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Torque Analysis using the BOLTCALC Program

Torque Distribution Chart
Example Analysis of a Flanged Head M12 Bolt

Hitface Friction Torque 50 81 %

Thread Extension Torque = 11.13 Nm
Thread Friction Torque = 30.07 Nm
Nutface Friction Torgue = 42.55 Nm
Total Tightening Torque = 83.75 Nm

Torque Distribution Chart
Example Analysis of a Flanged Head M12 Bolt

Mutface Friction Torque 38.76 %

Prevailing Torque Specified = 21.00 Nm
Thread Extension Torque = §.98 Nm
Thread Friction Torque = 24.27 Nm
Nutface Friction Torque = 34.34 Nm
Total Tightening Torque = 88.58 Nm

Thread Friction Torque 27 30 %

Thread Estension Torque

It is a common problem having to establish what would be an appropriate
tightening torque to apply to a threaded fastener. Or knowing the torque, what
clamp force would this torque generate.

The clamp force acting on the joint from the fastener is known as preload. The
BOLTCALC program will allow the appropriate torque to be determined for a
given fastener size and strength. It can also determine the resulting preload
from a tightening torque or the tightening torque given a specified preload.

Before giving details of how to use this part of the BOLTCALC program, some
background information is presented on torque tightening.

When a nut is tightened on a bolt, the majority of the applied tightening torque
is used to overcome friction. Friction is present in the threads and under the
face of the part being rotated - the nut face or under the bolt head.

Because of the sensitivity of the tightening torque to friction variation, there
tends to be a significant variation in the preload resulting from a specified
torque value.

Some fasteners have a prevailing torque. A prevailing torque is the torque that
is needed to run a nut down a thread on certain types of fasteners designed to
resist vibration loosening. The resistance can be provided by a plastic insert or
a noncircular head.

Such fasteners can have a significant effect what the appropriate tightening
torque should be specified.

In this first example, the tightening torque for a M12
flange headed bolt is required. The bolt and nut are
Dacromet coated.

The bolt head is to be tightened and the clearance hole of
the washer next to the head is 14.5 mm.

A bolt of property class 10.9 is to be used.

Note: Normally it does not matter whether the bolt or nut is
tightened. However if the nut bearing diameter is different

§ to the head diameter and/or the hole diameter next to the

=
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part is different, then it is important which part is to be
tightened. Otherwise, the preload will vary for a specified
torque value depending upon which part is tightened.
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Torque Analysis using the BOLTCALC Program (continued)

Start the BOLTCALC program and first ensure that metric
units are selected by checking that 'Metric Units' is given in
the bottom right hand corner.

(Side) From the main menu select 'Analysis Type' and then
click on the option marked 'Torque Analysis'.

(Below) A form will appear that has tabs at the top. To start
entering the data relating to the problem, first click on the
button marked 'Select Thread Size from a Database'.

a Entry Form
Remarks Bolt Details Tightening Details

o A Fast Thread Shank
astoni i Shan
Diamater mm - Pitch ) ™™ Diarneter e s
Select Thread Size from a Database
Thread
Datails

Quter Bearing Diameter of the Fastener
() Standand Hexagon FHesa O Flanged Heaa
C chpt Hivad Cap Serm (O Countarsunk Hasa

© e

Outer Birarng Diaemitor of
fastener head

0.00 mm

Inner Bearing Diameter of the Fastenss
&) e Bwvaring Dearreter equal 1o clearance hok diamoter
() User defined Inner Bearing Diameler

Inner Birarng
Diameter of 0.00 mm
fastener head

Fastener Clearance Hole ~
@ Fine O Medium O Coarse O Usor defwwa Diameter of through hole |0.00 mm
Cloarance hokes 1o IS0 273
Fastener Strength Grrde Selection
Beh Standard
{Optional)
Grade or Propery Fastener yield strength [0.2% strain) 640,00 Nimam®

s (Dptianal)
astener Material Database containg listings of the l

Consult the Fastener Material Database

maost common fastener matenals

Akey in 14 818 0 SEneng el sy BoRing Eone- 1 1ot &
g 1 the 0.29% 1 sdress i biserally senreiod instoadt
[¥%2 Calculate ] concet | 2 new |

(Below) Select the entry marked M12 x 1.75 Coarse
Thread. Details about this thread and fastener sizes
associated with this thread will appear on the form. Click
'Ok’ to return to the main data entry form.

atabase for, M

Thread Details | M12 % 1.75 Coarse Thread A dimensions

Thiead Diameter e T .

Thread Size Details
M5 » 0.8 Coarse Thread

M %05 Fine Thisad
Other Detsits (Pleass Note: A 20 indicales that informalion is not available) B £ 05 Fre o
Clearance Hols Detai Mirirnum Bol/Nut bearing dia. ME 1 Coarse Thread
2 hes Froin HulsBok MG #0175 Fire Thread
g e M7 11 Coarse Thread
g et e Flanged Fastener M7 & .75 Fine Thiead
& Cosrse Series Socket Head Cap Screw M8 1 1.25 Coarse Thiead

18«1 Fine Thread

M3+ 1.25 Coarse Thiead

M10% 1.6 Coarse Thiead

M10% 1.25 Fine Thread =
M11 3 1.5 Coarse Thiead

Socket Countersunk Sorew

Thread Dimensional Tolerances

Thread tolerances are based upon tolerance classes:

Intemnal Thread

Extemal Thread
. aximum Wi

i Minimurn

112 % 1.25 Fine Thread
}M14 3 1.5 Fine Thread
M14 % 2 Coarse Thiead
M1E « 2 Coarse Thisad
M16 3 1.5 Fire: Thread
M18 3 1.5 Fine Thread
W18+ 2.6 Coaise Thiead

Major Dia
Fitch Dia

Mingr Dia,

(Side) Details of the thread selected will now appear on the
main form.
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Initial Bolt Size Estimate

s 02 o[ 2| B [ wetic Units in Usel [ o

Thread Stripping Analysis
Joink Analysis

Allows a torque analysis to be completed Metric Units

(Below) The thread database form will appear that contains
the vast majority of threads that are in use. To select the
thread size that you want to use, scroll down the list at the
right.

Thread Detals M1 # 0.2 Fine Thiead A dimensions

Thread Size Details ~

Thread Diameter |1 Thread Pitch | 0.

e HT .

M1 1 0.25 Coarss Thread

M1.1 % 0.2 Fine Thiead

Mirimurn BoltZNut besring dia. M1.1x0.25 Coarse Thiead L
M1.2 % 0.2 Fine Thiead

Other Details [Please Note: & zem indicates that information is not availsbls]

Clearance Hole Diet
@

z

5 FineSeie pan tasgok [0 | M1.4 % 0.3 Coarse Thread
£2 Medium Serie: Flanged Fastener El 1.4 0.2 Fine Thread

3 Costse Saris Socket Head CapSerew [0 | M1.6 1 0.35 Coarse Thread

M1.6 0.2 Fine Thread
M1.8 0,35 Coarse Thead
}1.8 4 0.2 Fine Thiead

Socket Countersunk Soren [0 |

Thizad Diersional Tolerances M2 1 0.4 Coarse Thread
Thiead tolerances are based upon tolerance classes: M2 0.25 Fine Thread
M2.2 4 0.45 Coarse Thead
Extemal Thizad Internal Thiead
Masioum Wi Masimum Mt M2.2 5025 Fine Thead
; . M25 4 0,45 Coarse Thzad
Major Dia Major Dia
M25 4 0.35 Fine Thread
Pitch Dia. |11 Fitch Dia M3 % 0.5 Comrse Thiead
Minor Dia, 0783 | 0E&2 Minor Dia, 0821 | [0.783 13 1 0.35 Fine Thread i |
— || M35x06Coass Thead
M3.5 % 0.35 Fine Thread 3

ased upon the 150 2206 standard

Tapping Diill Dismeter (b

Remarks Bolt Details Tightening Datails
Fasterer Thread Deails
Fastener Thread (g 76 Shank| 4
Diarneter mm o Piich |- M Diameter o
Salact Thread S —
raa -
Detars W12 LTS Coarse Thread
Quter Bearing Diameter of the Fasterer
O Standiad Fomgon Hoaa (3 Flanged Head ) Coe Outes Bearing Diometer of oo
(0 Sockot Food Gap Scaw ) Countersunk Haso fasterser head
Inmar Boaring Diameres of the Fastaner
oy ; A - ety Inner Baaring
& e Bearing Diametor viuat 10 charance hok dimote il - P
O User defined Inner Beanng Dismetar fastener head
Fastaner Claarance Hole
) Fine. O Modiuen (3 Coaras 0 Lis dofinaa Diameter of through hole | 14.50 rm
Cloarance hoks fo 150 273
Fasterer Strength Grade Selection
Eiolt Standand
(Oiptiomal)
Grade or Property Fastenor yiold strongth 0 2% strain) £40.00 Kfmen®
Class (Optional)
The Fastener Material Database contsins listings of the | T T e
M0SE COmMon fastonss matonals
A ey visioe s in by s raterial. Because B mary boding maberisls there & not &
[ nk get ob apeciied inaleed.
4 Calculate | X cancel| 7 e
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Torque Analysis using the BOLTCALC Program (continued)

Tarque Tightaning Data Entry Form

(Side) Select that a flanged head fastener and a coarse Remarks Bolt Details | Tightening Details
fastener clearance hole is being used. Fastanor Thrsad Dol = - e
sty e TV
Diamater mm Pitch Diameter
. Seloct Thiead Size from a Database Thiead
To select the property class of the fastener, click on the BRI L LIS Contve TATuad
button marked 'Consult the Fastener Material Database'. Outer Baaring Diameter of the Fastenar
(& Standand Hexagon Hesa () Flanged Hesa ) Cither Outir Banng Diamiter of (o i
O Socket Howd Cap Screw C) Courtersunk Hooa fastanes head
(Below) The Fastener Material Selection form will appear Inner Bearing Diameter ofthe Fastener
allowing you to select the appropriate property class from a 0 Doy Ol o o ol et :’Da:ﬂ:m’ . Lo
. . s Lser nner g L .3 1 d
large range of alternatives. Select 10.9 and details about phn
. . Fi Claara Hola
this property class will appear on the form. "ﬁ;ﬁ“‘; o Qo Ot s s e Tl =
. ' ' . Fastener Strength Grade Selection
Click 'Ok’ to return to the main data entry form. o Siclia
:' o Onr;“l':ﬁ;r Fastener yleld strength {0.2% strain) 640,00 Wmm®
e The FtetarMaluis O s ciplioe felnoe ol e Consul the Fastones Watril Datobse |
i Fastener Material Selection | Mechanical and Physical Fropetty Informaion | Fastener Head Marking Delails n‘w‘\;m m M; i oyt veng r;ﬁ?;'mn;wm;ﬁ”;;;u;;;lm;;mm Grio Dhere 1 1t B
g Standards Organisator Propery Class or Grade [Propety Class__# : : =
I 109 | [25 v Calculate | X cancel | 7 hebp |
stional Drganization for Standardization S o ' 46 | C 150 Inten
4y of hutomative Enginesrs 12 Imitations quote L ) SBE -5 . .
e Wi | e . Suam  (Below) Details about the property class will now be entered
= Standard on the main form. To move to the tightening details page of
181 Mechanical properties of fasteners made of carbon steel and allop steel, E:B 150 88 the fOl‘m, CI|Ck on the tap at the tOp Of the fOI‘m marked
a8 wawabesis 1iahtenina Details'
o with additives quenched andt:,nrr;?;ld or altematively aloy steel quenched and Carbon stee Tarque Tightening Data Entry Form
1_259 Ramarks | Bolt Details | Tightaning Datalls
nioimation 48 Kew Property | Fasteaner Throsed Details — — s
230 [N Miimm Tensle Stength 140 | e :g o Yield Ste: T Sinlnmlﬂmbuo‘i Diamfz:er B mm o peh [T 1T piamerer 12 g
i) g_i" B L | é::;ﬁ: M12 x 1.75 Coarse Thread
H_DIES‘E!',lEd‘HEEE .alEIhm\l‘Ed.\abS‘Il.aC‘tS er‘m tbel_ sta:njauc!s.t The;f are for gn:ud:a’hne use only, ple‘ase refer to the The iﬂfﬂlrr‘nat‘in

7 Ea Outer Bearing Diameter of the Fastener

) Standard Hevagon Hesa (5 Flanged Heaa 3 Oithar Duter Daaring Diametar of 2250

T o ek 4 e e mn
? Help v Ok X Cancel | * ) Socket fiead Cap Strew ) Countersunk Heso astener hea

tnner Bearing Diamder of the Fastener
() fnner Bearing Diameter equal to cizarance hole diamster inney Besing

(On this page, details related to tightening the bolt are 2l it e
entered. Dacromet is the default finish and so can be left. e i @ows Ol detns T
The vyield factor method is also default. This method is ram::’:fﬂ;ﬁ"";;:’;’f::“

based upon a percentage of the yield strength of the Pl s o

fastener being used as a result of combined tension and l
torsion created by the tightening torque. ]
i

s R 240 e

o | Cansult the | astener Material Database
T 'ﬂa_gggaf H\iauss miﬁrm‘ﬁuin'q Thaten3ii Diar s o ‘E_r;
s = -]

Click on the 'Calculate' button to determine the results.

LIBDGNS 13 e Yok HPEnGEn ot
it ol e oy

Torque Tightening Data Entry Form %] |~ - ALe | X Cameel | 7 Heln |
Remarks Bolt Details Tightaning Datalls
Gosfliclent of Friction for the boX threed and knder tie nat or boll herd The results will appear on the main form. Scroll down to
| Friction cosficiana Friction coeficient under g 17
Thread Friction Databasa| | G005 L0 0.12 ["“' Face Friction Database | o'y hgad or nat face see all the results.
Thiead Fiction puacromat Finish
Description
:"d" Friction (e remat Flnish 4 BOLTCALC v5.55 - Analysis of Concentrically and Shear, Loaded Bolted Joints
eECnplion
. File Edit Unts AnslysisType Wew  Help
Bolt Tightening Condition s B| EI| By S—ﬁ-‘@jﬂ’p‘%ﬁ ﬁ‘!‘ El ¢ |5’\| 2 | j'L| [ Metric Units in Use! [ Ch
) Yield Factor O Tigi g Torque OA bly Proload T Analysis Results —
_ Halp - Beh Tightening O (e thowe e ool b0 m re w1 Gk T e orque Analysis Resu
BOLTCALC v5.55 TORQUE TIGHTEWING ANALYSIS RESULTS ~
Prewailing Torque Value =
The provailing torue is the ¢ Prevesing Torque I 6 thread size s been selecled from the thresd
Iolanle requ:qéd ‘:ru‘”m CiNylen/polyester paich database then maviniam and manimum valisas far This analysis was completed on Thursday, July 3, 2003, at 12:44 PM
{or bol) down 8 thresd on ) ehemicg| Adhesive Coatin thep:welmoiﬁlwa‘lhhg.tnrquz felih:irB wz l-w-l d
cortain types of fasteners 9 ":"":;‘" "T'bl . ""F'"Jé"“; ATLIE S ROCKAC0f) FASTENER THREAD DETAILS
that are designed ta resist () All metal stoad nut Classes 5109 “;h u:_a"" e Thread Details: M12 x 1.75 Coarse Thread
whration osening OV Al metal lags Prevalling Torque Range i -
3 Al matal stel nut Class 10 O thia Wi ing Tongue Vatas Fastener Diameter 12.000 mm
__ Thread Pitch = 1.750 mm | |
O User serared valie © Use Muxiowe Prevailing Torgus Valve Fastener Shank Diameter = 12.000 mm
Minimum Pravailing Tarqus 0.0 Nm Basic Thread Pitch Diameter = 10.863 mm
Prevalling Torque Value ts [, Nm Basic Thread Root Diameter = 9.853 mm
b used in the calculations ™ Maximum Pravalling Terque 0.0 N
Condition/Fealim causin ADDITIOHAL THREAD/FASTENER DETAILS
the Prevadng Torque % Mo pravailing torque valus entered Fastener Clearance Hole Diameter - 14.50 mm
Fastener Inner Bearing Diameter = 14.50 mm
o Calculate % n.ugl 27 Hol | Diameter related to the Thread Stress Area = 10.358 mm
! Thread Stress Area = 84.267 mm®
Thread Bant &rea = 1@ 247 mmz
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Torque Analysis using the BOLTCALC Program (continued)

(Side) The calculation indicates that a tightening torque of
125 Nm would be appropriate. With the data used, the
calculation also indicates that a bolt preload of 58685 N
would result. Graphs of the torque distribution can now be
viewed by clicking on the piechart speed button.

(Below) A torque distribution chart will be displayed
showing graphically how the torque is split between the
various elements.

4 Diagrams

File view Edit

Edlt Tile
Edt SubTtle

Torque - Force Graph ‘ Torque Distribution Chart ‘

Torque Distribution Chart

Fuitfave Friction Torque 5184

ion Torque
E Thread Extension Torque 13.01 &
[(Thread Friction Torque 35 15

Thread Extension Torque = 16.35 Nm
Thread Friction Torque =44.17 Nm
Nutface Friction Torque = 65.14 Nm
Total Tightening Torque = 125.65 Nm

g Print
), Resel Zoom

To pan - hold the
right mouse

down and drag

Tazoomin - hold

left mouse button

down and enclose
area

(Side) By clicking the tab at the top of the form marked
"Torque-Force Graph', a chart will be displayed showing the
relationship between torque and preload. To return to the
main form - click 'Close’

© BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolted Joints [9=1(3]

File Edit Units Analysis Type Wiew  Help

Ty Ty =z Py i

T | el el = | Tl s 0 B o |® 2| B EEwetnic untsmusel B o

Torque Analysis Results

Fastener Yield Strength = 940.00 Hjmm? fad

JOIHNT ASSEMBLY DETAILS

Thread Frictional Conditions:

Dacromet Finish

Thread Friction Value = 0.120

Underhead Frictional Conditions:

Dacromet Finish

Hut/Bolt Head Friction Walue = 0.120

BOLT TIGHTEHNIHG AHALYSIS

Yield Point Tightening Factor specified = 0.90

Total Tightening Torgue = 125.654 Hm

Torgque needed to extend the fastener = 16.345 Hm

Torgue needed to overcome thread friction = 44.168 Hm

Torgque needed to overcome nutface friction = 65.140 Hm

Prevailing Torgue Value Specified = 0.000 Hm

Fastener Preload = 5B6B3.09 H | 4

Direct Force that would Yield the Fastener = 79210.52 H

[ ——— i
Metric Units

4 Diagrams

File Wiew Edit

cat e | TOTdue - Force Graph | Torque Distribution Chart
Tightening Torque - Assembly Preload Graph

120 Lo Lo L TTT T e
10
100
5 Print T
= ®
©), Reset Zoom ~
o =0
3
To pan - hald the T
right mouse 2
down and drag > ©
Ta zoomin - hald £
eft mouse button s 0
down and enclose 2
Ew
area
2
=
20
10
i

0 10,000 20,000 30,000 40,000 50,000
Assembly Preload (N)

The presentation shows how the friction databases that the program
uses can be accessed together with how the preload can be calculated

for a bolt given the tightening torque.

The program offers further facilities relating to torque tightening, such
as calculating the tightening torque from the preload. Please consult the
User Guide and help files for further detail.

For further assistance — please contact Bolt Science.
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