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* Objectives:

— This workshop illustrates Efficient and user friendly method of defining common
behaviour multiple bolts using the latest Bolts feature introduced in Mentat
2018

— This new feature is useful in assemblies with a large number of fasteners with
preload or, springs. Multiple bolts can quickly be generated using a single
action.

— Using this method, after selecting the elements of bolt, Mentat will automatically
create and position the control node. The axial direction of the bolt is also
automatically determined. User has to define the preload applied on control
node in the first degree of freedom as this new technique is based on “Cross-
Section” option. The control node of the Cross-Section has only one degree of
freedom.

— During post processing, the bolt force is plotted in the bolt axial direction. Global
variables for control node displacement, as well as axial and shear force are
also available.

— With this new bolt modeling technique, for Large Strain analysis, the limitation
of small rotations that existed in previous releases has now been removed.

« Software Version :
— Marc and Mentat 2018

* Files Required:
— bolted plates.mud
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« Suggested Exercise Steps:

Open the file bolted plates.mud in Mentat

Check the contact bodies

Populate the contact table

Create control node for bolt preload using Bolt feature

Define Boundary Condition, Clamp the lower plate

Define point load on the top plate

Apply Bolt preload on all 3 bolts of magnitude 2000N on the control nodes
Apply locking constraint on control nodes

Create 3 loadcases; Bolt preload, bolt locking & External loading. Choose
appropriate Loads & Boundary conditions for each of these loadcases.

10.Create & run the job

© N A WDRE
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Step 1. Open An Existing Database

|‘ File Select View Tools Window Help

Model
+] Mew Ctrl+Shift+d
ﬁ Open... @ Cirl+0
Open an existing database. Merge...
a. Select File > Open. - AR ot
Description...
b. Select
’ Loak in: . Ci\Trainin - Q2 Q
bolt preload.mud. E save Colss L : O 2 =
L Save and Exit W bolt_preload.mud b
. . yly My Computer b '
c. Click Open kel save as... Ctrl+shift+5 L
Restore H;. hbhardwaj
Results B Desktop
% Open Default |.; Documents
% Open... '
| Import 4
B" Export r
File name: bolt_preload.mud DIZIEI‘©
Current Directory... .
Files of type: | All Mode! Files (*.mud *.mfd) * Cancel
Edit File...
trE [[] absolute Path Current Directory
Exit
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Step 2. Check Contact Bodies

Identify contact bodies
a. Expand Contact bodies then

Meshed ( Deformable). )
b. Click Toggle Identification of a— @f:;‘; J¥| 2
Contact Bodies. = S
c. Click Fit.
MSCASoftware
Model || List - upper_plate
- " bolt_preload Jower_plate
¥ 9 Mesh (43847) 4'{
+- Sl Tables (2) ': : middle_bolt
+- = Geometric Properties (1) L
+- @ Materials (1) = T left_bolt

=} ¥ Contact Bodies (5)
=1 ¥ Meshed (Deformable) (5) E

* upper plate I

lower_plate
middle_bolt @

left_bolt J L

S right_balt l*‘_

right_bolt

u

u

=
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Step 3. Populate contact table

Create contact tables:

a. Right-click on the blank space
in the Model Navigator and

1‘ Populate / Manipulate Contact Table I&

Mame ctahie 1

Mew Contact Body
Detect Meshed Bodies

Mew Contact Interaction

Mew Contact Table @

Mew Contact Area

Mew Exdude Segments

\C) Contact Distance Check (Meshed Bodies Only)

. th\t_/“
select: Contact > New T
: 3
Contact Table. IEEE
Click Populate / Manipulate Contact v
Enable Contact Distance
. ToolBaox L
Check (Meshed Bodies
Only). Links v
d. Select Automatic as Contact __ "
. Initial Conditions L4
Distance.
e. Enable Skip Self-Contact Bou
Entries.
f. Click Execute button
g. Click OK
r‘ Contact Table Properties @
Mame | |table1 View Mode  Entry Matrix =
Entries
[7] Show Visible Bodies Only
Second
First . .
Body Name Body Type 1 2 3 4 5
B 1 |uyper pbie Meshed (Deformable)
) Meshed (Deformable)
3 | middle_boit Meshed (Defarmable)
4 | jeft_bolt Meshed (Deformable)
5 | right bolt teshed (Deformable)
Populate / Manipulate @ Full Default Contact  Touching Glued
OK
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Settings

Contact Distance Automatic T@

Contact Table Entries
Mode addfReplace
Remove If Mo Contact Detected

Contact Interaction
Creafe Default
ContactType  Touching ~
Mame Avtomaic

Populate [ Manipulate

Method Al Body Pairs -

@ skip Self-Contact Entries

Execute @
20),
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Step 4. Specify friction coefficient

Wil Contact Interaction Properties léj
Name | |nteractl
Type | Meshed (Deformabie)
Meshed (Deformabie)
Current Job | jobi

Contact Detection

. . .. Contact Tolerance Default -
Specify friction coefficient ==

a. Expand Contact Interactions and
double click interact1.

Contact Tolerance Bias Factor  Default hd

Segments At Sharp Corners  [] Tangential Contact Tolerance Extension

Click Friction. Contact
Enter 0.3 for Friction Coefficient At Start Of Analysiz [ Stress-Free Projection Onto Contact Surface
d. Click OK twice Contact Type  Touching = Augmentation
Touching Contact
Model | List Show Properties  Structural =
Friction @ Wear Separation
= Wl ibolt_preload
+- 5 Mesh (43847)
+- Il Tables (2) - ok N
+- 55 Geometric Properties (1) = \(L
+- % Materials (1) .
+  Contact Bodies (3) W Contact Interaction Friction Parameters ﬁ
=} ¥y Contact Interactions (1)
=} ¥y Meshed (Deformable) vs. Meshed (D... Mame | inferact!
My interactl Type | Meshed (Deformabiz)
=}~ ¥¥3 Contact Tables (1) Meshed (Deformable)
%5 ctablel
L Friction Coeffigent |p.3 Table
“WMWW
Friction Stress Limit 18420 Table
[] Anisotropic Friction
o (d)
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Step 5. Make the plates invisible for bolt creation

Display only bolts and hide the
plates

a. Right click on Contact Bodies

and click Visibility.
b. Disable upper_plate and
lower_plate contact bodies.
c. Click Apply Changes.
d. Click OK.

Model || List

= ‘ bolt_preload
+- W Mesh (43847)
+- Wl Tables (2)
+- 85 Geometric Properties (1)
+- g Materials (1)
-/ ContactBodies (5)
=l ¥ Meshed (Deformable) (5)
/* upper plate I
M lower_plate
& middle_bolt
& left_bolt
* right_bolt
—I- ¥y Contact Interactions (1)
=1 I Meshed (Deformable) vs. Meshed (D...
My interactl
= %4 Contact Tables (1)
55 ctable1

./-—UV—}_“A\.WJ\—..,,—“"%\AW
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Mew Contact Body

Edit
Detect Meshed Bodies
Tools
v Identify
Identify Backfaces

Visibility @

Expand Folder

" Contact Body Visibility

e

yi

] Auto-Apply
Visibility | Type |
B [ | upper_plate Meshed [Deformable)
B [ lower_plate Meshed (Deformabie)
middle_balt Meshed (Deformable)
left_bolt Meshed (Deformable)
right_balt Meshed (Deformabie)
Change Ta Visible All List
Change Ta Invisible Al List

Discard Changes

Apply Change@

OI{@
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Step 6. Bolt creation

=

= Geometry &Mesh = Tables & Coord. Syst. | Geometric Properties | Material Properties | Contact Links || Initial Conditions | Boundary Conditions | Mesh Adaptivity = Loadcases | Jobs || Results
- Transformations ™ Cross Sections ™ Sink Point Groups ™ Cracks ™ Weld Paths ™ Coils - Design Variables ™

5 Cavities ™ Matching Boundaries ™  MNode Properties ™ Crack Initiators ¥ | | Weld Fillers ¥ Circuits ¥ Design Constraints ™

E Bolts - Chains ™ Streamline Regions ™ | Delamination ™

= Mew Balt ral Fracture Mechanics Welding Electromagnetics Design

Create Multiple Bolts @

Show Menu

Edit g
Identify

Wi Create Multiple Bolts @

im

_ Bolt Name
Properties - ’ , ! Basename bolt
F —
Create bolts ff ] Start Index 1

a. Select Toolbox > Bolts >
Create Multiple Bolts.

b. Verify Automatic is selected
as Axial Direction.

c. To specify the location of -
control node on bolt axis, set

Offset as “1”. L,
d. Click Create Multiple Bolts. — Cross-Section Location

Click All Visible Elements. et f) Offset (Fraction) From Center Of Gravity |0
f. Select Toggle Nodes Display.

Axial Direction

Automatic @ v

Location Contral Mode On Bolt Axis
Default -
Offset (Fraction Of Balt Axis) 1 @

L e[E

L ¢

Create Multiple Bolts @

Ok

T‘ll: L
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Step 6. Bolt creation ( Contd.)

MSC ASoftware

middle_bolt

left_bolt a

Note that control nodes are
created for each bolt in the right_bolt
normal direction, at
distance of 1, as specified
in previous step.

Note -The control node has only 1 dof in the
direction of the cross section normal vector
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Step 7. Apply boundary conditions

Fixed Displacement

SpeCIfy bolt preload L onditions " "F"] Fixed Acceleration
a nght-C“Ck on the Model Boundary Conditions * | Mew Boundary Condition » | Structural b | Pomtload
Navigator and select: S , | EdgeLoad
Boundary Conditions > Mesh Adaptivity b — | e
New Boundary Gef Wil Boundary Condition Prcberhes Iﬁ G
Condition > Structural > | Leadeases g tore. b greond (D)
: § & PO
Point Load. Johs » ll il n ‘&T = \T - Ibp Properties g
b. Enter boundary | R | "\ Standard Node Picking || method Enteredvales  ~
- . =] o] ollower Force
condition Name: = & Bolt Control Node Picking @ el @ o
bolt_preload. Sets 3 (CD ForceX |2000 @ ramp_boit_on
c. Enable Force X T [ Force v
d. Enter 2000 for Force X. g;fn:z:n
e. Click table gMomentY
Moment £
f. Select v
ramp bolt preload. . +
g. In the miscellaneous Model Section Vertices  Add | Rem | @ .
menu, change the node Nodes Add | Rem |3
picking option from ZZ:::fferﬁces :jj iem 3
Standard Node Picking to e e =~ 12
Bolt Control Node ) ] L = =5
PICkIng Clear K
h. Click on any single 7 1=
y g W Currently Defined Tables (All Types) @ 43
element on each bolt to Note — Preload is defined b
e oo oct O || eme 2 |ndepercentvensbie o ||| specifying a force on the firgt degree
it's corresponding bolt. ramp bot praioad T )1 [ame pecilying >0
I. Click Toggle Boundary ramp_external_load | 1 | fime of freerm of ContrOI_nOde' NOt'C_e
Conditions Display to that this force works in the direction
turn display on. Clear o of the cross section normal vector.
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Step 7. Apply boundary conditions ( Contd.)

Specify Bolt lock boundary
condition

a. Right-click on the blank
space in the Model Navigator
and select: Boundary
Conditions > New
Boundary Condition >
Structural > Fixed
Displacement.

b. Enter boundary condition
Name: bolt lock.

c. Enable Displacement X
Click Add.

Select all the control nodes of
the bolt.

f. Repeat step a.

L I e R

Links k

Initial Conditions k

Boundary Conditions L Mew Boundary Condition » Structural k Fixed Displacement @

State Variable » Fixed Acceleration
Mesh Adaptivity P e
Wl Boundary Condition menies @ r
J"EWL"‘" Narme bolt_lock b Edge Load
Type fixed_displacement Face Load
Properties Global Load
Method Entered Values ~ )
Gravity Load

Multiple Bolt Preload Setup in Mentat

Reference Position  Position At Activation OFBC =

Time Dependence  Tahbles e
C) Displacement X |0 Table
[T [ pisplacement ¥
[ Displacement 2
[ rotation X
[ Rotation ¥
[C] Rotation Z
Entities
Model Section Verticess  aAdd | Rem | @
Modes Rem |3
Points Add | Rem O
Curves Add | Rem O
Surfaces Add | Rem O
Solid Vertices Add @ Rem @O
Solid Edges Add @ Rem @O
Solid Faces Add  Rem @
Solids Add | Rem @
B s e T |
Clear OK

Centrifugal Load
Edge Foundation
Face Foundation
Fluid Drag

Cavity Pressure Load
Cavity Mass Load
DOF-Set Modes

Fixed Harmonic Displacement
Fixed Harmonic Acceleration
Harmonic Point Load
Harmonic Edge Load
Harmenic Face Load

Harmonic Global Load
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Step 7. Apply boundary conditions (Cont.)

Specify fixed boundary conditions Model || List 2 B Y"SRT " Y aQ
a. Enter fixed for Name. - Wl balt_preload * Standard Mode Picking @
b. Enable Displacement X, Displacement = vl <% Bolt Control Node Picking
Y, DISp|acem ent Z. +- 5 Geometric Properties (1)
c. Enable visibility of every contact bodies Y
. ' y y ' = 4—_ _iznﬁifgjiﬁsgmah|e) © rv‘ Boundary Condition Properties @
d. Inthe miscellaneous menu, change the ] & upper plate I R— ed (3
node picking option from Bolt Control @ lower_pate Type fived disacement
. . . . “% mi 2_Do
Node Picking to Standard Node Picking. % left bolt Properties
- . (V] . right bolt -
e. Click Nodes: Add. iR CDnt‘IT‘;teractin | Method Entered Values
B Reference Position Position At Activation OFBC =
Select nodes on left face of bottom plate. 3 Contact Tables (1) S
+- W@ Bolts (3) Time Dependence  Tables -
g. C“Ck OK + 9 Boundary Conditions (3)
2 W Sets (6) y Displacement ¥| 0 Table
A W Vet Wt S Y e W \b i
WSS Software Displacement ¥| 0 Table
Displacement Z| 0 Table
upper_plate
[ rotation %
[ rotation ¥
lower_plate D Rotation £
middle_bolt
: Entities
left_bolt Madel Section Vertices Addm 0
Modes | Add YHem | 200
right_bolt Foints Add Rem | &
I N el 0 0 o T Curves Add | Rem | o
[ Surfaces Add | Rem @
I Y A A Solid Vertices Add | Rem @&
Solid Edges Add | Rem |¢©
Solid Faces Add | Rem @
Solids Add | Rem @&
I o =
Clear oK
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Step 7. Apply boundary conditions (Cont.)

Specify point load on top plate

a. Right-click on the Model Navigator
and select: Boundary Conditions

Ini onditions

Boundary Conditions

-h._.-""‘—'-"-r"*

Fixed Displacement

Fixed Acceleration

|  MNew Boundary Condition

4 Structural 3 Point Load

State Variable » | Edgeload

General 3 Face Load
%wa

1‘ Boundary Condition Properties

Wil Currently Defined Tables (All Types)

25|

| £Y | Independent Variable Type( |

I Lime
I Lime

0K

> New Boundary Condition > Mesh Adaptivity
Structural > Point Load. Loadcases

b. Enter external load for Name. Tohe

c. Enable Force Z.

d. Enter 50 for Force Z. Results

e. Click Table.

f. Select ramp external load.

g. Click Nodes: Add Name

n. Select night lower edge nodes of =
op plate.

i. Click OK —
wpper plate
lower plate
e bolt

left_bolt

right_bolt

........
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MSC A Software

[[] Force x
[[] Force ¥ @
C:(D Force Z |50 @ a.m_exfema.-"_;‘b&
|:| Moment X
|:| Moment ¥
|:| Moment Z

=X

Mame external_load @
Type point_load

Properties
Method — Entered Values

[ Follower Force

Entities
Model Section Vertices  add em i)
Modes Rem |58
Paoints Add @ Rem @
Solid Vertices Add | Rem &
- | o=t M2l . ]
I e 1 O S #
Clear

0K®

Copyright© 2018 MSC Software Corporation



Bolt Modeling — 3 Steps

Step 1
Bolt Preload

Step 2
Bolt Lock

Fixed Constraints
on bottom plate

Touching contact
between all three
Contact Bodies

Bolt Pretension
Load Point Load Fx

Multiple Bolt Preload Setup in Mentat

Fixed Constraints on
bottom plate

Touching contact
between all three
Contact Bodies

Lock Bolt Control
Node Displacement
Constraint (x)

Fixed Constraints on
bottom plate

Touching contact
between all three
Contact Bodies

Lock Bolt Control
Node Displacement
Constraint (x)

Apply External Load
point load Fz
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sl Loadcase Properties N\ Iﬂ

Step 7. Define Loadcases e (D)

Type Structural
stafic
Create First Loadcase to pre|oad the Wil Select Loads &J OLoads @ O Inertia Relief
b0|t Applied Loads a
) . . . = - [ Contact @
a. Right-click a blank place in the bolt_preload point_foad O
. LW [ bolt_lock fved_displscement
Model Navigator. Select @ el e
Loadcases > New Loadcase > [T™ [ external_load paint joad
Static.
b. Enter 1cl bolt preload for D Solution Contral
- - Clear Ok Convergence Testing
N ame. @ Mumerical Preferences

c. Specify Number of Steps as 10. W contact A e | | | Total Loadcase Tme 1 1 Termination Criteia
H Contact Table h ciablel Stepping Procedure
C“Ck LO a'd S Contact Table Elgrﬂzacﬁvaﬁon Fixed @ Constant Time Step o1 #5teps | 10 @
H H orce Removal — = = Adapti i-Criteri
Under Applied Loads, disable — e :“’L‘:g";
bo 1 t—l oC k and externa l—l o ad' Contact Areas Exclude Segments ( ) Temperature
f. Click OK. | S | ‘ 5= | Time Step Cut Back
. Automatic Time Step Cut Back
g. C“Ck ContaCt m # Cut Backs Allowed 10
oK _
h . C“Ck Co ntact Tab | e. \JJ [C] Remesh During Cut Back Process
i. Se|eCt ctablel. 1‘ I:urrenﬂ}r Defined C@ Loadcase Results
. . " [ Deactivation { NC Machining
J. Click OK. ctable1 @ [ Input File Text [ Indude File
k. Right click onlc1_bolt_preload in Tite
the Model Navigator and select Clear oF Reset ox
Copy to create a new loadcase. Iy N
+- ¥ Bolts (3) Fﬁ\/.‘
+- 9 Boundary Conditions (4)
N P Y -1 ¥ Loadcases (1) New Loadcase : Static
=t W% Structural Static (1)
esh Adsoty : . £ i1 bolt prelond Change Type '
Static @ +- 05 Sets (7) Rename
Loadcases » Mew Loadcase ¢ Buckle "
opy
—
‘wigei.ﬂ..—_fwwwy—:m Creep WR}M%MW Delete
Dynamic Maodal
WUW Properties
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Step 7. Define Loadcase (Cont.)

Define Second Loadcase to lock

the bolt:

a. Double click on Icase?2
loadcase.

b. Enter 1c2 bolt lock for
Name. a

c. Specify Number of Steps as 1.

d. Click Loads.
Verify fixed and bolt lock
is selected. a

f. Click OK.

g. Right click on
Ic1l _bolt_preload in the Model

Navigator and select Copy to
create a new loadcase.

()

e

=
‘ Select Loads

Applied Loads

bolt_preload point faad
[C] bolt_lock fixed _displacement
fixed fived_displacement
[ external_load point_foad

[ Gradually Released Loads

Clear

DK®

Y. S s, T W UL - o T s W L
-1 ¥ Loadcases (2)
-1 W% Structural Static (2)

i* |c1_bolt_preload
Icased e

+- 0 Sets (7)

A S SRS T P

W% BoundST Condnona
-} % Loadcases (2)
-1 W% Structural Static (2)

4* Ic1_bolt_preload

i* Ic2_bolt_lock

+- 9 Sets (7)

VAT o T

New Loadcase : Static

Change Type 4
Rename

Copy

Delete

Properties

Multiple Bolt Preload Setup in Mentat

Wil Loadcase Properties

Mame Ic2_bolt_lock
Struciural

static

[ Loads @

O
[ Contact
O

O

Type

[ Inertia Relief

|
|

Solution Control
Convergence Testing
Mumerical Preferences

Total Loadcase Time 1 [ Termination Criteria

Stepping Procedure
#5Steps |1 @

Fixed
Adaptive

@ Constant Time Step | 1
) Multi-Criteria
) ArcLength

~) Temperature
Time Step Cut Back
Automatic Time Step Cut Back

# Cut Backs Allowed 10
[] Remesh During Cut Back Process

Loadcase Results

[ Deactivation / NC Machining

[ Input File Text O indude File

OK
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Step 7. Define Loadcase (Cont.)

Define Third Loadcase to keep the
bolt locked and apply point load :

a. Double click on Icase3
loadcase.

b. Enter
lc3 external loading for
Name.

c. Specify Number of Steps as 10.
d. Click Loads.

e. Select fixed, bolt lock and
external load.

f. Click OK.
g. Click OK.

Multiple Bolt Preload Setup in Mentat

NP U DV RN o e
-l W% Loadcases (3)
-1 W§ Structural Static (3)
4* Ic1_bolt_preload

i Ic2_bolt_lodk

+- g Sets (7)

I T e N T A s W

=

‘ Select Loads

Applied Loads
{[¥] bolt_preload ! point load
N\ bolt_lock fixed_disoiscement
\.e_ fixed fived_displacement
external_load oot joad
O Gradually Released Loads
Clear K

Wl Loadcase Properties
A~

Name lc3_external_loading @
Type Struciural
siafic
O Loads @ O Inertia Relief
O
[ Contact
O
O
O
Solution Contral
Convergence Testing
Numerical Preferences
Total Loadcase Time 1 O Termination Criteria
Stepping Procedure
Fixed @ ConstantTime Step | 0.1 #5teps |10 @
Adaptive () Multi-Criteria
~) ArcLength
) Temperature

Time Step Cut Back
Automatic Time Step Cut Back
# Cut Backs Allowed 10
[] Remesh During Cut Badk Process

Loadcase Results

[ Deactivation { NC Machining
O Input File Text O Include File

Title

Reset CK

Copyright© 2018 MSC Software Corporation




Step 8. Create a Job

Create a Job Loadcases —— N structural @
i i : . Jobs

a. Right-click a blank place in the Model Navigator. 2r Thermal

Select Jobs > New Job > Structural. ELE User Domains » Thermal/Structural

b. Select1cl bolt preload, lc2 bolt lock B e i)

and 1c3 external loading. e
c. Click Analysis Options. Narme job1
. . Type Structural
d. Click Large Strain.
. [ Linear Elastic Analysis
e. C“Ck OK Loadcases
H Selected al
f. Click Contact Control. =
7 lc1_balt_preload Struciural static Down
‘ Structural Analysis Options &J Ic2_bolt_lock Structural static Up | Down
Iz3_external_loadi i U
Monlinear Procedu Buckle Solution Method =R rnfroa - F T Sl Z
) Small Strain @ @ Large Strain () Tnverse Power Sweep
[7] Scale To First Yield @ Lanczos
Buckle Increments ™) On @ Off
Mo Follower Force - Available
Modal Solution Method
[ Lumped Mass _
Z) Inverse Power Sweep b
Shell Elements @ Lanczos
Rotational Inertia Terms Modal Inaements © On @ Off
[7] Enhanced Transverse Shear Dynamic Transient Operator
Shell Composite Integration Method O Implicit
Full Layer Integration - O Explicit
Solid Composite/Solid Shell Orientation Dynamic Harmaonic U mnitial Loads 0 Analysis Options
Project Orientations To Element Plane [7] complex Damping O tnertia Relief O Cydic symmetry Job Results
Inertia Effects Contact Control | Job Parameters
[ Perform Soil Analysis Viscoelastidty Steady State Roling Analysis Dimension
O Stress Increment Factor |0 O 3D v
Model Sections Material Data File
[] mMonlocal Pass - i ! l
O speciral Density [ Deactivation [ pMIG Out Chedk
[ Advanced Options O Input File Text O Indude File
Title Run
oK
Reset Ok

Multiple Bolt Preload Setup in Mentat

Copyright© 2018 MSC Software Corporation




Step 8. Create a Job (Cont.)

[ ] Initial Contact Iéj
Contact Table w ciahle 1
Exdude Segments
Clear
Define Contact Settings
a. Select Segment To Segment as
Method. - @
. Select Version 2 as Default Settings.
c. Verify Finite Sliding is selected as Wl Currently Defined C... IS Wl Contact Control ==
Model.
L ctable1 @ Mame Jobhi
d. Select Coulomb Bilinear T
. ypE Structural
(Displacement) as Type. Method @
. . etho 5 tTo S -
e. Click Initial Contact. Clear OK et Set =amEnt e E?é”
. efault Settings Version 2 -
f. Click Contact Table. Comtact Detection Method =rsen
ontac etecoon Metho -
g. Select ctablel. . Standard
. Sliding
h. Click OK.
. Click OK Model Finite Sliding @ v
. Ic ) Threshold Automatic ™
Friction
Type Coulomb Bilinear {Displacemen@
[ Initial Contact @
Advanced Contact Contral
oK m
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Step 8. Create a Job (Cont.)

I W Select Initial Loads 5
Select initial loads
. . Boundary Conditions Clear
a. Click Initial Loads. : :
b. Sel . {[] bolt_preload i point lead
. elect Fixed. @) [ balt_lodk fved displscement
c. Click OK. fixed fived_displacement
. [ external_load point_josd
d. Click Job Results.
e. Select Cauchy Stress and
H H Initial Conditions
Equivalent Von Mises Stress to Clear @ Job Properties =5
request these outputs. Name job1
. Type Structural
f. Click Run. _ N
[ Linear Elastic Analysis
Loadcases
sl Job Results Selected Clear
Mame | jobrf 0.4 @
Type | Structural lc1_bolt_preload Structural stafic Down
Paost File ; Ic2_bolt_lock Structural static Up | Down
: Qutput File O Contact Mastran OP2 I-DEAS Ic3_external_loading Stuctural static Up
Binary M Status File [ Tracking Adams MNF
w | Increment Frequenc
pEEkays quenay 11 O Flowlines [ Force Balance
Selected Element Quantities Available Element Tensors
Clear Filter Apply Clear
Quantity | Layers | [C] | stress - Available
Cauchy Stress Default - [] | stress in Preferred Sys |_|
) ) [T | Global stress
Equivalent Von Mises Stress Default A
Cauchy Stress S
@ Available Element Scalars
Filter Apply Clear
Equivalent Von Mises Stress j*
[] |Mean Normal Stress |_|
[C]' | Equivalent Cauchy Stress [ Initial Loads O Analysis Options
[T |Total Strain Eneray Density S
Element Results Al Points [ Inertia Relief O cydic Symmetry Job Results
FEEEE I EETE Contact Control O Job Parameters
Default = Steady State Rolling Analysis Dimension
O 3D -
O [0 Model Sections Material Data File
[ Deactivation [ DMIG Qut Check
Contact Glue Forces @ Indude ) Exdude O Tnput File Text O Indude File
. Run
Iterative Results off - Title
0K f Reset oK
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Step 9. Run the Job

W Run Job X
Name | jobl
Type |Structural
Run the Analysis User Subroutine File
a. Click Save Model. —
. . Solver/Parallelization
b. Click Submit (1) Symmetric Solution No DDM
c. Click Monitor. Fardiso Direct Sparse Solver | 1 Assembly/Recovery Th
d. When status shows Complete, S
Click Open Post File (Model Title Style  Table-Driven >~ Save Mod 3:.)
Plot Results Menu). Submit (1) Advanced Job Submission
Update Monitor@ Kill
Status Complete
Current Increment (Cycle) 21 (2)
Singularity Ratio g
Convergence Ratio 002124
Analysis Time 3
Wall Time 154
Total
Cycles 28 Cut Backs a
Separations a Remeshes | @
Exit Number 3004 Exit Message
Edit Output File | Log File | Status File | Any File
Open Post File (Model Plot Results Me@
Reset oK
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Step 10. Create Equivalent Von Mises Stress Contour Plot

Create a Equivalent Von Mises Wl Select Post Scalar =) |
Stress fringe plot. ; Wl Model Plot Results =
Contact Narmal Force X -
a. Under Scalar Plot, select Contact Normal Force Y Deformed Shape
Contact Mormal Force Z
CO ntO U r B a.n d S a.S Styl e Contact Friction Force X SEttingS
. Contact Friction Force Y =
Click Scalar. Contact Friction Force 7 T Style Deformed bt
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