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Goals

1. In addition to a broad physics portfolio, Ansys
provides a model based system & SW environment

DEPARTMENT OF DEFENSE

2. This environment facilitates integrating engineering
level simulations with systems/engagement level
simulations
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ANSYS is the simulation leader

FOCUSED

This is all we do.

Leading product technologies in all
physics areas. Largest development
team focused on simulation

LARGEST
3x the size of our nearest

competitor (revenue)
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TRUSTED

27100

industrials

More than

45,000

customers worldwide

ISO 9001
CERTIFIED

INDEPENDENT

Long-term financial stability

CAD agnostic

December 7, 2018

PROVEN

Member of the STANDARD
prestigious &POOR’S 500

$153+ market capitalization

COMMITTED

Overall customer satisfaction

globally is at 87 . 8%

in 2017

NDIN

GLOBAL
2,900+

employees globally

2 2
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DRIVEN

Helping customers address new
market challenges: digital
exploration, additive
manufacturing and digital twins




NDIN

Pervasive simulation is continuous
simulation with all physics across
the entire lifecycle for all products s T @ lopment time 9% while

warranty costs 89% more likely to
decrease

DESIGN

IDEATION

%

MANUFACTURING g‘,;ﬁ

80% of costs locked in early in the
design phase

Reduce weight of part by 25%
through topology optimization and
additive manufacturing

IN PRODUCT
OPERATIONS =

opeRATION i e

Reduce time needed to validate
autonomous vehicles from 10,000

years to 2-3 years Increased performance with 10-20%

reduction in maintenance costs m
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NDIN
ANSYS Simulation Platform...

MULTIPHYSICS

/6
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. : : : NDIN
Weaving the Thread from Detailed Design to Operations

Breadth & Depth of Physics

*  Structures

*  Fluids ;
* Electronics y | Store
« Embedded Software/Systems | Separation
Signal

Advanced Weapons Integrity

require advanced solutions

F"ﬂgt Hypersonié
L Re-entry

DO-187C, EN50128,
ISO 26262, IEC 61508

RCS for

Multi-Domain
Antenna
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Where does Ansys fit into SET?

<=
Traceability SVStem MOdeI b
ey 1. Structure 2. Behavior 1 i %
External i \ — = : Needs
Requirements | & V7 — closed form
discrete event
System
Document & 4“——1 = Al—l
i speCification ! & Perfo-n‘nance network
, Viewpoint ity N == Estimates
4 Parametrics Analvsis Models
L J =
Mechanical Electrical Software Testing
Design Design Design Methods &
Models Models Models Models

System Framework for Design

The system model flows down, and is interconnected with the
subsystem requirements and emerging designs. These design are
instantiated in different models based on their governing physics
(stress/strain, fluids, electro-magnetic, etc.)

NAVAIR Public Release 2017-370. Distribution Statement A — “Approved for public release; distribution is unlimited”
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The system model is
linked “upstream” to
mission effectiveness
models and
CONEMPS, and
“downstream” to
decomposed and
allocated sub-system

' requirements and

associated designs. It
is also linked to
verification tools (FEM,
CFD) which validate it's
fidelity and utility for
intended purpose

NDIN

Ansys can execute
detailed M&S and then
connect them into the

subsystems baseline
* Structures

*  Fluids

* Electronics

*  Optics

*  Embedded Software
* Safety
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MBSE Workflow Capabilities supported by Ansys-SCADE

System Models

@ ENTERPRISE

B infegrity-

“ AADL

i

Future Airborne Capability Environment
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SysML for Embedded
Systems Design

AADL Model

I
ACE-

FACE Data Model

Avionics Interfaces

medini™ analyze

7
’\) Twin Builder

1
><—>

C-Ada

7

(source code)




NDIN
Ansys-Systems Product Toolbox Integration

Model-Based Systems & Software Engineering System Safety Analysis

Tosmontarmg: edvonTe

System Architecture
L e SysML ‘Models’

SCADE I
Synchronization

Twin Builder

—

Control Software A,
Components 1

2

| variable valve discharge ™
n o
FUNCTIONAL sowmetel 10
MOCK-UP T
Vo Yot |NTERFACE == I O
[y

| e inputioutput pressure

SCADE

—

]
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NDIN

Ecu

ntegrated Workflow for SW-intensive Systems

[

[
toring
{3 ECU Commanda

<>] Dashbosrd Command

ECU Command

medini™ analyze

BrakePedal
AccelPedsl
ECU Command

SCADE
) e e
SW Architecture S— N ——
(SysL) - Safety Analysis
1_ }1 == _ '\l‘

SW Design
(Scade models)

—= i,/
| \ | \
= Architecture: Regulats Auto Architecture Regulation Auto
veid Regulation_Architectu procedure R ation(
A% ECU_Command/ */ Ect_command/
tECU_cmd_Architecture *ECU_Cumma C ECU_Command in tECU_cmd;
7 AccelPedal/ */ -- AccelPedals
tPercent_Architecture AccelPedal, AccelPedal @ in tPercent;
/* Speed/ */ -- Speed/
tvVehicleSpeed Architecture Speed, Speed : in tVehicleSpeed:
outC_Regulation_Architecture *outC) Cex : in out Context_Regulation)
i is
kcg_float32 tmp; -— SMI:
A SMI:Regul: L3/ */ S5M1 _state_act : Kcg_Types.SSM_ST_SM1;
keg_float32 _L3_Regul_SM1; — 5M1
T SMI T SM1_reset_act : Boolean;
S55M_ST_SM1 SM1 _state_acrt; -- SMI1:Regul:_L3/
H S SMI: S L3 : Keg_Config.Kcg_Float32;
o Ing kcg_bool SM1_reset_act; tmp : Kcg_Config.Kcg_Float32;
ST EMI TS begin
switch (outC->=SM1 _state_nxt) { case (Ctx.SM1 _state_nxt) is
H 1 case SSM_st_NotRegul_SM1 : when Kcg_Types.SSM_st_NotRegul ==
W ua I Ie o e SM1_reset_act = (*ECU_Command).Status == ON_Architecture; SM1_reset_act := ECU_Command.Status = Kcg_Types.ON;
if (SM1_reset_act) { if(SM1 _reset_act) then
; SM1_state_act = SSM_st_Regul_SM1; SM1_state_act := Kcg_Types.SSM_st_Regul;
else
SM1 _state_act := Kcg_Types.SSM_st_NotRegul;
end if;

Generator et
(Source code)

December 7, 2018
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User
Requirements

- H NDIN

Requirements Based Workflow

Operational A 1
Analysis SR R R == -
g &) - ES Traceability
_ : —
D — 3
SCADE —
___________________________ System 4u. —— — — —
Requirements

System System System /
Design Functions Architecture T

=

—— =0 Allocation = m -

S

raceability

I |
e __ _ _ Synchronization Software Jl__
(detailed interfaces Requirements
& SW Architecture)

T Traceability
Software @

Design -
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NDIN
ANSYS Workflow with SysML Integration

/System Safety Analysis\

K Model-Based Systems Engineering \ /System Simulation & Digital Twins\

: MCPspeed UnitConvert SpesdTarget ey
! SN

MCPaltitude UnitGonvert AltitudsTargst

: o

: » “ A » @
T k ™ ° = w )

KModel-Based Software Engineering
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NDIN
Reduced Order Models (ROM)

X, the fields

M
~ (&, Q) — Z (Dm (5) am (Q) O, input parameters
m=1

®, modal basis
a, interpolation coefficients

Wheel Braking System
CAE and CAD models cannot be reconstructed from 0D/1D

ROM:s — they provide blueprint IP protection b e ‘
 Parameters define interfaces of the physics based Sﬂ]

simulation within the system

Input parameters are typically operating conditions and
actuators (e.g., fan, motor, heater)

Output parameters can be sensors (real or virtual) that
provide feedback to [SW] controllers
ANSYS
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NDIN

Pump Field Deployment

ROM Interfaces ‘ Cabin Air Pressure Control

Connecting Detailed

Physics to the System .

Level | — —

*  Structures \

*  Fluids =

A Electro n ics Ii‘r:ilperalure PI Control

. e O

Thermal =i f
R ARP4754A: System Requirements| ..

 Er— b

2 a Setup :- 4 T

3 Solution i,.m

> 4 |5 Parameters
Fluent
DO-331: Software Requirements
|l’|ﬂ Parameter Set = 2
Electric Machines Battery Life & Safety —r
: & RomBuilder @, V_ROTB1
2 | (2 Design of Experiments (RE) “’a:,jr//j) +
3 H‘ RomBuilder ‘ \}% } J'IL
RomBuilder /E’;>\- {/
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Open Architecture and Cert Kit Solutions

SCADE Avionics Solutions

* Design templates for avionics systems compliant with ARINC 653, ARINC 429, CAN and ARINC 664
(AFDX)

* Comprehensive solution for FACE conformant modeling and code generation
* Comprehensive solution for 43 A ADL modeling

e SCADE Solutions for ARINC 661

* A fully-integrated COTS solution for the specification, development and certification of avionics displays
following the ARINC 661 standard, both for Cockpit Display Systems (CDS) and User Applications (UA)

 DO-178B/C Certification Plans for SCADE Suite

* Generic plans developed from ANSYS experience in supporting DO-178C certification process for
applications developed with SCADE Suite
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Summary

1. In addition to a broad physics portfolio, Ansys

2. This environment facilitates integrating engineering
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provides a model based system & SW environment

DEPARTMENT OF DEFENSE

level simulations with systems/engagement level
simulations
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