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Traditional Stress Calculations

= Limited to certain simple shapes

Mathematical formulae
— Stress
— Deflection

Could use ‘Beam Calculator’

SC 100

sCi1z20

SC140

SC160

SC180

SC 200

SC 220

SC 250

Section Property Value ~

Desi SC100 |
Mazz 20.000000 ﬂ
Area 25.500000 |
Depth 100.000000

Web thickness (TW) §.000000

Flange width (BF} 100.000000

Flange thickness (TF} 10.000000 ~l
[Beam Ealculator] [ Sendta ] Create [ Done ] [ Help ]

Beam Calculator

Load Type

Fixed at one end. loaded at the ather end

Type of Calculation

(%) Deflection () Stress

(o[}

Input
Az
(@)Y local axiz
(O ¥ local axis

Deflection

Modulus of elasticity

Moment of inertia

Units
O Inch
(%) Metric

| 803322 i

200000000000 | Pa

136.000000 cm”™4

L

Length i} mm

Lz 1000 N

Dffset .
Salve...

[ Beams J [ Done J [ Help J
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= Prototypes

= Scale models

= Photoelasticity

Expensive Time Consuming Limited Information



What is Finite Element Analysis?

= Example: How to measure a curved path from home to a post box

— Curved path is approximated/simplified by straight

segments (such as metres)

B 2
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What is Finite Element Analysis?

= Instead of a metre ruler, we use an Element

Stiffness equation:

F=KxD O

(Force = Stiffness x Deflection)

F1 = K1 xD1 S3
F2 = K2 x D2
F3 = K3 xD3

(Stiffness Matrix)

Equilibrium equations:

S2
F=R1+ R2
R1

D1 = D2 =D3

SolidWorks
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What is Finite Element Analysis?

= Complex geometry broken into small pieces
(‘Elements’)

= Each Element has a known ‘Finite’ size

= Qverall conditions are applied (e.g. ‘Loads’ and
‘Restraints’)

= The software calculates deflections for each
Element

= Equations created for all the Elements
automatically

= All the equations are solved

SolidWorks
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Definitions: Elements, Mesh, Nodes

= Elements
— In SimulationXpress - Tetrahedrons
— QOther Elements available in Simulation

= Mesh
— The sum of all the Elements

- Approximate representation of the CAD
geometry using the Tetrahedral Elements

= Nodes

— Points at which different Elements are joined
together; locations where values of unknowns
(usually displacements) are to be approximated

7
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How Do I Use SimulationXpress?

= Where is it?

— Command Manager
— Tools > SimulationXpress

B8 Py EE @ 1&] Check "G Deviation Analysis [ﬁ}] Draft Analysis
Measure M_a;s Section Sensor Import Diagnostics § Zebra Stripes pa Undercut Analysis Si
Properties Properties Statistics - S
£ Heal Edges Curvature %» Parting Line Analysis
| Evaluate |

W BICOME [0 2000w ONES D IMUIAN0NADIESE. | NIE O8N
step-by-ztep bo determing how pour designs will perfo
zah help vou answer tough engineernng questions lik

Will the part break?
Howy will it deform?
Can | uge lezs matenial without affecting perfarmar

Thiz iz a tool to provide stress analvsiz early in the de
problems before extensive work haz been done. Moz
a comprehensive analysiz product for more accurate
gimulationz before final sign-off on a design.

Loads
4. Analyse
. Results

0]

Free On-Line Simulatiorepress T raining with
Fundamentals

<Back mext> ; [ Cloze

= Optional Step
— Optimise

20metric
ilerance

DrawCompare...
SalidWarks Explarer...
DriveWarksXpress...

DFMXpress..,
SimulationXpress...

“E MPLOEEB

FloXpress...

Farmat Painter...
Select

Invert Selection

Part1*

Sketch Entities
Sketch Tools
Sketch Settings
Blocks

Spline Tools
Dimensions

VorksXpress
Wizard

- B-Q@

- v v w wv w v

Relations

Measure... M
MMass Praperties, ..
Section Properties...
Sensor

Check...

Feature Statistics...

Equations...

Import Diagnastics...

Deviation Analysis...

DimXpert }

Macro L4
Add-Ins...
Customize...

Qptions...

2

Customize Menu
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Using the Wizard - Restraints

= Fixed Restraint

= All 6 degrees of freedom are removed
— Translationin X, Y, Z
- Rotation about X, Y, Z

= Multiple Restraints

5
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Using the Wizard - Loads

= Forces
— Applied to one or more faces
— Direction required:
= Normal to face
= Normal to Plane

= Pressures
- Applied to a face
— No direction required

= Can have multiple forces or pressures

SolidWorks
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Case Study 1 - Idler Arm

-‘.-ii |

)
()

COSMOSXpress
Bicoswsipess i

2 Matesal | © Restont | © Load| © Anchee | Opimce. 2 Readz | 812

Dick on ane of the lollowang bufions 1o plag. s3op of save e anmalion.

[Bect | [ Moo | [ Coee | [ Comcet] [ Hep |

1417e+00G

— Yeid shrenglit 2 482e+008
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SolidWorks
12 © 2008 SolidWorks Corp. Confidential.



How do I interpret results?

= 4 results plots

COSMOSXpress

—_ FO S w COSMOSXpress www_CDSMDSXpr.CDm —
. [ ¥ Wwelcome |® I aterial " ] Hestraint]m[ O Analyze " Optimize ][. <
- Von Mises Stress

. Options m
— Dlsplacement System of units: '4%
Resulis location: [ CADOCUME ~1\WANDYFU~T\LOCALS ~14Tem| [ | :m
- D e fo r m e d S h a p e ] Shaw annatation for masimurn and minimurn in the result plots i m
W 8| [ Update J [ <Back J [ et J [ Cloze J [ Cancel J [ Hel J i
= Note scale! === =1 =

= Can choose units in ‘Options’
— SI or English

= Can switch on ‘Maximum’ and ‘Minimum’ flags in plots

2
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Using stress results to validate design

14

FOS & von Mises Stress, how do these relate together and how can
we use them to validate our design?

Factor of Safety = Limit stress for the material
Maximum von Mises stress in the model

Limit Stress for the Material
- Simple uniaxial loading information based on test data
— Contained within the material properties from SW database

Y, sy
T A
T
Maximum von Mises Stress (Richard Edler von Mises) T Ao
— 3D State of Stress TaY }a-sx
- 9 stress components overall }, ™z >
~ (3 direct stresses and 6 shear stresses) sz X

- Von Mises stress is independent of coordinate system

von Mises stress = 05[SX-SY?2+(SY-82)? + (SZ-5X)?] + 3(TXY? + TYZ? +TZX?)
’
PSS
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How do I interpret results?

= Interpreting maximum stress

= If it has a region above von Mises yield stress, will it break?
- Maybe
- Probably not!

= Can it redistribute the Load elsewhere?

77777777
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How do I know if results are accurate?

= Accuracy depends on:
- How it is Restrained and Loaded

— Size of Elements
— Singularities (maths issues)

= In SimulationXpress
— Regions around Restraints and Loads may show high peak stresses

= Convergence e
— Can be used to study the effects of Mesh size =

= Singularities
— No part has perfectly zero radius corners

SolidWorks
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Exe FCIses (‘SimulationXpress Training Seminar’ folder on Desktop)

= Pump Cover

= Ratchet Body

Internal pressure
(5 MPa)

2014 Aluminium Alloy

17

Restraints

Force (250N) on faces of
the handle, normal to
the Right Plane

Alloy Steel

Restraint on hole

2
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Convergence — group exercise

= Plate with hole - under 10kN tension

= What are the effects of varying Element size?

= How do I vary Element size?

e Mses (Nim"2)
A7es007
COSMOSXpress et
3 145e+007
’ I . 2851e4007
[@ Material"@ Hestraint"@ Lnad} @ Analyze 2
226184007
Wwe now have enough information to run the analysis of Hook_. Do you 1 9E5e+007
want to analyze it with the default settings?
1 671e4007
1.376e+007
O Yes [recommen ded) 1 081e0007
(¥ Mo, | want to changs the settings 7 857es008
4 90604006
1 95504006
[ <Back J [ Next> J [ Close } [ Cancel J [ Help } b \Viekd strangth: 2DE8e+008

)

SolidWorks
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Plate details

19

Length = 200 mm

He|ght — 100 mm Restraint
Width = 10 mm \
Hole = Dia 40 mm

Hole is located centrally
Material = AISI 304 (Steel)

\

/

Load (tension) = 10kN force
Make sure max. and

min. annotations are turned on

\
Load
(tension)
W/?@ /
\\
. ¥

/57”’

2
2S
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Convergence results

Coarse Mesh | Standard Mesh Fine Mesh
Element size (mm) 11.45 5.72 2.86
No. of Elements 1,373 7,017 55,321
Max Stress (Pa) 3.54 x107 3.72 x107 3.78 x107
Max Displacement (mm) 1.30 x10-2 1.30 x10-2 1.31 x10-2
Sufficient Elements
<€ ->
Max.
Stress
(Mpa)
Insufficient —t
Elements
@ 5 2 No. of 5
g ug = Elements 175.
O 0O SolidWorks
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Comparison with theory

= Stress = Force / Area
= Force = 10,000 N

= Area @ hole = (100 x 10) - (40 x 10) mm?
= 600 mm?

= Direct stress = 10,000 / 600 = 16.67 N/mm?
= Concentration factor (K) = 2 + (1-D/W)"3 = 2.216
= Direct stress = 16.67 x 2.216 = 36.9 mPa

= From SimulationXpress, von Mises stress = 37.2 mPa

= Why difference?
— Assumptions in theory ...

- Assumptions in FEA ... >

SolidWorks
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Solving and Optimising

COSMOSXpress

u SOIVer ymm www.CDSMDSXpI.CDm
.\ Ru n I/ to Solve i n iti a I Iy [ & Material |8 Restraint | @ Load | © Analyze | Optimize | @ Resuts| ¢ #

- ‘Update’ button after changes

Current material : 1060 Alloy

Ta change the material of the part,
zelect from the list and click the Apply
button.

Mate that thiz change will get reflected

= Optimisation e Sl pat tocument
— Optional
— Choose a criteria to Optimise on
= Min. FOS

COSMOSXpress =
" M a X - St re S S w mm ey, COS M0 Spress. com
| M a X . Defl ecti 0 n l@ Material" w Hestraint" % Load H 5] Anal_l,.lze] Optimize |@ Hesults] R
- S e I e Ct 1 d i m e n S i O n to Va ry Select the dimension you want to change

= Add limits predecenair |

—_— 1 1 1 Current ¥ alue: mm
Can do repeated Optimisation runs e "

Upper Bound: 375 mm

[ <Back] [ MHest> J [ Cloge J ,_Cancel] [ Help J

V
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Case Study 2 - Cast Bracket Optimisation

Design requirements:
- FOS > 2
— Minimise material

2000 N Load

Material
— Cast Carbon Steel

Working Load
— 2000 N force on blade

Fixing
— As if welded to a flat surface

Fixed feet

SolidWorks
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Case Study 2 - Cast Bracket Optimisation

= Initial Mass
- 6.47 kg

= After Optimise 1
- 5.89 kg

= After Optimise 2
- 4.01 kg

= Saving of 38% mass overall

7
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OptimisatiOn exe I‘CiseS (‘SimulationXpress Seminar’ folder on Desktop)

= Pulley

= (Casting

25

Material: Aluminium 1060
Objectives

= FOS > 3
Restrain eye
Apply 10N loads on each hole vertically downwards
Optimise the weak point!

Material: Cast Alloy Steel
Objective

= Minimise mass and

= VM Stress < 150 MPa
Restrain bottom
2 loads

= 3 kN in hole normal to front

= 5 kN on end face of upper boss
Optimise using the 8 mm dim

Note the use of link values 2
What % ing i ' ible? DS'
at % saving in mass is possible-: SolidWorks
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Assumptions in SimulationXpress

26

Material is linearly elastic

— If you double the load, deformation also
gets doubled

— The part returns to its original shape if
the loads are removed (no permenant
deformation)

Loads are static
— Loads are applied slowly and gradually
— Rapidly-applied loads cause additional
displacements, strains, and stresses

Small displacement (less than 5%)
— Stiffness change when material is
deformed is not taken into account

Monlinear Lingar
finalysis Analysis
-

Force

Monlinear
Analysis

>

Displacement

1
Stress i E
)

________

ki

Strain (2
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Getting results out

Report Writer
Animations

Print Screen

eDrawings

2
25
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Tips and Tricks

= QOrientate the part prior to report creation
= Problems with thin parts and weldments

= Force - per entity! S

= Rename your Restraints and Loads

2.853e+007

2.358e+007

2.064e+007
1.763e+007
1.475e+007
1.181e+007
8.862e+006
5.918e+006
2.974e+008
3.002e+004

— Vield strength: 2.068e+008

= Understand singularities
= Use split lines for more accurate

Restraints and Loads

2
25
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Going further — SolidWorks Premium

29

Included with SolidWorks Premium

Assemblies — contacts

Many more loads and restraints

Customisable plots and direct output into Excel

Graphs for result trends

Connectors - bolts, springs, spot welds, bearings, pins, etc
Scenarios using parameters for multiple load cases

Shells, Beams, Mixed Mesh

Adaptive Meshing

Report writer
etc

7S
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Going further - Simulation Professional

= Separate purchase

= As SolidWorks Premium plus...
- Fatigue
— Vibration & Buckling
- Modal (natural frequency vibration)
- Thermal
— Thermal stress
— Drop test
— Full Optimisation

SolidWorks
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= Separate purchase

= As SolidWorks Premium and Simulation Professional plus..
— Non-linear analysis
= Non-linear materials
= Non-linear loading
— Advanced Dynamics
= Modal time history
= Harmonic vibration
= Random vibration




Going further — Mechanism Simulation

= Included with SolidWorks Premium

= Kinematic and Dynamic analysis
— Inertial loading
— 3D contacts R
~ Springs and dampers s e TR
— Motors
— Calculates
= Forces
Velocities
Accelerations
Torque
= Power
= Etc

— Integrates with other Simulation Products 2
25
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Power Consumption-LinearMotor2

Power Consumption (watt)

Time (sec)




Going further — Flow Simulation

= Separate purchase
= Easy to use fluid dynamics

SolidWorks
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