threads intotapped
holes or free running inserts shall be one diameter minimum.

Depth of fastener threads into locking inserts shall be as above

or a minimum of 1.S threads through the locking element, which-
ever is greater.]

g. For grip length adjustment, bolt length can be changed as
necessary. The number of washers used on a fastener shall be

limited to three, with one countersunk washer and one plain
washer under • the bolt head, or one countersunk washer under the

bolt head and two plain washers under the nut.

h. Countersunk washers shall be installed under bolt heads with

the countersink facing the bolt head of the Joint.

4°4 Lubrloantsz Lubricants shall be specified on installation

drawings when necessary to prevent galling or other damage to

fastener • threads or bearing surfaces. Lubricants used in LOX

systems shallmeet the compatibility requirements of Specifica-
tion NHB 8060.1. Lubricants used in space vacuum shall meet the

requirements of SP-R-0022A. Lubricants used for fastening sys-

tems on space vehicles and support equipment and method of appll-
cation are subject to procuring activity approval.

(Sources of lubricants include NASA TM-86556: Lubrlcation•Hand .

book for TheSpace Industry, The Marshall SpaceFlight Center,

Materialsand Processes Technical Information System (MAPTIS), as

well as technical literature from lubricant manufacturers).

4o5 Designer Znformatlon.

a. Torque values for installing threaded fasteners shall be

shown on drawings by providing specific values including applica-

bl_ tolerances for bolts, nuts and other threaded fasteners.

Lubricants and •method of installation shall be shown on the
installation drawing.

8
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NOTIOE| When Government drawings, specifications, or other data
are used for any purpose other than in connection with a defi-

nitely related Government procurement operation, the united
States Government thereby incurs no responsibillty nor any obll-
gation whatsoever, and the fact that the Government may have
formulated, furnished or in any way supplied the said drawings,
specifiuatlons or other data is not to be regarded by implication

or otherwise as in any manner llaensing the holder or any other
person or corporation or conveying any rights or permission to
manufacture, use or sell any patented invention that may in any
way be related thereto.

copies of speoifiuations, standards and publications required by
contractors in connection with _peuific procurement functions

should be obtained from the procuring activity or as directed by
the contracting officer.
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APPENDIX A

TABULATED TORQUE DATA
(HISTORICAL DATA)

(TABLES I-XII)

AIo 8COPBs This appendix contains a historical background, and
the Detailed Requirements in their entirety as contained in MSFC-

STD-486A. Tables I-XII are applicable as written°

A2, HISTORICAL BACKGROUND_

The proposed MSFC-STD-486 was first distributed for comments on

May 28, 1968 and again on August 30, 1968 by the Chairman of the
Specification Coordination Board, R-P&VE-VNR, Mr. F. V. MuDanlel,

under the direction of R-P&VE-V, Mr. Aberg (Vehicle Systems
Engineering Division). The development of this standard was a
combined effort of the Vehicle System Engineering Division, the
Materials Division under the direction of Dr. W. R. Lucas, Direc-
tor of Propulsion and VehiQle Engineering Laboratory, and the
Manufacturing Engineering Laboratory, under the direction of Mr.
Werner R. Kuers.

The Proposed MSFC-STDT486 torque limits'were initially taken from
the sturdevant, "Proposed Standar_ Torque Values for Industrial
Fasteners (Metal)", dated August 1964. An extensive review of

industry torque procedures revealed that Chrysler, Douglas, and
IBM used the ABMA-STD-18, dated July 7, 1958; Boeing used BAC
5009; and NAR used MK0601-002. The Torque values from Sturde-
vant, industry, and MSFC (actual torque-tension tests) were
compared to values published in WADC Technical Report 57-330,

ASTIA Document No. AD131039, dated July 1957, entitled, "Investi-
gation for Determining the Torque-Tension Relationship Of Screw
Threaded Fasteners Used on Aircraft."

The Materials Division submitted comments concerning the Proposed
MSFC-STD-486 to Dr. Lucas, R-P&VR-DIR, in memos R-P&VE-MMM-68-68

on July 19, 1968 and R-P&VE-MMM-68-82 on Sept. 3, 19680 Detailed
comments were submitted to Mr. Aberg, R-P&VE-V, in memo R-P&VE-
MMM-68-89 dated ooto 7, 1968. The contents of that memo are
summarized as follows:

"Data from torque-tension tests made jointly by the Materials
Divlsion and the Manufacturing Engineering Laboratory on 1/4,
3/8, and 5/16-1noh diameter fastener systems (160 ksi and lower
strength levels), indicate that the PrOposed torque values in the
subject standard for cadmium plated systems should be reduced to
approximately 80 percent of the proposed values.

11
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Our data also indicates that the effect of torquing from the head

of the bolt (as opposed to torquing of the nut) results in less

tension load for a given amount of torque.

Among the numerous variables which can significantly influ-

ence the torque induced tensile load in a fastener system are the
number and type of washers used and the type of nu_ used.....Our.

tests were made in accordance with actual installation proce-

dures, a process which is not taken into account in previously

published torque tension charts. As previously stated, the use •

of different washers and nuts significantly influence the actual
tensile load realized.

.... Torque'tension tests made with a Skidmore-Wilhelm machine

are limited to specific fastener diameters and lengths.

Variables associatedwith different •length fasteners cannot be

easily correlated by this method of testing. We have made tests

on 1/4, 3/8, and 5/16-inch diameter fastener systems of 160 ksi

and lower strength levels. To make tests on stronger, larger,

longer, or shorter fasteners would require extensive fixturing

and additional calibrated gages, which are not readily acquired,
and the procurement of many sizes and designs of fasteners for

testing. This division is currently not in a position to handle

such an extensive test program in-house; however, a Manufacturing

Engineering Laboratory contract, currently in force, with the
Almay Testing Corporation may provide additional data that could

be of value to this specification. Therefore, other than the

changes specified above, we believe that the torque values pro -

posed in thesubject specification represent the best knowledge

that wehave available. Asadditional data are obtained, amend-
ments to this specification may be necessary.,,

Major additions, based on torque-tension data generated under

contract NAS8-32525 (completed 11-14-77) with SPS Technologies

and torque tension tests performed at MSFC, were made to

MSFC-STD-486 as Amendment 2, dated July 21, 1978. At that time

Tables IV, V, VI, and VII containing torque values for 140, 160,
180, and 200 ksi UTS A286 CRES fasteners were added as well as

Table VIII which contained torque values for 260 ksi UTS MP35N
Multiphase fasteners

Paragraph 4.1.1 was also added to specify that tension nuts must

have an axial tensile strength equal to or greater than that of

the bolt for the torque values specified in Tables I through III
to apply. Another addition specified the use of onecountersunk

washer under the bolt head and one flat washer under the rotating
elements for the 160 and 180 ksi UTS bolts

Notice l,published Jan. 5, 1981, added amQng_othsr_items__MIL- L_

8937 Lubricant, IOA00527 (PR1422) Sealant Procedure, and NAS1587
Washers for 1200°F application. Tables IX and X, based on MSFC

torque-tension data, were added to specify torque values fOrA286

12
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CRES fasteners lubricated with Conoco HD-2 grease and Tables XI
and XII were added to specify torque values for A286 CRES fasten-
ers sealed with PR1422. Table XIII incorporated torque values
for MP35N fasteners lubricated with MIL-L-8937. Table X_V and XV

specify locking torque and minimum bolt or screw thread protru-
sion respectively.

Paragraph 4.1.5 was added which states; "In olrcumstances where

the nut strength varies from the bolt strength, the torque re-
quirement of the lower strength component shall apply." This
paragraph was intended to preclude the type of failures which
occurred in 1980 [Memo EH44(80-15)] and later in 1982 [Memo

EN22(83-39)] with A40 ksi UTS A286 ORES nut cages and anchor nuts
being utilized with 180-200 ksi UTS, Inconel 718 bolts.

The addition of paragraph 4ol.5 was to preclude overtorquing of
the weaker component of a fastener system which inadvertently
contained a mismatch of components. The paragraph was not added
tO give license to poor engineering practices such as the utili-

zation of lower strength shear nuts on high strength tensile
bolts. When the practices of installing shear nuts on tensile
bolts is permitted, the chances for overtorque and failure o£ the

nut are greatly increased. A technician is more likely to note
the strength of the bolt and not the mating element and to apply
a torque value in accordance with the bolt strength. In addi-
tion, the strength of the bolt can never be fully utilized as it
is when the correct strength tension nut is properly used.

In DeO. 1987, a completely revised MSFClSTD-486A was published

which was a major improvement in organization. This revision was
approved by the Materials and Processes Laboratory, the Struc-
tures and Dynamics Laboratory, the Test Laboratory, and the
Quality Assurance Office. This revision contained the important

paragraph 6.2, DESIGNER I_FORMATIX_[_statlng that "Torque Values
for installing threaded fasteners shall be shown on drawings by
providing specific values including applicable tolerances for
bolts, nuts, and other threaded fasteners." With the addition of

this paragraph, the drawing should also state that the torquing
procedures are in accordance with MSFC-STD-486o

MSFC-STD-486 was completely revised again in 1992 by a continuous

improvement team composed of Materials and Processes Laboratory,
Structures and Dynamics Laboratory, and contractor personnel.
This revision expanded the scope of the standard to include
torque-tension testing methodologies, updated the applicable

documents section of the standard, added a definitions section to
the standard, completely revised the Requirements section of the
document, added an Appendix A providing a historical background

to the document and added notes to this appendix to clarify the
existing standard torque tension tables, and added an Appendix B
to the document providing torque-tension testing procedures.

13
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The MSFC-STD-486 has evolved over a period of twenty years and

the revised Requirements of Paragraph 4 are applicable, especial-
ly concerning torque wrenches and their calibration. It is

therefore considered mandatory to follow the Requirements and
Detailed Requirements ofMSFC-STD-486, unlessotherwiseapproved.

A3. DETAILED REQUIREMENTS. The detailed requirement information

contained herein is from MSFC-STD-486A, dated December 1987, and
•establishes acceptable torque limits for threaded fasteners.

R3.1 Torque •Values for Standard and High Strength Steel Threaded
Fastene_ Systems. The torque values specified in Table I are

applicable to the specified materials andconditions in tension

applicationsusing nuts having an axial tensile strength equal or
greater than that of the bolt and with one flat washer under the

rotating element. The 160 and 180 ksi bolt and nut tensile
strength levels shownshall be assembled with one countersunk
washer under the bolt head and one plain washer under the nut•.

Unless otherwise specified, torque values for fastener systems
used in shear applications shall not exceed 60 percent of the
values shown in Table I.

A3ol. I Cadmium Plated Steel Fasteners. Torque values for tight-
ening clean cadmium plated unlubricated steel fasteners shall be
in accordance with DRY values in Table _.

A3.X.2 Lubricated. Torque values for tightening cadmium plated
or not plated steel fasteners lubricated• with an approved lubri-
cant (see A4.1) shall be in accordance with the LUBE values in
Table I.

A3.2 Torque Values foe 300 Series Cozrosion Resistant Steel
(CRES) Threaded Fastener Systems°

The torque values specified in Table II are applicable to•the '

specified materials and conditions in tension applications using
nuts having an axial tensile strength equal or greater than that
of the bolt and with one flat washer under the rotating element.

Unless otherwise specified, torque values for fastener systems
used in•shear applications shall not exceed 60 percent of the
values shown in Table II.

A3.2.1 Paeslvated. Torque values for tightening clean passivat-
ed 300 series CRES threaded fasteners shall be in accordance with
Table II, ColUmn A.

_A3.2.2 Plated. Torque values for tightening clean silver plated
CRES 300 series threaded fasteners shall be in accordance with
Table II, Column B. •

A3.2.3 Lub_Imated. Torque values for tightening 300 series CRES

14
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threaded fasteners lubricated with an approved lubricant (see

A4.1) shall be in accordance with Table IX, column C.

A3.3 Torque Values for 62,000 psl (62 ksi) Tensile Strength
Aluminum Alloy Threaded Fasteners (2024-T4 and 7075-T6}. The

torque values specified in Table II are applicable to the speci-
fied materials and conditions in tension applications using nuts
havingan axial tensile strength equal or greater than that of

the bolt and with one flat washer under the rotating element.
Unless otherwise specified, torque values for fastener systems
used in shear applications shall not exceed 60 percent of the
values shown in Table II.

A3o3._ Anodised. Torque values fo_ tightening clean anodized
aluminum threaded fasteners shall be in accordance with Table II,
Column D.

A3.3.2 Lubricated. Torque values for tightening clean anodized
aluminum threaded fasteners with an approved lubricant shall be
in accordance with Table If, Column E.

A3.4 Torque Values for UNS K66286 (A286) Fastener Systems.
Unless otherwise specified, torque values shall be in accordance
with paragraphs A3.4.1 through A3.4.5.

A3.4.1 oadmium Plated Nuts. Torque Values for Snstalling A286
bare/passivated bolts, cadmium plated nuts and MS14183/NAS 1587
washers shall be in accordance with Table Ill.

A3.4.2 Cadmium Plated Nuts Coa_ed with Qetyl Alcohol. Torque
values for installing A286 bare/passivated bol_s, cadmium plated
nuts coated with cetyl alcohol per MIL-L-87132, Type I, Grade A,
and MSI4183/NAS 1587 washers shall be in accordance with Table

AS.4.3 Fastener Systems Coated with Dry Film Lt_bEicant. Torque
values for installing A286 bolts and nuts coated with dry film
lubricant per MIL-L-46010 and MS14183/NAS 1587 washers shall be
in accordanoe with Table V.

A3.4.4 Fastener Systems Lubricated with Continental Oil company
(Conooo) HD Calcium Grease No. 2. Torque values for installing

A286 bare/passivated bolts, cadmium plated nuts, and
MSI4183/NASI587 washers lubricated with Continental Oil Company
HD Calcium Grease No. 2 shall be in accordance with Table VI.

Grease shall be applied to thestructure, bolt shank, threads,
and washers of the fastener system. After torquing, excess
grease shall be removed with a lint-free cloth or paper towel.

A3.4.5 Fastener Systems Bealed with PR-1422, (Product Research

0o.). Torque Values for installing A286 bare/passivated bolts,
cadmium plated nuts and MS 14183/NAS1587 washers sealed with PR-

15
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1422 shall Comply with Table VII. PR-1422 shall be applied to

holes, under•bolt head, on bolt shank, on threads, and to the nut
face perMSFC Drawing No. IOA00527.

A3.5 Torque Values rOE UNS N07718 (Alloy 718") Fastener Systems.

Unless otherwise specified, torque values shall be in accordance
with paragraph A3.5oi.

A3,5.1 Fastener Systems Coated with Dry Film L%tbEiOant, Torque

values for installing Alloy 718 bolts a_d nuts coated with dry
film lubricant per MIL-L-46010 and MS 14183 washers shall be in

accordance with Table VIII.

A3.6 Torque Values foe UNS R30035 (MPSSN**) Fastener Systems.

Unless Otherwise specified, torque values shall be in accordance
•with paragraphs A3.6.1 and A3.6.2.

A3.6.1 Cadmium Plated Nuts. Torque values for installing MP35N

bare/passivated bolts, cadmium plated nuts and SPS No. 75708

washers or equal shall be in accordance with Dry BOlt and Cadmium
Plated Nut Column, Table IX.

A3.6.2 Dry Film Lubricated Nuts. Torque values for installing

MP35N bare/passivated bolts, dry film lubricated nuts and SPS No.
75708 washers or equal shall• be in accordance with Lube Bolt and

Dry Film Lubed Nut Column, Table IX ....

_3.7 Torque Values for #2 Through #I0 Thread Sizes.

A3.7oi Unless otherwise specified, torquevalues for #2 through
#10 thread sizes shallbe in accordance with Table X.

A3.8 Table•Torque Values. Table torque values are the net

• effect of•installation torque (a) • (c) components. The measured

self-locking torque (_unning torque) of self-locking fasteners

shall be added to the specified torque to obtain the final ap-
plied torque.

A3,.9 Safety Wiring and Cotter Pinning. When securing fasteners

with safety•wire or cotter pins in accordance with MS335410,

tightening may continue beyond the specified torque to permit

slot and hole alignment provided that the final torque•does not

exceed the specified torque by more than 10 percent. •[When

cutting off excess lengths of safety wire or cotter pins, capture

and properly dispose of the removed pieces. This is required to

eliminate free floating debris on orbit which may jam mechanisms,
short circuit electrical contacts, etc.]

• Registered Trademark of Huntington Alloys, Inc°

• * Registered Trademark of SPS Technologies, Inc.
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A4, NOTES

A4.1 Rpp=oved Lubricants. Unless otherwise specified, the fol-
lowing lubricants have been approved fer use:

(a) MIL-T-SS44 Thread Compound, Antlseize graphite-
petrolatum

(b) MIL-L-46010

Type I
Lubrloant, Solid Film, Heat Cured,
Corrosion Inhibiting

(o) MIL-N-25027 Nut A Self-looking, 250°F, 450°F, and
800_F (Lubricants shall be qualified and
listed in QPL 25027)

(d) Conoco HD #2 Continental Oil Company HD Calcium
Grease NO. 2.

(e) PR-1422 Products Research & Chemical Corp.

Temperature Resistant Sealing Compound

A4.2 RetorquingIReusel The effect of retorquing/reuse on a
fastener's torque-load relationship can be significant, and has

been shown to be significant foe specific fastening systems. All
activities which install fasteners should consider the potential
effects on preload that retorquing fasteners can have on in-
stalled hardware. Appendix B covers procedures for determining
retorque-tension curves.

A4.3 Tables IZI-IX| Tables III-IX specify torque values based
on headings whieh specify the bolt and nut type for tensile and
shear. The intent of the tables is to provide torque values

based on tensile or shear applications. However, tension and
shear type fasteners should be used for tensile and shear appli-
cations, respectively, to the maximum extent possible. The use
of 10W profile shear fastener elements with tensile fasteners is
allowed if the design dictates, but is discouraged. For tensile

bolts used with shear nuts, torque values from the appropriate
shear column must be used. Torque values for shear columns are

based on using shear type nuts. When shear nuts are used, the
torque is a maximum of 60 percent of tensile column values.

A4.4 Table XI_ Table XI is taken from MIL-N-25027. The minimum

breakaway and maximum locking torque values shown represent
acceptable limit values of these parameters for self-looking nuts
during durability tests conducted per MIL-N-25027. This table

may also be used to determine acceptable running torque values.
Running torque values that fall between the minimum breakaway and
maximum looking torque values listed are acceptable.
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A4.5 Blemtriaal Connectors: MSFC Drawing 40M39581 provides

standard methods for installing and mounting circular miniature•
electrical connectors conforming to MSFC Specifications 40M38277,
40M38298 and 40M39569.
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Table I (5; 6)
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Fastener _
81ze

I

114
5116

318
7116

I/2

Torque Values for Steel Screw Thread
Fastening System Cadmium Plated or Lubricated

.......... . ,: ,,_ .......................

Grade or Ultimate Tensile Strength,

SAE2 SAE5

Dry '_[ Lube Dry Lube

KSi

125

Dry ._ Lube__._

55
105

18o
275
420

9116. ........ 620

IIIII

42
78

135
210
315

Torque, Inch Pounds(4)

80 72 90
150 132• 155

. 265 228 275
480
610

6/8
3/4
7/8

1
1-118
1-1/4

Fastenel'
Size

1/4.
5/16

318
.., .= i i

7/16
1/2

9116
5/8
3/4
7/8

1
1-1/8
1-1/4

860
1,380
1,860
2,820
4,600
6,300

470
660

1,080
......1,440

2,160
3,300
4,740

900

1,224
2,340
2,620
5,220
7,560

10,440

36O
540
790

1,080
1,620
2,760
4,200
5,640
7,920

500
69O

1,000
1,296
2,496
3,840
5,520
7,980

11,040

[111111

78
144
240
390
576

860
1,200
1,920
3,060
4,620
7,200

10,080

Gra.de or.Ultimate.Tensile Strength, Ksi

Notes:

SAE6....
LubeDrY

102
225
375
610
905

1,344

1,836
3,000
4,800

7,236
11,520
15,840

90
198
330
540
790

1,080
1,620
2,640
4,200 .........
6,360

10,200
14,100

160
| .... , ,

Dry Lube Dry
Pounds

99
210
36O
576
83O

1,200
1,728
2,880
4,500.
6,912

10_600
15,120

i i I

Torque, inch
115
238
405
75O
950

1,404
2,100
4,500
6,3oo.....
9,000

13,920
21 ,Q00

(4)

145
320
530
860

1,260
1,920
2,520
4,200
6,720

10,320
16,320
22,680

180
Lu'be

103
240
396
648
940

1,440
1,920
3,180
5,040.
7,800

12,240
17,040

i I

1. These torquevaluesapplyto UNC and UNF threads,
2. DRY torquevaluesare to be usedforsleel, oadmtumplated butnot lubricated.
3. LUBE_torquevaluesare to be usedfor steel,platedorunplatedwith lubricantsper Par. A4.1.
4. A toleranceof (+) 0% and (-) 16°/,,Is applicable.
6. Add lockingtorqueof self-lockingdevicesto torquevaluesspe0111edon the drawing.
6. Torque valuesare fortensionapplications.Torquevalues for shear applicationsshallnot

0exceed 60 %of the valuesshownunlessotherwisespecified.
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Table !1 (5, 6)

Torque Values for Corrosion Resistant Steel and

Aluminum Alloy Screw Thread Fastening Systems

. I

Fastener
Slze

1/4
6/16

3/8
r

7116
1/2

.. 9/16
i

5/8
3/4
7/8

1
1-1/8
1=1/4

" |1

Screw "thread Fastening system

CRES 300 Series (3) "
• .m

A C
Passlvated Lubricated

i

• 70
130
225

•375
500

• 700

1,000
1,440
2,280

3,120
4,680
5,760

B
Ag Plated

Torque, Inch Pounds (2)
I iiJ

56
104
180

3OO
400
56O

800
1,150
1,800

" 2,520
3,720
4,620

42
78

135

225
300
420

600
860 •

1,368

Aluminu m .Alloy (4).

D E
Anodized Lubricated

45
80

145

230
320
460

,,.. |r i

655
940

1,440

1,860
2,820
3,480

25.
.45
85

135
190
250

430
580
660

1,920 i,150
2,860 1,680
3,600 2,1•60

ill " ii

Notes: 1. These torquevafuesapplyto UNC andUNF threads.
2. A toleranceof (+) 0% and (-)15% isapplicable.
3. 300 SedeSCRES boltshave 80KSI minimumUTS.
4. Alumlnumalloy boltshave 62 KS! minimumUTS.
5. Add k_ckingtorqueol self-lockingdevicesto torquevaluesspecifiedon the applicable

drawing. •

6. Torquevaluesare fortensionapplications.Torquevaluesforshearappllcalionsshallnot
exceed 60%of the valuesshownunlessotherwisespecified.
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Table III (3)

Torque Values for A-286 Sorew Thread Fastening System
With Nut Cadmium Plated Per QQ-P-.416, Type I!, Class 3

iii iiii i [ _ _ ILII ilffilll i i i

Bolt Type, (1) Tensile Shear
KSI @ RT (mln) 200 (Ftu) 110 (Fsu)

Nut Type, (2) Tensile Shear

Washer

Fastener Size

Tensile Shear
180 (Ftu) 100 (Fsu)

Tensile Shear

MS 14183C and MS 14183 - (4)

Toque, Inch Pounds

0.1900-32
0,2500-28
0.3125-24
0.3750-24
0.4375-20
0.5000-20
0.6626-18
0,6250-18
0,7600-16

Bolt Type, (1)
KS! @ RT (rain)

46-54
110-130
230-270

450-530
725-855

1.,145-1,345
1,625-1,910
2,270-2,670
3,950-4,645

..,,, ,

i illlWiiiiiii iiii i i

Tensile
160 (Ftu)

Nut Type, (2), Tensile

27-32
70-80

135-160
270-320
435-515
685-805

975-1,145
1,360-1,600
2,365-2,785

III I I

shear

9s (Fsu)

Shear

38-45
90-110
195-230
385-455
625-735

995-1,170
....1,415-1,665

1,975-2,325
3,'450-4,060

BIB I II IIIII I

Tensile
140 (Ftu)

Tensile
i

23-27
55-65

120-140
235-275
375-440
595-700

850-1,000
1,185-1,395
2,070-2,435

Shear

84 (Fsu)
ii

Shear
,,,H= ,,,,

Washer

Fastener Size

0.190o-32
0.2500-28
0.3125-24
o.3750-24
0.4376-20
0.5000-20
0.5625-18
0.6250-18
0.7500-16

i i

Notes:

LI

30-36
75-90

160-19O
320-375
525-620
840-990

1,200-1,410
1,680-1,975
2,935--3,455

1. Boltsare furnishedwllh bare/

NAS1587-C and NAS1587-

Torque, Inch Pounds
ttt iii

19-22
45-55

95-1_ 5
190-225 250-295
315--370 415-49O

505"7595 670-790
720-845 960-1,130

1,005-1,185 1,350-1,590
1,765-2,075 2,370-2,790

||,. ,,

)asSivatedfinish.

(4)
r

22-26
55-65

125-145

14-17
35-40
80-95

160-190
270-320
43,5-515
580--680
8i 0-955

1,425-1,675

2. Nul8 are platedper QQ-P-416, Type II, Class3, and USE IS LIMITED TO 450 _F.
3. Add lockingtOrqueof self-lockingdevicesto torquevaluesspecifiedon the applicable

drawing.
4. Allemate washersbasedon equivalentfastenerstrengthlevelsand corrosionresistant

materialsmay be used.

21



• : . '.

o°. ,,_ _."-

i •

I
.'t

/i

i
{

:%

, '._ - _ ,", .

MSFC-STD-486B

-- November 1992

Table IV (3)

Torq .us Values for A-286 Serew Thread Fastening System
With Nut Cadmium Plated Per QQ-P'416, Type I!, Class 3 and
Costed With Cetyl Alcohol Per MIL-L-87132, Type I, Grade A

Bolt Type, (1)
KSi @ RT (rain)

. Nut Type, •!2)

Washer

Fastener• Size
ii I

0.19 O0-32
0.2500-28

0.3125-24
0.3750-24
0.4375-20

.-0.5000-20
0.5625-18
0.6250-18
0.7500-16

Bolt Type, (1)
KSI @ RT (min)

Nu! Type; (2)
• Washer

•Fastener Size
Ii

01900-32
0,2500-28
0.3125-24
0.3750-24
0.4375--20
0.5000-20

• 0.5625-18
0.6250-18
0.7500-16

|11 i
ii

Tensile Shear Tensile Shear

200 (Ftu) 1!0 (Fsu). 180 (Ru) 100 (Fsu)

Tensile Shear • •Tensile Shear

ii

36-43
90-105

170-200
325-385
525-620
815-960

,150-1,350
1,590-1,870
2,720-3,20O

MSi4183C and MS 14183-

Torque, Inch Pounds
(4)

I

22-26
55-65

... 100-120
195-230
315-370
49O-575
69o-8 0

950-1,120

r

30-3.6
75-90

- 145-170
285"335
460-540
710-835

• 1,006-1,175
1,380-1,625

i ,i

18-22
45-55
8.,5-1oo.

170-200
275-325
425--5OO
600-705
830-975

1,630-1,920 2;365-2,780 1,420-1,670

I I i
Ten.,,. 8...r

i I

25-30
65-75

120-140
24O-285

•385-455
605-710

8'50-1,000
1,175-1,380
2,000-2355

NAS1587--C and NAS1587- (4)..
Torque, Inch Pounds

i

15-18
4O-45
7O-85

145-170
235-275
360-425
51o=60o
705-830

1,200-1,415

|11

18-22
45-55

.95-110
19O-225
305-360

,485-570
685-805

935-1,105
1,600"1,885

ii

11-13
30-35
55-65

11 5-135
180-215
290-340
410-4"85
565-665

960-1,13O

i

Notes: 1.

2.

3.

4°

i i .........
• • iii i i i ii

Bolts are fumlshed with bare/passtvated finish.

Nuts are plated per QQ-P.416, Type II, Class 3, and USE IS LIMITED TO450 °F.

Add locking torque of sell-locking devices to torque values speclllad on lhe applicable
drawing. ....
Alternatewashersbasedonequivalent fastenerstrengthlevdlsandcorroslonresistant
materialsmay be used.

r-:.
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Table V (2)

Torque Values for A-286 Screw Thread Fastening System
Coated With Dry Film Lubricant Per MIL-L-46010, Type I

Bolt Type, (1)
KSI @ RT (mln)

NutType;(1)
Washer

r iiii i

Fastener Size

...... ,

Tensile

200 (Ftu)

Tensile

Shear Tensile
110 (Fsu) 180 (Ftu)

Shear Tensile
,, , , ,

MS 14183C and MS 14183--

Torque, Inch Pounds
" • = i i i1==11| ==1 = I

0.1900-32 84-40

0.2500-28 95-I 10
0.3125-24 205-240
0.3750-24 395-465
0.4375-20 68_-805
0.5000-20 1,095-1,290
0.5625-18 1,610-i,895
0o6250-18 2,260-2,660
0.7500-16 4,025-4,735

II

20-24 30-35
55-65 80-.9,5 .............

120-.145 175-205
235-280 340-400

Shear
100(FSu)

Shear

965-1,135
1,355-1,595
2,415-2,840

(3)

II I

18-21
48-57

105-125

..........205-240
410-485 585-690 855-415

660-774 945-1,110 565-665
1,380-1,625 .L 830-975
1,940-2,285 1,165-1,870
3,470--4,085 2,080--2,450

iii • _..

Bolt Type, (1)
KSl @ RT (rain)

_NUt Type, (1)
Washer

,J i

Fastener Size

IIII ill, ,.

Tensile
18o (Ru)

[

Tensile

± .,, ,-,...

Shear Tensile

95 (Fsu) 140 (Ftu)
i .,.,,. ,, , .. i

Shear Tensile

NAS1587-C and NAS1587'
i .,., .J,

Torque, Inch Pounds
IIi Ii • i

, i

Shear

84 (Fsu)

Shear

(3)

0.1900-32
0.2500-28
0.8125-24
0.8750-24
0.4375-20
0_5000-20

0.5625-18
0.6250-18
0.7500-16

25-_0
65-75

145-170
280-330
485-57O
785-925

i.155-1,86o"
1,630-1,915
2,940-3,435

lllll, ,

15-18
88-45

85-100
170-200
290-340
470-555
695-815

980-1,150
1,750-2,060

Notes:

20-24
50-60

lll l i

..... "i_0-1so
215-255
380L445
615-725

915--1,074
1,285-1,510
2,325-2,735

12-15
30-36
70-80

130-155
225-265

37O--435 ......
550-645
770-905

1,395-1,640
i i I

1. Bollsand nutsshallbe fullycoatedwithMIL-L-46010, Type I lubricantand USE IS LIMITED
TO 450 °F. LUBRICANT SHALL BE LISTED ON QPL 46010.

£. Add locking torqueof self-leaking devicesto torquevaluesspecifiedon the applrcable
drawing.

8. Alternate washersbasedonequivalentfastenerstrengthlevelsand corrosionresrstant
materialsmaybe used.
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Table VI (3)

Torque Values for A-286 Screw Thread Fastening System
Lubricated With Continental OilCompany

HD Calcium Grease No. 2
. i

Tensile Shear Tensile

• 200 (Ftu) . 110 (Fsu) 180 (Ftu)
,i

Tensile Shear Tensile

Fastener Size
I im

0.1900-32
0.2500-28
O.312,5-24
0.3750-24
0.4375-20
0.5000-20
0,5625-18
0.6250-18
0.7500.16

Bolt Type, (1)
KSI@ RT (rain)

_Nut Type,, (2)
q,

Washer

Fastener Size
ii

0.1900-32
0,2500-28
0;3125--24
0,3750-24
0,4375-2O
0.5000-20
0.5625-18

• 0.6250-18
0.7500-16

i

Notes:

|it

Shear

lOO(Fau)
Shear

i

37-44
85-1 O0

165-.195
I 305-360

475-560
720-85O

1,000-1,180
1,360"1,600
2,235-2,630

MS..l. 4183C and MS 14183- (4)

Torque, Inch Pounds
I I

22-26
50-60

95-115 •
180-215
285-335
435-510
605-710
815-960

1,340-1,580

30-35
70-85

135-160
.255-3OO
-405-480
620-730

18-21

42-50,
80-95

,.15o-18o
245-290
375-4.40

860-1,010
1,165-1,370

1,930--2,270 "

5i5.6o5
695-820

1,155.I ,360

•Tensile Tensile•

160 (Ftu) 140 (Ftu)

Tensile Tensile

• NA81587-C and..NAS1587- _)

23-28
55-65

110-130
• 21 0-250
335-395

520-610 ....
715-840

975-1,150

• 1,615-1,900
ii

Torque, Inch Pounds
i

14-17

3,5-40
65-8O

125-150
|,

200-235
310-365
430_J05
585-690

970-1.140

i

17-20
40-48
8O-95

160-I 90
260-305

II

...... 400-475
580-660 '
765-9OO

1,285-1,5! 0
It i i

..10-12

25"_r0
45-55

95-115
_'i55-185

240-2,85

1. Bolts are furnished wltltabare/l:tassivatedErdsh.
2. Nuts are plated per QQ-P--416, Type II, Class 3. CONOCO HD Calolum Grease No, 2

shall be app!!ed to the structure and bolt threads, shank and washer of the fastener system.
USE IS LIMITED TO 450 °F.

3, Add looking torque of sell-locking devices to torque values specified on the appiloable
drawing.

4. Alternate washers based on equivalent faslBner strength levels and corrosion resistant
• materials may be used.

24
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Torque Values for A-286 Screw Thread Fastening System
Sealed With PR-1422 In Accordance With MSFC DWG. 10A00527

I . _ II I I

Bolt Type, (1) Tensile
KS1 @ RT (rain) 200 (Ftu)

. Nut Type, (2)

Washer
PlU I II II I I

Fastener Size
• i i iiiiilul ii

o.19oo-32 loo-12o
0.2500-28 230-275

• 0.3125-24 455-535
0.3750-24 860-1"i015 .
0.4375-20 1,350-1,590
0.5000-20 , 2,075-2,440
0.5625-18 2,.865-3,375
0,6260-18" 3,900-4,595
0,7600-16 6,500-7,645

Bolt Type, (1) Tensile
KSI @ RT (mln) 160 (Ftu)

=,,,. =,

Nut Type, (2)
Washer

Fastener Size
II1 I]

0.1900-32
0.2500-28
0.3125-24
0.3760-24
0.4375-2O
0.5000-20
0o5625-18
0.6250-18
0.7500-16

i

lU I I I

Shear Tensile

110 (Fsu) 180 (Ftu)
i . i ,, i i

Shear

Shear

100 (Fsu)

Tensile Tensile Shear

...... as 14183c and MS 14.1.83. (4)

Tensile

Notes:

60-70
140-165
285-335

Torque, inch PoUnds
iiinl i

50-60 75-90
120-145 185-220
240-285 365-43O
460-540
730.-860

1.13. .!.,335
1,580-1,860
2,160-2,540
3,635-4,280

700-825.
1,110-1,310
1,725-2,030
2,390-2,815
3,260-3,835
5,26O-6,400

I iiiii i

Shear
9_; (Fsu)

,- t,l_lll i

Shear

Tensile

140 (Ftu)

Tensile

NAS1587-Cend NAS1587-
t

Torque, Inch Pounds
,,,, ,,,,

30-36
75-90

145-175
295--350
480-565
755-890

1,060-1,250
1,455-1,715
2,470-2,905

1.

39--46
95-115

200-235
425-500
650-765

1.030-1,215
1,445-1,700
1,975-2,325
3,330-3,920

iiiii iii I i

55O-650
885-1,045

1,385-1,630
1,925--2,265
2,630-3,095
4,41 0-5,190

i.ii i i

. I

40..-48
95-115

....... 195-230
375-445
600-710

945-1,110
1,315"1,550
1,805-2,125
3,045-3,585

Shear
84 (Fsu)

llll i =

Shear

(4)

20-24
50-60

105.125
210-250
350-415

565-665
845-995

1,095-1,290
1,865-2,195

Boltsare furnished w_tha bare/passlvatedfinish.
2. Nutsare platedper QQ-P-416, Type II, Class3 and USE IS LIMITED TO 275 °F.
8. Add lookingtorqueot self.lockingdevicesto torquevaluesspecifiedon the applicable

drawing.
4. Alternatewashersbasedon equivalentfastenerstrengthlevelsandcorrosionresistant

materialsma_,be used.
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Table VIII (2)

Torque •Values for Inoone1718 Screw Thread Fastening System
Coated With Dry Film Lubricant Per MIL-L-46010, Type I

I

Bolt Type, (1) Tensile
KSi@RT(min) I_ 220(Ftu)

i

Nut Type, (1) Tensile

Washer

Fastener Size

i

0.1900-32
0.2500-28
0.3125-24
0.3750-24
0.4375-20 • 685-805
0.5000-20 1,095-t ,290
0.5625--18 1,610-1,895
0.6250-18 2,260-2,680

Lubed Bolt and Nut
ii ,.

' i i

Shear Tensile Shear
132 (Fsu) 180 (Ftu) 108 (Fsu)

Shear Tensile Shen_r

MS 14183C and MS 14183--- (3) .

i I

34-40
• 95-110

205-240
395-465"'

Lubed Bolt and Nut

Torque, Inch Pounds
I i I I

20=24
55-65

120-145
235-280
410-485
660-774

965-1,135
1,355-1,595

i

30-35 _
8o-95
17,5-2o5

• 340-400
585-690

945-!,11o
1,380-1,625
1,940-2,285

ii

I

18--21
48-57

105-125
2O5-240
355-415
565-665
830-975

•1,165-! ,370

Notes: 1,

2.

3.

Boltsandnuls shallbe fullycoatedwithMIL-L-46010, Type I lubricantand USE IS LIMITED
TO 450 °F. LUBRICANT SHALL BE LISTED ON QPL-46010.

Add Iogldng torque of self-locking devices to torque values specified on the applicable
drawing.
Alternatewashersbasedonequivalentfastenerstrengthlevelsandcorrosionresistant
materialsmay be used.
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Table IX (3, 4)

Torque Values for MP 35N Screw Thread Fastening System
With Cadmium Plated Or Dry Film Lubrleated Nuts

Bolt Type, (1) Tensile Shear
KS1 @ RT (mln) 260 (Ftu) 145 (Fsu)

Nut Type, (2) Tensile Shear
,,, ,, ,

Washer

Fastener Size (In)

0,1900-32
0,2500--28
0.3125-24
0,3750--24
O.4375-20
0.5000-20
0.5625-18
0.6250-18
0.7500-16
0.8750-.14

Tensile

260 (Ftu)

Tensile

75708C and 75708P (5)
I II I I i ii I I

B/P Bolt and B/P Bolt and

.... Cadm!um Plated Nut D.W.FIIm Lubed Nut

Torque, Inch. Pounds

Shear
145 (Fsu)

Shear

ii iiiiiiiiii

68-.80
15 -165
305-360
575-675

890-1,050
1,355-1,595
1,910-2,245
2,645-3,110

40--48

95-t 10
185-215
345-405
53_30
810-955

1,145-1,345
1,585-1,865
2,720-3,200
4,265-5,020

46-55
110-130
220-260
425-500
670-790

1,030-1,215
1,480-1,740
2,080-2,445
3,650-4,295
5,840-6,870

28-33
65-80

130-155

255-soo ........
400-475
620-730

885-1,040
1,240-1,460
2,185-2,570
3,500-4,120

m=,,,

Notes= 1, Bollshave a bare/passivaled(B/P)finish.
2. Nutsare platedper QQ-P-416, Type It,Class£ ordryfilmlubricatedper MIL-L--46010, "l'ypel

I_rtdUSE IS LIMITED TO 450 °F. LUBRICANTSHALL BE LISTED ON QPL-46010.
8. Add locking torqueof sell.locking devisesto torquevatuesspecified on the applioable

drawing.
4, StandardPressed'SteeiPad Numberor EQUAL.
6. Allemate washersbasedon equivalentfastenerstrengthlevelsand corrosionreslslant

materialsmay be used.
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Table X (1,2, 3, 4, 5)

Threaded Fastener Tightening Torque

Thread
Size

#2--56164

#, -4o/48

#6--32140-

•Notes:

#8---32/36

#10--24/32

1.

2.

3,

4.

5.

6O

• , in iiii ¸

Min!mum Ultimate Tensile Strength, ksl
., .,, |., . . , • ,

80 125 16O

Torque, Inch Ounces

21-26

45-56

83-104

26-33

56-70

104-130

42-53

90-112

166-208

Torque, Inch Pounds
, ,,,,

53-66

112-140

208-260

10-12

16-20

11-15

20-25

19-24

32-40

24-30

39-49

When threadedfastenersare self-locking, tightentothe maximumtorquevalue Inthetable,
When lubrlQanlsper Per.A4.1 are used,lightento the minimumvalue.Inthe table.
Addlockingtorqueof self-locking devicesto torquevaluesspecified on the applicable
drawing.
EngineeringdrawingsshallshowthespeclllotorqueValueIncludingapplkmbletolerances
for a fastener.

The tolerancefortlghtenlngtOeitherthe minimumormaximumtorquevafue _splus(+)
or minus(-) two (2) inchOuncesor plus(+) or mtnus(-) one (1)!nch poundas applicable,

28
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Table Xl (1, 3)

Required Locking Torque at Room Ambient Temperature
(Inch po.unds)

Thread Size
Dlameter-UNCIUNF

0.0860-56/64
O.1120-40148
0.1380-32/40
0.1640-32136 ,
0,1900-24132
0,2600-20128
0.3125-18/24
0.3750--16124
0,4375-14/20
0.5000-13/20
0.5625-12/18
0.6250-11/18
0.7500-10/16
0.8750- 9/14
1.0000- 8/12
1.1250-7/12
1.2500-7/12

Maximum Locking
Torque, Installation

or Removal

2.5/2.5
5/5

L ..

10/10
15115
18/18 2.0/2.0
30/30 4.5/3.8
60/60
80/80

100/100

15o/15o
200/200

300/300
4OO/400
600/600
8001800
900/900

1,000/1 o000

Minimum Breakaway

.... Torque

-/-(2)
.... -/-(2)

1.0/1.0
1.5/1.5

7.5/6.5
12.0/9.5

16.5/14.0 ..
24.o/18.o
30.0/24.0
40.0132_0
60.0/50.0
82.0/70.0
110.0/90o0

137.0/117.0
165.0/143.0

I , ,,,.

Notes: 1.

8.

For inspectlonof maximumlocking torque or minimumbreakawaytorquevalues, the nul shall
be engagedon a el?anboltwithat leasttwo thread lengthsprotrudingbeyondthe locking
deviceof the nut. Maxlmumlookingtorqueshall be checkedat a rate slowenoughto obtaln
a dependablemeasureof torqueand the nut shallbe rejectedif the locking torque at Installation
or removalexceeds the above Ilmlls.The nllnfmumbreakawaytorqueshallbe checked crierthe
nuthas beenInstalledwithtwothreadlengthsexposed andat a rate slow enoughto obtaina
dependablemeasure of tOrquebetweenthe Ilmll8of a minimumof one lhreSd length and a
maxknumof two threadlengths extending beyondthe nutend.

Must have someIndloatlonof torque.

Thread sizes0.0860-64, 0.1120-48, 0,1380--A0,0.1640-36, 0.1900_-24,and UNO (coarse)
threadfastenerslrom size 0.2500-20 through1,2500-7 are notpreferredfor8pacecratt design.

29'
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Minimum Thread Protrusion
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ml i i. i

Threads Per Inch Protrusion
iiii .,,

64
56
48

. 40
36
32

m| ii

(inch)
ii ii

0.031
,035 .
,042
,050,,,
,056
,.o62......

28
24
2O

18 •,.= ,

16
14
13
12
11

10
9
8
7

' ,071 _ -.
,.083
.100
.111 .
.125

, ,143 ........

.154
,t67 ....
,182

...... 200
,222
.250
.286

i .....

Notes: Rq The thread protrusion after the nut is torqued shall be no less than
as shown above,
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_PPENDIX B

TORQUE - TENSION TESTING METHODOLOGY

BIo SCOPE

B101 This test method describes standard procedures for deter-
mining the room temperature torque-tension relationship for
threaded famteners. It is not limited by configuration or size.
The following methods are specified_

(a) Hand torque method using torque wrenches.

(b) Machine torque method using torsion machine.

B2, REFERENCED DOCUMENTS

B2.1 Government Documents

B2.I.1 Speolfioations, standards, and handbooks: Unless other-

wise specified, the following specifications, standards and
handbooks form a part of this appendix to the extent specified
herein.

STANDARD

FEDERAL

GGG-W-686 Wrench, Torque

(Copies of specifications, standards, 'handbooks, drawings and

publications required by c6ntractors in connection with specific
acquisition functions should b@ obtained from the contradting

actlvity or as directed by the contracting officer).

B2.Z Oths= publications: The following document(s) forms a part

of this appendix to the extent specified herein.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 74 Verification of Calibration Devices for

Verifying Testing Machines

(Applications for copies should be addressed £o the American
society for Testing and Materials, 1916 Race Street, Philadel-
phia, PA 19103-1187).

E3. DEFINITIONS

B3.1 AbUtments The place at which adjoining or bordering oc-

curs. The part of a structure that directly receives thrust or
pressure.

31
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B4.1 Test Appa_atus

B4.1.1 Hand Torque Methods Torque wrenches calibrated for

accuracy within the limits specified by GGG-W-686 will be re-

quired as well as the necessary adapters to fit the configuration

of the fastener under test. A suitable method conforming to
B4.1°3 shall be used to determine the tension. Fixtures shall
conf0rm to B4.1.4.

B4.1o2 Machine torque methods A,torsion machine capable of

measuring and indicating within an accuracy of 2 percent Of the

scale employed shall be required as well as thenecessary adapt-
ers to fit the configuration of the fastener Under test. A

suitable method (see B4.1.3) shall be used to determine the
tension. Fixtures shall conform to B4.1.4o

B4.1.3 Tensionz The induced tensile load shall be measured by
one of the following instruments, which shall have been verified

for accuracy not more than 3 months before beingused.

_ B4olo3.1 Loa_ cell system: A precis•ion load cell, which has
been calibrated in accordance with ASTM E 74 in a universal

testing machine, and of sufficient capacity to develop the full

tensile load of the fastener under test shall be used. Approprl-
ate strain gages shall be fastened by standard approved methods
tO the load cell, " -.

B4oi.3.2 Tensile Machine| A tension i0r universal tension ma-

chine capable of measuring and indicating the induced tension to

within 1 percent of the test load shall be used. The machine

shall be capable of ma.intaining the induced load upon cessation
of the torque process.

B4.1,3,3 Bolt tension callbratorz A bolt tension calibrator of

the closed hydraulic system type (e.g. Skidmore-Wilhelm Mfg. Co.
or equivalent calibrator) with suitable dials to read the induced

loading directly shall be used. The calibrator shall be accurate

to within 4 percent of the test load and shall be capable of

maintaining the induced load upon cessation of the torque proc-
ess.

B4.I.S.4 strain gages A precision strain gaged bolt or stud

calibrated in a tensile machine shall be used, together with an

accurate strain indicator. The complete system shall be accurate
within 2 percent•of the test load.

B4.1,3.5 Ultrasonic bolt gags____An_ultrasonicbolt gage_(e.g .

Ultrasonic Boltmaster bolt gage or equivalent) calibrated in a
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tensile machine shall be used. The ultrasonic bolt gage system
shall be accurate within i0 percent of the test load.

B4._.4 Test fixtures, Unless otherwise specified, all fixtures
shall meet the following requirements:

B4oi.4.1 Test fixtures shall reflect end item design Joint
configurations. Testing parameters to be identified and recorded
during testing are identified in Table BI.

B4.1.4.2 All f_xtures and washers shall be retained in such a

manner that they are not permitted to rotate.

B4.1.4.3 Bearing surfaces shall be free of dirt or lubricant.

B4.2 Test Speulmenss A minimum of six fasteners shall be tested
for each unique end item design joint configuration. Individual

fasteners shall be tested once for each joint configuration,
unless otherwise specified. If tested beyond their yield
strength, fasteners shall not be retested.

BS. DETAILRD RRQUIREMRNTS

BS.I Test proueduEsss Torque-tension tests may be performed
using any of the indicated methods to determine the torque and
tension provided they can satisfactorily accommodate end item
design joint configurations. In the event of controversy, the

hand torque method (see B 4.1.1) in conjunction with a tensile
machine (see B4.1.3.2) shall be used as the referee method.
Automatic reaordlng devices may be used provided system accuracy
is maintained.

BS.I.I Assembly: Assemble the fastener in the simulated end

item design Joint configuration for testing. (Reference Table
BI, _oint configuration sketch). (Unless otherwise specified,
assemble the fasteners with two to three full form threads disen-

gaged between the nut or internal thread bearing face and the
external thread run-out. When nuts are used, a minimum of one
complete thread shall extend beyond the top of the nut).

B5.I.2 Loading| Unless otherwise specified in Table BI, the
externally threaded member should be fixed with torque applied
through the nut. Torque shall be applied at a rate of approxi-
mately 5 RPM (a rate that will permit the torque readings to be
read while the fastener or nut is in motion). The induced load
shall be read simultaneously with the torque. Loading shall
continue to approximately 90 percent of the fastenerPs minimum

ultimate tensile load (Ibs) capability for each separate torque-
tension test conducted. (Fasteners' ultimate load capabilities

are provided in fastener part number standards and/or fastener
procurement specifications)°
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CAUTION_ Appropriate shielding of the torqued fastener assembly

and additional eye protection shall be provided during loading.

B5.2 Retozquings

Installation torque values must be established for joint
configurations subjected to more than one complete installation

cycle (e6g. full thread engagement of locking feature, or full
clamp-up torque attained in free running nuts). Torque-tension
relationshlpsused for multiple installation cycles must accu-
rately predict fastener preload within acceptable limits deter'
mined by unique configuration strength analysis.

B5.2.1 Test Prooeduresz Test procedures shallbe per the
requirements of BS.I.

B5.2.2 Assemblyz Assembiy shall be per B5.!.1.

B5.2.3 Loadingl Loading for retorque cycles shall be per the
requirements of B5.1.2 except as noted. For retorque cycles:

(i) Load to 65% Of the fastener's minimum ultimate

tensile load(lbs) capability,
(2) Unload to zero tensile load (1be),

(3) Continue(!-2) above for the desired number of retorque
cycles.

S6. REPORTS

B6.1 Test =sports! Test reports shall be submitted through
appropriate channels for review by MSFC Structures andDynamics

and Materials and Processes Laboratories. Test reports shall
include the following data:

S6.1.I _olnt configuration paramste_sz All end item design
joint configuration parameters identified in Table BI shall be
provided.

.

B6.1.2 TorqUe-load diagram_ The test data shall be plotted as

an induced load versus torque curve. The induced load in pounds
(or psi as applicable) shall be plotted on the y-axis, and the
torque values on the x-axis (Figure BI).

For each specific end item design joint configuration, one load-
torque curve shall be generated from the six individual load-

torque curves generated for that configuration. ( One retorque
cycle load torque curve shall be generated for each specific
retorque-cycle). This shall be done by determining a least

squares fit of the appropriate order binomial (2nd, 3rd, etc.)
based on the data from the individual tests.

!i
1
!
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APPENDIX B, TI%BLE BI

END ITEM DESIGN JOINT CONFIGURATION PIq/%RMETERB

BOLT PART NUMBER
BOLT MATERIAL
BOLT STRENGTH LEVEL
BOLT FINISH

NUT PART NUMBER
NUT MATERIAL

NUT STRENGTH LEVEL
NUT FINISH

NUTPLATE PART NUMBER

NUTPLATE MATERIAL
NUTPIJATE STRENGTH LEVEL

NUTPLATE FINISH

INSERT PART NUMBER
INSERT MATERIAL

INSERT STRENGTH LEVEL
INSERT FINISH

WASHER(S) PART NUMBERS
WASHER(S) MATERIALS

WASHER(S) STRENGTH LEVELS
WASHER(S) FINISHES

_OINT MATERIAL #I

JOINT MATERIAL #I STRENGTH LEVEL
JOINT MATERIAL #I FINISH

JOINT MATERIAL #2
JOINT MATERIALS #2 STRENGTH LEVEL
_OINT MATERIAL #2 FINISH

....T

LUBRICANTS

TORQUE APPLICATION

JOINT CONFIGURATION SKETCH
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Torque, In. Lb°

•Figure Blo Load-torque diagram.
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_PPENDZX C

TORQUE - LOAD DZAGI_HS

MSFC-STD'486B
November 1992

O&. SCOPE

C1.1 This appendix contains torque - load diagrams generated
using the torque - tension testing methodology described in

endix B. Included with each torque - load diagram are all

oint configuration parameters (reference Table BI) used to
generate them. Appendix C torque - load diagrams may be used to
establish aaceptable torque limits for threaded fasteners used in
space :vehicles and support equipment.
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