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Joint Analysis using the BOLTCALC Program

A joint analysis involves the determination of whether the bolted joint
and an individual bolt comprising the joint can sustain the forces being
applied. This analysis can include both a torque analysis and a thread
stripping analysis if these are relevant to the joint design. The analysis
involves determining the joint characteristics and its response to
applied forces.

The Joint Analysis module of the program will check the likelihood of
failure by any one of five mechanisms:

1. The bolt preload being insufficient to resist the applied forces.

2. The bolt being directly over loaded by the applied forces.

3. Fatigue failure of the bolt.

4. Excessive bearing stress under the nut face, bolt head or within the
joint itself.

5. Thread stripping of the internal or external threads.

The program allows a comprehensive model of the joint to be created.
By being comprehensive, complex joints require quite a lot of data
relating to the joint to be entered. The following slides show examples
of analyses demonstrating some of the program's capabilities.

Joint Analysis Data Entry Farm

Remarks Forces Bolt Datalls Proparty Datails Jeint Datalls Tightening Datalls

Informstion sbout the snelais and details sbowt the joint can be (optionall) emtered in the spece provided balow. Such
ardoersalion can b wed o idondy M anadess dod vl B et on ary pendod

Ttk of this Arsalysis (Oplanaly

Remarks shout the joint detailz can be sdded in the box below. (Dptional - Maximum of 255 characters)

Name of Persan Completing this Analysis (Optional) Name of Person Requesting this Analysis (Optional)

Job Refarence Datails (Dptional) Calculation HumbarReferance (Optional) Load Case Referance (Dptianal)

RecornmendationsMates (Optional)

Ta move berwean the pages on this Data Entry Form, click on the tabs at the top of the form.

1" Calculate | x r_:._u| 7t

Joint Analysis Data Entry Form

Remarks Forces  Bolt Details Property Details Joint Details Tightening Details

The static forces on a jolnt can be considered in three parts. Whether or not all thres forces act on the joint
depends upon the application, however a force value Is required to be entered hito at laast one of the boxes.
Axially Applied Force
‘Walue of the Axislly Applied Force 00 N

The axially applied force is the value of the farce that is applied along the
same anis as the bolt. I has the effect of relieang the bolls clamp force and
increasing the possiblity of the joint £lipping or falling in &ome other manner

Clamp Force Needd 1o Resist a 5hear Force Loading
Force required 10 resist ghear loading (0.0 N

A ghear force can be applied to the joint, a clamp farce generated by the
bolt results in & fictional force that resists this shear force. The clamp
force neaded to prevent this mavement 15 entered here

[ Additional Assistance on Shear Force Determination |

Residual Clamp Force

Basidal clamplog force mauired /(0.0 N In many joints & minimum value of clamp force must be provided

by the bt or bolts in ordor to ensur that joint ifegrty &

| ‘AddHional pmnc s tha Rt il Egrca I :’;igl;ﬂ;[lgﬂ?ﬂ This is frequantly required when joints contain
Lowar Limit of the Dynamic Force
SR Ly N If the forces actng on (hir josnt ane dynamic n nature, the boll could
lower hmit o ! I fail due to fatigue. To assess this effect the lower value of the

dynamic force is required. Vhether or not there are any dynamic

[ Adaitional Assistance on Dynamic Forcan | Xtax scring dopemis spon the appicarion

¥ Calculate || % concet| 7 e |

Consulting * Analysis Services °

Software °

File Edit Units ! View  Help
Initial Bolt Size Estinate

Thread Stripping Anclysis

[Allows a jaint analysis to be completed Wetric Uniis,

(Above) Start BOLTCALC ensuring that the units are
set to the appropriate units (metric or inch). On the
main menu do to 'Analysis Type' and then click on the
entry marked 'Joint Analysis'.

(Side) The Joint Analysis Data Entry Form will open.
Different pages on this form can be accessed by
clicking on the tab at the top of the form. To go to the
Remarks page - click the Remarks tab. On this page -
reference information can be entered that will be
displayed with the results. Entering data on this page
is optional.

The Title of the Analysis will be used on graphs
displayed and in the main heading of the results. The
other entries such as Remarks, Job Reference Details
etc. can be used to reference the analysis.

In the Recommendations/Notes section, information
relating to the analysis will be stored. This will be
displayed with the results. These notes can be as
long as you wish. They are stored by the program
(when the data is saved) in a file with a .txt extension
having the same name as the data file that you save
the data under.

(Side) The Forces page contains details relating to
the forces that are applied to the joint.

Training
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Joint Analysis using the BOLTCALC Program (continued)

Jeint Anatysks Data Entry Ferm

Remarks Forces Eoﬂ Detalls | Property Details  Joint Details | Tightening Detalls Remarks Forces Bolt Details| Froperty Defails Joint Details  Tightening Details
Fastener Thread Dotails Fastuner Strength
Fastenar Thinad Ehank o] Grwdh Suhaction
0.000 0000 men 0000 | mm Eiit Standand
| Diameter mm  Pich Diamater (Optianal)
|Select Thread Size from a Databose| e
L e Srad or Propedy Fastanar yisid sirangih {1 2% sirse] 540,00
— Details iy ¥ th ) Wi
Tightaning of the Balt Haad ar Nist T T2 M eTAY MM DM0ae 3. SO M 01 L Comsult the Fastenus Material Database |
) Fastenar Heod Tightened ) Standard Havagan Nt Gugor Buarieg Diameter of nut 0.00 mm A oy vaie " . o 4 boding matanas a
) Nust Tightaneo C Flarged Nut o 1 wseanlly apociind insoad
Quter Blaaring Diamater of the Fastener Haad Fatigue Propenties of Fastener Material
@5t Hasagon Heaa O Flanged Hiwa e Cutes Boating Dismeter of To determire f the fastener will fal a5 @ resul of fatigue, the endranca limit mist Welp - Fatigue Properies
O Socket Heed cﬂ&m 5 Cotnackine P fastanar haad (90| mm b deturmimad, The program can caleutate tbe onduranc limil based wpon LR P
S o M equations ftad to tect data
) Ralled Thead Boforo Host Troatment
Iamar Duaring Diametor of the Fastaner Lowir hound vakes sed 10 alow for tho inharent scater in ssch data and
@ Dismeatey e Innur Biranng depands upon the diametar of ks boh snd ke preduction peocess used to produce ) Rolled Thaad After Heat Trestment
£ e Descly s e e Ay Cormee Dismetor ol (000 |mm the thread. The dofau valise f forthe thruads 1o b rolled bedoeu beat tvatmant.
) Usar et (rnar Basring Diametar {alaivts havael S 5
¥ the bearing surface of the bell head or it i cul of square with the boll uxis, 22
Clamped Langth then & reduction in the Eitiges andurance strength can be seticiested, Tlick on the ) Liser Defined Propedtres
button for a form to be displayed 1o slow for this afiect to be taken g0 account
Bolt Clamg Langth 000 | mm pla ) Allow for Joint Faee Angutanty
This i the distance over the clampad parts, specically it the the Madislis of E lastielty for the Fasmmar
digtanca batwnan the undarsids of (he bolt head to the nut face if 3 The Modulus of Elasticity o Yeung's Modulus for the boh is & messure of the
nut i used This i ifustrabed in the diagram ot the right stifinass of the matonial it can be found by consulting enginaaning 1nutbooks. Miodubas of | 3aenng 0 | pimme
The default valug quated i3 that e stesl, change ke valus 33 SpaIpeste Efasticsty for the bot

In the cage of 3 bolt or $tud beng 1apped into o bleck or plate, the

clamged langth |5 the dstance cwer the plate, o plates, that A Modulis of Elasticity for the Joint Material

compressed by the tighlaring of e fastenes ol © Aluiniun Qo '“"""'""“';';:":::;:;‘I:;':;':::,' 200000 pienn?
[z Calculate ] % concet | 7 new | ¥ Calculate | % comeet | 7 e |
(Above) The Bolt Details page contains information (Above) The Property Details page contains
about the fastener size being used. information about the fastener strength. Other forms

can be opened to provide additional information by
clicking on the appropriate button,

Joint Analysés Data Entry Form ® Jolt Anakysts Dol Entry Form
Remarks Forces Bolt Detalls Property Details Joint Details  Tightening Detalls Remarks Forces Bolt Detslls Property Detalls Joint Detalls  Tightening Details
Clesrmie Hole - Tightening Factor

G B S O Userdamea Diamatar of through hess (0.0 mm [ Selectihe Factos Disectly from a Table |  Tighbening Factor |16

Limiting Suriaco Prossura i:::::t:m . s A = [Determine the Facler based upen Frictional Scatter | ﬁé':?;ﬂﬂ";",:‘,;;3;;;':5,.7:::;;.‘;?;5:1'{:,_
e e e M e et e S S
Climped Sarte s (Mnsex Diia i Coatlichant of Friction for the bok thraad and under the ait or bolf hasd
T O S | e v Sy v | e e e 7
For the program 10 be ablu to detenvsne the jont stifiess, detsls of the joint 1ype must be enered. | the join consists of Thioad Friction | fac omet Fimish
itams of difaring matarials oe varying hole sizes - uss tha mulpiate analysis facility Descrigtion
Lot rediation Levet E::::F':;"" Dacromet Finish

®05 3 Oxbar kb chat JoRH gy Bolt Tightening Condition

Inteodution ratis ] &) Yiald Factor ) Tighsaning Torgue ) Assembly Prafoad
Spocify which of he theon ways you wish 10 b6 o spacify the halt lnading

The forces that ane axisly apphed to & joint can be condidered 1o act &
somi paint within tha clampod pans. The claser that this load

':.';:;:.c.::;, eid {114 el o i e S by e forc mﬂ;m"::m @MNo Provwiing Torqus. | ©OUsor antwredvolus 08 thewsd #1248 has boun sibind b
The fraction of the clampad length that bes batween th load introduction lsvels is Lead Resaits torgus requind to run a nut - O Nylonfpolyestar patch ’,".:,',"}:.‘."..3".',‘;:?,7;TL’LL';“T;.".,“JT
neemally taken 25 0.5, i 0. the boad is introduced at the mid-points between the : gl {or bah) “"‘“"u‘.,}_"l'_“" 00 Chamnical Adheive Costing taature will b peosanted when the
plates. This ratin can be changed 1o suf the paicular design arangoment dingraen “hl‘;:‘:.‘ilz:rq“;“:‘r:';';l ALl matal sto8l nut Clasaas 5t 9 appropete dem o selected on the
Embaciting Deils ; e ——— S ———— skeition loasening Al mtal stesl nul Class 10 R Al [ a4

& Progrm Calcubrted 0 User Entered Value | Sulvct Dataits about the Joint Swfaces

Provailing Torque Present 0.000 | Nm
There is sbwiys semne degree of preload loss due bo peemansnd deformabon of the contect surdaces thal s sutyected to high

wurtacy slauss, The program wil provde an estimate of such loss based upen exparimontally derved valuos CONINT 9410 ceote

ihe Prevaling Tomus.

iz Calculate | % Concet | 7 tior | [z Calculate ] ¢ concet| 7 uow |

(Above) Specific details about the joint are entered via . . )

the Joint Details page. Other data entry forms can be (Above) The Tightening Details page allows data to

opened from this form. be entered on how the joint is to be tightened and
tightening related information.

The bolt diameter must be greater than zeral (Side) If the Calculate button is pressed before all the
data is entered, or alternatively invalid data is entered
(such as the clearance hole being bigger than the nut
diameter), an error message will be generated by
BOLTCALC.

Consulting + Analysis Services < Software < Training
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Joint Analysis using the BOLTCALC Program (continued)

7
n
£
§ Friction Coefficient = 0.15
- |
o Applied Shear
g- Force =2 kN
=
[&]

Direct
Force =20 kN

(Below) On the Shear Force form enter 0.15 as the
friction coefficient and 2000 as the applied shear
force. Press the Calculate button to determine that a
clamp force of 13333 N is required to prevent slip.
Click 'Ok’ button to close the form.

Residual Clamp Force i = = Toad 7 s -
In many joints a minimum value of clamp farce must be provide
Shear Force &l (EElITE]| ST g (9ima e 0 by the balt ar bolts in order to ensure that jaint integrity is
= LE 1) I Additional Assistance on the Residual Force l maintained. Thig ig frequently required when jointe contain

In certain joints a shear force is applied that the bolt has to resist. If no other design provision
has been made, such as the use of dowel pins, the bolt will have to provide sufficient clamp
farce to prevent movement between the clamped parts

SHEAR Single Shear (Shear Planes = 1)

BREAR
FORCE Double Shear (Shear Planes = 2)

Murnber of shear planes in the joint
Coeficent of friction between the plates

Walue of the ghear force applied 2000.00 N
Clamp force required to prevent slippage N

* Cancel

Simple Example Calculation - Metric Units

(Side) An M12 property class 10.9 bolt secures the joint shown. The joint

plates are made from steel having yield strength of 500 N/mmz2. Will there
be any problems with the joint?

The finish is Dacromet, and the fastener is to be tightened using a torque
wrench. The clearance hole diameter used is 13 mm.

(Below) Start BOLTCALC ensuring that the units are set to metric. On the
main menu do to 'Analysis Type' and then click on the entry marked 'Joint
Analysis'. On the Forces page, enter 20000 as the Axially Applied Force. To
determine the value needed for the clamp force to resist shear loading, click
on the button marked 'Additional Assistance on Shear Force Determination'

Joint Analysis Data Entry Form X

| Remarks\ Forces \ Bolt Details | Property Details | Joint Details | Tightening Details|

The static forces on a joint can be considered in three parts. Whether or not all three forces act on the joint

depends upon the application, however a force value is required to be entered into at least one of the boxes.
Axially Applied Force

Valug of the Axially Appliad Force N

The axially applied force is the value of the force that is applied alang the
same axis as the bolt. It has the effect of relieving the bolt's clamp force and
increasing the possiblity of the joint slipping or failing in some other manner

Clamp Force Needed to Resist a Shear Force Loading

Force required to resist shear loading N

A shear force can be applied to the joint, a clamp force generated by the
balt results in a frictional farce that resists this shear force. The clamp
force needed to prevent this movement is entered here.

[ Additional Assistance on Shear Force Determination

gaskets.

Lower Limit of the Dynamic Force o ; - - 4 : —— m
. e forces acting on the joint are dynamic in nature, the balt coul
Lower limit of the dyramic force N fail due to fatigue. To assess this effect the lower value of the
dynamic force is required. Whether or not there are any dynamic
farces acting depends upon the application

[ Additional Assistance on Dynamic Forces ]

v Calculate | % concet | 2 mew

Joint Analysis Data Entry Form E|
Remarks | Fcrces| Bolt Details |Prnperty Details | Joint Details | Tightening Details|
Fastener Thread Details Fastener Thread Shank
I Dlamatar mm - pitch mm D\ametermm

I Thread
Details

Select Thread Size from a Datab

[M12 x 1.75 Coarse Thread |

Tightening of the Bolt Head or Nut

Nut Details
(3 Fastener Head Tightened

(Side) Click on the Bolt Details tab at the top of the
form to change pages. Click on the button marked
'Select Thread Size from a Database' and select the
M12 x 1.75 thread. Details about this thread will be
transferred onto the main form as shown. Enter the
clamp length as 50 mm.

© Standad Hevagan i Guter Bsaing Dimoter o
O Nut Tightenea O Fianged Nut

Outer Bearing Diameter of the Fastener Head

(@ Standard Hexagon Head () Flanged Head O Other Outer Bearing Diameter af

O Socket Head Cap Screw O Countersunts Head fastener head

mm
mm

Inner Bearing Diameter of the Fastener

mm

® [nner Bearing Diameter equal to clearance hole diameter Inner Bearing

Diameter of |13.00
O User defined tnner Bearing Diameter

fastener head
Clamped Length

Bolt Clamp Length mm

This is the distance aver the clamped parts, specifically it the the
distance between the underside of the bolt head to the nut face if a
nut is used. This is illustrated in the diagram at the right

iAttached
Plate

r——

In the case of a bolt or stud being tapped into a block or plate, the
clamped length is the dstance over the plate, o plates, that are
compressed by the tightening of the fastener.

v Calculate | X concel | 7 Hew |

Consulting + Analysis Services < Software < Training
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Joint Analysis using the BOLTCALC Program (continued)

(Side) On the Property Details page of the form, click on the
button marked 'Consult the Fastener Material Database' and
select the 10.9 property class that appears. Leave other entries
on this page at their default values.

(Below) On the Joint Details page, enter 500 for the value of
the limiting surface pressure. Except the default values on the
rest of the page.

it Analysis Data Entry Form
Remarks | Forces | Bolt Details | Property Details‘ Joint Details | Tightening Details

Fastener Clearance Hole
® Fine O Medium O Goarse O Uiser defined Diameter of thraugh hole
Clearance holes to ISO 273
Limiting Surface Pressure for the Joint Material Cf)‘se ofaNutora T-’-‘Plgd Hole
Use of a Nut Use of a Tapped Hole
Help - Surface Pressure Va‘“s_"””he limiting W 26
SUGETES (MRS Enter Tapped Thread Strength Details ]
Clamped Parts Stiffness Details
@ Plate O Boss or Siesve

Help - Clamped Parts

Multi-Plate Analysi
O Musti-Piste Joint O User Defined Stifiness L RHEGUAE S ]

For the program to be able to determine the joint stifiness, details of the joint type must be entered. If the joint consists of
items of difiering materials or varying hole sizes - use the multi-plate analysis facility

Load Introduction Level
@05 Walue for the load
@Rz introduction ratio
The forces that are axially applied to a joint can be considered to act at
some point within the clamped parts. The closer that this load
introduction level is to the middle of the joint, the smaller will be the force
sustained by the bolt,

The fraction of the clamped length that lies between the load introduction levels is
narmally taken as 0.5, i.e. the load is intraduced at the mid-paints between the

Load Ratio is
shown as n

- th
plates. This ratio can be changed to suit the particular design arrangement Clamp Length L m‘:g’;n
Embedding Details
@ Program Calculated O User Entered Value [ Select Details ahout the Joint Surfaces and Embedding ]

There is always some degree of praload loss due to permanent deformation of the contact surfaces that are subjected to high
surface stress. The program will provide an estimate of such lass based upon experimentally derived values

v Calculate | % cancel | 7 o |

(Side) The values on the Tightening Details page can be
accepted at their default values since they are appropriate for
this example. Click the 'Calculate’ button.

(Below) The results will be displayed on the main form. To check
that the joint entered corresponds to what you think it should be -
click the speed button shown to display a joint drawing — or
alternatively — click the View menu option.

(Below side) A drawing of the joint will be displayed. To view
other charts - click on the tabs at the top of the form. Click on the
'Close' button to return to the main form.

File Edt Units Analysis Type  Wiew Help

1] o] el = ) e e I o [ 2 [ 23 et Ut mUsel 5 e
Full Listing of the Input Data and the Results

The force in the fastener will not exceed its yield strength -~
based on the data entered.

FASTEHNER FATIGUE FAILURE AHALYSIS

Fatigue Endurance Limit for the Fastener = 50.25 N/mm=
Induced Alternating Stress in the Fastener = 8.31 Hfmm*
Factor of Safety = 6.04
COHCLUSION

The fastener should not sustain fatigue failure based
upon the data entered.

SURFACE PRESSURE AHALYSIS
Compressire Yield Strength for the Material= 500.00 Hfmm?

Surface Pressure under the Hut Face = 716.35 Hfmm*
Factor of Safety = 0.70
COHCLUSION

Excessive preload loss (higher than program caloulated values)
is anticipated to occur due to creep under the nut face/holt —
head causing excessive embedding. The use of flanged fasteners

or hardened washers should be considered. 3@

hetric Units|

Consulting < Analysis Services

t Analysis Data Entry Form =
Remarks | Forces | Bolt Details| Property Details ‘Joint Details | Tightening Details

Fastener Strength Grade Selection
Bolt Standard 1S 898-1 Mechanical properties of fasteners made of carbon steel and alloy steel. |

{Optional)
Grade or Propert
Class (Optional)
The Fastener Material Dalaha_se contains listings of the e e e e
most common fastener materials
A key value used in the calcwlalions Is the yield strength of the fastener malerial. Because for many botting materials there is not a
dedinite yield point that [s easlly defined, the 0.2% permanent set stress s wsually specified instead,
Fatigue Properties of Fastener Material

To determine if the fagtener will fail as a result of fatigue, the endrance limit must Hel
be determined. The prograr can calculate the endurance limit baged upon
equations fitted to test data
Lower bound walues used ta allow far the inherent scatter in such data and
depends upon the diameter of the balt and the production process used ta praduce () Rofled Thread After Heat Treatment

the thread. The default value is for the threads to be rolled before heat treatment 5

O Machine Cut Thread

Fastener vield strength (0.2% strain) N/mm?

atigue Properties

@ Rolied Thread Before Heat Treatment

If the bearing sufface of the bolt head or nut is out of square with the bolt axis,
then a reduction in the fatigue endurance strength can he anticipated. Click on the O User Defined Properties
button for a form to be displayed to allow for this effect to be taken into account. ©) Affow for doint Face Angularity
Modulus of Elasticity for the Fastener

The Modulus of Elasticity or Young's Modulus for the bolt is a measure of the

stiifiness of the material. It can be found by consulting engineering textbooks Wodulus of
The default value quoted is that for steel, change this value as appropriate Elasticity for the balt

‘Modulus of Elasticity for the Joint Material

® Steer (@ st O Cther Modulug of Elasticity for the material

clamped by the fastener

v Calculate | % cancet | 2 ew |

Joint Analysis Data Entry Form

Remarks | Forces | Bolf Details | Property Details | Joint Details| Tightening Details
Tightening Factor

[ Select the Tightening Factor Directly from a Table ] Tightening Factor

The tightening factor is @ measure of the scatter in a
[ ine the Ti ing Factor based upon Frictional 566'""] bolt's preload as a result of the tightening method used
The tightening factor is used in the program so that the
calculations are based upan the minimum anticipated
preload value

The tightening factor is defined as the maximum bolt preload divided
by the minimum value anticipated for the tightening method

Coefficient of Friction for the bolt thread and under the nut or bolt head
Friction coefficient under
Thread Friction Database|” et coeficient Nut Face Friction Database| i bot hoad o nut face

Thread Friction |DacmmelFinish |
Descriy

Head Friction |DacmmelFinish |
Description

Bolt Tightening Condition
[ Help - Bolt Ti

] @ Yield Factor O Tightening Torque © Assembly Preload
Specify which of the three ways you wish to use to specify the bolt loading

Prevailing Torque Value - -
o Prevailing Torque zer entered value athread size has been selected from
The prevailing torgque is the Qo i) T ou dleel e diiaee e o I di
targue reguired to run a nut O Nylon/polyester patch :I;fu:h:sf?h:al';;:zi;;t‘:vnalir\n;l?o‘:;l:r:
Euernbao"\qt)t:;:?;gg:r?;g O Chemical Adhesive Coating feature will be presented when the
that are designed to resist O3 All metal steel nut Classes 5 t0 9 appropriate item is selected on the
left. (If available in the databasel)

Eteiloce=ng O Al metal steel nut Glass 10

Prevailing Torque Present

Condition/Feature causing ‘ |
the Prevailing Torgue

¥4 Calculate | X cancet | 2 hen

File  View Edi
FEf £t THle Joint Diagram Force Deflection Graph Torgue - Force Graph
Angle of Turn - Force Graph Angle of Turn - Torque Graph
Bt SubTit Torque Distribution Chart Joint Diagram Explanation
Joint Drawing ‘ Angle of Turn Explanation Preload Requirement Chart

View of the Joint

g Print
), Reset Zoom rT—rj

To pan - hold the
right mouse
down and drag
Ta zoomin - hold
left mouse button
dawn and enclose
area

| Cloze

Note: Tightening is by head rotation with the nut stationary.

* Software < Training
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Joint Analysis using the BOLTCALC Program (continued)

(Side) By scrolling down the form the results can be
displayed. It will be seen that all safety factors are above 1
except for the surface pressure analysis. If this is not
resolved it is likely that excessive embedding loss will be
experienced. One simple way to resolve the problem is to
use flanged fasteners. Go back to the Bolt Details page of
the data entry form.

To change the type nut - click on the Flange Nut
button under the nut details section. To change the bolt -
click the Flanged Head button. The values shown on the form
should reflect the new sizes. Click the 'Calculate’ button to
see what effect this will give.

(Below) As can be seen the effect of the flanged head
fasteners is to reduce the bearing stress to an acceptable
level. To check the joint drawing - click on the speed button,
or use the View menu. The drawing should reflect that
flanged fasteners are being used.

& BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolted Joints
File Edit Units Analysis Type Wiew  Help

m B| E“% S&ﬁ%—‘@mﬂ%ﬁ ﬁ;ﬂ@ g |@.‘,\ﬂﬂ [k Metric Units in Usel [F Cha

Full Listing of the Input Data and the Results

The force in the fastener will not exceed its yield strength ~
based on the data entered.

FASTERER FATIGUE FAILURE AHALYSIS

Fatigue Endurance Limit for the Fastener
Induced Alternating Stress in the Fastener
Factor of Safety

COHCLUSION

The fastener should not sustain fatigue failure hased
upon the data entered.

50.25 Hfmm=*
5.19 Hfmm*
9.68

SURFACE PRESSURE AHALYSIS

Compressive Yield Strength for the Material-= 500.00 H/mm*

Surface Pressure under the Hut Face 224.54 Hfmm*

Factor of Safety 2.23

COHCLUSION

The surface pressure calculated is within the guoted maximum value.

OVERALL CONCLUSIONS E
All safety factors are greater than unity, the defined fastener

v
\\\\\\ 1V nf b adnine bhe aemBind Fomone antanad e bho e =

Ietric Units|

Example Complex Joint

(Side) The engine mounting joint shown is significantly more
complicated then the previous example and consists of a
number of plates, washers and a tube. The following shows
how BOLTCALC analyses the joint.

Consulting

Joint Analysis Data Entry Form X

Remarks | Forces | Bolt Details ‘Property Details | Joint Details | Tightening Details

Fastener Thread Details

| Diomatr 2990 T [1750Jum g2 000

Select Thread Size from a

] Thread 13 ¢ 1.75 Coarse Thread |
Details
TJ_q:lemng :.’ !l;e.f?h Head or Nut Nut Details
(O e 0 @ Standlard Hexagon Mot Quter Bearing Diameter of nut i
O hiut Tightenea O Fianged Nut

‘Outer Bearing Diameter of the Fastener Head
@ Standard Hexagon Head (O Flanged Head
O Socket Head Cap Screw, O Countersunk Head

O Other

Inner Bearing Diameter of the Fastener

Inner Bearing

Damster o [1300 |

fastener head

m
Outer Bearing Diameter of
fastener head - mm
@ Inner Bearing Diameter equal to clearance hole dizmeter
mm

O User defined Inner Bearing Diameter
Clamped Length

Bolt Clamp Length i

This is the distance over the clamped parts, specifically it the the
distance between the underside of the holt head to the nut face if a
nut is uged. This is illugtrated in the diagram at the right

fAttached
Plate

r——a

In the case of a holt or stud being tapped into a black or plate, the
clamped length is the dstance over the plate, or plates, that are
compressed by the tightening of the fastener.

v Calculate | X Concel | 2 hew |

* Analysis Services

@ Diagrams
Filz  Wiew Edit

Joint Diagram Force Deflection Graph
Angle of Turn - Force Graph
Torque Distribution Chart

Joint Drawing

Torque - Force Graph
Angle of Turn - Torque Graph

Ecit Ttls
Edit SubTitle:

Joint Diagram Explanation

| Angle of Turn Expik Preload Requirement Chart

View of the Joint
(g Print
), Reset Zoom

Ta pan - hold the
right mouse
doven and drag.
Tazoomin - hald
lett mouse button )

e 1

dovwen and enclose
area

I8 |

Note: Tightening is by head rotation with the nut stationary.

Engine Mounting Joint

M10 Property Class 10.9 boit Steal washer 3 thick, 1D = 14,
Dacromet finish, torque

tightenad to 53.1 Nm to 71.9 Nm r@\/

0D = 30, Yield = 540 Nimm?*
[ [ = 1

<&

Aluminium inner support 4 thick,
ID = 10.5, Yield = 120 Nimm?

Steel bush support 2.2 thick, ID = 13,’/L‘_
QD = 25, Yiald = 460 N/mm?

Steel bush tube 45 thick, ID=13,
0D = 20, Yield = 460 N/mm?

Shear force varies between 1000 N
and 5000 N with a friction value of 0.2
between the joint members.

Aluminium outer support & thick,
/ 1D = 10.5, Yield = 120 Nfmm?

i

Steel bush support 2.2 thick, ID = 13,
0D = 25, Yield = 460 N/mm®

Steel washer 3 thick, 1D = 14,
0D = 30, Yield = 540 Nfmm*

* Software < Training
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Expertise in Bolted Joint Technologies a' n ' n g

Joint Analysis using the BOLTCALC Program (continued)

(Side) Go to the Forces pages and click on the button
marked 'Additional Assistance on Shear Force Determination' Remarks‘ Forces ‘Bol‘tDetaﬂs Property Details | Joint Details | Tightening Details

nt Analysis Data Entry F

to allow the shear force to be entered. gt o the appReion, bt  hres velus ks regalad t £ tarc ks of At o oftha Ao
(Below) On the Shear Force form, enter 2 for the number of AR

shear planes and 5000 as the shear load. Click the Calculate Vakie ofte sadly pgpiedFore 00 ]

button to establish that 12500 N is needed to prevent slip. oo a2 Lt she ahect of e the b clarn ot and

Click the 'Ok’ button. increasing the possiblity of the joint slipping or failing in same other manner.

Cilamp Force Needed to Resist a Shear Force Loading

Force required to resist ghear loading N

A ghear farce can be applied to the joint, a clamp force generated by the

Shear, Fo

In certain joints a shear force is applied that the bolt has to resist. If no other design provision g?‘;;iﬂ:féé”t: gg{'g:ﬁ“;?E'E;E'C;:nf;‘T;m:;g;z;”me WDEE
has been made, such as the use of dowel ping, the balt will have to provide suficient clamp
force to prevent maovernent between the clamped parts. l Additionnl AelstanceloniSheanforcelDetermination
Residual Clamp Force = =
Besidal clanping orcs equied N by vt or et m oot 1 v e o ity o
[ Additional Assistance on the Residual Force l maintained. This ig fregquently required when joints contain

gaskels

SHIEAR Single Shear (Shear Planes = 1] Lower Limit of the Dynamic Force

FOIC! e s s s e N If the farces acting on the joint are dynamic in nature, the bolt could

fail due to fatigue. To assess this effect the lower value of the
dynamic force is required. MWhether or not there are any dynarmic
forces acting depends upon the application

l Additional Assistance on Dynamic Forces

174 Calculate | % concel | 2 1w |
PORCE Db Shesr ShesrPiass=2
) . . Remarks Forces| Bolt Details \Property Details | Joint Details | Tightening Details

CLAMP Mumber of shear planes in the joint -

Fastener Thread Details - Emm— E—

astener 1CE] an

FORGE Coefficent of friction between the plates i | D\ameler MM Piich E"‘m Dlametermm

Select Thread Size from a

J 112 1419 1.5 Coarse Thread |
Walue of the shear force applied il ikl

Calculate . ) Tightening of the B.oh Head or Nut Nut Details
Clamp force required to prevent slippage M (@ Fastener Head Tightensd

O Standard Hexagon Nut
O hivt Tightened @ Flanged Mut

(1] 9 Cancel Outer Bearing Diameter of the Fastener Head
g X O Cther

) Standard Hexagon Head @ Flanged Head Quter Bearing Diameter of
. . . ' O Socket Head Cap Screw () Gountersuni Head fastener head

(Side) On the Bolt Details page click on the button 'Select

Thread Size from a Database' and select the M10 x 1.5

Outer Bearing Diameter of nut

Inner Bearing Diameter of the Fastener

(3 Inner Bearing Diameter equal to clearance hole diameter Inner Bearing
. . . . Diameter of mm
thread. The information will be transferred on to this page. e e ey B ey fastaner e
Click the 'Property Details' tab at the top to move to the next i
Bolt Clamp Length mm
page This is the distance over the clamped parts, specifically it the the
(Below) On the Property Details page click on the button e e ot o g
'Consult the Fastener Material Database' and select the

In the case of a bolt or stud being tapped inta a block or plate, the

property class 10.9. The information will be transferred on to clamped length is the dstance over the plate, or plates, that are
th compressed by the tightening of the fastener
is page.

(Below side) On the Joint Details page click on the button 4 Calcolate | X coce| 7 i |
'‘Multi-Plate Analysis' to allow the joint details to be entered.

nt Analysis Data Entry F

Joint Analysis Data Entry Form E|
Remarks | Forces | Bolt Details| Property Details | Joint Details | Tightening Details Remarks | Forces | Bolt Details| Property Details| Joint Details | Tightening Details

Fastener Strength Grade Selection Fastener Clearance Hole
Bolt Standard ‘ @ Fine O Medium O Goarse O User defined Diameter of thraugh hole mm

Medliu!
Clearance holes to [SO 273

(Optional)

Grade or Property l:l Fastaner yisld strength ©.2% strain) N Limiting Surface Pressure for the Joint Materia} éh: ufafNuNl (‘)ra r.avp_;g;:‘;iolef —

Class (Optional) Help - Surface Pressure Walue for the limiting [ Nimm? se of @ Nu se of a Tapped Hole
surface pressure il

The Fastener Material Database contains listings of the [ e i L l b Enter Tapped Thread Strength Details ]

most comman fastener materials.

A key vaiue used in the calculations is the vield strength of the fastener material. Because for many bolting materials there is not 8 Clamped Parts Stiffness Details

definite vieid point that is easily defined, the 0.2% permanent set stress is usually specified nsiead. @ Plate ©) Boss or Sleeve

L P e G e e L O Muki-Plate doint O User Defined Stiffness LITRALT S50 ] HelpplGlampadiEarts

To determine if the fastener will fail as a result of fatigue, the endrance limit must Help - Fatigue Properties For the program ta be able to determine the joint stifvess, details of the joint type must be entered. If the joint consists of
be determined. The pragram can calculate the endurance limit based upan

it fitted 1o test dat iterns of differing materials or varying hole sizes - use the multi-plate analysis facility
equations fited to test data
1 @ Rolled Thisad Before Heat Treatment

Lower bound valuss used to allow for the inherent scatter in such data and Losdliaoductionlerel

depends upon the diameter of the bolt and the production process used to produce O Rofled Tiwead After Heat Treatment ®0.5 O Otter “alue for the load
the thread. The default value is for the threads to be rolled before heat treatment ) Machine Cut Thiesa intraduction ratia

Ifthe beating surface of the balt head or nut is out of square with the bolt axis, The farces that are axially applied to a joint can be considered to act at
then a reduction in the fatigue endurance strength can he anticipated. Click on the ) User Defined Froperties same point within the clamped pars. The claser that this load

introduction level i to the middle of the joint, the smaller will be the force
sustained by the bolt

button for a form to be displayed to allow for this effect to be taken into account

3 Altow for Joint Face Angulaiity
Load Ratio is

Modulus of Elasticity for the Fastener The fraction of the clamped length ‘hat. lies hetween the In.ad introduction levels is S &S [
The Modulus of Elasticity or Young's Modulus for the bolt s a measure of the el et (01, . 1 e oot et it ol ez e in the
stiifiness of the material It can be found by consulting engineering textbooks Modulus of \T— plates. This ratio can be changed to suit the particular design arrangement Clump Length L | jiayam,
The default value guoted is that for steel, change this value as appropriate Elasticity for the bolt Embedding Details

Modulus of Elasticity for the Joint Material @ Program Calculated O User Entered Value [ Select Details about the Joint Surfaces and Embedding

There iz always some degree of preload logs due to permanent deformation of the contact surfaces that are subjected to high
surface stress. The program will provide an estimate of such loss based upon experimentally derived values

& Stes) (@ i O Otter Modulus of Elasticity for the material

2
clamped by the fastener Wi

2 Calculaie | % concer | 2 new | 4 Calculate | X Concel | 7 o

Consulting + Analysis Services < Software < Training
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Joint Analysis using the BOLTCALC Program (continued)

(Side) The Joint Details Form will appear. This form allows Jas el Corm.
. . . . natenes it
each _pIaFe of the joint to be entered in sequence starting from OdebomDimtal 1570 |,,,  "eBrebsDmeed s L OumBrarmOectign0 |
the joint item next to the bolt head. o 1 Details about the Joint Type
i i LIS
o deta e b e
(Below) Start by entering details of the washer next to bolt 2 o S
head. Click on the button marked 'Next Joint ltem' to move to OB || O bigalndticl Ty | O dhumbim
the next item. o Diomoin |0 o ol Kot
. . . , s N e
(Below Side) Place 14 in the box above and continue adding Compistr ikl Strongh 0 e Py —
. . . + ongate: anga
each layer of the joint to the form. The data can be edited lmnﬂ:mnu..:,,: o ":3:‘3“.:" ( TH:Io-A ) %5 ole
. . lorgated Hole. T »
directly using the table at the bottom of the form. The e | o i) i (e L‘”’ pr |
X ) . . o, Pt on | [Detis i hoh =
sequence in which the entries are made is important. When e e e Sl e b, — Latah_] |
3 ' . plote o boss sdacent 10 the bolt head, folowed by the cne Below this one and 10 on Details about the Hole Type
complete, click the 'Ok’ button. Dinsciption ol ok ltem ___|.ind Type| Hols Type|Irewes Dis | Thicknes [Mockius of Flasticly E [iskd St i Diia [ Hile Lengih
¥ ] o L] ] o 1]

(o] xcoms| 7o | |
Joint Dataits Form Joint Details Form K|

Fasirner Boeng Dinmatrrs Fasterrs Barrry Dusneters
i DA Out Dismeter of v By Diametes of Outes Beari Dismet of
usasrolindaidlyy 7y [k T e R r 105 | T imlemslien | S Dotmng Liona 18I0 | Wit Tapped Pan |14 o Wt Tapped P | 1870 |1
Diescription of dnik lhem | Washen Details about the Joint Type Deseripon of Joud Bem [ Wather Degi:ils about lh?':zint Type
lmer 2.
nint Typer— -~ Hale Type: Mnchsus of Elasticity Jowd Type | Hole Type Moz of Elsibly
CiPe || @ Dicudo Hole 3 Uses Dt Vi @rime | © CrcudaHoke ) Usen Dl Vahin
) Elurgstd Hols Type &4 &) Steel ) Ekrigabed Hole Typefy (&) Steel
@B || ) pngsied Hole Tyt | ) Akiminam, OB | pprgued Hole Type B || ) Shminam
I Dt [ 14 e Mote 1 the joine Irewes Driametes | 14 o Mot Fthe joint
- - Hem it a plate - the i Ihem This ETl e is & plate - e
rind e Thichrsss |3 e Al . Fickness -
Mockihss of Flasticiy E | 208000 il i Modub of Elsaliciy E | 206000 Nita? emmd |fnhehole
Comprosivs Yokl Srangh [0 R L Compresssiv Yield Shergth | A0 Wit et »-wn ! =
il elongated hok Elongated Elongated Diter Diamrster | 30 Elongated sle Elongated
Dt Diamets e it e Hols Hele m reabe Hels R Hale
Lerath ef Elrgated Hoies [0 = ertened Type A Type B Lenyth of Ehongated Hoke |0 - enteredd. Type A £ ) Type B
Nest i | [Pus i e | [ et el | [ Dot Cusd it o | Lenyh L Length e | Length J Len
Th i ol 1 o s i il o e, mnnmmmmn T ccdr sl e o fic s s o sitarcs Spsciicaly. e s o i e e
o ke y oo pelow 100 8t Details aboutthe Hole Type i o B cfocont 1 e bk Tl by the one bl s e e 30 e Detalls about the Hols Typs
Dnsciplion ol dnirk liem [ Jcind Type] Hole Type]lrews Dia | Thickness [Modks of Fi F [virkd 5i [Duirs Din [F1 Hinle: Lengih, [Descrgon of Jow Bem [Jond Type[Hole |w.||.m Uia [ Thockemess [Motubas of Elastrcty E ['ied Strergth [Ouder Lergh_ &
osher B 3 u ) e =T 0 n [ [ Steetbush st B C 13 2z 28000 W &0
[t e ] C 1 5 208000 50 A
[ steet bush st ] C 1 22 208000 50 F L
O sppcnt F C ws & 70w 120 ] [
Washer F 5 1 £ 208000 540 [ [
v
>
L0k | X came | P e | | SOk | M| s |

: : (Side) On the Tightening Details page, click on the radio button
marked Tightening Torque’

Remarks| Forces| Bolt Details Property Details | Joint Det‘an’s‘ Tightening Details \—
Tightening Factor—

[ Select the Tightening Factor Directly from a Table ] ThT\g‘m:tnmg F?ﬂrr (Below) The Tightening Torque Specification Form allows upper
[Dstermine the Tightening Factor hased upon Frictional Scatier] gﬁi-f‘i;ffu";ﬂga;%%i\? SS??“:i'hShTeninEﬁ«it;éé"ﬁﬁd and lower tightening torque values to be entered. Enter 53.1 as
A S T s b O 1

The tightening factor is defined as the maximurn boft preload divided 0 vione 2ve haced upon the minimum anticipsted the |0W6I’ Va|Ue and 71 9 as the upper Value C“Ck on the ‘Ok‘

by the minimum value anticipated for the tightening method preload value
button.

Coefficient of Friction for the bolt thread and under the nut or bolt head
Rl i Friction coefiicient under
Thread Friction Database /' coeficient Nut Face Friction Database| {1 bolt hoad or it face

Thread Friction |pacromet Finish
) | ‘ The on this form depends upon the type of analysis that is being completed. When a torque analysis is A
‘ being completed a simplified set of information is presented. =

Tigh(nm'ng Tnlqun Sps

Head Friction |DacromelFinisk
] If the tightening torque specilication is known then this can be entered into the boxes below. This value must be
Bolt Tightening Condition Iess then the torque value that would result in the yield stress of the fastener being exceeded. The tightening
8 N torque that results in the ield point of the bol heing reached (given the conditions specified in
Help - Bolt Tightening | Qi O Tightening Torque O Assembly Preload the dala entered s for purposes.

Specify which of the three ways you wish to use to specify the bolt loading =
A tightening torque specification usually defines upper and lower figures for the lorque so as to provide a

Prevailing Torque Value tolerance for assembly personnel to work within. The upper value specified on this form is used for preload

o el e (s .+ 20 PUEEllig e QUserentered value [ a thread size has been selected from determination since this value will generate the highest value. If you do not wish to use a tightening torque
torque required to run a nut O Mylonfpolyester patch sz‘eulh:szhgi'f;az?p't':f';jg;‘?ﬂ":;‘:? tolerance - please specify the lower value to be the same as the upper value.
{or bolt) down athread on ¢ camical Adhesive Coating faature will be prasented when the v

cetain types of fasteners
that are designed to resist O Al metal steel nut Classes 510 9

N e © Al metal steel nut Class 10

appropriate item is selected on the
left. (If available in the databasel) Tightening torque ta result in the yield point of the bolt being reached : 77,83 Nim

Prevailing Torque Present 0
Condition/Feature causing ‘ ‘
the Prevailing Torgque

= e “..x..c.aml‘ - ﬂ.,;p ‘ — w

Lower Value of Tightening Torque |70, Nm Upper Value of Tightening Torque

Torque +- %7

Menp [Insert Torque Range based an a % | [ Insert Torque Range from a Table

Consulting + Analysis Services < Software < Training
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BOLT BOLTCALC
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Joint Analysis using the BOLTCALC Program (continued)

(Side) On the Tightening Details Page, click on the button
t Analysis Data Entry Form =

L} H H H .
marked 'Determine the Tlghtenlng Factor based upon Remarks| Forces | Bolt Details| Property Details | Joint Details| Tightening Details

Frictional Scatter'. T
( Select the Tightening Factor Directly from a Table | Tightening Factor
The tightening factor is a measure of the scatter in a
There are tWO WayS the program can aI|OW for preload [Detelmine the Tightening Factor based upon Frictional S:anel] hnll“.‘s %,‘E\Dadgag a‘ result Dnhg(.gmg:‘mg mg‘[(hnd used
variation. One is by use of a tightening factor and the other is The tightaning factor is defined as the maximum bot preload divided IZE,%TE:;"SSESJE‘Sj;jgm;ﬁﬁ;ﬂ%’;ﬁ:ﬁ;zztége

by the minimum value anticipated for the tightening methad. preload value

by dete m I n Ing the preload va rlatlon d I reCtly from the torq ue Coefficient of Friction for the bolt thread and under the nut or bolt head

and frictional variations. In this example, we are going to use [Thread Friction Dataase][ o100 coefoiert [t Face Friction Database) s b reud o1 nce 12 |

the latter. Ehreaa Friction | pacromet Finish ‘
Head Friction ‘Dacmmelﬁ'm'sh ‘
. i Lo . Description
(Below) This form allows details about the friction conditions Bolt Tightening Condition
. . - - Yield Factor O Tightening Torque © Assembly Preload
' ' Help - Bolt Tightenin ®
to be included. Accept the default values and click the 'Ok [ L grenng ) Specify which of the three ways you wish o use to specify the bolt loading
Prevailing Torque Value
bUtton deey @ MNo Prevailing Torque O User entered value If a thread size has been selected from
i Lzl (s Bl the thread database then a minimurm
atter from Torgue and Fri iati (=) ‘Wﬁ’?“"“ ‘fh’”“da (et e value for the type of prevailing torque
Tightening Tool Accuracy {or boft) down athread 0n 5 gperyica) Adhesive Coating feature will be presented when the
Tightening Toal A G (95 ElfiEEEEE appropriate iterm is selected on the
Targue tightening tools can accurately reproduce a given torque to a specified  » Ightening Tool Accuracy "/n that are designed to resist O All metal steel nut Clagses 5to 9 (i

accuracy. The accuracy of power tools can be influenced by the stifiness of the left. {If available in the databasel)
Jjoint ('soft'- low stiffnese or hard' - high stiffness)
The program will reduce the lower user specified tarque and raise the higher

torque value by the percentage given in this box ta allow the effect that the

If you do not wish to include the effect of vibration loosening. ) All metal steel nut Class 10
torgue toal accuracy on tightening torgue
and subsequently preload scatter - please

erter D inta the above bo S e i |
= the Prevailing Torgue

Prevailing Torque Presen

Thread Friction Inf i
Thread Finish/Material Details |Dacromet Finish \ L’ Calculate | X CancE" ? Help

Maximum Friction Coefficient
in the Bolt Threads:

Minimum Friction Coefficient
in the Bolt Threads

Thread Friction Database ]

Under Head / Nut Face Friction
Baolt Finish/haterial Details ‘Da:rnmet Finish ‘

Minimurn Friction Coefiicient [g
in the Bolt Threads

Maximum Friction Coefficient
in the Bolt Threads

Nut Face Friction Database ]

Prevailing Torque Value

The prevailing torque is the
torque required to run a nut O Nylon/polyester patch

@ No Prevailing Torque (O User entered value If a thread size has heen selected from
the thread database then values for the

) type of prevailing torque feature wil be i 2
(Enevnt;nl\n!)tsszvsnnaf;:;:ﬁi;: 3 Chemical Adheshe Costing e BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolt
that are desigried to resist (Al metal steel nut Classes 5109 EE‘EE‘E? b iz ‘hEﬁdm‘z‘ '5-‘)“3‘“2‘S Edt Units Analysis Type Yiew  Help
are available in the databasel =
vibration loosening O All metal steel nut Class 10 0 E’| E|| ‘% Egﬂ%l@ J‘ﬂ’r|% @ ﬁ!‘ Sl ‘%‘ ? IL| [ Metric Units in Usel [T Cha

Full Listing of the Input Data and the Results

Condition/Feature causing | |

the Prevailing Torque Fatigue Endurance Limit for the Fastener = 52.50 H/mm? e
. . ; o Induced Alternating Stress in the Fastener = 0.00 H/mm*
Minimum Prevailing Torque Present Maximum Prevailing Torque Present Nrn
9 | Factor of Safety > 1000.00
This form allows the user to enter details that will allow the program to CONCLUSIOHN
' 0K ‘ X Cancel | 2 Help determine the scatter in the bolt preload. The joint can subsequently be The fastener should not sustain fatigue failure hased

assessed against the minimum likely preload value. upon the data entered.

(Side) Click the 'Calculate’ button from the data entry form SWINARY OF MULIL FLATE BEARING STRESS ANALXSIS =~
X . ) e sumary presented below is Tor the highest stresse
and the results will be displayed on the main form. As can be joint surface, specifically the surface that has the
H : A inimum Fact f Safety.
seen there IS a bearlng Stl‘eSS prOblem To CheCk the Valldlty '('Juo;l‘mressi:z ;ie;d Str:nﬁth for the Material= 120.00 Hfmm?
of the data - click on the speed button shown to view a joint Bearing Stress Acting on the Material T 17829 W/
drawina. CONCLUS TON i '

Excessive preload loss (higher than program calculated values)
iz anticipated to occur due to creep that will act within the
joint causing excessive embedding. Investigate if the bearing

Diagrams.

File Wiew Edit areas within the joint can be increased. 3
e P Joint Diagram Force Deflection Graph Torque - Force Graph e
Edit Tile mronat s nawer wermre "

Angle of Turn - Force Graph Angle of Turn - Torque Graph Metric Units
Sl Torque Distribution Chart Joint Diagram Explanation
Joint Drawing | Angle of Turn Explanation Preload Requirement Chart

View of the Joint

g Print
&}, Reset Zoom r&_'

To pan - hold the
right mouse
dawn and drag.
Ta zoomin - hald
left mouse buttan

o st snciass (Side) A view of the joint will be displayed that should look
— like the one shown. Other charts such as the Torque-Force
ey Graph and the Preload Requirement Chart can provide some

L useful information about the joint.

P

hand

Note: Tightening is by head rotation with the nut stationary.

Consulting + Analysis Services < Software < Training
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Joint Analysis using the BOLTCALC Program (continued)

(Side) The Tightening Torque - Assembly Preload Graph
shows how the preload varies with the torque and friction
value. The torque - preload combination can fall anywhere in
the region shown.

(Below) The Preload Requirement Chart shows the preload
variation relative to the preload requirement and what this
requirement is comprises.

L ams
Fle Wew Ede

[ e Angle of Turn - Torgie Graph Toryue Dis ion Chart Joint Diag
Jolnt Disgram Farca Daflaction Graph Torqua « Farce Graph Anglo of Tum - Farce Graph
[ e | Jasint Desrwimg Angle of {urn Explanation Prefoad Requirement Chart
Preload Requirement Chart
Since the minimum preload value is greater than the tofal prefoad
e requirement, foint failure due to insufficent prefoad is not anticpated
Minimum Preload Value = 21119 N
£, Foget Zoom Total Preload Requirement = 15771 N
Tes i « Bl ther Ay
ight mouse o
deram snd dreg. -
Ep——— |
e moune button Mt
deramy el prciosn 32 0y

A C:\Documents and Settines\Bill Eccles\My Documents\Flash\BOLTCALC\On-Line Training CourselBO. ..

File Edt View Favorites Tools Help

Sz | ALY J NS _
K° ) 1] 8] 0 Dsewh G orevortes @bmeds €23 - 5 - |
ez | ] Coypocuments and Settings|Bil Eccles|My Documents|Flash|BOLTCALC|On-Ling Training Cou | 3 80 [Harken Antiius £yl -
~
Jabs Ref No: 1 BOLTCALC v5.55 RESULTS SUMMARY Dute: 100712003
Engine Mounting Joint
Calarlirion Refirace: 1 J[Losd ase Rsf 1 View of the Jaint
Aralyst, Bill Eccles - Bolt Science || Bequestor: & H. Othar Engine Mauriing Jaint
Commmnes | Exonplh slyeis
10 1.5 Course E I T
"ﬂm . Property trade = 10.9
[Pustanr | Stess = 57990 | s G = 54000 2t S —
[Proof Losd = 13131 H_ ][, Terils Swangth = 1040.00 et
JOINT ASSEMBLY DETAILS
Threud Condition Daoenes Finish B/ Thread Friction, Vahaes = 0,120 /0.180 | Skp Plane Frietiom = 0.20
[Head Conlition: Dacromet Finish DBt ivad Friction Vs = 0.120 70,180 ¥z of Slip Flaws = 2.0
Tarqee ta reach minimman yield = 75 Estimsted Tarqae to reach maztinam yield = 116 T
e Wrw = ey e ——— P ——— b
&] Done 4 My Computer

Consulting < Analysis Services

L s

Fle Vew Edt
Lt Tihe

C e | Jaint Drawinng

oo soren | oy Diagram

Angle of Turn - Torgue Graph Chart

Joim Diagram Explnation
Preload Requirsment Chart
Angla of Turn - Force Gaph

Angle of Turn Explanation
Force Deflaction Graph Tonqua - Farce Geaph

Tightening Torque - Assembly Preload Graph

¥ R I .| Maximum Prelead = 4132058 N
=, Fatat Taon ] | Minimum Preload = 21319.20 N
501 Maximum Tightening Torgue = 7190 Nm
Te pan - Pl he

gt mouse 4| Minimum Tightening Torque = 53,10 Nm
Maximum Frevalling Torgue = 0.00 Nm

]

Bl s bnor T Minimum Prevailing Torque = 0.00 Nm

et ipensyeiry R

wea | =
— = o

I Dows I E—t-a

=

E =

2%
=

)

15

10

5

a

o 5000 10000 15000 20000 25000 000 3800 40,000

Assembly Preload { N)

& BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolted Joints
Fie Edt Units AnalysisType Wiew  Help

m B| E||‘% E@,&ﬂ%—l@ﬁd%b_ ﬁ!‘@ % ‘%‘ 2 |j|_| [ Metric Units in Usel [T Cha

Full Listing of the Input Data and the Results

Fatigue Endurance Limit for the Fastener = 52.50 Hfmm* -
Induced Alternating Stress in the Fastener = 0.00 Hfmm=
Factor of Safety > 1000.00

CONCLUSION
The fastener should not sustain fatigue failure based
upon the data entered.

SUMMARY OF MULTI-PLATE BEARING STRESS AHALYSIS

The summary presented below is for the highest stressed
joint surface, specifically the surface that has the
minimum Factor of Safety.

Compressive Yield Strength for the Material= 120.00 H/mm?

Bearing Stress Acting on the Material = 178.19 H/mm?
Factor of Safety = 0.67
CONCLUSTON

Excessive preload loss (higher than program calculated values)
iz anticipated to occur due to creep that will act within the
joint causing excessive embedding. Investigate if the bearing
areas within the joint can be increased.

v
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Metric Units

(Above) To view a summary of all the results, click on the
speed button (or alternatively select the option from the File
menu) and follow the on-screen instructions.

(Side) BOLTCALC will launch your default browser and the
results will be displayed. This single page summary provides
a useful document for recording the analysis for archival
purposes.

(Next Page) A summary of the analysis for this joint is shown
on the next page.
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Job Ref No: 1

BOLTCALC v5.55 RESULTS SUMMARY

Date: 15/07/2003

| Engine Mounting Joint

| Calculation Reference: 1

|[ Load Case Ref: 1

|Ana|yst: Bill Eccles-Bolt Science

|| Requestor: A. N. Other

Comments|| Exampleanalysis

| M10 x 1.5 Coarse Thread

” Property Grade = 10.9

Fastener |Stre$Area: 57.990 mm?2

|[Min. Yield strength = 940.00 N/mm |

|Proof Load = 48131 N

”Min. Tensile Strength = 1040.00 N/mm?2 |

View of the Joint

Engine Mounting Joint

Note: Tightening is by head rotation with the nut stationary.

JOINT ASSEMBLY DETAILS

|Thread Condition:Dacromet Finish

||Min/Max Thread Friction Values = 0.120/ 0.180

||S|ip Plane Friction = 0.20

|Head Condition: Dacromet Finish

||Min/Max Head Friction Values = 0.120/ 0.180

||Number of Sip Planes = 2.0

Torque Values

|Torque to reach minimum yield = 78 Nm

||Esti mated Torgue to reach maximum yield = 116 Nm

[Torque Specification = 62.5 Nm + 9.4 Nm

||Min/Max Prevailing Torque = 0.00 Nm / 0.00 Nm

|Minimum Tightening Torque=53.10Nm

||M aximum Tightening Torque = 71.90 Nm

Bolt Preload Values

|Minimum Preload

=21319N

|[Maximum Preload = 41321 N

|Tightening Factor = Max Preload / Min Preload = 1.94

|[Min static Slip Capacity = 21319 x 0.20 x 2.0 = 8528 N

DETAILSOF

APPLIED FORCES

Axial Force=0N

”Lower value of the applied axial dynamic force=0 N (Used in fatigue analysis.)

Direct Shear Force = 5000 N

Clamp Force required to prevent shear movement =

12500 N

Force required for functional reasons (e.g.
clevis pull up, gasket prestress, etc.) =0N

JOINT ANALYSISRESULTS

|Pre| oad Loss from Embedding = 3262 N

||Axia| Force reducing the joints clamp force= 0 N

|Mini mum Preload Required = 3262 + 12500 = 15762 N

|
|[Maximum Preload Required = 15762 x 1.94 = 30550 N |
|
|

Total Joint Thickness = 65.400 mm”

Minimum Factor of Safety on Bearing Stresswithin Joint = 0.67

Conclusion: The bearing stress exceeds the compressive yield strength - deformation may result leading to excessive preload loss.

Preload Analysis
|Factor of Safety =41321 /30550 = 1.35
|Conclus’on: The fastener will provide sufficient preload to resist the forces entered.
Bearing Stress Analysis
(Note: Face A is closest to the bolt head.)
Joint Item Thickness CompressiveYield ||Bearing StressFaceA ||Bearing StressFaceB CO?OFZL;;Ypi\eId (i(oirggrgé/: Fagtfor
FaceB Safety
| Washer || 3000mm || s4000Nmme || 3423:2Nmme || 17819 Nmme | 65182 N || 125219N || 158 |
| Inner Support || 4000mm || 12000Nmme || 178a9Nmme || 1ssienmme || 27826N |[ 31986N || 067 |
| Steel bush support || 2200mm || 4s000Nmme || 1smieNmme || 22775 Nmme | 122499 N || s34sen || 2.02 |
[ Bush tube || as000mm || 46000Nmmz || 2277sNmme || 22775 Nmme | 83456 N || s3ssen [ 2.02 ]
| Stee! bush support || 2200mm || 46000Nmmz || 2277sNmme || 1sm16Nmmz || 83456 N || 120499N || 202 |
| Outer support || 6000mm || 12000N/mmz || 1ssaeNmme || 17819 Nmmz | 31956 N || 27s26n || 067 |
| Washer || 3000mm || s4000Nmme || 17g1oNnmme ]| 34232 Nmmz | 125219N || esisan || 158 |
|
|






