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ABAQUS UNIFIED FEA

Other
CAD
systems

Associalive
interfaces

2
S cATiA -

Elysium direct
translators

2
2S SOLIDWORKS
NZ creo

!

Third-party
preprocessors

Modeling

~ Translators

SiIMUTECH *18%5:

A
L4
@ Model Viewport View Part

Haé@‘o B A«

Model  Results

Model Database M = (£ %, @
B B Models (1) N
& Model-1
&. Parts

[Pz Materials
& Calibrations
ﬁE Sections
# Profiles
@ ﬁ Assembly
o Steps (1)

Abaqus/CAE
Job control and
monitoring

Py

Analysis
Abaqus/Standard
Abaqus/Explicit

|

Tmrn_ll.turl-
| Y

Third-party
poStprocessors

Shape Feature Tools Plug-ins Help NK?
:@(‘L‘O F\ME ﬁfﬁ :f?- Part defaults V@v kAII Mi'® | L E‘DE
Loptstsdi 123 4 A Mm@ ENEEA\AL@E + ¢

v Model: I: Model-1 ™| Part: I: M

Module: |: Part

Iy B 4 Start Session >

Create Model Database
Z @ &3 with standard/Explicit Model
@ wa g With Electromagnetic Model

\j Open Database “I—_'\ Run Script

Abaqus/CAE
2021

@ Start Tutorial

The Abaqus Softwa e isa product of Dassault Systemes Simulia Corp., Johaston, RI, USA.
Abaqus, SDEXPERIENCED, the Compass icon, the 3DS loga, CATIA, SOLIDWORKS, ENOVIA,
BIOVIA, SIMULIA, GEDVIA, EXALEAD, 30 VIR, BIOVIA, NETVIBES, IFWE sad SDEXCITE are
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“socidté europdeane’ (Versailles Commercial Register # B 322 306 440} of its Affiliates in
the United States and/or other countries. All other trademar ks ace cwned by thei raspactive
omvaers. Useof any Dassault Systémes or i iz b hei.
expresswritten approval.

Copyright @2021 Dasssult Synmslmlhcup,
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FINITE ELEMENT ANALYSIS, FEA

Geometry

Discretization
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Sage
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== Rolling on a Drum
=== Rolling on & Road

Torque {N-m)

850

9.00 9.50

FEA Model
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Abaqus Analysis Products
Abaqus/Standard

» Based on implicit solution techniques .
> Intended for static and structural dynamic events Rubberdome deformation

> Linear or nonlinear behavior
» Wide range of multiphysics procedures:
> Static stress/displacement G @

Dynamic stress/displacement Electrical fuse heating

Document_2015

Solder joint fatigue

Mode-based linear dynamics , ,
Tire noise

Heat transfer

Coupled temperature/displacement

Coupled thermal/electrical

Gasket sealing

Acoustics —
Bicycle frame stress

3DS.COM © Dassault Systéemes | Confidential Information | 10/22/2021 | ref.: 3DS

Pore fluid flow

Sealing Analysis

v v v Vv Vv VvV VvV V

More ...
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Abaqus Analysis Products

Abaqus/Explicit

» Based on explicit time integration
> Intended for high-speed transient dynamic events

> Also suited for highly nonlinear quasi-static events

» Range of solution procedures:

> Stress/displacement

> Thermal stress

> Acoustic-structural coupling
> Coupled Eulerian-Lagrangian

Blow molding

SiMUTECH L85

Blast loading
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. Deep draWing
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Abaqus features

Easy-to-use general contact

» Concise whole-model contact definition
» Accounts for large relative motion & friction
» Not based on initial proximity

» Robust numerical formulations

» Minimal need for user intervention

SiMUTECH L85

Moment (N-mm}

\ gl
e I 2

1775' Sheremes | The 3DEXPERIENCE’ Company
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Abaqus features

Extensive selection of materials

» Metals, rubbers, and composites

> Linear/nonlinear elasticity and plasticity
> Isotropic or anisotropic
> Rate and temperature dependence

» Additional materials include:
> Soils and rocks

Sheet failure

Viscous
paste

Viscoelastic rubber

> Concrete and ceramics
> Pastes and polymers

» Damage & failure modeling

Reinforced
concrete

Human tissue Soil & rock
Cast iron
plasticity
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Abaqus features

Fracture & crack propagation

» Mesh-independent crack modeling with XFEM
» Virtual Crack Closure Technique (VCCT)
» Cohesive elements

" Bone fracture in
 4SPOrtS injury

» Low cycle fatigue

Simulation

Modeling debonding in a
T-joint w/ VCCT

SIMUTECH LT85 pu 5 BASSAULT | The 3DEXPERIENCE" Company



Wafer lattice mismatch
deformation
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~ackaged 50" LCD
TV drop test

Cell phone drop test e
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Elem: ACOVER-1.9200

LCD module pressure intensity
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W
QDB: csc_exp_1214-3.0db  Aba
i‘_’ Step: Step-1

Increment 0: Stey

|___ Deformed Yar:.

Industrial tool topology
optimization

[
xpl\lflt .12-2 Mon Dec 17 08:34:16 GMT+08:00 2012

L/

TIALIASING Deformation Scale Factor: +1.1

SIMUTECH -

Wheel spin rolling

D SChep-2 Frame:

: 0.000000

l-beam cold rolling

v

Z-—L){ Step: Step

Increment U: Step Time = 0.0

0
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Hook shape optimization
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Prostheses fatigue analysis

LifeTimes
(Avg: 100%)
+8.921e+00
i e
+7.710e+
Nooale Plungor ; +7.419e+00

+7.129e+00 Se+000
+6.3386+00
S +6.5486+00
py +6.2576+00
- +5.9676+00
+5.6776+00
+5.3866+00
+5.0966+00
+4.3056+00
+4'5156+00

Min: +4.515e+00

LAarkre Lusnon
4 Lf' | Elem: PART-1-1.2722,
VI, ¥ / Node: 56490

s>/

nd.odb Abagus/Standard 6.11-2  Sun Apr 08 16:24:14 GMT
ion: alt stress Mises_0_Mises_7_PART-1-1.MEMB

Primary Var: LifeTimes .
Deformed Var: not set Deformation Scale Factor: not set

3DS.COM © Dassault Systéemes | Confidential Information | 10/22/2021 | ref.: 3DS
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= LNG tank sloshing analysis S mises
Tt Timar 2:000800 Cava: 755>\

= Primary
.0 Deformed

Tncesmam 0: SeeTime - 0.0
DEOIMAT VA U DafOrMACkn SCak Fycoo: + 10Xk 0]

Fatigue analysis of a tank

3DS.COM © Dassault Systemes

FSI analysis of a composite wind turbine blade
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Wednesday, 3.26 2014

DE

ool Technology for
Design Engineering

HOME | MCAD/CAM | ANALYSIS/SIMULATION | COMPUTERS/PERIPHERALS | RAPID1

ST A, A = et Fast App: Luxury Yacht Design Takes a New Tack
i $ IJ ?E igy ﬁj\ *ﬁ 7*: 1§IJ YaCht S|mU|at|On f::ﬂu;e;:ﬂsec:lggaotn Corp. uses realistic simulation to

by DE Editors | Published March 10, 2014

gtep: Step-1  Frame: 0
Total Time: 0.000000

While it's widely recognized that HTC smartphones. Garmin GPS devices and a sweeping array of big-
brand laptops are staples of the Made in Taiwan (MIT) effort. it's a lesser-known fact that luxury yachts
(those measuring 80 to 120 ft.) are a booming business in Taiwan. The country is now sailing port-side
with market leaders like the United States. Italy. The Netherlands and Germany.

Document_2(

Motorbike frame
fatigue analysis

S, Mises
Envelope (max abs)
(Avg: 100%)

¥ “l Step: Step-1
.. Increment 0! Step Time = 0.000

Primary Var: S, Mises
Deformed var: U Deformation Scale Factor: +1.000e+00

Car window action
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Step: Step- 1 Frame: 0 step: Step-l Frame: 0O
Total Time: 0.000000 =, Mises Total Time: 0.000000
Multiple section points
(Awg: FE%)

.995e+08
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ODB: watership_0620.0db  Abagus/Explicit 6.11-2  Sun Jul 08 21:33: N ODE: watership_0620.0db  Abaqus/Explicit 6.11-2  Sun Jul 08 21:33:

v
I tep: Step-1 I Step: Step-1
Z norement 0: Step Timme = 0.0 2 Hnorement 0: Step Time = 0.0

Primary Yar: 5, Mises

Deformed War: U Deformation Scale Factor: +1.000e+00 Deformed War: U Deformation Scale Factor: +1.000e+00
Underwater explosions
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AEIKEE LR K BE R BE

» Parallel execution in SMP & DMP, even HMP architecture.

» GPU acceleration using multiple GPUs. shared memory architecture
a

distributed memory
architecture (clusters)

» Key solver technologies:

> Direct sparse solver

> |terative solver

> AMS eigensolver

> Domain decomposition explicit solver

Domain decomposition of a car sinking _
8 domains

o
/
"5 |{
A
| |!
‘
47 -
15
.
‘ \\S‘
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Oracle Cloud Infrastructure

n
—
gl Oracle Cloud Infrastructure Global footprint
€ a p e Aug 2021: 30 Regions Live, 14+ Planned; 8 Azure Interconnect Regions
1] 3
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GPU Accelerated Performance
TESLA P100

NVIDIA TESLA GPUs FOR SERVERS
ABAQUS/STANDARD 2017

32 CPU Cores (2 DMP)
+ 2x Tesla P100

32 CPU Cores (2 DMP)

16 CPU Cores (1 DMP)
+ Tesla P100

16 CPU Cores (1 DMP)

CPU vs GPU Relative Performance

Tests run on a server with 2x Intel Xeon Haswell-EP Xeon E5-2698 v3 2.3 GHz] 16-core CPU, Tesla P100, 256 GB RAM, Cem0S
7.2 64-bit. Benchmark Model: ~77 TFLOPs, £.71M DOF, Nonlinear Static, Direct Sparse Solver [Model courtesy: Rolls-Royce)

SiMUTECH L85

PAY

DASSAULT
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GPU Accelerated Performance

TESLA V100

NVIDIA QUADRO GPUs FOR WORKSTATIONS
Abaqus/Standard 2018

Automotive Powertrain model

32CPUCore5+ R
Quadro GVt 1= __ i

32CPU Cores | 21Tokens

16 CPU Cores | 14Tokens

8 CPUCores + | 12Tokens
Quadro GV100 *

8 CPU Cores 12 Tokens -
e
Quadro GV100 1o

4 CPU Cores | 8Tokens

0x 0.5x 1.0x 1.5X 70X 25X 30X 3.5% 40x 4 5% 5.0x

CPU vs GPU Relative Performance

Tests run on 3 workstation with 2x intel Xeon Broadwell-EP [Xeon £5-2699 v Base- 2.2 GHz Turbo- 3.6 GHz| 22-care
CPU, HT Off, Quadro GV100, Driver - 390.40, TCC, 256 GB RAM, Cent 05 7.2.1511 é4-bit
Benchmark Model: ~75 TFLOPs, 9.4M DOF, Nontinear Static, Direct Sparse Solver [Model courtesy: Automotive OEM)

SiMUTECH L85

NVIDIA QUADRO GPUs FOR WORKSTATIONS
Abaqus/Standard 2018

Elastomeric Bearing model

32CPU Cores + 3 = =
Quadro GV100 | 2110k .
32CPU Cores | 21Tokens -

16 CPU Cores _‘E

8 CPUCores + | 12 Tokere
Quadro GV100

8 CPU Cores _ﬂm
Quadro GV100 L21okns

4 CPU Cores | Bfpcens

X 2.0x &0X 6.0X 8.0x 10.0X 120X 10X 16.0X 18.0X 20.0X

CPU vs GPU Relative Performance

Tests run on a workstation with 2x Intel Xeon Broadwell-EP [Xeon E5-2699 v& Base- 2.2 GHz Turbo- 3.4 GHz) 22-core
CPU, HY Off, Quadro GV100, Driver - 390.40, TCC, 256 GB RAM, Cent 0S 7.2.1511 64-bit | Benchmark Modetl: ~450-550
TFLOPs, 5.9M DOF, Highly Nonlinear Static, Axisymmetric model with non-axisymmetric loading and twist, Direct
Sparse Solver [Model courtesy: SIMULIA

1775 sqsremes | The 3DEXPERIENCE® Company




Oracle Cloud Infrastructure
HPC Shape

> OCPU GPU Memory CPU Memory Local Disk (TB) | Max Network Max VNICs
(GB) (GB) Bandwidth Total: Linux

Document_2015

» 384 TBNVMe  2X 50 Gbps
'?“Q'?pt'm'zed&% 36 : 512 SSD 1 X 100 Gbps 256
(Intel) (1 drive) RDMA

> Analysis types:

Domain Decomposition Explicit solver

P> For the consideration of the cost of tokens running a job, the combination of CPUs in solver settings are:

2. 8 CPUs at OClI system system socket

3DS.COM © Dassault Systéemes | Confidential Information | 10/22/2021 | ref.: 3DS

: . . Intel® Xeon®
3. 36 CPUs at OC] Slmll(Jt(tecth \li\/rgmdows 10  64-bit x64 CPU E5.2697 24
workstation V2 @27GHZ
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Abaqus/Explicit in HPC Shape

» Accelerated performances ratio based on 8 CPUs at Local (Simutech workstation),

Document_2015

, 36CPUs at OCI . 6.71
g 8CPUs at OC|  ne—— 61
8CPUs at Local mmm 1.00
36CPUs at OCI . 7.04
;ED’- 8CPUs at OClI . ) 48
8CPUs at Local mm— 1.00
0 1 2 3: 4 5 6 7 8
ACCELERATED PERFORMANCE

ACCELERATED PERFORMANCE = Simulation time ratio to 8CPUs at Simutech

» Significant accelerated performance.

13.37 4.44

OCl 5.37 1.7
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