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Performing a Strain Simulation on the Crossboard
Sample Holder Using Autodesk Inventor 2016

Introduction

This file provides a guide for reproducing the simulation results depicted in Fig. 2 of the paper
titled “Biaxial Strain Measurements of Jc on a (RE)BCO Coated Conductor”. The simulations
are performed using Autodesk Inventor 2016 CAD software which has a built-in Finite Element
Analysis (FEA) module. An assembly file named “Finite Element Analysis Results- Figure 2”
is provided if the user wishes to bypass steps 1-10.

Method

1. Create a new Assembly (.iam) file in Inventor 2016

L Create New File

C 0 {n} Ca\UsersiPubli

By

k\Inventor 2016\

~ Templates
English
Metric
Mold Design

¥ Part — Create 2D and 3D objects

J 03 d

Sheet  Sheet Standard Standard
Metal ~ Metal (DIN).ipt (mm).ipt
(DINY.ipt (mm).ipt

¥ Assembly — Assemble 2D and 3D components

HGHHBEDH &

Mold Mold  Standard Standard Weldment
. ; : —__ Weldment .
Design  Design (DIN)iam (mm).iam (ANSI - (BSI.iam

(DIN).iam (mm}.iam -
mm).iam

B & & &

Weldment Weldment Weldment Weldment
(DIN).iam (GB).iam (ISO)iam (JIS)iam

¥ Drawing — Create an annotated document

Project File: | Default.ipj Projects...

File: % Standard (mm).iam
Display Name: Assembly

Units: millimeter

This template creates a
| collection of precisely aligned
parts and other assemblies.

Create Cancel

2. Insert the Crossboard and two copies of the stainless-steel grippers:
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e o .= Crassboard Setup for Finite Element Analysis.
T 360 ectromechanical

Assemble ketch
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%5 Free Rotate B8 Mirar 4 Foint ~
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F| “rAssembly View ~

A {
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B [— -
+ () Stainkess Steel Gripper:1 -
- () Stainkass Steel Grippar:2 &

feacy R}

3. When the cursor hovers over the crossboard, 4 small red circles will become visible on
each side. These are the locations where the teeth on the grippers are attached. Attach
the teeth using a ‘Ball Joint’:

Ll Material

el Appearance Crossboard Setup for Finite Element Analysis..

Jesig 3D M Sketch  Inspect Tools Manage View  Environments  Get Star Vault
Igi g "I’g Free Move @l. EF EF-,- Show 35 Pattern % f &ib D Axis
U L i§ x

@ -

e - = A
Free Rotate : . gg Show Sick Mirror Point ~
Place Create o Joint | Constrain EB Bill of Parameters Create Plane @
- o Hide All | BE Copy  Materials Substitutes | T L, UCS
Component « Position « Relationships + Pattern « Manage « Productivity Work Features
x

T | “rAssembly View v #4
4 crossboard Setup for Finite

£ Relationships
{2l Representations

£l origin
&= (7] Crosshoard:1
[r——
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Place Create

Component v

Assemble

Place Create
Companent ~

Model ~

T | “rAssembly View ~ #
[y Crossboard Setup for Finite £ 50 0000mm b/ (] <61 (N2 |8

] Relationships
- 8 Representatians
&- (] origin

[ Sketchs1
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Ball joints ensure that the crossboard can bend around the teeth correctly. Change the
alignment of the joints until the grippers are aligned with the crossboard correctly. The
finished assembly should look like that shown in Fig. 1 in the paper:



Jack Greenwood EuCAS17-3MP1-18

h _Inspect Manage View  Environments _ Get Started _ Vault _ Autodesk A36(
23 patten %ﬁ ‘fx [50 @ Pais - @~

ER Mirror % roint -
Bilof Parameters| Create _| Plane

& Hide Al (BB Copy | Materials Substitutes T e

Component v | Position ~ Relationships Pattem ~ Manage ~ Productivity | Work Features

Crossboard Setup for Finite Element Analysis... il Search H
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g Free Rotate
Place Create | O JointConstrain

V| “rAssembly View v #
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8 Representations
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— 1 Sketchag
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4. Go to the ‘Environments’ tab and click ‘Create New Simulation’. Leave the simulation
settings as default (picture below) and click OK:

Crossboard Setup for Finite Element Analysis.

Create ' S Guide |Stress Analysis | Finish
Simulation Settings | Stress Analysis
Manage Material Constraints Loads ~ | Contacts_| Prepare Mesh Solve Result Display Report | Guide | Settings Exit
r=x| Create New Simulation =032
Stress Analysis ~ 2] -

@ Crossboard Setup for Finite Elent P [

Design Qbjective: single Point v g
Simulation Type | Model State
@ static Analysis
[Jvetect and Euminate Rigud Body Modes
[Jseparate Stresses Across Contact Surfaces
] Motion Loads Ansiysis

Conta
Tolerance

0.100 mm

Normal Stifness

‘Shell Connector Tolerance 1.750

(85 & muRiple of shell thickness)

o o (5] o

5. We now need to add ‘contacts’ to the assembly. The ‘contacts’ inform the software of
the connections between the teeth and the crosshoard. Click <Automatic’ under the
‘Contacts’ sub-tab.
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e A=

Im— - re— : - o x
Simplify _ Design Sketch _Inspect  Tools _ Manage View _ Environments Vault__ Autodesk A360 _Elec -
M F & e P g Svemree B B L : v 4
£ Frictionless Moment | S Manual Adjusted el = ==
Create  Parametric | Assign | Fived Force Prenure? o Mauall Automatic Contacts = Guide | Stress Analysis Finish
Simulation  Table % Gravity act cobfitions between | Settings | Stress Analysis
Manage Material Constraints Loads = Contacts <© | Resurt Display Report Guide | _Settings Exit
Press F1 for more help -9

= afl simulation: 1

- [l Crossboard Setup for Fini
- g aterial

e o N

6. The contacts section of the ‘Stress Analysis’ list on the left of the screen should now
contain 8 ‘Bonded’ contacts. These contacts should be changed to the ‘Sliding / No
Separation’ setting, which ensures the crossboard can bend around the teeth without
the crossboard becoming separated from the teeth.

] simulation:1

G- & Crossboard Setup for Fini
(— & Material

(— % Constraints
|- & Loads
-~ & Contacts

Repeat Automatic Contacts

Suppress
= -
= (), Find in Window END
= et
| JBoncc Wices e
|_]Bonded:8 (Crossbo
(— g Mesh
— E Results
S | Edit contacts
Stress Analysis ~ (2] n
£ Contact type Selections
= 2 simulation: 1 ol I
b B Crossboard Setup for Fini{| | Bonded i L w2 ]
- & Material ?_;Mdadt
eparation
— 3 e " Te tial Stiffr
$ Constraints Siding / No Separation angential Stiffness
I & Loads Separation / No Sliding 0.000 N/mm
-~ o Contacts Shrink Fit / Sliding
£ B Bonded Shrink Fit / Mo Sliding ,—|
Cancel Apph
B Bonded:1 (Crossbo||  L22nG e pply

= Bonded:2 (Crossbo)
= Bonded:3 (Crossho)
= Bonded:4 (Crossbo
= Bonded:5 (Crossbo)
= Bonded:6 (Crossho)
= Bonded:7 (Crossbol
= Bonded:8 (Crossbo)

7. We now need to add z constraints to the stainless-steel grippers. The constraints prevent
the assembly from moving in the z direction when loads are applied to the crossboard.
To do this, click the ‘Fixed’ button on the ‘Constraints’ sub-tab.

o = = - = A~ LI W Material - Crossboard Setup for Finite Elerr

View

Assemble  Simplify Design 3D Model Sketch Inspect Tools Manage Environments  Get Started  Vault  Autodes
\ﬁ |‘_'|D (Q@ =1 (© pin é 4 g 8} Bearing ‘E & Midsurface % B é
: ) ) = Fricti L ~ al ] =1 Offset T B
Create  Parametric | Assign || FIX“Eiyxed Constraint Find Thin Mesh View Simi
imulation  Table ) o o Bodies @
Constrains motion in all directions for the selected geometry.
Manage Material cts Prepare Mesh So
ol Press F1 for more help

E }ﬁ Simulation:1
& Crosshoard Setup for Fini
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Apply the fixed constraints to the outer face of each gripper (red shaded area).

| l@ =1 (O Pin }r- H ¥ Bearing ‘B S Midsurface & E? g "’

= Frictionless Moment | 8 Manual 21 Offset [ Adjustedx1  ~
ic| Assign | Fixed > Foice: Preske - Find Thin Mesh View (L] Simulate =

) Gravity Bodies %]

Material Constraints Loads v Contacts Prepare Mesh Solve Result Display
x

m[ Fixed Constraint [ ~ |

‘I'mmm
D = =

Report

Setup for Fini|

8. Now we must add the loads. First, turn off the visibility of the grippers:
(il « - "‘ _ ",,,', O. caranc < board Setup for Finite Element Analys ands..

ﬂj @ =1 © Pin i i-i X Bearing % & Midsurface & (i g
= Frictionk Moment | o3 Manual 21 Offset 1
Create  Parametric | Assign | Fixed ictionless | (o pressure " Moment | caf Manual o &

Simulation  Table

ind Thin Mesh View = | Simulate - =

*) Gravity Bodies 7 ]

Manage Material Constraints Loads v Contacts Prepare Mesh Solve Result Display

[ Exclude From Simulstion
- Constrad 5 idufnce
|- & Loads
- J® Contact: e
L Logell =
2 Resul
 Enabled
Expand All Chidren
Collapse All Children
Help Topics...

To add the loads, click ‘Force’ under the ‘Loads’ sub-tab.
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e A (W Material -

ssemble  Simplify Design 3D Model Sketch Inspect Tools Manage View Get Started  Vault  Autodesk A36(

& H @ =1 © Pin % % '@ Bearing % &9 Midsurface % E a

- Appearance | Crossboard Setup for Finite Element Analy: Search Help & Comm

nments Electromechanical

[—raryn & ="
Frictionless Moment Manual =1 Offset
Create  Parametric  Assign | Fixed - Forgel Dreceur, Q = Find Thin — Mesh View Simulate
Simulation  Table Force &)
Manage ‘ Material Constraints ‘ Applies an external force load to the selected geometry. [are ‘ Mesh | Solve ‘ Result
x
(2] Press F1 for more help

4 Crosshoard Setup for Finite Elen|
Iék}ﬁswulatmn:l

[ Crossboard Setup for Fini
() Crossboard:1

(T Stainless Steel Grippel
(P Stainless Steel Grippel
&y Material

9. Apply the forces to the desired points (red circles). Apply vector forces of 1800 N at
the four locations depicted in Fig. 2 in the paper.

Force
Location % R)j Direction
Magnitude [ 0.000

I:‘ Use Vector Components

Fx  p.ooon
Fy  o.oon
Fz  p.ooo0N
[] Display Glyph

scale [ 1.000 |||

Name |F0rce:1 |

= ] < Crossboard Setup for Finite Element Analysis
D o en:
= @ = o Bearing & Migsurtoce . @ @ J
= Frictioness Moment | o Manual 2=t Offset 5 Adjusted k1
Create  Parametric | Assign | Fixed Farce Pressure 2 e Find Thin Mesh View L simulate = Guide | Stress Analysis
Simulation  Table & Gravity Bodies & Settings | Stress Analysis
Manage Material | Constraints Loads ~ Contacts Prepare Mesh Solve Display Report | Guide | Settings Eit
) Crusshaaed Setup for Finte Eler]
& 2l senuietion:1 Tyfedees (B [ ovecson
& B Crossbosed Setup for Fin s
4 (P Crossboard:1 wagrtude 1800600 0
- Stainiess Steol Grippe :
= (3 suless steelsrpper | [3) ™ Cancel prees
Ay Material
8 Consiraints
2, Loads [2]use vector Companents
- M Cortacts E
it ex [aomon
§ Reuts

A [voon
Fz -~1800.000 N
[ZlDisiay Ghph

oo [1000 1]

Home | Force:1
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Crossboard Setup for F

‘8 & Midsurface

1 Offset

Creste  Parametnc | Assign Thin M View = Simulate
Simulation  Table Graty Bodies &

e Element Analysi

6 Bearing

7D Moment | of Manual

@ 8 v

Guide | Stress Analysis inish
Settings | Stress Analysis

Manage Material Constraints Loads + Contacts Prepare Mesh Salve Result Display Report | Guide | Settings Exit

&)
B3 Crossbosed Satpfr inke S
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£ By Cossboard Setup for F
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B = ===
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T
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10. The final step before running the simulation is to configure the mesh settings. Change
the settings so they match those in the picture below:

Crossboard Setup for Finite Element Analysis

Stress Analysis

ﬁD @ =yt (O Pin *ﬁ XM Bearing S Midsurface g «

2 Frictionless Moment | o§ Manual o Bl Offset stedxl  *
Create  Parametric  Assign | Fixed Force Pressure © = Find Thin Mesh View = | Simulate Guide | Stress Analysis | Finish
Simulation  Table 2 Gravity Bodies l Settings | Stress Ana
Manage Materia Constraints Loads » Contacts Prepare Mesh Solve Result Display Report | Guide | Settings Exit

@- Mesh Settings a

Commen settings

Al simulation: 1 Average Element Size 3
8 Crossboard setup for Finil .
% (3 crossboardit {as a fraction of bounding bex length)
- (F Stnless Steel Grppen|  Minsmu Element Size (0200 |

1o 0 Stanless tool Grpperl (o, pacnon of suerage sze)

ot Focor 5w |
askmun Tom Arghe woo |
[crese cued wesh Baments

Assembly Option

[ Use part based messure for Assembly mesh

@ oK Cancel

e

Crossboard Setup for Finite Element Analysis.

L e

& Midsurface

d I @ b e @ v

- = Frictionless Moment | e Manual 2 Offset Adjusted x1
Create Parametric Assign | Fixed Farce Pressure Find Thin Me:hwewE Simulate Guide | Stress Analysis | Finish
Simulation  Table *) Geavity Bodies =] Settings | Stress Analysis

Simulate [~ |

Madel: Crossbasnd Setup for Finite Element Anslysis- Figure 2

1 smulaon, 1 configuration willbe run,

&~ By Crossboord Setup for Finif

- () Crossboard:1 Current configuration only
- [ Stainless Steel Gripper]
- () Stainless Steel Grippe
& Moterial
- ) Canstromts
B & Loads
ik Force:1
tob Force:2 @
- #Conacts
Mesh
Reauts

Ready ta run simulation.
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12. The results of the simulation should now be displayed.

g 2

Find Thin *

7 Moment | o§ Manual

Material Constraints Loads + Contacts Prepare Mesh Salve Result Display Report | Guide | Settings Bit

)

inless Steel Grg a || TYP
steal Grg

jon Mises Stress

10478

7858

0Mn

§ sonvz
§ somzz
e

< >

For Help, press 1 33

Different stress and strain distributions can be viewed by selecting them in the menu on the
left of the screen. We are interested in the strain distributions (‘Strain XX’ and ‘Strain YY”).

2 Help, press £1 T |

13. The colour bar settings can be changed from the ‘Display’ sub-tab. To view the results
at a specific point on the crossboard, click ‘Probe’ under the ‘Result’ sub-tab.
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Crossboard Setup for Finite Element Analysis.
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