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| do not need Simulation



My products are too simple to need Simulation

MODEL 1
Solid bars
Traditional design
Weight: i
10.3 kilograms \ !
Displacement: MODEL2
0.8 micrometers Uniform lattice
Smart design with ALM
Weight:
. 4.1 kilograms
Displacement:
. 4.2 micrometers
ok
MODEL 3 B o 2.

Evolved lattice
Evolutionary design with ALM
Weight:
2.9 kilograms
Displacement:
. 6.1 micrometers




Simulation 1s too Expensive

e 7 | o A

Autodesk Inventor Simulation
+ Shape Generator

Autodesk Fusion 360

s

Is included in Inventor Professional £276/year to £1,350/year £3325/year



Simulationi
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Simulation i1s only for predicting failure
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So lets look at solutions available today

To help us make better informed decisions



Inventor Simulation - Capabilities

Linear Statics Narall Miasles Assembly Modeling with
Contact — No friction

?

Shape Generator

I




(] o {
Nastran In-CAD - Capabilities
: : A bly Modeli ith Pre-stress Static and
ey s

’
?u
Linear Steady State Heat Composites "
Transfer P e ding

1




Nastran In-CAD - Capabilities

Nonlinear Steady State Random Response
Heat Transfer °
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Linear and Nonlinear
Frequency Response :
Transient Response

Advanced Nonlinear and Automated Impact Analysis
Hyperelastic Materials (AIA) and Drop Test
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Some common applications JV&§
to move to Nastran In-CAD ~

o
Vg

= Linear Analysis — More Options
= Bolted Connections

= Buckling
= Thermal Stress
" Fatigue

= Drop-test
= Non-Linear

= Beyond Yield Limit Ty

= Large Displacement



Technologies to help design with confidence




Technologies to help design with confidence
Design Example — DEMO

Inventor Simulation + Nastran In-CAD

ts reoaed



Some Customer Examples

How they have used simulation to make better informed decisions early on



Destec Engineering Ltd

Goal: Is to make sure there is contact between seal
and pipe

o~
b
S
=
—
_
=
=

mm

Design Criteria: Maximum Stress in Clamp for given
bolt preload



Destec Engineering Ltd

BOLT -
PRELOAD

BOLT - SPLIT
LOADED IN OPPOSITE
DIRECTIONS

ONLY HALF
BOLT ANALYZED
SYMMETRY




estec Engineering Ltd

The following eguation and information will be used to determine the losd to stress the bolt to a
given specified value based on itz diameter. This method agrees with the method given by the
American Petrolewm Institute Standard APl 64

Bolt Size - 1.1/8"-BUN

Mominal Bolt Size MB = 1.125in
Fitch of Thread F = 0.125in

m b
Bolt Stress Area By = :-{NE 1.3-P)

Ap - 0.728n2  (Ap = 469.4.mm>)

Assembly Bolt Stress op = 25000psi (op = 172.4-MPa )

{Load on Bolt stress Area op-Ap = 808912 9N )
I

The following information is used to caloulate the bolt torque required to stress the bolt to the
allowakble stress.

MNominal Thread Effective Diameter D = 1.0438in

Half Thread Angle a = 30deg
Coefficient of Friction p= 012
Inside Radius of Nut Contact Face R 1'—225in
] . 1.813,
Cutside Radius of Mut Contact Face Ra = 5 in
i Ap-opD
y Friction Torque at Thread PR ot i
|w0 2-COs(m)
v - 3 3
[ R
‘ Friction Torque betveen Nut Face C = | E-H-Ah-ﬁ]-z—ﬁi
\", and Clamp/Cover 1 3 REE R12
1o o P
| Torque Required to Stretch Bolt g . e eP
Without Friction 2-m
Total Torque Required T - (A+B+C)

T = 280.6.Ibfft (T =380.5-N-m})



Destec Engineering Ltd




Destec Engineering Ltd

Type: Displacement
Lnit: rmim
21/10/2016, 17.55:37
1




Destec Engineering Ltd
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Ground Plane Settings Y
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Position & Size
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Manual adjustment

@) Automatic adjustment to model
Height Offset
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Appearance
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GKN Land Systems Ltd

Goal: Is to determine operating stress
of propshaft yoke

Design Criteria:
= Yield Limit is 1550 Mpa
= Moment 3000 Nm




GKN Land Systems Ltd

Moment

N Faces R | | B | pirection

Magnitude 3000000.000 N mm
f~’ | ok [ cancel |[ appty |
‘ Use Vector Components |

Mx | 3000000.000 N mm |

My | 0.000 N mm |

Mz [ 0.000 N mm |

Display Glyph

Scale 1.000

Name Moment:1




GKN Lan

1610 Max
1288

966

54

322

0 Min

d Systems Ltd

Max: 1610 MP

F1

2 Results
E Von Mises Stress
1st Principal Stress

<

Max: 1610 MPa

3rd Principal Stress
Displacement
Safety Factor
4 E Stress
Stress XX
Stress XY
Stress XZ
Stress YY
Stress YZ
Stress ZZ

v (] Displacement
e E Strain

v [£]Contact Pressure

Type: Von Mises Stress
nit: MPa
31/10/2016, 12:51:24

Oy 1610 Mazx

4 I Results

Von Mises Stress
1st Principal Stress
3rd Principal Stress

Max: 1436 MPa &
——

Displacement

Safety Factor ]
4 E Stress
Stress XX e ‘ ﬁfﬂ
Stress XY
Stress XZ L

Stress YY _

Stress YZ

: Stress 77
p [£]Displacement

b E Strain

b E Contact Pressure

1063 GFF 550 S04 318 55 -241 -427 -614 -800 Mn




Planet Platforms Ltd

Goal:
Is to make sure platform can withstand

weight of two maintenance workers
]nClUd] ng the]r tOOlS ,_._....-":ij'_;'_;:;'_:'.::::'.i-_'_;::'.'.l'.-- B

Design Criteria:
= Safety Factor of 4
= Max displacement of 10mm



Planet Platforms Ltd

Type: Displacement
Units: mm
31/10/2016, 14:.42:51

0.5346 Max

Fﬂﬂ 0.4276

—10.3207

0.2138

0.1069

0 Min




Planet Platforms Ltd

Type: Normal Stress Smax
Units: MPa

31/10/2016, 14:41:28
20

15.58

111.16

6.75

2:33

Beams

I 150 4200 - 48.3x1.6 - 1010.ipt

I 150 4200 - 48.3x1.6 - 760.ipt

I 150 4200 - 48.3x1.6 - 1300.ipt

I 150 4200 - 48.3x1.6 - 1040.ipt

I DIN EN 10305-5 - 60 % 30 x 2 - 1127.ipt
I DIN EN 10305-5- 60 %30 x 2 - 867.ipt
I DIN EN 10305-5- 60 %30 x 2 - 405.ipt
I 150 4019 - 25x25x%3 - 1041.5.ipt

I 150 4200 - 48.3x1.6 - 1507.ipt

I 150 4200 - 48.3x1.6 - 1680.ipt

I 150 4200 - 48.3x1.6 - 2718.8.ipt

I 150 4200 - 48.3x1.6 - 1952.1.ipt

I 150 4200 - 48.3x1.6 - 1899.2.ipt

I 150 4200 - 48.3x1.6 - 1825.8.ipt

I 150 4200 - 48.3x1.6 - 900.ipt

I 150 4200 - 48.3x1.6 - 1360.ipt

@ Customize

Material
Name:
[Aluminum 6061 i ]
2.7 gfcm™3 Density
58.9 GPa Young's Modulus
0.3 ul Poisson's ratio
275.0 MPa Yield Strength
310.0 MPa Ultimate Tensile Strength

167.0 W/(mK)

0.0000236 ulfc

0.93/(kgK)

Thermal Conductivity
Linear Expansion

Specific Heat

oK ] I Cancel

Apply




Planet Platforms Ltd

Type: Displ 1 g Type: Normal Stress Smax

Uﬁ?ti: n':?np e i Units: MPa

31/10/2016, 14:43:57 = 31/10/2016, 14:44.30
1.512 Max 1 20

J H 15.65

a 11.3

0.605 6.96

261
0.302

-1.74Min B~
0 Min ]




Planet Platforms Ltd

Select Beam

Diagram Selection

Forces
Fx
FY
Fz
Maments

Mormal Stresses
Smax
Smin
Srmiax Mx)
Smax(My)
Smin(Mx)
Smin{My)
Saxial

Shear Stresses
Tx
Ty

Torsional Stresses
T

Continuous Load:1

9

Q
Results

Diagram
Continuops Load:1
20000 ==
0 T \ .IF

—_— —
E ]
£ -20000
z ]
z -40000

-60000 T T T T T

500 1000 1500
Length [mm]

Length
FXinase
Y e

Fzmx

MX e
My,
Mz

mE

Smax__
Smin .
Smax(Mx])__
Smax(My)__.
Smin{Mx)
Smin{My)
Saxial
T e

Ty,

miax

min

min

s

0.1 Nfmm
-0.4 Nfmm
-0.0 Nfmm

1680.0 mm
-107.4 N

242.0 N

358.1 N
-57548.6 N mm
-27980.3 N mm
-7702.0 N mm
31.2 MPa

-31.0 MPa
21.7 MPa

10.5 MFa
-21.7 MPa
-10.5 MPa

-1.5 MFa

0.9 MPa

-2.1 MFa «

L




Nastran In-CAD

Take Inventor Simulation to next level



Swire Oilfield Services Ltd

Goal: Is to simulate lifting of
container to DNV gwidelines

Design Criteria:
= Stress is below yield limit




Swire Oilfield Services Ltd

In Inventor Analysis we cannot
combine beam with solid and shell elements




Swire Oilfield Services Ltd

Displacement v || TOTAL ¥ | mm v

24.749
23.718
22.687
21.656
20.625
19.593
18.562
17.531
L 16.500
. 15468
14437
_ 13.406
12.375
11.344
10.312
9.2811
8.2498
7.2186
6.1874
5.1561
41249
3.0937
2.0625

1.0312 " Max:24.75

0.0000
z

Max:24.75

X‘j CONTOUR: DISPLACEMENT (mm) (TOTAL)
DEFORMED TOTAL: (MIN=0, MAX=24.7495)
OUTPUT SET: SUBCASE 1




Swire Oilfield Services Ltd

Stress “ | SHELL MAX VON MISES ST ¥ | MPa

150.00
143.75
Stress ¥ || SOLID VON MISES STRESS ¥ | MPa ~ 13750
135.03 131.25
78 e
118.15 118.75
112.53 - 11250
106.90 . 106.25
. 101.27 || 100.00
. 95648 ~ 93.750
§ - o
__ 78.769 - 81230
. 73143 - 75.000
67.51/6/’/ i . 68.750
3¢ == 62.500
56.250 L
50.000 ¥ Max274.9
. 43.750 |
. 37500 -
31.250 | W
25000 @l N N g, e
18.750 '
12.500
6.2500
0.0000
z
L:Y CONTOUR: SHELL MAX VON MISES STRESS BOTTOM/TOP (MPa) (TOP)
X DEFORMED TOTAL: (MIN=0, MAX=24.7495)

QUTPUT SET: SUBCASE 1



Simatek A/S(Non-Linear Analysis)

Goal: Is to determine amount of permanent
deformation under loading

Surface Model

Design Criteria:
= Predefined Stress/Strain Material data
= Pressure 90 MPa




Simatek A/S




Simatek A/S

E MNonlinear Material Data | LEr] 28 J
Type Strain Stress (MPa)
_ G
[ IMaone 0 0
. - 0.00108421052R 20k
[ 'Monlinear Elastic i [[p=om0me 0onis 211G 2
() Elasto-Plastic (Bi-Linear) E 0.002 230
£ 0.01 260
@ Plastic 0.45 540 | EEXY Plot (2] x|
Curve Optians Stress (MPa) Vs Strain
Froperies Type: |Line v -600
15000 Step: INDne v]
. . . ] -500
Hardening Fule: lsotropic v [ spline [CIFill Area
[Ciog [Logx - 400
“field Function o
- o . Curve Display % L 300
Yield Criterion: won Mises - S %
e . St 200
Initial *vield Stress (MPa): 20k
L Vertical Bar Width: 100
10% =
T T T T 0
0 01 0.2 0.3 0.4 0.5
Shaw X Plot | | strain
l Copy Datato Cliphoard l
h ] Show Grid
l Default Settings l l Set Az Default Setings




Simatek A/S

Deformation Under Loading Permanent Deformation When Unloaded




CUE DEE (Frequency Response)

Goal: Is to verify structural integrity
from vibration/shaking loading

Design Criteria:

= Predefined displacements/acceleration
within a specific frequency interval
(according to standard testing
procedures)

= 2-9Hz: 3mm displacements
= 9-200Hz: 1g acceleration
= All directions




CUE DEE

Beam Elements

£

DD e

o

OO O G
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3D Visualisation

-
a2 Load 7 X
. Load Definition
ame: i i
Acceleration Y -dir Direction:
ID: 1 |Components v |

T¥Pe: | Enforced Mation |

Coordinate System:
|cD991022am v |

Sub Type:
[A::celeraﬁnn - ]
Selected Entities: Magnitude: (mm,s~2):
point<5=@Main_beam:1 . 3
point<1>@Antenna_sup .
point<1>=@Antenna_sup = ay 9310
Subcases: a,
—
s | EE
RE Dynamics Setup ? )
Mame:  Dynamics Setup 2 B Discrete Interval Listing: Interval
Frequendes Lowest Freguency (Hz):
ID: 2 O to 200 Hz
' Frequency 9
;
Frequency Limits el Highest Frequency (Hz):
Lowest Freguency (Hz): Cluster :
P [ between Modes 200
& Spread around Add ] ’ Femave Mumber of Points in the
Highest Frequency (Hz): Modes Range:
P 573
Total Frequencies Count; 573 Frequency Increment:
0.3333333333
. ; Increment:
F1 2 = (@) Linear
() Logarithmic

ok || Ccancel




CUE DEE

=
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=
=
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]
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E
=
E
b
o
=

Maximum Displacement Magnitude VVersus Frequency

43.3Hz

/

93.3Hz

/

100 150
Frequency[HI]

Figure 7 Max displacement vs frequency, x-direction,

11.183
10,114
&, (450
79760
| 3
G,9070
5381
4. TED
37001
28311

1,662

04932

CONTOUR DISEFLACEMENT (men) (TOTaL)
DEFORMED TOTAL: (MIM  sSOL83202, Mak=11.1&29)
QUTPUT SET: STEP I3, FREC=22. 33328



CUE DEE




Juratek (Thermal Stress)

Goal: Is to determine stresses due to braking

Design Criteria:
= Stress is below yield limit




Juratek

-@Part
=@ Analysis 1 [Nonlinear Transient Heat Transfer]
-5 Units : CAD Model
- Nodes 325766
-4 Elements 227050
OPart 1
~“=ldealizations
i@Solids

@ Solid 1 [}
-2 Mesh Model
=% Subcases
-"E Subcase 1
-%» Loads
‘Q Heat Flux

2 Convection

° Radiation
“i Initial Temp
-& Constraints

& Time Step 1

-® Results

+IEE

+EModel
-P Parameters

*4 Coordinate Systems

At

Name: |Time Step 1

ID: 1

Interval Listing:

Oto4.5s

Add Remove

Solution Settings
Step Method:

ADAPTIVE v

Interval Setup
Cycle Dependent

Duration (s) ~

Time Step (s):

0.5

Number of Timesteps:

9

4.5

Skip Factor (for output):

1

OK Cancel



Juratek

Thermal ~ | TEMPERATURE “~  C ™ |

207.95
200.40
192.86
185.31
177.76
170.22
L 162.67
. 15513
. 147.58
~ 140.03
. 132.49
12494
~ . 117.40
. 109.85
102.30
94.758
£ 87.212
L 79.666
L 72120
. 64574
57.028
49.482
41.936
34.390
26.844
X

kz CONTOUR: TEMPERATURE (C)
Y OUTPUT SET: STEP 4, TIME=1.5




uratek

Autodesk Nastran Model Tree ¥

-0 Part

3l

=& Analysis 1 - Copy [Linear Static]
B Units : CAD Model
- Nodes 325766
4 Elements 227050
OPart 1
-'=|dealizations
-i® Solids

#® Solid 1 - Copy.
& Mesh Model
-1® Subcases
-1 Subcase 1

=% Loads
fLoad 5
=4 Constraints
#Constraint 1
& Constraint 2
& Constraint 3

-y Results
& Deformed
® Displacement
& Safety Factor
#von Mises
#XY Plot
#=Model

P Parameters

#4 Coordinate Systems

| ;;;, Load

Name: ‘ Load 5

ID: ‘5 ‘

Type:  From Output v

Subcases:

Display Options

Advanced Options >>

&

O&6o

Load Definition

Results File:

C:\Users\wasyou\Desk

Output Set:

Nodal Load:




Juratek

Displacement v | TOTAL ¥ | mm V¥

0.97035
0.94929
0.92823
0.90717
0.88611
0.86504
£ 0.84398
L 0.82292
. 0.80186
. 0.78080
— 0.75974
. 0.73868
. 0.71762
. 0.69656
0.67550
I 0.65444
0.63338
L 0.61232
L 0.59126
. 057019
0.54913
0.52807
0.50701
0.48595

0.46489
X

CONTOUR: DISPLACEMENT (mm) (TOTAL)
OUTPUT SET: SUBCASE 1

Stress ¥ | SOLID VON MISES STRESS ¥ | MPa

150.000
143.760
137.510
131.270
125.020
118.780

- 112,540
. 106.290

100.050

. 93.8040
. 87.5600
B 81.3160
- 75.0720
. 68.8280

62.5840
56.3400
50.0960
43.8510

-~ 37.6070

31.3630
25.1190
18.8750
12.6310
6.38730
0.14325

e ¥

Max:207.5

CONTOUR: SOLID VON MISES STRESS (MPa)
OUTPUT SET: SUBCASE 1



Questions




Additional resources

Inventor
Nastran

Self paced learning books

Training Courses

Self paced learning books

Training Courses

Up ana RUNNINE with
Autodesk
inventor

Professional

7‘, ASCENT
o = Y \\ "K‘ :



https://www.amazon.co.uk/d/Books/Autodesk-Nastran-CAD-2017-Essentials/1943184690/ref=sr_1_fkmr0_1?ie=UTF8&qid=1496771203&sr=8-1-fkmr0&keywords=nastran+in+card
https://www.amazon.co.uk/d/Books/Autodesk-Nastran-CAD-2017-Essentials/1943184690/ref=sr_1_fkmr0_1?ie=UTF8&qid=1496771203&sr=8-1-fkmr0&keywords=nastran+in+card
http://www.symetri.co.uk/training/nastran-in-cad-essentials/
https://www.amazon.co.uk/d/Books/Running-Autodesk-Inventor-Professional-2017/1535537183/ref=sr_1_1?ie=UTF8&qid=1496770514&sr=8-1&keywords=wasim+younis
http://www.symetri.co.uk/training/inventor-stress-and-frame-analysis-essentials/
https://www.amazon.co.uk/d/Books/Running-Autodesk-Inventor-Professional-2017/1535537183/ref=sr_1_1?ie=UTF8&qid=1496770514&sr=8-1&keywords=wasim+younis
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