Textbooks

« Engineering Mathematics
— E. Kreyszig, Advanced Engineering Mathematics (10™ ed),
2011, Wiley
* Ch.12 Partial Differential Equations (PDES)
Part E. Numeric Analysis
Ch.19 Numerics in General
Ch.20 Numeric Linear Algebra
Ch.21 Numerics for ODEs and PDEs

« Electromagnetics

— M.N.O. Sadiku, Elements of Electromagnetics (5" ed), 2011,
Oxford University Press

e Ch.14 Numerical Methods
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Textbooks

wth Edlins

Numerical
Methods

for Engineers

Steven G Chapra

Raymond I". Canale
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) Part 2; Roots of equations fix) &
Solve fix) = 0 for x.

Root

(b) Pars 3: Linear algebraic equations
Given the a's and the s, solve

X2
A Xy # Ayt = &
Xy + Q%3 = Cy
forthex's. ~ pee==e—-- Solution
Ay
() Par 4: Optimization
Determine x that gives optimum fx). fi)
Minimum
X
(d) Pan 5: Curve fitting
fixh fix)

Interpolation

Regression

(€) Pant 6: Integration
I= ﬁf‘.ﬂ dy ﬂ.n

]'\\\j
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(f) Part 7: Ordinary differential equations

Given

dy Ay

o A
solve for y as a function of .
Yier1=Yi+ flt;, y;) At

() Part 8: Partial differential equations
Given

"2 "2
a“u a‘u

+ — = flx, y)
She T R e e

solve for « as a function of
xandy

Slope =
| .f(!j' ,vj)
]
Il Il +1 "
X
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CAEQS| 7} &

« Computer-Aided Engineering
- 6H’“(XIHHH”‘*M XS &), Al=alo|d, 24, M=, 7|2, &
oh 2| S €2 AXHA E§FE X ASt= ’SE7I%
- A EEX|2 CAE: EE|9id, &3, 2[H 3}, CADet 58
~ MZYEX|Q CAE: AFENY, ARHD, Chx, FHAE
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MALS A O| C|X| &3} (Digital Manufacturing)

+ CAD/CAE/CAMI} Zt2 ZEE 0] I3t C|X|E MET|&
= NE, 24 M=, dA S2| S ZEM X0 28

CAD
AH 47
CAE/CAD, = T CAM
7H M=
|2 A (s8¢ ZH))
7 _ =N @& x_"}_ 2

\

CAT - CAE
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Computer-Aided Engineering (CAE)

« Wikipedia: broad usage of computer software to aid
In engineering tasks
— coined by Jason Lemon, founder of SDRC in the late 1970s
— better known today by the terms CAx and PLM

e CAE tools

— software tools that have been developed to support these
activities

— analyze the robustness and performance of components and
assemblies

— simulation, validation, and optimization of products and
manufacturing tools
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CAE Areas

e Stress analysis on components and assemblies using
FEA (Finite Element Analysis)

 Thermal and fluid flow analysis Computational fluid
dynamics (CFD)

e Multibody dynamics(MBD) & Kinematics

e Analysis tools for process simulation for operations
such as casting, molding, and die press forming

e Optimization of the product or process

o Safety analysis of postulate loss-of-coolant accident
In nuclear reactor using realistic thermal-hydraulics
code
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Three Phases in CAE

* Pre-processing

— defining the model and environmental factors to be applied
to it (typically a finite element model, but facet, voxel and thin
sheet methods are also used)

e Analysis solver
— usually performed on high powered computers

» Post-processing of results
— using visualization tools
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Classification

(Theoretical
Applied
Computational

| Experimental

Mechanics-

(Nanomechanics
Micromechanics
Solids and Structures

Computational Mechanics —2sicalscale | _ _ _
Continuum mechanics+ Fluids
Multiphysics
| Systems
_ | Time Invariant | Linear
: ; ; inertia effects Statics ; ; P
Computational Solid and Structural Mechanics > Quasi-static Nonlinear
Dynamics
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7 ot 2 & (FDM: Finite Difference Method)
7 otR A & (FEM: Finite Element Method)

7 oHA| A & (FVM: Finite Volume Method)

A A 82 2(BEM: Boundary Element Method)

‘y To| 23 O

Implicit
explicit

FDM
BEM : ;
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du ) u(x+h)-u(x) N u(x+h)-u(x)
dx oo - h
(2—1, j+H) (24, j+H)
Ui =l Uiy — U, Q (
dzu ~ h - h _ ui+2 2u|+1 +U|
dx? h - h? )
(4,])
h \ )
7 (i1, 1) (i+1, 1)
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7ot e A ¥ (FEM: Finite Element Method)
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7N A & (FVM: Finite Volume Method)
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5 A 24 H(BEM: Boundary Element Method)
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SolidWorks Simulation

Professional
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Simulation at the Systems Level

* Objectives
— Inform design choices
— Provide validation results

— Investigate the effects of a design change in one component on
the rest of the system

— Provide designers with system level insight

— Functional validation of the system at an early stage of design

— Reduce the number of design iterations significantly

— Understand how they will function under operating conditions,
identifying potential problems, and developing solutions before
going to the prototyping stage

 Requirements
— Go beyond individual components and a single physics
— Describe how all components interact as a system
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Model-Based Systems Engineering (MBSE)

Early Concept Phase
System Requirements

Development of a Functional Model is Critical

Functional Specification in the Early Concept Phase

Functional Model & Simulation

Subsystem modeling
Mechanical/Electrical/Hydraulics
Control Design

System-level Integration & Validation
Virtual Prototyping

Early System Validation Functional Validation
Shortens Development Lifecycle BEEIEREESTEl[EE

Design Optimization
Importance/Sensitivity Analysis

Design of Experiments
Multi-objective Optimization
Process integration (PIDO)...

Design Reuse and Modularity Essential to
Engineering Systems Development
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Paradigm Shift:
Model Based Development Process

| Traditional

Mechanical functions Control

&
Software
Functions .

“Systems”-level
Engineering Framework Thermal Functions

Mechanical
Functions
Model Based System Engineering Manufacturing

Control & Software
Functions
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Different Models of Same Component

 Models can be either abstractions or representations of
reality that facilitate the understanding of complexity

,(,-:\

70\

(a) Form {b) Kinematic structure  {c) Discretized for sirength

« Component Modeling

— Combine components from multi-domain component library

— Physics based equations and/or Modelica code to create custom
components

— Experimental data as lookup tables
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Hierarchal and Model Abstraction

[
0~ Components T —
el ] '..q-...... f i ~10
§ e, : §
© Assemblies =
g 3
= 10?2 8
< : <
— e
© ao
S Subsystems 2
© o
~10%
g ©
T *
System ) h . |
mecnhanica
: . ~1010
Static Qualitative Relational Linear / Nonlinear /
Models Models Models ODE PDE
Model Abstraction
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Benefits

Drive innovation Streamline process

- Explore a wider range of ideas and - Reduce design cycle by virtual
solutions system integration

- Early validation of technical - Increase reusability through
feasibility knowledge capitalization

- Test and compare new ideas via
simulation

Improve quality Reduce costs

- Reduce development costs with
fewer physical prototypes

- Improved product behavior
predictability

- Better collaboration between - Minimize risk on test beds
principles - Reduce product’s breaks and

- Tighter integration of functions to failures
build a final product
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Drawbacks

It is not the answer In isolation from other practices
It is hard to model non-functional requirements

The model can be a barrier to understanding for
some stakeholders

Effective MBSE requires a disciplined and well
trained project team and a mature process approach
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