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MSFC STANDARD, THREADED FASTENERS, TORQUE LIMITS FOR
1. BSCOPE '

1.1 Scope. This standard establishes acceptable torque limits
for threaded fasteners used in space vehicles and support equip-
ment, methodology for eatablishing acceptable torgue limits for
same, and oriteria for the use of torgue wrenches and other
torque indicating devices 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 otherwlse indicated, the issue
in effect on date of invitation for bids or request for proposal
shall apply.

SPECTITF DS

Eegeral :

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

GGE~W~686 * Wrench, Toxrque
QQ-P~416 Plating, Cadmium (Electrodeposited)
Military

MIL~-HDBK-5F Metallic Materials and Elements for Aerospace
Vehicle structures

MIL-STD-~1312 Fastener Test Methods

Tast 8 Tensile Strength

Test 15 Torque-Tenslion

MIL~T-5544 Thread Compound, Antiseize, Graphite-
: Petrolatum

MIL~N-25027 Nut, Self-Locking, 250°F, 450°TF,
and 800°F .

MIL-L~46010 Iubricant, Solid Film, Heat Cured, Corrosion
Type 1 Inhibiting

MIL-I~87132 Lubricant, Cetyl Alcohol, l-~Hexadecanol,
Application to Fasteners
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MS14183 Washer, Countersunk and Plain, For Use With
Bolts and Nuts Up to and Including 220 ksi

. F
MS33540 Sggety Wiring and cCotter Pinning, General
Practice For

Ngzignal-agxgnansigg and Space Administration

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

George C. Marshall Spage Flight Center

10A00527  Sealing of Fasteners Subject To Seawater
Exposure on the SRB, Excluding the SRM

40M39581 Connectors, Electrical, Circular Miniature,
Installation and Mounting, Procedure For

Lyndon B. Johnson Space Center

NSTS 08307 Criteria For Preloaded Bolts

(Copies of specifications, 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 officear)
OTHER PUBLICATTIONS
Nationa) Aerospace Standards

NAS 1587 Washer, Plain and Countersunk, 1200° F
(Applications for copies should be  addressed to:
Aerospace Industries Association of Anerica, Inc.

1250 Eye Street, NW
Washington, D.C. 20005 )
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AS 1310 Fastener Torque for Threaded Applications,
Definitions of -

(applications for copies should be addressed to:

Soclety of Automotive Engineers Inc.
400 Commonwealth Drive
Warrendale, PA 15096 . )

-American Institute of Steel Construction

Specification for Structural Joints Using ASTM A 325 ox
A 490 Bolts

(Applications for copies should be addressed to:

Amerlcan Institute of Steel Construction
1 East Wacker Drive
Chicago, IL 60601 S )

3. DEFINITIONS

The torque definitions provided herein are those which are com-
. monly used in the aerospace industry (reference AS 1310).

3.1 Breakaway Torque: The torque required to overcome static
friction when 100 percent of the locking feature is engaged and
the fastener ig unseated. Breakaway torque shall not contain any
component of torque required to produce an axial load in the
fastener assembly. Breakaway torgque can be prefixed with the
words MAXIMUM or MINIMUM and can be measured in either a loosen-
ing ox tightening direction.

3.2 VFastening System: An installed fastener, its component
parts (structural elements, nut, nutplate, insert, washer, lubri-
cant, fastenexr coating, ete.), the geometry of the hole where it
affects the performance of the system, and installation and
removal tooling and procedures.

3.3 Free Running Torque: This shall be the torque required to
overcome kinetic friction between mating threads. fThis torgue
can be measured in either a loosening or tightening direction.
Free running torgue shall not include any component of torgue
required to overcome a self-locking feature or axial lcad in a
fastener assenbly.

3.4 Imnstallation torque: The designed torgque applied at final
assembly. It shall include the net effect of the following:
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a) The torque required to overcome kinetic friction between
mating bearing faces and between mating threads, plus;

b) The torque reqguired to overcome the self-locking feature (if -

any), plus;

c) The torgque required to apply the désired axial load to a
fagtener assembly. A _ ' :

The installation torque may be prefixed by the worda MAXIMUM or

MINIMUM when referring to the toleranced torque values of. the -
.nominal installation torque. The installation torque shall be

measured only in the tightening direction.

3.5 Lookinq device: A part or mechanism designed to prevent
loss of preload or disengagement of a fastener.

3.6 Belf-Xocking: An attribute of a fastener or fastener

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

3.7 8elf-Locking Torgue (Running Torque): This shall be the.

torque required to overcome kinetic friction of the mating
threads plus the torque required to overcome the locking feature

_when 100 percent of the locking feature is engaged and fastener

is unseated. The word "self-locking" shall be understocd as the
average locking torque when it is not prefixed by the words
MAXIMUM or MINIMUM. Self locking torgue shall not contain any

torque component for axial load in the fastener assembly. The -
self-locking torque can be measured in either a locsening or a

tightening direction while the fastener is in motion.

‘3.8 Shear application: Shear application in this standard

refers to that application in which the applied tensile loads are
low and the shear ultimate strength (Fgy) of the part is used to
determine the installation torque valua.

3.9 Tensile application: Tensile application in this standard

refers to that application in which the applied tensile loads are

not low and the tensile ultimate strength (Fiy) ©f the part is
used to determine the installation torgue value

3.10 Torque Installation Sequence: A method indicating sequence
of assembling fasteners in a prescribed pattern.

' 3,11 Verifiocation Torque: 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 torgque after a given span of time, after cylic
thermal or vibration loading, etc,

4. REQUIREMENTS
4.1 Torque Limits.

4.1.1 Acceptable torque limits for threaded fasteners for use in
space vehicles are tabulated for specific materials, conditions
and strength levels in Appendix A.

4.1.2 Torgue-tension data and proposed torque values used for
unique fastener systems not represented in Appendix A shall be
submitted 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. Torgque-~
tension data and torgque values submitted shall be determined by
using one of the following methods:

4.1.2.1 Torque-tension testing. Torque tension testing is the
preferred method and shall be used for determining torque-tension
data and torgue values to the maximum extent possible. Torgue-
tension testing shall be conducted in accordance with the test
methods desoribed in Appendix B. .. Torgue-tension 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 torgque 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-1312-8A (Johnson's 2/3 approxi-
mate method for determination of yield strength; Figure 1).
Torgque 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 torgue
shall not exceed 60 percent of the tensile application toxrque
determined by MIL-STD-1312-8A.

For critical preloaded structural assembly tension and shear
Tplications, torgue values based on higher percentages of ten-

le 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, socrews, nuts, nutplates,
insexrts, etd.,) are different, the torque regquirement correspond-
ing to the lower allowable tensile load level shall apply.
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4.1.2.2 Analysis. Preload torgue 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-
nination by analysis is subject to procuring activity approval. -

Analysis shall be based on the material minimum or A-Basis (ref. .
MIL-HDBK-5F) tensile yileld strength and the thread minimum ten-

sile stress area (e.g. formulas in FED-STD-H28/2a, Table II.B.1,

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

. For typical preloaded structural assembly tension applications,

the torgque 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. Torgue

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-BA.

For critical preloaded structural assembly tension and shear
applications, torgue 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 torgue requirement correspond-
ing to the lower allowable tensile load level shall apply.

predetermined preload levels upon installation shall meet the

preload tolerance requirements of 4.1.2 when tested in accordance
with 4.1.2.1. Manufacturers'

shall be submitted to demonstrate compliance.

4.1.4 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.

4.1.5 ‘Bupport Equipment Structural Steel Applications. ' Steel

construction for ground support equipment applications (asTM

Fastening

torque~tension data or equivalent
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A307, 3325, A354, A490, etc. bolts) shall conform to the require-
ments of the AMERICAN INSTITUTE OF STEEL CONSTRUCTION SPECIFICA-
TION FOR Structural Joints Using ASTM A325 or A490 Bolts. struc-
tural steel applications are not covered in this document.

4.2 Toxque Wrenches. Unless otherwise specified, torgue shall
he applied to fasteners using torgue wrenches which conform to
Specification GGG~W~686. The torque wrench to be used shall be
chosgen such that the specified torgque values for a particular
fastener shall be between 20 and 80 percent of the full scale
torqua.

4.2.1 cCalidbration. 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 certil-
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 torgque to which the wrench is set
shall be clearly and conspicuously marked on the wrench.

4.2.1.2 Recalibration. If a torgue wrench is dropped, struck or
otherwise damaged, or suspected of baing 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 recali-
brated, ' ‘

4.2.2 Adapters. Adapters or extensions shall be used with
torgque wrenches only when necessary. Adapters or extensions
shall bhe used only with wrenches designed for their use and the
wrench oxr adapter combination shall be calibrated prior to use or
correction made for actual torque by an acceptable analytical
method, . :

4.3 Ingtallation.

a. Use sockets and wrenches that have no sharp edges or burrs
that could damage the fastener plating or coating.

b. Torgue shall be applied from the 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 torgue tables of Appendix A.

c. The nut, nutplate, insert, atc., 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 fasteninq system 1s being
installed or removed, the locking or break-away torgque shall

comply with the applicable torque values shown in TABLE XI,

Appendix A.

"£. Install fastener threads to extend through nuts, or3nutplates

to comply with the thread wminimum protrusion requirements shown
in TABLE XII, Appendix A. (Depth of fastener threads into tapped
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 1.5 threads through the locking element, which-
‘ever is greater.]

g. For grip length adjustment, bolt length can be changed as

hacessary. ' 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 Lubricants: 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 shall meet 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 appli-

. cation -are subject to procuring activity approval.

(Sources of lubricants include NASA TM-86556: Lubrication Hand-
_book for The Space Industry, The Marshall Space Flight cCenter,

Materials and Processes Technical Information System (MAPTIS), as
wall as technical literature from lubricant manufacturers). -

4.5 Deaigner Information,

a. Torque values for installing threaded fasteners shall be
shown on drawings by providing specific values including applica~-

- ble tolerances for bolts, nuts and other threaded fasteners.

Lubricants and method of installation shall be shown on the
installation drawing.
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NOTICE: 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 inocurs no responsibility nor any obli-
gation whatsoever, and the fact that the Government may have
formulated, furnished or in any way supplied the said drawings,
specifications or other data is not to be regarded by implication
or otherwise as in any manner licensing the holder or any other
person or coxrporatlon or conveying any righte or permission to
manufacture, use or sell any patented invention that may in any
way be related thereto. ‘

Coples of specifications, standards and publications required by
contractors in connection with specific procurement functions

should be obtained from the proouring activity or as diracted by
the contracting officer.
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APPENDIX A

TABULATED TORQUE DATA
(HISTORICAL. DATA)
(TABLES I=-XII)

Al. 8COPE:1 This appendix contains a historical background, and
the Detalled Requirements in their entirety as contained in MSFc-
8TD~486A., Tables I-XII are applicable as written.

A2. HIATORICAL: 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. MoDaniel,
under the direction of R~-P&VE-V, Mr. Aberg (Vehicle Systens
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 Vehicle Engineering Laboratory, and the

Manufacturing Engineering laboratory, under the direction of Mr.
Warner R. Kuers. ‘

The Proposed MSFC-STD-486 torque limits' were initially taken from
the sturdevant, "Proposed Standard Torgue Values Ffor Industrial
Fasteners (Metal)V, 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 MA0601-002, 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 Torgue-Tension Relationship of Screw
Threaded Fasteners Used on Airoraft."

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, 1968. Detailed
comments were submitted to Mr. Aberg, R-P&VE~V, in memo R-P&VE-
MMM-68-89 dated Oct. 7, 1968. The contents of that memo are
summarized as followss

"Data from torgue-tension tests made jointly by the Materials
Division and the Manufacturing Engineering Laboratory on 1/4,
3/8, and 5/16-inch diameter fastener systems (160 ksi and lower
strength levels), indicate that the proposed torgue values in the
subject standard for cadmium plated systems should be reduced toc
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 1oad for a given amount of torqgue.

. Among the numerous variables which ecan significantly influ-
ence the torque induced tensile load in a fastener system are the
nhumber and type of washers used and the type of nut 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. .

Torgque~tension tests made with a Skidmore-Wilhelm machine

~are limited to specific fastener diameters and lengths.

Variables associated with different length fasteners cannot be

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

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

To make tests on stronger, ' larger,
longer, or shorter fasteners would reguire extensive fixturing

and additional calikrated 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 foree, 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 valuas pro=

posed in the subject specification represent the best knowledge

that we have available. As additional data are obtained, amend-
. ments to this specification may be necessary." o :

Major additions, based on torque-tension data generated under

contract NAS8-32525 (completed 11-14-77) with SPS Technologies
and torgue tension tests performed at MSFC, were made to .
MSFC-STD-486. as Amendment 2, dated July 21, 1978. At that time
Tables 1V, 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. . T . :

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 T through III

to apply. Another addition specified the use of one countersunk

washer under the bolt head and one flat washer under the rotating
elementq for the 160 and 180 ksi UTS bolts. -

Notice'l,'published Jan. 5, 1981, added amqnq;cher_itamsf_MIL-L-j
8937 Lubricant, 10A00527 (PR1422) Sealant Procedure, and NAS1587
Washers for 1200°F application. Tables IX and X, based on MSFC

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 XIIT incorporated torgue values
for MP3ISN fasteners lubricated with MIL-L~8637. Table XIV and XV
sgecify locking torque and minimum bolt or screw thread protru-~
sion respectively. :

Paragraph 4.1.5 was added which states; "In circumstances 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
ocourred in 1980 {Memo EH44(80-15)] and later in 1982 [Memo
EH22(83~-39)] with 140 ksi UTS A286 CRES nut cages and anchor nuts
being utilized with 180-200 ksi UTS, Inconel 718 bolts.

‘‘he addition of paragraph 4.1.5 was to preclude overtorquing of
the weaaker component of a fastener system which inadvertently
contained a mismatch of components. The paragraph was not added
to gilve license to poor engineering practices such as the utili-
zatlon 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 of the
nut are greatly increased. A technician is more likely to note
tha strength of the bolt and not the mating element and to apply
a torque value in accordance with the bolt atrength. In addi-
tion, the strength of the bolt can never be fully utilized as it
is when the correct strangth tension nut is properly used.

In Dac. 1987, a completely revised MSFC-STD-486A was published
which was a major improvement in oxganization., This revision was
approved by the Materials and Processes Laboratory, the Struc-
tures and Dynamiocs Laboratory, the Test Laboratory, and the
Quality Assurance Office. This revision contained the important
paragraph 6.2, DESIGNER INFORMATION:stating 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 Adrawing should also state that the torgquing
procedures are in accordance with MSFC~STD~486.

MSFC-STD-~486 was completely revised again in 1992 by a continuous
improvement team composed of Materials and Processes Lahoratory,
Structures and Dynamics Laboratory, and contractor personnel.
This revision expanded the scope of the standard to include
torgue~tension testing methodologies, updated the applicable
documents sectlon-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
exlisting standard torque tension tables, and added an Appendix B
to the document providing torque-tension testing procedures.

13




it

REPOIRS

IR RS

T

Cwnn el ils

i i e

. MSFC-STD-486B
Novembey 1992

The MSFC-STD-486 has evolved over a period of twenty years and
the revised Requirements of Paragraph 4 are applicable, especial-

1y concerning torque wrenches and their calibration. It is

therefore considered mandatory to follow the Raquirements and
Detailed Requirements of MSFC-STD-486, unless otherwise approved.

. A3. DETAILED REQUIREMENTS. The detailed requirement informatidn.
contained herein is from MSFC-STD-486A, dated December 1987, and
-establishes acceptable torgque limits for threaded fasteners. B

' A3.1 Torque Values for Standard and High Btrength Steel Threaded
Fastener Systems. The torque values specified in Table I 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. The 160 and 180 ksi bolt and nut tensile

gtrength levels shown shall be assembled with one countersunk

washer under the bolt head and one plain washer under the nut.. .

Unless otherwise specified, torgue values for fastener systens

used in shear applications shall not exceed 60 percent of the
values shown in Table I. : :

A3.1.1 cCadmium Plated 8teel Fasteners. Tbrque values for tight-
- ening clean cadmium plated unlubricated steel fasteners shall be

in accordance with DRY values in Table I.

A3.l.2 Luhricated. 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 - Torqué Values for 300 Beries Corrosion Resistaht Steel

(CRES) Threaded Fastener Systems.

The'torque'Values spacified 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 spécified, torque values for fastener systems

"used in shear applications shall not exceed 60 percent of the

values shown in Table II.

A3.2.1 Passivated. Torque values for tightening clean passivat-

ed 300 series CRES threaded fasteners shall be in accordance with
Table II, Column A. o '

. A3.2.2 Plated. Torgue values for tighténing'clean silver plated

CRES 300 series threaded -fasteners shall be--in--accordance with
Table II, Column B. ' ' : .

' A3.2.3 Lubricated. Torgue 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 IL, Column C.

A3.3 Torque Values for 62,000 psi {62 ksi) Tensile Sstrength
Aluminum Alloy Threaded Fasteners (2024~T4 and 7075-T6). The
torque values specified in Table II are applicable to the speci-
fled 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.
Unlese otherwise specified, torque values for fastener systems
used in shear applications shall not exceed 60 percent of the
values ghown in Table II,

A3.3.1 Anocdized. Torque values for tightening clean anodized
aluninum threaded fasteners shall be in accordance with Table II,
Column D.

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

A3.4 Torque Values for UNS K66286 (A286) Fastener s8ystems.
Unless otherwise specified, torgque values shall be in accordance
with paragraphs A3.4.1 through A3.4.5.

A3.4,1 Cadmium Plated Nuts. Torque values for installing A286
bare/passivated bolts, cadmium plated nuts and MS14183/NAS 1587
washers shall be in accordance with Table III.

A3.4.2 Cadmium Plated Nuts Coated with Cetyl Alcohol. Torgue
values for installing A286 bare/passivated bolts, cadmium plated
nuts coated with cetyl aleohol per MIL~L-87132, Type I, Grade A,
and MS14183/NAS 1587 washers shall be in accordance with Table
Iv.

A3.4.3 Fastener Systems Coated with Dry Film Lubricant. Torgue
values for installing A286 bolts and nuts coated with dry £ilm
lubricant per MIL~L-46010 and MS14183/NAS 1587 washers shall be
in accordance with Table V.

A3.4.4 Fastener Bystems Lubricated with Continental 0il Company
(Conocco) HD Caloium Grease No. 2. Torque values for installing
A286 bare/passivated bolts, cadmium plated nuts, and
MBS14183/NAS1587 washers lubricated with Continental ©0il Company
HD Calcium Grease No. 2 shall be in accordance with Table VI.
Grease shall be applied to the structure, holt shank, threads,
and washexrs of the fastener system. After torquing, excess
grease shall be removed with a lint-free cloth or paper towel.

A3.4.5 Fastener Systems Sealed with PR~1422, (Product Research

Co.})s» Torque values for installing A286 bare/passivated bolts,
cadmium plated nuts and MS 14183/NAS1587 washers sealed with PR~

16
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' A3.5 Torque Values for UNS NO7718 (alloy 718%)

‘short circuit electrical contacts, etc.)
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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 per MSFC Drawing No. 10A00527.

Fastener S8ystems.
Unless otherwise specified, torque values shall be in accordance
with paragraph 23.5.1. : : : .

A3.5.1 TFastener Systems Coated with Dry Film Lubricﬁnt; Torgue -
values for installing Alloy 718 bolts and 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 for UNS R30035 (MP35N™*

) Fastener Bystems..
Unless otherwise specified

+ torgue 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 TLube Bolt and
Dry Film Lubed Nut Column, Table IX. :

'_33;7 <Torqha Values for #2 Through #10 Thread Sizes.

A3.7.1 Unless othexwise specified, torque values for #2 through

- .#10 thread sizes shall be in accordance with Table X.

A3.s Table Torque Values. Table torgue values are the net

effect of installation torque (a) + (c¢) components., ‘The measured
self-locking torgque (running torgque) of self-locking fasteners

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

A3.9 saféty Wiring and Cotter Pinning. When securing fastenars

with safety wire or cotter pins in accordance with MS33540,
tightening may continue beyond the specified torgue to permit
slot and hole alignment provided that the final torgue 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,

Registered Trademark of Huntington AlioYs, Inc.
** Registered Trademark of SPS Technologies, Inc,
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A4. NOTES

A4.1 Approved Lubricants. Unless otherwise specified, the fol-
lowing lubricants have been approved for use:

(a) MIL-T-5544 Thread Compound, Antiseize graphite-
petrolatum

(b) MIL-L-46010 Iubricant, Solid Film, Heat Cured,

. Type 1 Corrosion Inhibiting

(¢) MIL-N-25027 Nut, Self-locking, 250°F, 450°F, and

800°F (Lubricants shall be qualified and
listed in QPL 25027)

{(d) Conoco HD #2 Continental 0il Company HD Calcium
Grease NO. 2. '

{e) PR-~1422 Products Research & Chemical Corp.
Temperature Resistant Sealing Compound

A4.2 Retorquing/Reuse: The effect of retorquing/reuse on a
fastenar's torque-load relationship can be significant, and has
been shown to be significant for specific fastening systems. All
activities which install fasteners should consider the potential
effeocts on preload that retorquing fasteners can have on in-
stalled hardware. Appendix B covers procedures for determining
retorque~tension curves.

A4.3 Tables IIXI-=IX: Tables III-IX specify torgque values based
on headings whioch specify the bolt and nut type for tensile and
shear. The intent of the tables is to provide torgue 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 low profile shear fastener elements with tensile fasteners is
allowed 1f 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 sheaxr type nuts, When shear nuts are used, the
torque is a maximum of 60 percent of tensile column values..

A4.4 Table XXz Takle 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-locking nuts
during durabllity tests conducted per MIL-N-25027. This table
may also be used to determine acceptable running torgue values.
Running torque values that fall between the minimum breakaway and
maximum locking torque values listed are acceptable.

17
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' Ad4.5  Electrical Connectors: MSFC Drawing 40M39581 provides

standard methods for installing and mounting circular miniature

electrical connectors conforming to MSFC Specifications 40M38277,
40M38298 and 40M39569. :

18
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Table | (5, 6) ovembex

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

Grade or Ultimate Tenslile Strength, KS!
SAE2 SAES 125
Fastener| Dry | Lube Dy | Lube pry | Lube
Slze Torque, Inch Pounds (4} '
1/4 55 42 80 72 20 78
516 105 78 150 132 165 144
3/8 180 135 265 228 275 240
7/16 275 210 480 360 600 390
1/2 420 315 610 540 690 876
9/16 620 470 900 790 1,000 860
5/8 880 660 1,224 - 1,080 1,296 1,200
3/4 1,380 |. 1,080 2,340 1,620 2,496 1,920
7/8 1,860 1,440 2,820 _2.760 3.840 3,060
1 2,820 2,160 5,220 4,200 5,620 4,620
1-1/8 4,600 3,300 7,660 5,640 7,980 7,200
1-1/4 6,300 4,740 10,440 7,920 11,040 10,080
Grade or Ultimate Tensile Strength, KSI .
SAES 160 180
_Fastener|{ Dry | Lube Dry | Lube Dry | Lube
Slze Torque, Inch Pounds (4) '
1/4. 102 a0 116 29 - 145 103
516 225 198 238 210 320 240
3/8 375 330 405 3680 530 396
M6 610 540 750 576 860 648
112 9206 790 950 830 1,260 940
9/16 1,344 1,080 - 1,404 1,200 1,920 1,440
5/8 1,836 1,620 2,100 1,728 2,620 1,920
3/4 3,000 2,640 4,500 2,880 4,200 3,180
7(8 4,800 4,200 6,300 4,500 6,720 5,040
1 7,236 | 6,360 9,000 6,912 10,320 7,800
1-1/8 11,520 10,200 13,920 | 10,800 16,320 12,240
1-1/4 15,840 14,100 21,000 (15,120 22,680 17,040
Notes: 1, Thase torque values apply to UNC and UNF threads,
2. DRY torque values are to be used for stesl, cadmium plated but not lubrioated.
3. LUBE torque values are to be used for steel, plated or unplated with lubricants per Par, A4.1.
4. Atolerance of (+) 0% and (=) 16% is applicable.
6. Add locking torque of self-locking devices to torque values spetifled on the drawing.
6. Torqus values are for lansion applications. Torque values for shear applications shall not

exceed 60% of the values shown unless otherwise specifled.
19
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Table I (5, 6)
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Tbrque Values for Corrosion Resistant Steel and

Aluminum Alloy Screw Thread Fastening Systems

- Notes:

- Atolerance of {+) 0% and (=) 156% is applicable.

. 300 Series CRES bolts have 80 KSI minimum UTS.

. Add locking torque of selt-locking devices 1o torque values specified on tha applicabla

drawing.

. Torque values are for tension a
excead 60% of the values sho

1
2
3
4. Aluminum alloy bolts have 62 KSt minimum UTS.
5
6

20

Screw Thread Fastening System
CRES 300 Serles (3) i Aluminum Alioy (4).
- Fastener A - B c D E
Size Passivated | Ag Plated Lubricated | Anodized | Lubricated
Torque, Inch Pounds (2) '
1/4 70 56 42 45 25 .
5/16 130 104 78 80 45 -
- 3/8 . 225 180 135 145 85
716 875 300 225 230 135
1/2 500 400 - 300 - 320 190
9/16 -700 560 420 460 250
- '5/8 1,000 800 600 655 430
3/4 1,440 1,150 860 940 580
7/8 . 2,280 1,800 1,368 1,440 _ 860
PR 3,120 12,520 1,860 1,020 1,150
1-1/8 4,680 3,720 2,820 2,880 1,680
1-1/4 5,760 . 4,620 3,480 3,600 2,160
. These iorque-vatuas apply to UNC and UNF threads.

pplléatlons. Torque values for shear applications shall not
wn unless otherwlse specified. '
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Torque Values for A~288 Screw Thread Fastening System
With Nut Cadmium Plated Per QQ-P-416, Type I, Class 3

drawlng.

Allernate washers based on equivalent fastener strangth levels and comosion reslstant
materiats may be used.

21

Bolt Type, (1) Tenslle Shear Tensile Shear
KSI1 @ BT (min) 200 (Ftu) 110 (Fsu) 180 (Ftu) 100 (Fsu)
Nut Type, (2) Tenslle Shear Tenslle Shear
Washer MS 14183C and MS 14183 — ~{4)
Fastoner Size Torque, Inch Pounds
0.1900-32 46~-54 27-32 38-45 23-27
0.2600-28 110-130 . 70-80 90-110 55-65
0.3126—24 230270 135160 1965--230 -~ 120-140
0.3750-24 - 450530 270-320 385-4556 235-2756
0.4375-20 725-855. 435-515 625-735 375440
0.5000-20" 1,145-1,345 685-805 995-1,170 | 595-700
0.6625-18 1,625-1,910 975-1,145 1,415-1,665 850-1,000
0.6260-18 2,270-2,670 1,360-1,600 1,976-2,325 1,185-1,395
0.7600-16 3,960-4,645 2,365-2,785 3,‘450—4,060 2,070-2,4356
Bolt Type, (1) Tenslle Shear Tenslle Shear
KSI @ RT (min) 160 (Ftu) 95 (Fsu) 140 (Ftu) 84 (Fsu)
Nut Type, (2) Tenslle Shear Tonslile Shear
Washer ) NAS1587-C and NAS1587— {4)
Fastener Slze - Torque, Inch Pounds
0.1900-32 30-36 19-22 - 22~26 14-17
0.2500-28 7590 45-55 55-65 35--40
0.3125-24 160190 95-115 125-1456 80-95
0.3750-24 - 320-375 190225 250-296 160-190
0.4375-20 525-620 315-370 415-490 270-320
0.5000-20 840-990 505-595 670790 435-518
0.56256—-18 1,200~1,410 720-845 960-1,130 580-680
0.6260-18 1,680~1,975 1,006-1,185 1,350-1,590 810-9556
0.7500-~16 2,935-3,455 1,765-2,075 2,370-2,790 1,425-1,675
Notas: Bols are fumished with bare/passivated finish. "

1' N

2. Nuls are plated per QQ~P-416, Type ll, Class 3, and USE IS LIMITED TO 450 °F,

8. Add lacking torque of sefi-locking davices to torque values specified on the applicable
4,
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Table IV (3)
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Torque Values for A—286.S_crew Thread Fastening System
With Nut Cadmium Plated Per QQ-P-416, Type II, Class 3 and
Coated With Cetyl Alcohol Per MIL-1-87132, Type I, C-‘_:rade A

1.
2. Nuis are plated per QQ-P-418, Typ
3. Add locking torque of self-

drawing. .
4. Alternate washers based on e

materials.-may be usad.

X

02

- | BoltType, (1) “Tensile Shear Tenslle ‘Shear
JKSI@RT (min) | 200 (Ftu) 110 {Fsu) 180 (Ftu) . 100 (Fsu)
Nut Type, (2) Tensile Shear’ Tenslle " Shear
. Washer MS 14183C and MS 14183 — - (4)
Fastener Slze - Torque, Inch Pounds.
0.1900-32 - 36-43 ‘ 22-26 30-36 18-22
. 0.2500-28 90-105 55~65 75-90 © 45-55
- 0.3125-24 _170-200 100~-120 -145-170 85-100
0.3750-24 - '325-385 195230 285-335 " 170200
- 0.4375-20 525-620 315-370 460-540 275-325
-0.5000~20 815-960 490-575 710-835 425-500
0.5625~18 - 1,150-1,350 | '690-810 - 1,000-1,175 600-705
0.6250-18 - 1,580~1,870 950-1,120 1,380-1,625 830-975
0.7500-16 2.720—3,200 1,630-1,920 2,365-2,780 1,420-1,670
Bolt Type, (1) - " Tenslle . Shear Tensile  Shear
KSI @ RT (min) 160 (Ftu) 95 (Fsu) 140 (Ftu) - 84 (Fsu)
‘Nut Type, (2) Tensile Shear Tensile Shear
~Washer | NAS1587-C and NAS1587- (4)
Fastener Size ~ Torque, Inch Pounds '_
10.1900-32 25-30 15-18 18-22 11-13
- 0.2500-28 65-75 40-45 45-55 30-35
0.3125-24 120-140_ 70-85 _95-110 55-65
0.3750-24 - 240-285 145170 190-225 116-135
- 0.4375~20 385-455 235-275 305-360 - 180-215
~0.5000-20 605-710 - 360425 485-570 290~340
-0.5625-18 - 850-1,000 510-600 685-805 410-485
- 0.62650-18 1,175-1,380 705--830 935-1,108 - 565-665
- 0.7500~18 2,000-2355 1,200-1,415 1,600~1,885 960-1,130
Notas: Bolts are fumishad with barefpasslvéted finish,

pe Il, Class 3, and USE IS LIMITED TO 450 °F,
locking devices to lorque values spacified on the applicable

quivalent fastenar strength levéls and corresion resistant
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Table V (2)
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Torque Valués for A-286 Screw Thread Fastening System
Coated With Dry Film Lubricant Per MIL-L-46010, Type 1

TO 450 °F. LUBRICANT SHALL BE LISTED ON QPL 48010.
2. Addocking torque of salf-locking devices to torque values spacilled on the applicable

drawing,

Bolt Type, (1) Tenslle Shear Tensile Shear
KS1 @ RT (min) 200 (Ftu) - 110 (Fsu) 180 (Ftu) 100 (Fsu)
. Nut Type, (1) Tenslile Shear Tonsile Shear
Washer MS 14183C and MS 14183~ (3)
Fastener Size ‘Tarque, Inch Pounds
0.1900~-32 34-40 20-24 30-35 18-21
0.2500-28 95-110 55-65 _80-95 48-57
0.3125~24 205-240 120-145 175-205 105125
0.3750-24 395-465 235~-280 _340-400 205-240
0.4376-20 685-805 410-485 585-690 366-415
0.5000-20 1,095-1,290 660-774 945-1,110 565-665
0.5625~18 1,610-1,895 965-1,135 1,380-1,628 830-975
0.6260-18 2,260-2,660 1,355—1,696 1,940-2,285 1,165-1,370
0.7500-16 . 4,025—-4,735 2,415-2,840 | 8,470-4,085 2,080-2,450
Bolt Type, (1) Tensile Shear Tensile Shear -
KSI @ RT (min) 160 (Ftu) 95 (Fsu) 140 (Ftu) 84 (Fsu)
Nut Type, (1) Tenslile Shear Tensile Shear
Washer NAS1587—-C and NAS1587- (3)
Fastener Size Torque, Inch Pounds
0.1900-32 25--30 15-18 20-24 12-15
0.2500-28 6575 38-45 50-60 30-36
0.3125-24 145-170 85-100 110-130 70-80
0.3750-24 280-330 170-200 215-265 130-155
0.4375-20 485-570 290-340 380-445 225-265
-0.5000-20 786-925 470-555 615-725 370-435
0.6625~18 1,155-1,360 695-8156 915-1,074 650645
0.6250~18 1,630--1,915 980-1,150 1,285-1,510 770-908
0.7500-16 2,940--3,435 1,750-2,060 2,325-2,735 1,396—1,640
Notes: 1. Bolls and nute shall be fully coated with MIL-L-46010, Type t lubricant and USE IS LIMITED

3, Alternate washers based on equivalent fastenar strength levels and corosion resistant
materials may he vsed.
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‘Torque Values for A-286 Screw Thread Fasten.ing System
Lubricated With Continental Oil Company
- HD Calclum Grease No. 2 -

Bolt Type, (1) Tensite Shear Tensile ~ Shear
KSI@ RT (min) - 200 (Ftu) 110 (Fsu) 180 (Ftu) 100 (Fsu)
Nut Type, (2) Tensile Shear . Tensile Shear
Washer MS 14183C and MS 14183 — (4)

Fastener Size ~Torque, Inch Pounds "
- 0.1900-32 3744 22-26 30~35 18-21
: 0.2500—28 85-100 50-60 70--85 42-50
0.3125—-24 165~195 95-115 - 136-160 80-95
0.3750-24 | 305-380 180-215 - 255-300 - 150-180
- 0.4375-20 475-560 286-335 . - 405480 245-290
0.5000-20 - 720-850 435~-510 620-730 375-440
0.5625-18 - 1,000-1,180 605~-710 - 8601 ,010 515-605
‘0.6250-18 1,360-1,600 815-960 1,165-1,370 - 695-820
- 0.7500~-16_ 12,235-2,630 1,340-1,580 1 ,930-—2.270 1,155~1,360
~ Bolt Type, (1) Tenslle Shear Tensile . Shear
- | KSI-@ RT (min) 160 (Ftu) 95 (Fsu) 140 (Ftu) . 84 (Fsu)
Nut Type, (2) ' Tensile  Shear Tensile Shear
" Washer | 'NAS1587-C and NAS1587- - (4)
Fastener Size Torque, Inch Pounds .
© 0.1900-32 23-28 14-17 - 17-20 1012
- 0.2500-28 55-65 35-40 -~ 4048 25-30
- 0.31 25j~24 110-130 65-80 80-95 45-55
0.3750-24 - 210-250 125-150 160190 95-115
- 0.4375-20 335-395 200-235 260305 155-185
- 0.5000~20 - 520-610 310-365 400-475 240-285
0.5625-18 715-840 430-505 560-660 335-395
0.6250-18 . 975-1,150 . 585690 765-900 _ 460-’-54_0 _
0.7500-186 . 1,615-1,900 970-1,140 1,285-1,510 . 765-905

Notes: 1. Bolls are fumished with a.bare/passivated finish,
; 2. Nuts are plated per QQ-P-418,
shall be applied 1o the structure
USE IS LIMITED TO 450 °F,
- 3. Add locldng torque of sell-lockin
N drawing.
4. Alternate washers based on e

- materlals may be used.

Type II, Class 3. CONOCO HD Calclum Grease No, 2

and _bolt threads, shank and washer of the fastener gsystem.
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Table VII (3)

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

Bolt Type, (1) Tenslle Shear | Tenslle Shear
KS1@ RT (min) 200 (Ftu) 110 (Fsu) | 180 (Ftu) 100 (Fsu)
Nut Type, (2) Tensile Shear Tensile Shear
Washer MS 14183C and MS 14183 — (4)
Fastener Size Torque, Inch Pounds
0.1900~32 100-120 50-60 75-90 40--48
0.2500-28 230-275 120-145 185-220 95-1156
. 0.3125-24 455-535 240-285 365—430 195—230
0.3750-24 860-1,015 | 460-540 700-825. 375445
0.4375-20 1,350-1,690 730-860 1,110-1,310 600-710
0.5000-20 2,075-2,440 1,135-1,335 1,726-2,030 945-1,110
0.5625—18 2,865-3,375 1,580-1,860 | 2,390-2,815 1,316-1,650
0.6250—18 - 3,900-4,595 2,160-2,5640 3,260-3,8356 1,805-2,126
0.7600-16 6,500-7,645 3,635-4,280 5,260-6,400 3,045~3,5856
Bolt Type, (1) Tensile Shear Tenslile Shear
KSI @ RT (min) 160 (Ftu) 95 (Fsu) 140 (Ftu) 84 (Fsu)
Nut Type, (2) Tenslile Shear Tensile Shear
Washer NAS1587-C and NAS1587— (4)
Fastener Size Torque, Inch Pounds
0.1900-32 60-70 30-36 39-46 20-24
0.2500-28 140-1656 75-90 95-115 50-60
0.3125-24 285-335 145-176 | 200-235 105-125
0.3760-24 550-650 295-3560 425-500 210-250
0.4375-20 885-1,045 480-565 650-765 350415
0.5000-20 1,385-1,630 755-890 1,030-1,215 565-665
0.5625~18 1,826—2,265 1.060-1,250 1,445-1,700 845-995
0.6250-18 2,630-3,006 1,455—1,715 1,975-2,326 1,095—1,290
0.7500~16 4,410-5,190 2,470-2,906 3,330~3,920 1,865-2,195
Notes: 1. Bolts are furnished with & bare/passivated finish.

2. Nuts are plated per QQ-P-418, Type I, Class 3 and USE (S LIMITED TO 276 °F.
3. Add locking torque of self-locking devices to torqua values speciiied on tha applicable
4.

drawing.

Alternate washers based on squivalent fastenar strength levels and corroslon reslstant
materlals may be used,
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Table VIl (2)

Torque Values for Inconel 718 Screw Thread Fastening Systom
Coated With Dry Film Lubricant Per MIL~L-46010, Type 1

2.
3.

_BoltType,(1) | Tenslle Shear Tensilo Shear
KSI@ RT (min) | 220 (Ftu) 132 (Fsu) 180 (Ftu) | 108 (Fsu)
1 Nut Type, (1) Tenslle |  Shear Tensile |  Shear
Washer | MS 14183C and MS 14183= _ (3)
, g - Lubed Bolt and Nut _ Lubed Bolt and Nut
Fastener Size - : , hhadid
o ~ Torque, Inch Pounds ,
0.1900-32 34-40 20-24 3035 | t8-21
0.2500-28 - 95-110 55-65 . .80-95 48-57
0.3125-24 |  205-240 120-145 |  175-205 105~125
. 0.3750-24 [ 395-465 235-280 |  340-400 205-240"
0.4375-20 © | 685-805 | 410-485 585-690 | 355-415
| 0.5000-20 | 1,095-1,290 660~774 945-1,110 565-665
0.5625~18 1,610-1,895 | 965-1,138 | 1,380-1,625 830975
0.8250-18 | 2,260-2,660 | 1,355-1,595 | 1,940-2,285 | 1,165-1,370
‘Notes: 1.

Bolts and nuts shall be fully coated with MiL-L—46010, Type 1 lubricant and USE 1S LIMITED . '

TO 450 °F. LUBRICANT SHALL BE LISTED ON QPL~46010. '

Add locking torque of sell-locking devices to torque values specitied on the applicabla
drawing. . '

Alternate washers based on equivalent fastener strength levels and comoston rasistant -
materials may be used. : : : 4
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Table IX (3, 4)

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

Bblt Type, (1) Tensile Shear Tensile Shear
KSI @ RT (min) 260 (Ftu) 145 (Fsu) 260 (Ftu) 145 (Fsu)
Nut Type, (2) Tenslle | Shear Tensile Shear
Washer 75708C and 75708P ()
B/P Bolt and B/P Boit and
: Torque, Inch Pounds
0.1900-32 68-80 40-48 46-55 28-33
0.2500-28 1551856 95-110 110-130 66-80
0.8126-24 305-360 185~-2156 220-260 130165
0.3750-24 575-675_ 345405 425-500 255300
0.4376-20 890-1,050 535630 670-790 400-475
0.5000--20 1,356-1,505 810-955 1,030-1,2156 620730
0.5625-18 1,910-2,245 1,145-1,345 1,480-1,740 885-1,040
0.6250-18 2,6456-3,110 1,685-1,865 2,080-2,445 1,240-1,460
0.7600~16 4,530-5,330 2,720-3,200 3,650~4,295 2,186--2,670
0.8750-14 7,110-8,365 | 4,265-5,020 5,840-6,870 3,500--4,120
Notes: 1, Boilé have a bare/passivated (B/P) finish, :
2. Nuts are plated per QQ-P-416, Type Il, Class 2 or dry fiim lubricated per MIL-L—46010, Typai
and USE IS LIMITED TO 450 °F. LUBRICANT SHALL BE LISTED ON QPIL-46010.
a. Qdd- llocklng torque of self-locking davices to torque values specified on the applicable -
rawing. :
4, Standard Pressed Steel Part Numbaer or EQUAL,
6. Alternale washars based on aequivalent faslener strength Ieyels and corrosion resistant

materials may be used,
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Table X (1, 2, 3, 4, 5)

MSFC-STD-486B
‘November 1992

Threaded Fastener Tlghtenlng Torque

~ Minimum UltlmateATen's_lle Strength, ksl
Thread
Size 60 80 128 .1 60
Torque, Inch Ounces
. #2—56/64 21-26 26-33 42-53 53-66
#4—A40/48 45-56 56-70 90-112 112-140
- #6—32/40- 83-104 | 104-130 166-208 | 208260
Torque, Inch Pounds
#8—32/36 10-12 11-15 19-24 24-30
#10—24/32 16~20 20-25 32-40 39-49

. Whan threaded fasteners are self-locklng. tighten to the maximum torque value in the table.

i
2, When lubricants per Par. A4.1 are used, tighten to tha minimum value. In the table.
3

. Add locking torque of self-lockin

drawling.

4. Enginearing drawings s
for a fastener. _ ‘
5. ‘The tolarance for tightening to elther the minimum or maximum torgue value Is plus (+)
- or minus () two (2) inch bunces or plus (+) or minus (=) ona (1) Inch pound as applicable.

28
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Table X1 (1, 3)

Required Locking Torque at Rootn Amblent Temperature
(Inch pounds) -

Maximum Locking
Thread Size Torque, Installation Minimum Breakaway
Diamoeter-UNC/UNF or Removal Torque
0.0860-56/64 2.5/2.5 —/—(2)
0.1120-40/48 5/5 —/—(2)
0.1380-32/40 10/10 1.0/1.0
0.1640-32/38 1515 1.5/1.6
0.1900-24/32 18/18 2,0/2.0
0.2600-20/28 30/30 4.5/3.6
0.3125-18/24 60/60 7.5/6.5
0.3750-16/24 80/80 12.0/9.5
0.4375-14/20 100/100 : - 16.5/14.0
0.5000-13/20 1504150 _.24.0/18.0
0.6625-12/18 200/200 30.0/24.0
0.6250-11/18 300/300 40.0/32.0
0.7500-10/16 400/400 . 60.0/50.0
0.8750- 9/14 600/600 82.0/70.0
1.0000~ 8/12 , 800/800 N E " 110.0/90.0
1.1250~ 712 800/200 137.0117.0
1.2600- 7112 1,000/1,000 - 165.0/143.0

Notes: 1, For inspection of maximum locking torque or minimum breakaway torque values, the nut shall
be engaged on a clgan bolt with at least two thread lengths protruding beyond the locking
device of the nut, Maximum taaking torque shall be checked at a rate slow enough to obtaln
a dependahle measure of torque and the nut shall be rejected if the locking torque at Installation
or ramoval exceeds the above limits. The minimum breakaway torque shall be checked after the
nut has baen Instatied with two thread lengths exposed and at a rate slow enough to obtain'a
dependable measure of torque batween the limils of & minimum of one thread tength and a
maximum of two thread lengths extending beyond the nut end.

2. Must have same indlcation of torque,

3. Thread sizes 0,0860-84, 0.1120-48, 0,1380-40, 0.1640-36, 0.1900=24, and UNG (coarse) .
ihread fasteners from size 0,2500-20 through 1,2500—7 ara not preferred for spaceacraft dasign.
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Table Xi (1)

MSFC~-STD-486B
November 1992

~ Minimum Thread Protrusion

Threads Per inch Protrusion (inch)
64 0.031
56 035
48 . .042
40 .050

. 36 .056
32 082
28 t071
24 .083
20 .100
18 11
18 125
14 143
13 .154
12 167
i1 .182
10 200

9 222
8 250
7 .286

‘Notes:

1.

The thread protrusion after the nut is torqued shail be no Iess than

" as shown above.
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APPENDIX B
TORQUE - TENSION TESTING METHODOLOGY
Bi. BCOPE

Bl,1 This test method describes standard procedures for deter~
mining the room temperature torgque-tension relationship for
threaded fasteners. It is not limited by configuration or size.
The following methods are specified:

(a) Hand torque method using torque wrenches,
(p) Machine torque method using torsion machine.

B2. REFERENCED DODCUMENTS

B2.1 Government Documents

B2.1.1 épecifications, standards, and handbooks: Unless other-
wise specified, the following specifications, standards and
hand?ooks form a part of this appendix to the extent specified
hereiln,

STANDARD

FEDERAL

GEG~W—-686 - Wrench, Torgue
(Coples of specifications, standards, handbooks, drawings and
publications. reguired by contractors in connection with specific
acquisition functions should be obtained from the contracting
activity or as directed by the contracting officer).

B2.2 Other publications: The following document(s) forms a part
of this appendix to the extent specified herein.

AMERICAN SCOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM E 74 Verification of Calibration Devices for
Verifying Testing Machines

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

B3. DEFINITIONS

B3.1 Abutment: The place at whioh adjoining or bordering oa-

ocurs. The part of a structure that directly receives thrust or
pressure.
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B4. GENERAL REQUIREMENTS

B4.1 Test Apparatus

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 conforning to

B4.1.3 shall be used to determine the tension. ' Fixtures shall
conform to B4.1.4, - : - v

B4.1.2 Machine torque method: A _torsion machine capable of

measuring and indicating within an accuracy of 2 percent of the
scale employed shall be reguired as well as the necessary 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 Ba.1l.4.

B4.1.3 Tension: 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 being used.

" B4.1.3.1 Load cell system: A precision'load‘ceil, 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: Appropri-
. ate strain gages shall be fastened by standard approved methods

to. the load cell.

B4.1.3.2 Tensile Machine: A tension or 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 maintaining the induced load upon cessation

of the torque process.

- B4.1.3.3 ‘Bolt temsion calibrator: 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 torgue proc-
ess. :

B4.1.3.4 Btrain gage: A precision strainAgaged.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 boltwgagezmmAn_ultrasonicnboit~gage4(e;g.
Ultrasonic_Boltmaster bolt gage or equivalent) calibrated in a

32
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tensile machine shall be used. The ultrasonic bolt gage systenm
shall be accurate within 10 percent of the test load.

B4.1.4 Test fixturess Unless cotherwise spacified, all fixtures
shall meet the following requirements:

B4.1.4.1 Test fixtures shall reflect end item design joint
configurations. Testing parameters to ke identified and recorded
during testing are identified in Table BI.

B4.1.4.2 All fixtures 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 8Speocimens: A minimum of six fasteners shall be tested
for each unique end item design joint configuration. Individual
fastenexrs shall be tested once for each joint configuration,
unless otherwise specified. " If tested beyond thelr yield
strength, fastenexs shall not be retested.

B5. DETAILED REQUIREMENTS

h5.1 Test procedures: Torgue-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 évent 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 recording devices may be used provided asystem accuracy
is maintained.

BS.1.1 . Assembly: Assemble the fastener in the simulated end
item design joint configuration for testing. (Reference Table
BI, Joint 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).

B5.1.2 Loading: Unless otherwise specified in Table BI, the
externally threaded member should be fixed with torgue applied
through the nut. Torgue shall be applied at a rate of approxi-
mately 5 RPM (a rate that will permit the torgque 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 fastener's minimum

ultimate tensile load (1lbs) capability for each separate torgue-

tension test conducted. (Fasteners' ultimate load capabilities
are provided in fastener part number standards and/or fastener
proourement specifications).,
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CAUTION: Appropriate shielding of the torgued fastener assembly'

and additional eye protection shall be provided during loading.

' B5.2 Retorquing:

Installation torgque values must be established for joint‘

configurations subjected to. more than one complete installation
cycle (e.g. full thread engagement of locking feature, or full

clamp-up torgue attained in free running nuts). Torgue~tension
relationships used for multiple installation cycles must accu-
- rately predict fastener preload within acceptable limits deter-

mined by unique configuration strength analysis.

B5.2.1 Test Procedures: Test procedures shall be per the
requirements of B5.1. :

B5.2.2 Assembly: Aséemhly shall be per BS.1.1. -

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

(1) Load to 65% of the fastener's wminimum ultimate
tensile load (1lbs) capability, :
(2) Unload to zero tensile load (1bs),

(3} Continue (1-2) above for the desired number of rétorque
cycles. ' ' B

'B6. REPORTS - -

B6.1 'Test raports: Test reports shall be submitted through
appropriate channels for review by MSFC Structures and Dynamics

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

'B6.1.1 Joint configuration parameters: 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

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

torque curves generated for that configuration. ( One retorque

cycle load torque curve shall be generated for each specific

retorgue 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.
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APPENDIX B, TABLE BI
END ITEM DESIGN JOINT CONFIGURATION PARAMETERS

BOLT PART NUMBER

BOLT MATERIAL

BOLT STRENGTH LEVEL

BOLT FINISH

NUT PART NUMBER

NUT MATERIAL

NUT STRENGTH LEVEL

NUT PINISH

NUTPLATE PART NUMBER

NUTPLATE MATERIAL

NUTPLATE 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

JOINT MATERIAL #1

JOINT MATERIAL #1 STRENGTH LEVEL

JOINT MATERIAL #1 FINISH

JOINT MATERIAL #2

JOINT MATERIALS #2 STRENGTH LEVEL

JOINT MATERIAL #2 FINISH

LUBRICANTS

TORQUE APPLICATION

JOINT CONFIGURATION SKETCH
35
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Torque, In. Lb.

Figure B1. Load-torque diagram.
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APPENDIX C

TORQUE =~ LOAD DIAGRAMS

Ci. 8CorE

Cl.1 This appendix contains torque - load dlagrams generated

using the torgque - tension testing methodology described in
Appendix B. Inoluded with each torque - load diagram are all
joint configuration parameters (reference Table BI) used to
generate them. Appendix C torque ~ load diagrams may be used to

egtablish acceptable torque limits for threaded fasteners used in
space vehlcles and support equipment.

37

e e
———

FASA-MSFC-C



