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FOREWORD

1. This military handbook is approved for use by all Departments and
Agencies of the Department of Defense.

2. Beneficial comments (reoormnendatlons, additions, deletions) and any
pertment data which may be of use in improving this document should be
addressed to: Defense Industrial Supply Center, ATTN: DISC-ECF, 700 Robbins
Avenue, Philadelphia, PA 19111-5096, by using the self-addressed Standardiza-
tion Document Improvement Proposal (DD Form 1426) appearing at the end of this

document or by letter.

3. The contents of this handbook replace the information contained in
Appendix Al2 of FED-STD-H28, Screw-Thread Standards for Federal Services.
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1 1 CAnnn document nrovides aui elines for the sreci fication of
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proper holt r;_l oads and the selection of preload am)hcatlon methods. These

guidelines may be used where no rules have been mandated either contractually
or otherwise.
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2. APPLICABLE DOCUMENTS

Government documents. Unless otherwise specified, the following
ions, standards and handbooks of the issue listed in the latest issue
of the Department of Defense Index of Specifications and Standards (DoDISS) are
applicable to this document to the extent noted herein.
MILITARY SPECIFICATION
MIL-5-8879 - Screw Threads, Controlled Radius Root with

Increased Minor Diameter; General Specification
for

FEDERAL STANDARD
FED-STD-H28/1 - Screw-Thread Standards for Federal Services
Section 1, Nomenclature, Definitions and

v Mk A
Letter Symbols for Screw Threads

MILITARY HANDBOCK
MIL-HDBK-5 - Metallic Materials and Elements for Aerospace
Vehicle Structures

2.2 Other publications. None.
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3.1 Screw thread definitions and symbols follow FED-STD-H28/1. Definitions
and symbols for metallic material physical properties follow MIL-HDBK-5.
Specific symbols used are defined in the appllcable sections of this document.

3.2 Metric measurement units are shown in parenthesis after their
respective inch-pound measurement units.

3.3 The term t" is used for bolts, screws and studs in this document.
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4. GENERAL INFORMATION ON PRELOADS

4.1 Preload for bolts in axial ioaaedgjoints. As a general rule, applied
bolt preload should be sufficient to maintain joint members in contact and in
compression. Loss of joint compression results in:

a. Leakage of pressurized fluids past compression gaskets

b. Fastener loosening. Joint load cycles which open the joint, cause
a loss in bolt tension. Thus, only a minimal preload may remain after a
relatively small number of load applications.

¢. Reduced fastener fatigue life. This may be understood by

c. Reduced fastener fatigue life. This may be ur
reference to figure 1. For a 101nt with no bolt preload, an axial load on the
joint members is transmitted dlrectly to the bolt so that the bolt load is
equal to the joint load, or, in the case of multiple bolts, to a propor tionate
part of the joint load. This is shown in flgure 1l as a stra1ght line OAB. But

P Mgy L T L ==

when the bolt has a preload fBl appuea, aXlaJ. jOlnt load is partially

ha + TN SOTY mTée TAaAd
absorbed by reduction of the compression in the joint members so bolt load

increase is lower than in the non-preloaded joint. This is shown as line
Pp1A. Point A represents the separation of joint members with consequent
loss of compression so further loadlng beyond point A is direct along line AB.

W

When an axial joint load varying between P, and Py is applied

When
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S in e 1, the latter ccndition roqnlts in a
cyclic load, hence, increased fatig g
joint bolts results in an increase in 11fe from only a few hundred cycles

before failure to an essentially unlimited fatigue life.
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bolts in shear loaded j
ares

a. Joint members slide. In this configuration, joint members
transmit shear loads to the fasteners in the joint. Preload must be sufficient
to hold the joint members in contact.
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NOTE: For high applied shear loads, shear stresses induced by preloading
must be considered in the bolt design.
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4.3 Preload for bolts cobined st i axi loaded joints. Preload

ar al
must be sufficient to perform functions noted in 4.1 and 4.2 above. Bolt loads
must be analyzed to assure that bolts will not fail in either tension or shear
using standard calculation procedures.
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JOINT LOAD APPLIED
FIGURE 1. Bolt load in joint with applied axial load.

(see Appendix A for derivation.)
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5. PRELOAD APPLICATION

5.1 Preload application - general. In general, fasteners are designed for
maximum utilization of material. Therefore, a maximum safe preload is normally
applied. But, if, for standardization or logistic reasons, a lower strength
bolt or nut is replaced by one of higher strength, preload values should not be
increased. Preload should be based upon calculated joint requirements.

5.2 Preload below yield point. For joints subjected to cyclic loading and
for joints using bolts of high strength materials, where yield strain is close
to the strain at fracture, bolt loads are maintained below the yield point.
Maximum bolt preloads specified are generally within the following ranges:

a. 50 - 80% Minimum tensile ultimate strength
b. 75 - 90% Minimum tensile yield strength or proof load
c. 100% Observed proportional limit or onset of yield

5.3 Preload above yield point. For joints with primarily static loading
using bolts of ductile material, where yield strain is relatively far fraom the
strain at fracture, bolt preloads above yield are often used.

5.4 Preload limitation. Bolt head, driving recess (where used), and
juncture of head and shank must be sufficiently strong to withstand the
application of the selected preload. There must also be sufficient thread
engagement to prevent stripping. Materials susceptable to stress corrosion
cracking may require further preload limitation.

5.5 Preload adjustments.

5.5.1 Torsion load component. When preloads are applied directly (see 6.3)
bolts are loaded axially. However, when preloads are applied by turning of
nuts or bolts, a torsion load component is added to the desired axial bolt
load. The cambined loading increases the tensile stress on the bolt. This
additional stress is often ignored by designers on the assumption that most of
the torsional load quickly disipates soon after removing the driving force.
While this may be true in joints tensioned near or beyond bolt yield, for
critical joints where bolt tension must be maintained below yield it is
important to adjust the axial tension load requirements to include the effects
of preload torsion. For this adjustment, the combined tensile stress (also
called "von Mises stress") may be calculated from the formula:

ftc = ft2 + 3f32 where ft = Axial tensile stress
\l applied in psi (MPa)

£s

Shear stress caused by
torsional load application
in psi (MPa)
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The following formula has been derived from the above for single start Unified
inch screw threads

£ = g J1#3[1.96 + 2,314 _ ;1 o] 2
te” "N T g |
I a, I
L < .
Where u = Coefficient of friction in threads
n = Number of threads per inch
d, = Bolt tnread pltcn cnameter in inches
P~ = Thread pitch in inches which egquals 1/n

r Inified inch scorew fhranﬂc_ the nar

L L e

o} ent increase in tensile stress
by preload torsion is plotted in figure 2 for a range of diameter-pitch
combinations and friction coefficients. It is evident that tensile stress
increase due to preload torsion becomes more significant when friction
coefficient is higher and could result in bolt yield under preload stress
unless allowance is made. For single start UNJ screw threads in accotdance
AL asTy P N [T | -

P RN e Te s A
e LCL !:quc.u. WU L. EJLI.A-I.I uLﬂll‘LCL'

with MIL-5-8875, with a thread stress dia
the following formula applies
ﬁ
£ = £\ 13 [L6378 4 23y ?
Vloe |
o -

The percent increase in ten51le stress caused by preload torsion is plotted in
figure 3 for UNJ threads.

552 D n When nreloads are firgt amnlied to holts in a

)
Olle Ancnh picl £irst appli
s

s place due to excess bearing stress under nut and
bolt heads. local h1qh spots, rough surface finish, and lack of perfect |
squareness of bolt and nut bearing surfaces. Also, loads are not dlstrlbuted
evenly on each thread in a joint. Thread deformation may, therefore, take

place to redistribute load more evenly on the threaded parts. Alil this re-
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sults in a loss of preload within a pefi of minutes to hours. As a general
practice, an allowance for 10% loss of prelcad may be made when designing a
joir\t An altew_-nati\_m is to rpmlir_'e _r_"ti ghtening several minutes to several

Increasing the resilience of a joint will make the joint more
tant to local yleldmg, i. €., r.nere will be less loss of preload 4
R S, W | Tam~mbih ba lAléd: Al amadbar ~
Ldl..l.U UL Juuu. LY LI W JLL Al veL v

nAad Use of 'l-hrnnnh hnlte. farcide f-annnd holes. space
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design methods which can be used to increase this ratio.
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Over a longer period of time, preload may be reduced or completely
lost due to vibration, temperature cycling (including ambient temperature
changes), creep, joint load, etc. An increase in joint bolt preload or, for
transverse vibrations, use of a thread locking method which prevents relati

<

Lo L. & 1. ~ee Yo -

motion within the joint, may Solve
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v1brat10n and temperature cycling. Creep is generally a high temperature
nroblem althouah saome loss l'n holt i-nrH:inn can be expected even normal
¥ falagiad — eSS ARG ee A N S S -—aa - e & &R AN A A2 ¥ ) 28804 L

ad
T u\—\-r&-\- “ae v
temperature Harder materials and materials resistant to creep at the
temperatures developed within the joint must be considered if creep is a prob-
lem. In any case, good joint design will minimize preload relaxation.

5.5.3 Preload uncertainty. Preload may be set with an inaccuracy of fram a
few percent to 25% or more. Care must be taken to malntaln the calibration of

torque and load indicators. Allowance should be ma tainties in bolt
load to prevent overstressing of the bolts or insuf

152 o U

method for tensionin ng based upon required accuracy and relatlve costs (see
section 6).

fAar

£ B
Q
1
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b lim cnm Ao £
19 aQe L

os
es from tabulated room temperature values. These properties

include tensile strength, yield strength, modulus of elasticity, etc. Where
bolts and flange materials are generically dissimilar, such as carbon steel and
corrosion resistant steel or steel and brass, differences in thermal expansion
may cause preload increase or decrease with temperature. Allowance must be
made for these changes.

o
4=
i §
458

'e'
+ 0

5.6.1 By tightening bolts in a joint slightly beyond yield, the bolt and,
in some cases, the joint materials, will be work hardened. Back-turning bolts
or nuts to the desired bolt tension will reduce embedment and metal flow, to
improve resistance to preload loss. Use would be mostly for soft, work-harden-
able metals.

5.6.2 It was noted in 5.5.1 that preloads applied by turning a nut or
bolt, add a torsional load component to the desired axial load. Some of this
torsional load may be released immediately when the wrenching torque is
released due to springback; the amount depends upon friction under the bolt
head or nut. With controlled back-turning, the torsional load may be reduced
or eliminated without loss of axial load. This reduces bolt stress which

reduces creep and fatigue. Calculation and control of the back-turn angle are
difficult so this method has limited use. Because of the small angles

involved, it cannot be used for bolts which are relatively short.

5.7 Flange joint bolt tensioning. It is important to apply approximately
1 tension t h of the bol i ange 301nt, partlcuiarly if the joint

PN Py Ny Ty | PN .

E’Sl.il‘t ul .I.Edege pasSt Uk gdasSKkel.
at
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. .
s~ V-1 /7Y TommmmamT bmcaomd men o

a
=271
includes gabm:t.. Uut:qucu. Cension wiili
The recommended prmnﬂnrn is to ti"‘bt n

-AEe e WAL IR A RS s ’ A\ h NS VY J-lls «“ W\' CCALLIl VA

tightening a pa1r of opposite bolts, then a ir of opposite bolts 90° away,
followed by pairs of opposite bolts in between. An example of the order of
tightening pairs of bolts is shown in figure 4. After tightening fully, a re-
tightening several hours later will help to assure preload relaxation will not
cause the joint to leak. Following the above procedure is good practice even
if a compressed gasket is not used for sealing.

FAllnwing 2 natkéarn Af

10
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air of bolts in position 1,
Pair of bolts in position 2,

5 | 8 Pair of bolts in position __
FIGURE 4. Example of tightening order for pairs
of flange bolts.
11
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6. METHODS FOR CONTROLLING BOLT TENSION

6.1 Con trollmg bolt tension - general. The following are methods used for
controlling initial bolt tension. There are other methods used which are not
included hm.nvnr- pproximate prelmv__ﬂ nﬂo.;racies and rela ive cost for some

produce an accuracy as good as the strain gage method and at camparable cost.
Tlghtenlng methods usmg power drive are similar in accuracy to equivalent
manual methods, but equipment costs are higher.

NOTE: Regardless of tensioning method, tension may decrease with time if
bolt/nut/washer seating surfaces deform under compressive load, if bolt
stretches or creeps under tensile load, or if cyclic loading causes relative
motion between the joint members.

TABLE I - Manual preloading methods for bolts, accuracy and relative

ko (Amiirdaces: AF CNDQ Manhmal s

\
CUoLo LAJUL LT O Vi oo 1TLILHHIVAY i€és J-ll\' o)
\ ’

Preload Method Load Accuracy Relative Cost

Feel + 35% 1
Torque wrench + 25% 1.5
Turn of nut + 15% 3
Prelcad indicating washer + 10% 7
Sensor wrench (computer controlled)

- below yield using turn of nut + 15% 8

- yield point sensing + 8% 8
Bolt elongation + 3-5% 15
Strain gages + 1% 20
6.2 Elongation measurement - stress below proportional limit.

6.2.1 Micrameter method. Below the proportional limit, bolt elongation is
directly proportional to axial stress, i.e., elongation increases in the same
proportion as stress increases. If both ends of the bolt are accessible, a
micrometer measurement may be made before and after tension is applied in order
to insure proper axial stress. The following formula applies

B~ ftLB where 65
E

Bolt elongation in inches (mm)

£ MDA lhacad 1w~
\ural 0asea ypon
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E = Modulus of Elasticity in psi
(GPa =1000)

Lg = Effective bolt length,
see figure 5, in inches (mm)

NOTE: For more complex bolt geometry, elongation is equal to the sum of the

elongations of each section, w1th allowances made for tranmtxonal stresses in
bolt head height and nut engagement -length.

12
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The micrometer method is most easily applied to a bolt that is threaded its
entire length or has very few threads in the bolt grip area so that elongation
will be practically uniform throughout the length. Ends must be allel. It
is not practical for general use but may be used on a limited basis.
— Hy fe—— Ly—™
p——— LS B — HB et —
AN\ (457 (Lot ) !
dyg=Thread stress dia— (V/) /////\\ f\‘\\ﬁ Le=\a) \'sTz"8) +ly—ts+gHN
@m0 R
T ) N I ),
C /////\\1\\\\
VITIIANSNN

~}— NOTE® FOR HEADLESS

—_—

Lg - APPLICATION,

su 1I8STITL ITE
IS ISERE RN

l/2 ENGAGED

THREAD LENGTH.

FIGURE 5. Effective length applicable in elongation formula.
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6.2.2 Modified micrometer method. When both ends of a fastener are not
accessible for measurement, if the diameter of the bolt or stud is sufficiently

large, an axial hole may t->e drilled in it as shown in figure 6. By applying a
micrometer depth gage to determine the change in depth of the hole during
tightening of the fastener, the tension can be controlled as in 6.2.1.

PO 7777777 77777777 7 20020

(L Ll L LLLL /U

r B - 2y auy auy a4

K///////////////////////A/Z(/,d

L L Ll i L L Lil L

ongation determination whe

ANsis N 1 wikil

r elong
not accessible.

6.2.3 Indlcatmg bolt. This system consists of a bolt with a blind axial
hole in which a pin is fixed at the bottom. The pm is usually made flush with
the bolt head surface before loadmg. As the bolt is loaded, the elongation
produced in the bolt causes the pin to move below the reference surface. This
change in distance is converted directly into unit stress by measuring w1th a
calibrated dial gage. In some cases, the pin is set a distance above the bolt
head surface so that it is flush when the desn:ed load is attained or a projec—
tion on the pin bears agamst the bolt head so that it cannot be turned by hand
when the desired preload is reached. Another variation uses a dark colored
fluid in the pin chamber. At tension zero, the brlght colored end of the pin

presses against the chamber window. As tension increases, the pin moves away
from the window allowing an increasing amount of fluid to change the apparent
color of the pin. A color sensor indicates load.
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6.2.4 Turn—of~nut method. In principie, the turn-of-nut method is similar
to that of the micrometer method described in 6.2.1 above, except that the lead
of the thread is related to elongation. Thus

Lo /]
o

B = 6L where ©

Turn of nut in degrees

360 L = Lead of the thread helix in inches (mm)
E L

Accuracy is affected by elastic deformation of the threads, by roughness of
the bearlng surfaces and by difficulty in determining the starting point for
measuring the angle. Generally, the nut is tightened to seat the contacting
surfaces firmly. The nut is then loosened to just release bolt tension and
twisting; this is the starting point. Nut turn angle will be different for
each bolt size, length, material and thread lead and will vary with the
properties of the clamped materials. Unless the deformation of the nut and

il T e SERLTL S8 SSs Wi At WAt A A LKA WAL WA WAdC

301nt materials under load is negligible compared to that of the bolt; a
significant portion of the nut rotation will be absorbed other than in
elongation of the bolt. In such a case, the above formulas will not apply so
nut turn angle would have to be determined empirically using a simulated joint

and a tension measuring device as a standard.

)

6.2.5 Ultrasonic method. Sour pulse generate

from one end of a holt

tar1
N e WASNe WwiANA Wih X MWAYVA L T A

travel at the speed of sound for the bolt material, to the other end of the
bolt, bounce off that end and return to the generator in a certain period of
time. This time is dependent upon the bolt length and the speed of sound; the
speed of sound varies with materlal, temperature and stress level. An ultra-

sonic control system generates a pulse and measures the time for the pulse to
travel the length of the bolt and return. Utilizing various inputs the system

comnuteq the stress. load or elonaoation of the holt at anv time by comarinag

————-—, =L Vi Tahigieatir ML QL QY ek V) VAapgal sy

pulse travel time in the loaded and unstressed conditions. To obtain
consistent results, both ends of the bolt must be finished square to the bolt
axis.

6.2.6 Strain gage method. When a thin wire is bonded to a bolt, it
stretches as the bolt elongates under load. This stretch causes a change in
electrical resistance of the wire which can be measured and correlated with
bolt load. Strain gage wires or groups of wires may be bonded on the outside

of the bolt or on the inside surface of a small axial hole where there is
greater protection. Another method uses mounting in recesses on the outside of
a plastic tube which is then bonded to the inside of a small axial hole in the

DOLlC.
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6.3 Direct loading.

6.1 1anlz1nn mothods. Amnlication of axial load to a bholt mav he made

SR R L~ i et L See ——— il e

using mechanlcal jacking or jacking powered by air, hydraulic or explosive gas
pressure. Often, loads are applled to bolt threads extendlng beyond the nut or
to specially designed nuts which 1ncorporate jacking screws or pistons. The
elongation of the bolt creates a gap which is filled by turning the nut down
snugly or by a shim, spacer or other mechanical device. Load is maintained

dLCEI.' \'.ﬂlb ]acm.ng IOI(X has been IEIIDVEQ.

e

6.3.2 Hpaf'nnn-f-pmnprafnrn contral. When a hot hnlt and nat

cooled, the bolt shrlnks and tension 1s developed. The following formula is
used to calculate the temperature necessary to develop the requlred axial
tensile stress in the bolt when the stress is below the elastic limit.

. .
n a joint are

Temperature, t = £, + t, where £, = Axial tensile stress, psi
— = _ MadiaTiem al ANl ambd o . ——
Ee ¥ = FARAULUD UL Tliadtiivaivy, oL
e = Coefficient of linear thermal
expansion /~F
t, = Operating temperature, °F

Example: A steel bolt operating at 70°F with an initial axial
tensile stresg of 40,000 psi. E = 30 x 10" psi and
e =06.2x 10 /L‘.

t=4

(3
D
(=]

-)

5. + 70 = 285°F

) x (6.2 x 10 V)

To provide bolt tension, the bolt and nut would be heated to a temperature
slightly nlgner than the calculated temperature to allow for coorlng prlor to

aa 2 Ml oA 22T A A A2 libmemnd memiecTir aad Alea s am A
ius LJ.gHLl:'“lllgg d1iie 11dl WUJ.U l};‘ L.LguLb‘llCU buug.x.y dll.l LUC abbt:lll&).l.y cu..l.uwcu UJ

u
avalon Anrina ~Aannalina Thica +hAaAd can r\n'lu be nced

Vaa’s MancaiAn 111 Ad A \
VAN L o ACIiIDA\ILL TWJWANA A VG-I-\JH AlGd b bll‘, wvd.-l-llﬂ. XY NS ] lll.-\-‘
where the hnlt is accessible for heating and where the heat1na w111 not degrade

101n£ materlai Accuracy is limited bv the ability to control bolt temperature
and by any significant deformation of the joint materials.

6.3.3 Heatlng - elongatlon control. Instead of u51ng temperature controls
to set bolt ten51on as described in 6.3.2, accuracy can be improved by using

mdewnTTAd Awmarne ~AFE Flha haatad lalse ™A Airnd a1 ‘-\a aaal-aﬂ cevriwveler ac
COlciCLael ct.yaua.tuu of the heated bolt. anic JOinNic wouaG Sea Snug4+y asS
in 6.2.4 and heat applied to the bolt. When the bolt expansion; as indicated

by a thickness gage 1nserted under the nut, is equal to ‘the elongation calcu-
lated as in 6.2.1 for the required axial stress, “the nut would again be
tightened snugly. Upon cooling, the axial expansion in the bolt should be
approximately equal to the desired stress level. There will be some loss in
preload if there is an apprec1ab1e increase in temperature of the joint

_r L.

macerlaJ.b dur ing polt nedc.l.ng.
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6.4 Mechanical effect of load.

6.4.1 Washer or washer-face deformation.

e £ A PRy
nsis oL
nm hardana
1idL UCIC

in dlameter and hlgher than the outer ring by a predetermlned amount. A known
preload in the bolt is indicated when the inner ring is compressed and yielded,
to the point indicated when the outer ring can no longer be moved freely by
means of a pin inserted into one of the peripheral holes. Rotation of the
fastener beyond the first indication of correct tension will result in a

A
(8]

significant increase in resistance. Additional rotation could result in
overtightening. Due to yielding of the inner ring, the washer assembly is not
reusabhle.

b. Other systems use calibrated deflection of a spring washer or
deflection of projections on a washer or the bearing face of the fastener which
flatten under ax1al load. The correct preload is indicated by checklng the gap

,,,,, = el 2 L Py

nut using a feeler gage or spacer which may be an inte-

Cc. Still another type of system consists of a washer with either an
integral tab or a separate member inserted into a radial groove on the fastener
side of the washer. Under bolt preload, the tab or insert will deflect away
from the joint to give an indication of the load.

6.4

2 Tl
r4

a. A variation of the washer tab or insert system described in
6.4.1c uses fracture of the exposed tab or insert when a predetermined fastener
load is achieved.

b. Another device consists of a tab adhesively bonded to the outer
edge of a washer or to one of the vertical faces of a hex nut or bolt head.
The bottom surface of the tab is flush with the bearing surface and transmits a
shear load to the adhesive as the fastener is tensioned. It is designed to

fracture at a predetermined fastener load.

6.4.3 Conical spring nut. Internally threaded conical springs retained in

a drivable nut housing or cage will develop a predlctable load when tlghtened
This is functionally similar to the use of spring washers described in 6.4.1b
a e

6.4.4 Change in sonic velocity under stress. Using measured round trip
transit times for longitudinal and shear wave sonic pulses, tensile stress in a
bolt may be calculated without consideration of bolt length. This method

Ao o £

permlts cnecxlng DO.I.'C tensxon at any time without maintenance of records for

each individual bolt in a joint at zero load. Accuracy is limited by sonic

velocity variations between bolts of the same material and by corrections which
must be made for the unstressed portions of the bolt head and threads. Both

ends of the bolt must be finished square to the bolt axis.

[
(=)
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6.5 Yield point tensioning. In order to utilize the maximam amount of bolt
strength, bolts are sometimes tightened to or beyond the yield point of the
ms erial. Gene;gll ; this practice is limi ted to ductile materlals where there

(breaking) strength. Materials of low ductility are more likely to fail, when
preloaded to yield, due to unexpected overloads. Methods for tightening to
yield range from the poorly controlled feel of the mechanic to the latest

electronic equlpmenc which compares torque applied to angle rotation to detect
the change in the elastic properties of the material at yield. When tightening
th automatic equipment, torque rat nitoring may also be used to detect

6.6 Torque control. The most common methods of bolt tension control are
indirect since it is not usually practicable to measure tension produced in
Fortunately, for many app11cac10ns the ten51on

each fastener during assembly.

may be controlled within satisfactory limits by ayy.l..ylng Kknown torgues in
tightening the nuts on the bolts or studs, or tightening joint screws. Tests
in pume; us lab gatories have shgwn that satis factorv torque-tension relation-

any one variable may alter the relatlonshlp markedly. Because of the fact that
most of the applied torque is absorbed in intermediate friction, a change in
the surface roughness of the bearlng surfaces or of the threads, or a change in

lubrication wiil draStlcally affect the friction and thus the torgque-tension
JURRY, TSR R, LI am S emiemd et mad bhmb a marrAarn bmavnya 33 1T mAk alwriace
LelLatcivl lblu.k). LUUD, 4L IHUS L W Lt:uuylu.acu uiat a yivol wilyuco wiii NCT Qiway o
produce the predicted stress in the bolt but will probably induce a stress that
lies in a stress range that is satisfactory.

Note: Appendix B includes guidelines for the establishment of torque-
tension relationships.

6.6.1 Torque wrench. A variety of torque wrenches are avail
lamw smamisa 1 m—mermr A s vear 5

either manual or pPower ariven u
Bolt tightening mav be stonned when the des

CalgiaLTiiaiay oy S e~ Wedsid LisT

digital indicator, or when a buzzer sounds at a preset value. Same tools
automatically disconnect the driving element at the desired torque setting or
the driving element may break at a preselected torque.

é

¥ i’
ed torque is read

6.6.2 Torque leltlng,tasteners. Some nuts, bolts and screws are available
with special driving elements included. These driving elements are connected
tc the fasteners by contrclled size sections designed to shear at specified
torques. Thus, to apply the desired torque to a fastener, no snecxal driving

6.7 Tbrque—ten51on comparison. Tension control based upon a calculated
torque-tension relationship is subject to many variables. The less the number
of variables, the greater will be the reliability of the joint. Therefore, the
use of an actual or simulated joint with tension controlled by one of the
methods in 6.2 and torque measured by a ca11brated torque wrench, may be used
to determine the torque to be lied in order to produce the requlred bolt

tension. Another popular me method utilizes a torque tension tester 1nto which is

[
3



HIS DOCUMENT PROVIDED BY THE

TEEHNIEAI_ LIBRARY

ABBOTTAEROSPACE.COM
MIL-HDBK-60

placed the lubricated nut-bolt-washer unit to be used in a joint. As the nut

is tightened, a piston applles pressure to hydraulic fluid in a chamber. The
uid pressure measurement is converted to show bolt tension. /Stem may

method eliminates the variations between Jomts, so bolt tension control is not
as close as with methods which control tension directly. Friction force is
the most significant variable.

[
(5]
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APPENDIX A

BOLTED JOINT BEHAVIOR UNDER APPLIED LOAD

10. SCCPE

1In 1 [ P Ml acmamea TS o ) NS 'S 9 A : 3 m P=o—

10.1 Scope. This appendix shows the derivation of a general formula de
scribing behavior of a bolted joint subjected to an applied axial load. It is

inr
avior d
information only.

10.2 Limitations. The following analysis covers only the condition where
the axial load, P, applied to the joint, is applled over the same effective
joint thickness, tyr which is subjected to the joint compression ioad, Pj.

In many cases, the actual loading planes are within the joint, which leads to
a complex loading situation. The condition covered below predicts somewhat

higher bolt tensions prior to joint separation than exists when loading
planes are within the joint material and joint separation occcurring at a
higher applied joint load., Eccentric leoading on 2 joint causes joint
separation at a lower load than axial loading and is not covered in the
analysis.
20. APPLICABLE DOCUMENTS. This section is not applicable to this appendix.
30. DEFINITIONS

30.1 Definitions applicable to this appendix are in accordance with section 3.

30.2 The following symbols are used in this appendix
'n2 'fhﬂ'lz\

] -3 oF = % 1
4Vl QLCAQ@Ay il LU

Bolt modulus of elasticity, psi (MPa

—

Ap
A
AL
Ay Effective compressed area in joint, in2 (mm2)
Eg
w
A.G

E; Joint material modulus of elasticity, psi (MPa)

Effective bolt length, see figure 5, in. (mm)

E

Gasket thickness, in. (mm)

&

.
in._
-ias

\eemasy

&’

Axial load applied to joint, pounds (Newtons)

Pp Axial bolt load, pounds (Newtons)
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APPENDIX A - (Cont'd)
P; Gasket compression load, pounds (Newtons)
Py Joint compression load, pounds (Newtons)

SB Bolt elongation, in. (mm)

8§g Gasket campression, in. (mm)
& - Joint material comnression; in. (mm)
v J T i \ 7
A Change caused by application of load P
T Subscript indicating applicability to total joint including
gasket
1 Subscript indicating condition with applied joint bolt

40. GENERAL STATEMENTS. This section is not applicable to this appendix.

20
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PENDIX nt'

2 P- A Y
A - (Cont'q)

50. THEORY

50.1 Preload application. When the bolts in a joint are tightened, the
joint materials are compressed while the bolts are put in tension. The preload

on a bolt, PBl' is equal to the compressive load on the joint material,
Py; (see figure 7).

Stretch of a bolt under preload is

1
‘ Ppils
A =
61  AE
BB
( Compression of the joint material under

FIGURE 7. Bolt forces
under preload.

in compression. When an axial

load, P, is applied to the joint, bolt
stretch increases byA§g and bolt

load increases by &Pg. The increased
bolt length reduces the compressmn in
P — Apd the Jomt materials byd 6 ;y and the

Ji \ compressive loading by A4Pj.
A 8Pl 86 gPeEp
_ = and APy =
408 apip Ly
I |
| I ATy L AR A ®
| | 283 =B"'J J and AP, g
I l l AjEg &
q" From figure 8, it is seen that
P, +AP. o _ .
el B P+ Py ~ 8Py = Pg) * APy

21
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Pnh1 = P14 (See 50. l) and amount of
additional bolt stretch equals the reduction
in joint material compression, i.e.,

86 = A6 3 = 86. Using these relation-

Shlps and substituting values for APp and
AD Ftha FATTAr1TIm~y FAarmuila 1o AA'I'-’AI:B
o J.'J G LULLUWLILY] LULIIULAG 1o JUTTlLiveu,.

A
D D
Ly p
pPp =———————— Por ——
Agkg T Aghy LpAgts
- - 1+ —
Lg t5 tsApER
and Py = Ppy + APg = Ppy + _—
14 LgAgEg
tyAgER

50.3 Axial load applied - joint separated. When the applied axial load is

sufficiently large to open the joint,
4 there is no longer any load applied to
the bolt by the joint materials.
Therefore, as shown in figure 9, the

e ] ad D 1o amial A +ha RATE
load Pg.

v ad 1A
I GHF-LJ.CU .LWU £ 10 TYyual W L Wil

P
B
FIGIRE Q. orces in onen
FiGURL 2. rorcees in open
Joint bolt.

50.4 Joint separat:lon. Referring to figur 1, line Py A is the condition
described in 50.2 and line AB is the condition described in 50.3. The point of
Atk mAarma b - n PR T Svoeey —n] TAd TAaad D 160 Aacarilad e Akl ~AAnAT +1AN
JUiliL O EJGLGLLU“, £, ULLULD LICL) HFJ.J.CU 404G £ 1S GesCriceG VY UL VML LV

By [t
P = 1 = |l ‘
1- \ g /
\ a&F W v
LpAsEy /
1+
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50.5 Joints with gasket. When preload is applied, compress:.on load on the
asket is the same as on the rest of the joint. Gasket compression is

P,

A ™

S end]
Total joint campression is

1 = 61 *éa

= +
A-E~ A~E~
SRS ] .
- / LY
“Pg; [ ty + tg ) since Py =P =Py
\Pos  Acke
With axial load P applied to the joint as in 50.2, compression in the total

joint is reauced by A8 3T and compression load is reduced by APjp. Bolt
loading is the same as in 50.2.

8637 = APy { ts tg \\ and 8Pgp =867
\AJEJ AcEg / ts tg
+
BBy AgEg
Applying the reasoning of 50.2
T
B
apg = 2 AgFp
- 1+ K whereK-=
g G
+g
AjEy  Aghg
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ADDENNTY R
AL LalwLAn O

BOLT TORQUE-TENSION RELATION

60. SCOPE

60.1 Scope. This appendix shows the derivations of a general formula and
s

simplified formulas which relate bolt torque and axial tension developed.
Examples are included.

60.2 Application. Information presented in this appendix is only one
approach which _may be used to determine bolt torque requirements. It is not

a8t LV Liiae LAt s

80.1 Definitions applicable to this appendix are in accordance with section 3.
80.2 The following symbols are used in this appendix:
b  Washer face diameter, inch (mm)

d Nominal diameter of bolt or nut, inch (mm)

Pn, Axial bolt load, pounds (Newtons). This is equal to the
stress area of the bolt threads multiplied by the stress
level, in appropriate units

Py Normal load component of Py, pounds (Newtons)

T Torque, pound-inch (Newton-mm)

Thread half angle, degrees
Thread lead angle, degrees

o4
)
A
M coefficient of friction

90. GENERAL STATEMENTS. This section is not applicable to this appendix.
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ion. The purpose of torgque ap'plic_tion is to develop

J.Uat
the bolt. Torque required mus
threads and friction under the nut or bolt head.

s
E-’-
o
8
g
"h
H-
Q
ﬂ,
P
o !
:!
e
e}
%

100.2 Axial load torque. (Refer to figure 10). Ax1a1 load, Pp, is a

ent of the normal forc
developed between threads.
The normal force camponent
\ |-Ps perpendicular to the thread
Ps |\ | helix is PgA. The other
NN Toe — component of this force is
/‘ the }:orque load, B tanA,
pg fan F\/__ﬁ/ | which ';ft Se appll‘d. 11}3:
Fgfana > suming the force is applied
0 = - at the pitch diameter of the
/}\/ l thread, torque to develop
7 a axial load is T, =P tan)\dz
’ nasz - = 'E;
Note: Thread element development shown. Since tanA= L/d,
FIGURE 10. Thread helix forces. Ty = 11__2
- v

100.3 Thread friction torque. (Refer to figure 1l1). The normal force
component perpendlcular

the thread flanks is lgﬁ .
With a coefficient of fric-
) p tion,y 1, between the
P ._B threads, the friction load is
BOLT P — \ﬂ /1 N cosa equal toH (Pygs OF
AXIS (ReF FiG 10) \_A| A/ . »p M 1Pp/cosd . Assuming the
~ I/ ' force is applled at the pitch
diameter of the thread,
torque to overocme thread
< friction is
R I
e Ty =dy H; P
1 // 2 cosa
Ve
d2
| S .~ ——
2
FIGURE 11. Thread friction force.
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APPENDIX B - (Cont'd)

100.4 Nut or bolt underhead friction torque. {(Refer to figure 12). With a
cnoffiriont Af Frickion . ..
NN B e e\ el i A ‘-l-‘\'b&\lll' "2'
between the nut or bolt head
‘e washer face and the joint, the
\ friction load is equal to
\ M2Pg- Assuming the force
\ m is applied miéway between the

nominal diameter, d, and the
% y washer face diameter, b,
torque to overcome nut or bolt

<
VY AN underhead friction is

N\ e S

L}
T
4
L
t»
N
"
o

FIGURE 12. Nut or bolt head friction force.

100.5 Torque-tension relation. Total torque, T, required to develop axial
bolt load, Py, is equal to the sum of Ty, T, and Ty from 100.2, 100.3
and 100.4 above.

_ ; o\
T = p. /L ) dp M1 _(d+b”‘2\
B \2n+ 2 cosox | 4 }

100.5.1 For a fastener system with 60° threads, o = 30° and d, is
approximately 0.92d. If there is no loose washer used under the rotated nut or
bolt head, b is approximately 1.5d.

r , <1
T=p|os0L+alf +0.625 o ||
BL \ [ ] . H ﬁ

100.5.2 1If, in addition to conditions in 100 5.1, ny is approximately
equal tofip, then iy = 3 = M-

hJ ~— __/

Note: H1 is not necessarily equal to M2

26
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110. EXAMPLES

110.1 Values of torque, converted to pound-feet, were calculated for bolts
preloaded to 55% of minimum tensile strength with coefficients of friction
12 using conmuons and formuia from 100.5.2. These vames are shown

Y Pt 2 L£2 T mmmcema mem heamdad bt d~
i1l QUIB .LJ .LUL wiﬂ W‘ UIlAL L AL o ﬂl“ Lulc uu. (-9 WJLLD
- lavyels Tha Aif in +nrmaa fAr Anarce and fine

ol e A did w&\iu\—v A N B WAl wihh A - b BN

arncdh £a
u:ll&\-ll PR =3 ASPNS} ) - N B
seen to be relati _ely emall. Many references, therefore, use a

S
ed relation between torque and preload which excludes the thread lead

m 1]

For UNJ threads in accordance with MIL-S-8879, tensile stress area is
1y considered to be at the basic pitch diameter. Thus, the required
-~ P SR IT &heandad laTlée 10 Tar~ar &Ehan FfAr anm ammial e

wxquc LUL G UI.\J il Caucu VAL L 40 J.QLSCL il ALVUL Qul C\.‘UG-L.LJ

0
Inified threaded holt in an eaquivalent bGoint. To convert from the

- ~sa Lmaa \-\’\.- [~ R 31 J- ..... - wea¥ - - L -

0 er
Q3 ‘.:'- g

o]

~~

—

Qs
=)
!

o

-~

110.2 Table II shows examples of coefficients of friction which are often
used in determining torque requxremem:b. So~called "dry" threads refer to
threads where no lubricant is applied. Some residual machine oil is assumed.
If all lubricant is removed by solvent, coefficient of friction is inconsistent

and often very high unless a plating or other film is acting as a lubricant.
Severe gallmg may also result from lubricant-free surface conditions.

110.3 For self-locking nuts, coefficient of friction for the mating
materials and lubricants may be used in determmmg required torque.

S [ R T ) "N -l e b ALl S R PPN

t’reval.Llng torque, p ererdDJ.y measured, should be aGded to the torgue
~almilabad inm i mannar
ULALTWU Ll Wi KU UICL @

110.4 Figure 13 is an example only. A proper torque value should be
determined for each joint individually.

N
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TABLE II. Examples of coefficients of friction.
Bolt/nut Mat'l Lubricant Coefficient of Friction,
See Note M + 208

Steel Graphite in Petrolatum or 0il 0.07
Steel Molybdenum disulphide grease 0.11
Steel, Cadmium plated None added 0.12
Steel, Zinc plated None added 0.17
Steel Machine oil 0.15
Steel/Bronze None added 0.15
Corrosion resistant None added 0.14

steel or nickel base

alloys/silver plated

materials
Titanium/Steel Graphite in petrolatum 0.08
Titanium Molybdenum disulphide grease 0.10
NOTE: "Steel" includes carbon and low alloy steels but not corrosion resistant

steels.
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