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Course Qutline

= Syllabus:

SIMSOLID™ is next generation, high capacity, structural FEA. It uses new computational methods which allow the solution of assemblies with
hundreds to thousands of parts directly on a standard desktop computer. SIMSOLID completely eliminates geometry simplification and
meshing, the two most time consuming, expertise extensive and error prone tasks done in traditional FEA. SIMSOLID is the perfect
complement to existing CAD embedded simulation. It extends the analysis range and provides feedback in seconds to minutes. This class will
provide an introduction to SIMSOLID working with Autodesk Fusion 360. It will give an in-depth overview of SIMSOLID's unique meshless
approach and will provide numerous industry examples including large assemblies and lattice based designs. The attendee will learn new
techniques for performing preliminary design analysis on rapidly evolving designs.

= Learning Objectives:

Learn a new complementary software application for Fusion 360 — WHAT IT IS
Learn how to do structural analysis without meshing — HOW IT WORKS
Learn how to do large assembly design studies with evolving design geometry — APPLICATIONS

Learn how to do structural simulation of lightweight generative designed parts within the context of a
large assembly — MORE APPLICATIONS
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eometry problem




The geometry of CAD and Analysis are different
Why?

= That thing called “meshing”

= Creating a guality mesh is just too complex and takes too much time for
typical product design workflows

= Too COMPLEX
" Too many TRADEOFFS
= Too much DOMAIN KNOWLEDGE required

BOTTOM LINE: DESIGN ANALYSIS IS TIME LIMITED
MUST WORK AT THE "SPEED OF DESIGN™ — SECONDS TO
MINUTES



Meshing limitations leads to additional complexities

Many questions such as:

= \What geometry is significant for my analysis?

= How do | identify and repair geometry defects

= How do | model my Connections, bolts, welds, etc? Especially for shells?
" |f | break out a subset of parts, what are my Loads?



- SIMSOLID™ - Power edition - Farm equipment v2
roject  Analysis  Settings  About

ok =ml =@M RAe<d §l IFFw ABRE  demds 27

ject tree
M Units: Input - IPS, Output - IPS ~| H4
% Default material: Steel W
v 7 Design study 1, BASELINE |
v 88 assenbly . =
v §& 060_RAHMEN-UMONTAG.. |
> §8 062_MONTAGETEILE_A... ‘fﬁ

> §5 RADSCHARRAHMEN_...
v §3 050_RODEELEMENT-REIHE...

|
> !2 PENDELGRUPPE_02_AS... Displacement
> §8 MONTAGETEILE_1_AS... Magnitude,
mode 11

v §& 050_RODEELEMENT-REIHE...

> §& PENDELGRUPPE_02_AS... §= [Hz]
> §& MONTAGETEILE_1_AS... = 1
v §8 050_RODEELEMENT-REIHE.. i =o.9375
> §5 PENDELGRUPPE 02 AS.. Gz o 0875
> §8 MONTAGETEILE_1_4s... 8125
v fa ozo_AuswaaFERm_oz_A... _&gn
> §5 020 MONTAGETELE-A.. L pyp
> §8 010_AUSWERFER_VOR... Eo.sszs
> §8 050_RODEELEMENT-REIHE... 0
> §8 050_RODEELEMENT-REIHE... 04375
> §5 020_HYDRAULIK 2_ASM:1 —_—T
> §8 050_RODEELEMENT-REIHE... g
> & Connections =0.1876
> #g Modal 1 v -0-3l251
-
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SIMSOLID Is

= NEW TECHNOLOGY — world’s first built from the ground up assembly solver.
Uses new “Feature based FEA”, operates on unsimplified CAD geometry directly,
does not create a mesh

= HIGH CAPACITY — It can solve large assemblies and complex parts

= ACCURATE - solution accuracy controlled using smart functions and a unique
automatic multi-pass adaptive process.

= CAD CONNECTED - direct data integration with Fusion 360

= COMPLEMENTS EXISTING TOOLS - great complement to existing CAE specific
or CAD embedded Simulation. It extends their analysis range to larger models and
provides more rapid feedback in seconds to minutes




SIMSOLID notable features

= Solver and solution adaptivity
= Linear & nonlinear statics, modal, thermal, thermal-stress
= Cylindrical hole & thin solid adaptivity
= Connectors
= Virtual Connections — pin and general
= Bolted — bolt tightening by turns of nut, torque & target axial force
= Bonded, sliding, separating contact w/ friction

= Welded — spot, fillet, weld creation automation
= Results

= Reaction forces — spot weld forces, connections forces, part resultants
= Runs on the desktop or the cloud



Thinking about FEA, the difficulty lies not so much In
developing new ideas as in escaping the old ones.

Changing the analysis modeling paradigm




Assemblies with big/small or
thick/thin parts are OK

Extreme geometric
complexity is OK

- T~
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yart gaps and overlaPs

are OK \

Small features
Are OK to leave In

Odd face transitions or small
splinter surfaces are OK



SIMSOLID compared to traditional FEA - Methods

Traditional FEA

SIMSOLID

Simple regions — TET, etc

DOF is associated with a node - it is point-wise

DOF are nodal Ux, Uy, Uz displacements

3 DOF per node

Shape functions are simple low degree interpolation
polynomials

Arbitrary regions — whole part can be a region

DOF is not point-wise. It can be associated with
volumes, surfaces, lines and/or point clouds

DOF are integrals over corresponding geometrical
objects, not nodal

Many DOF per single associated geometry object are
possible, depends on solution adaptation

Shape functions can be of arbitrary class
complete standard polynomials
divergence-free polynomials
harmonic polynomials
non-polynomials




SIMSOLID compared to traditional FEA - Accuracy

Traditional FEA SIMSOLID
Geometry level of detail decision by user Full geometry detail - modeling errors minimized
Types of elements decision by user No elements

Mesh density and distribution based controls decision  No meshing

by user
Correct interpretation of analysis settings by user No settings in dynamics and non-linear analyses
« Solver & solution methods Including separating contact with friction

« Tolerances and options

Solution adaptation is mostly based on local energy Solution adaptation is based on local energy density
density change, it is relative change and absolute errors on boundary
« Rarely used for assemblies Always active

« Easy to set both global (whole assembly) and local (part
based) solution adaption

« Reaction forces at support and connections are very
accurate




Why Change Now?
ANSYS user needs survey

= Survey of 1800

= Frequency when FEA model size and
detail must be limited

0
= 40% Almost always 19 fo

= 3506 More than ¥2 the time

" Frequency that this limitation leads to low
fidelity results

507

= 13% Almost always

= 41% More than 2 the time

REFERENCE SOURCE: ANSYS Blog 31-OCT-2017

According to a survey of our customers conducted in conjunction with Intel and Digital
Engineering magazine, 40% of the more than 1,800 respondents almost always limit the
size or amount of detail in simulation models because of time constraints. More than a
third (35%) limit it for more than half of the time!

Frequency of limiting the size and amount of detail in
simulation models due to turnaround time limitations

Almost never, 25%

Almost always, 40%

More than half of
the time, 35%

The same survey also reflects that, in many cases, limiting the size or amount of detail
can result in lower-fidelity results that are less useful to respondents’ design
experiments!

Frequency of this limitation leading to low fidelity results
that are less useful to your design experiments

l rmmoﬂ always, 13%

More than half of
the time, 41%

Not specified, 1%

Almost never, 46%
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Smart functions — thin curved solids

SIMSOLID SIMSOLID

min 7.453e-6 [mm]

Displacement
Magnitude
'mm;

Max 2.434
1.805

Von Mises
Stress [MPa]

Max 302.2
225.6
-10&3

1.379
4 1.237

1.095
B 0.9532

0.8113

0.6693

0.3854
Min 7.453e-6

Design study 1 | Structural 1




Smart functions - holes

5} SIMSOLID™ - Power edition - Hole in Channel V1 B = x

Project Analysis Settings About

= Special non-polynomial Sl B [ TeTol [RRARTS | [RUMTTIE

Project tree

v @ Project: Hole in Channel V1
71 Units: SI

functions are associated

€ Conned fions

SIMSOLID

§ 4 § B

v m“ Structural 1
> Wk Loads&Constraints

with local CAD features ok

> §€§ Assembly
€ Conned tions
v n}p Structural 1
> Wik Loads&Constraints
E= Result

u
. v Q Design study 3
Wa- S aC I Ve > §€; Assembly
> € Conned tions

v n}p Structural 1
> Contact conditions
> U Loads&Constraints
E= Result

= Adapt solution to local TR
cylindrical stress
concentrations

me BRI ILE

[ & m»

i
1

= Very accurate with low
computational overhead

Design study 2 | Structural 1




F Autodesk Fusion 360

< A Holes in Channel o
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Nonlinear separating contact

SIMSOLID SIMSOLID

Displacement
Magnitude
[mm]

Max 0.02537

0.02325
0.02114
0.01903
0.01691
0.0148
0.01268
0.01057
0.008456
0.006342
0.004228
0.002114

Displacement
Magnitude
[mm]

Max 0.02537
i |

5.375e-8
Min 5.375e-8

ooy e

Image

Deformed shape

§ &=
23 [ |

Animation

i

(=
Min 5.375e-8

<

Design study 1 | Structural 2
Design study 1 | Structural 2



@SIMSOLID"”- Power edition - Hanger Beam - L] X
g

Project Analysis Settings About
: - = 52 + E R S : | A | v = :
& h N B '==E|5§K/\@@E\z g 0§ XN "¢ “LLJ@@A"MM'&&”
Project tree B X
[T Units: SI
% Default material: Steel we
W %) Design study 1, BASELINE Vgt
> §8 Assembly
» <€ Connections w
WV W Stuctural 1
> HE Contact conditions
> W Loads&Constraints w
.’ Result
W Wi Stiuctural 2 %
> HE contact conditions Uiﬂ
> W Loads&Constraints
H
*
)
0}
&
T

Deform - Detail Stress - Detail L‘;

1

Bolt Stress Separating Contacts

e

Design study 1 | Structural 2
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Mast

vibration with virtual connectors
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F futcdesk Fusion 30
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Spot and fillet welds

8} SIMSOLID™ - Power edition - SpotWeld - a X
Project Analysis Settings About
—| - = 8, 7 + - 3 =
ok -mfl =g RA=< §FIER ABR&R ap i 4 7
 Project tree 8 x &
v @ Project: SpotWeld A 17
™ Units: Input - SI, Output - SI ~ &":
v 9} Double hat - long flange, BASELINE
v 'G.) Assembly 5"
> = Sheet 1, Steel
> ® Sheet2, Steel fig
v <@ Connections
ame Spot weld 1
ume Spot weld 2
ume Spot weld 3
ame Spot weld 4
ame Spot weld 5
ume Spot weld 6
ume Spot weld 7
ame Spot weld 8
wme Spot weld 9
Snatwald 10 ¥
Bookmark browser g X
@ ] &
. smsouo ) smsous
Double hat Single hat
smsouo smsoue
DH Profile SH Profile
Lt
\ E \
DH Modes SH Modes
> P > P
Bookmark 1 Bookmark 2 X
smsouo smsous
Y
Bookmark 3 Bookmark 4




F Autodesk Fusion 360

B B H o~

W sivet weld testrig v2* 0 X l +

NEoo @ @HaAMNIS = o B B ©

CONSTRUCT ¥ INSPECTY  BSERTY  WAKE ADD-NSY  SELECTY SMSOLD™

CREATE™
lq BROWSER 01
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B e
RIGHT
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Combining solids and mesh based geometry

55 SIMSOLID™ - Power edition - Bike Brake V1 B = =

Project Analysis Settings About

& h & = rm RA=8H § 035 X3V FFw@w &8HA de H 2
Project tree 8 x
v &5} Project: Bike Brake V1 el SIMSOLID
™ Units: SI o
% Default material: Steel
v <7 Design study 1, BASELINE K
> §8 Assembly wa
> <€ Connections
v b}; Structural 1
> §E Contact conditions m
> 1 Loads&Constraints
%" Result wit
pen | i
bl ) D:sngn study 2 wjn ‘Sht.,rgsws"?ﬁnsPa]
> §8 Assembly s
aX o
> <€ Connections S —
! 35.97
v w}; Structural 1 - -32.82
> §E Contact conditions win =29.67
> i Loads&Constraints s 26.52
%= Result ;g;g
v Q D:sign study 3 @ -17:08
> §€> Assembly 5?_ -13.94
> <€ Connections - e
v s Structural 1 -1'2;2
> §E Contact conditic.)ns © m 6.012e-11
v i Loads&Constraints
%% Immovable 1
%4 \Immovable 2
%% Immovable 3
wh Load/Displ. 1
why Load/Displ. 2
%= Result
- Original geometr stress
- g g y
’ fleld i lculated in SIMSOLID
— = leld IS calculated In
Se
@ & &l e =

and passed on to the lattice
creation S/W as input

Original Design |

i

b Design study 1 | Structural 1

LW Design V2 Optimized Design




Combining solids and mesh based geometry

55 SIMSOLID™ - Power edition - Bike Brake V1 B = =

Project Analysis Settings About

& h & = rm RA=8H § 035 X3V FFw@w &8HA de H 2
Project tree 8 x
v 5 Project: Bike Brake V1 el SIMSOLID
™ Units: SI i
% Default material: Steel
v <7 Design study 1, BASELINE K
> §8 Assembly wa
> <€ Connections
v b}; Structural 1
> SE Contact conditions m
> Wk Loads&Constraints
%= Result whh
v g Design study 2 ire ‘s’?r'és'gi?fnspa]
> §8 Assembly 2
> € Connections b7 %23:;3
v s Structural 1 - -26:08
> §E Contact conditions win =23.58
> i Loads&Constraints s 121.08
%= Result 18.58
v € Design study 3 @ igg:
> §§ Assembly 5?_ =11.08
> <€ Connections - e
v s Structural 1 -g:g;;
> §E Contact COl’\dltI.OnS © m 6.778e-11
v W Loads&Constraints
%4 Immovable 1
%4 Immovable 2
%% \mmovable 3
w/ Load/Displ. 1
wt Load/Displ. 2
%= Result
. Lattice G try — is returned
- attice Geometry — is returne
?: L} -
= and comparison design study
® & & m

IS performed

Original Design LW Design V1

i

Design study 3 | Structural 1

LW Design V2 Optimized Design




Biomechanics research Western (g)

SIMSOLID

SIMSOLID

“ e
S50 | 05 W 25 de
e T o i
evabadtion - 8 rwn 22 S0TGRe =0t
e oF e ka4 %ﬁx
=1 histvie
;:ﬁ: Von Mises
— o
= e
— L6786
=usn<-o- -:‘z’g:
i S48
Zualre-n L 3389
=33.l
=
=l£l?
Min 0
Gravity ;
X
Design study: Design study 1 | Analysis: Structural 1
Y
SIMSOLID ]
4
=34
Design study 3 | 100% Internal
i
a e
=
=ons
1A
162
=i ““ : ;
-&m
S We have found SIMSOLID to be an invaluable aid to

our research work. It’s ability to analyze complex bone
geometry is a capability that is not practical with other
FEA methods.”

Louis Ferreira
Associate professor
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Nonlinear buckling

S) SIMSOLID™ - Power edition - Pipe-Buckling
Project Analysis Settings About

e & m W = E
Project tree 8 x

v & Project: Pipe-Buckling
™ Units: SI
% Default material: Steel
v <7 Design study 1, BASELINE
> §8 Assembly
> <€ Connections
v &% Structural NL 1
> SE Contact conditions
v i Loads&Constraints
%4 Immovable 1
wh Load/Displ. 1
§= Result
v & Structural NL 2
> Contact conditions
v i Loads&Constraints
%4 Immovable 1
wh Load/Displ. 1
§= Result
> &% Structural NL 3
v Q Design study 2
> §¢§ Assembly
> <€ Connections
v & Structural NL 1
> s Contact conditions
v Wi Loads&Constraints

£ 45§ @

4 Kk E

"t @ ¥ N

%% Immovable 1

Bookmark browser 8 x =

@ & &l . o

= SimsoLD A

Bookmark 1
NMSO'I.I)

Bookmark 2

bl
X
8
O,
%
L
=]
2
7A

3

SIMSOLID

Displacement
Magnitude
[mm]

Max 428.3

392.6
= 356.9

321.2
- 285.5
249.8
2141
178.4

142.8
-107.1

71.38
-35.69

Min 1.409e-6

Design study 2 | Structural NL 1




plasticity and geometric NL

5) SIMSOLID™ - Power edition - Race-car-frame

Project Analysis Settings About
a &k -l =
Profect tree
> € Connections
v s Structural 1
> ll Contact conditions
v 4 Loads&Constraints
wh Load/Displ. 1
7% Inertia relief
& Result
v §% Structural NL 1
> §E Contact conditions
v b Loads&Constraints
wh Load/Displ. 1
21 Inertia relief
= Result
v % Structural NL 2
> B Contact conditions
> b Loads&Constraints
B Result
v #4 Structural NL 3
> §E contact conditions
> W Loads&Constraints
B Result
v #% Structural NL 4
> §E contact conditions
> W Loads&Constraints
& Result

>[5 n

4433

MEEKRI IR E

Bookmark browser o x
® & a8 [ O]

a.

RXE =B |[B|0§ 3% Fw BREKA A6 ?

SIMSOLID

1 - Elasto-plastic A
2 - Elastic, full lo
3 - After unload ¥

Displacement
Maglaitude
[mm]

Max 182.1
-166.9

-151‘7

136.6
| 1214

IV <

4 N W S

Design study 1 | Structural 1

5) SIMSOLID™ - Power edition - Race-car-frame

Project Analysis Settings About
a &k =l =
Project tree
> € Connections
v ws Structural 1
> §E Contact conditions
v b Loads&Constraints
whh Load/Displ. 1
3% Inertia relief
£ Result
v % Structural NL 1
> §E Contact conditions
v b Loads&Constraints
wh Load/Displ. 1
21 Inertia relief
= Result
v % Structural NL 2
> B Contact conditions
> b Loads&Constraints
B Result
v #% Structural NL 3
> HE contact conditions
> W Loads&Constraints
B Result
v § Structural NL 4
> §E Contact conditions
> Wk Loads&Constraints
& Result

]

>[@

£ 433

MOEKY IKE

Bookmark browser ax
® & a8 (O]

RAE B

10§ 38 % Fw R&A

R W O
®)
=

—
o

Design study 1 | Structural NL 4

SIMSOLID

Displacement
Mamude
[mm]

Max 855.9

s
=

= 641.9
570.6

499.3
428

-
=1

142.7
=7l.33

Min 0.0006652

Racing car frame, 177 parts, plasticity + geometric nonlinear analysis
Shows nonlinear buckling of frame




Summary of course objectives

= |earn all about SIMSOLID, a new complementary software application
for Fusion 360

= | earn about SIMSOLID unique solution methodology - how to do
structural analysis without meshing

= | earn how to do large assembly design studies with evolving design
geometry

= | earn how to do structural simulation of lightweight generative
designed parts within the context of a large assembly
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