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30 CAD & CAE
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https://blogs.windows.com - 3D Printer
3D modeling (CAD) : -

Prepping and
Printing

Mesh Review . Mesh Fixing
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3D CAD & Concurrent Eng.

Eng. Drawing
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3D CAD & Reverse Eng.

RE BRIDGE
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30 CAD & Digital Twins
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CAD basic
Wire Frame Model
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Wire Frame Model

¢ Definition of wire frame model

— One of the visual presentations of a three-dimensional (3D)
or physical object used in 3D computer graphics.

- Itis created by connecting an object's constituent vertices
using straight lines or curves.

Vertex| X | Y|Z Edge| Start Vertex End Vertex
2

1 1011
2 111
3 111
4 111
5 10141
& 111
7 111
"
5 A1 [
Topology Example
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Exercise

* See Display style on Head-up Tool bar in Graphic
area of Solidworks

G- * Shaded with edges (Solid model + Wireframe)
Shaded (Solid model)

Hidden Line Removed (Surface model or Wireframe model)
Hidden Line Visible (Wireframe model)

Wireframe Model

* Weldments Exercise (using 3D sketch)
— At first Download Weldments Contents @ Design Library
* Download (Control+Click) ISO files to Weldment profile folder.

— Draw Simple table using 3D sketch (How to fully define the
entities?)

Prof. B. H. Kim Adv. Solid Modelling
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CAD basic
Surface Model

Prof. B. H. Kim CAD/CAM
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What is parametric ?

e Define a parameter space
— IDforcurves ex)0<t<1,-n<t<m -0<t<owo
— 2D for surfaces

* Define a mapping from parameter space to
3D points

— A function that takes parameter values and gives back 3D
points

— The result is a parametric curve or surface

Mapping F :t — (x, y, z)
- —
It

Prof. B. H. Kim Adv. Solid Modelling
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Parametric curves

* We have seen the parametric form for a line:

xX= x0f+ (1-1)x,

Y= yot"'(l_r)yl
z=z,0+(1-1)z
* Note that x, y and z are each given by an
equation that involves:

— The parameter t
— Some user specified control points, x0 and x1

* This is an example of a parametric curve

Prof. B. H. Kim Adv. Solid Modelling
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Why parametric ?

* Problems of analytical or nonparametric
representations of curves

— unsuitable for use in CAD applications
— Dependent on the choice of coordinate system

— unsuitable for geometric transformations, such as
rotations, franslations, and scaling.

— The implicit representation is  mathematics
awkward for genera '|'|ng « Derivative of Implicit f'n

- Circle: x2 + y2 =1

i - Chain rul
pOII"\TS on a curve because _2X§X“+'2yedy:0_)dy/dxz y

X VCI|UeS moy be Chosen « Derivative of parametric f'n

. . - Circle: r(8) = [Rcos® Rsing]
0<6<2r
which do notf actually lieon | =~ [©<o<2m
the curve. Py :
. . . . 1) free from coordinate, )
- ex) the circle fails the vertical | 2 free form x y, z correlation (1
input = 2 output)
line test 3) easy to get derivtives

Prof. B. H. Kim Adv. Solid Modelling
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Parametric Curve Examples

Circle
) x=rcost+x, y=rsinity,, 0 <it<2z
P = [ rcost+x, w#sintt+y,, 0]
) ox=r( 1= (1+E) +a, v=2r/(1+ )45, —0 < f<
Pe = 1=+ +x, 20t/ (1+E)+ v, 0]

Ellipse
x=gcositx, y=bhsinf+y,, 0 < < 2z

Hyperbola
x=qacoshtt+x, y=asinhit+y,, 0 = =< 27

Parabola
x=tldatx, y=1t+y,

Prof. B. H. Kim Adv. Solid Modelling
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surface model

* (free form) Surface model

— Itis used in CAD and other computer graphics software to
describe the skin of a 3D geometric element.

— They are used to describe forms such as turbine blades, car
bodies and boat hulls.

Control Point

Prof. B. H. Kim Adv. Soligd Modelling
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surface model

* Parametric description * plane
of a surface patch

r=riuwl=rlw whi+yle. wlj+le. wk riv.wl=rptua+ub 0= uw, w=1l

Prof. B. H. Kim Adv. Solid Modelling
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r=pcosd
v=usin#

*or=ch

e Ruled surfaces

-In geometry, a surface S is ruled (also
called a scroll) if through every point of S
there is a straight line that lies on S.

- A ruled surface can always be described
(at least locally) as the set of points swept
by a moving straight line. (e.g.: a cone)

N - See examples
. TAB surfaces
. Developable surfaces: G. Curvature =0

Hyperbolic-paraboloid

Prof. B. H. Kim Adv. Soligd Modelling
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surface model

¢ Ruled surfaces

Linear interpolation between two
edge curves

P(1, 1)
- Pz, H = P{s, 00+t Pls, 1) — P{s,0)]
P, 0) ° P(s, 0 Ruling vector

(KIHH & /I &) = (1 =P 0+ £ Pls, 1}

Directrix(EH) |y

Create the cone by ruled surface

Tobuild &
cone, select
& drde and
& paint.

Prof. B. H. Kim Adv. Solid Modelling
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Ruled surfaces

¢ Bi-Cubic rule surfaces (Coons patfch)
— Addition of two ruled surfaces

Linear = vs Bi-cubic

Py(s, =(1-s} 0, 5} + s (L, 9
py  Pale d=(-dRe0+ R D)

P(S, f) = P](S‘, f)‘l‘ Pz(&‘, f)

Prof. B. H. Kim
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surface model

» B-splines

Prof. B. H. Kim Adv. Solid Modelling
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Exercise

» Surface Modeling Exercise
— Surface Tool Bar

Flle Edt View lInset Tooh Window Help | | - ¥

J-i & Extend Surface

. o
z - o Pranar Surtace
A g 3 & & . 9 # 3
Swept  Lofed Boundary| Flled | Freeform |G Offset Sustace | Fillet é Trim Surface
Surface  Surfsce | Surface Surface Surface | Surface

o/ Ruled Surface ; "
— e I — I 2> Untrim Surface

— Basic of surfacing in SWs

1. Every solid is actually a group of surfaces
Surfaces have no thickness/no volume
Surfaces are considered Reference Geometry

Surfaces allow you to create 1 face at a time

Solids force you to create ALL FACES at once
Surfaces and curves are partners

Prof. B. H. Kim
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Ridiculous Design Examples

» Distance from Extruded Hole to
Part Edge: If a(an) (extruded)
hole is too close to the part
edge, it can lead to
deformation or tearing of the
metal.

Minimum of T,
Less tha T—7/ and 15 Tto 2T

preferred
@ // Sheet
thickness
1 m

Prof. B. H. Kim CAD/CAM
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Ridiculous Design Examples

« Distance Between Extruded Holes

w @

« Distance Between Extruded Hole to

Bend
%] L]

Prof. B. H. Kim CAD/CAM
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* Too small hole diameter
v' Hole ¢ =Sheet metal t

Prof. B. H. Kim

Kangwon National University

* Too small bend radius

v Min. R 2 Sheet metal t

" o—
f

* |mproper notch feature

v Width > 1.5 times of t

v Length =5 fimes of t

v Corner R 20.5 times of t
CAD/CAM

CAD basic
Solid Model

Prof. B. H. Kim

CAD/CAM
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What is Solid Modeling?

¢ Definitions

- A consistent set of principles for mathematical and
computer modeling of three-dimensional solids.

— Solid modeling is distinguished from related areas of
geomefric modeling and computer graphics by ifs
emphasis on physical fidelity.

b
b
-

Prof. B. H. Kim CAD/CAM
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What is Solid Modeling?

'Solid Modeling' is a method used to design parts by combining
various 'solid objects' into a single three-dimensional (3D) part design.
Originally, solid modelers were based on solid objects being formed
by primifive shapes such as a cube, rectangular prism, cone, torus,
cylinder, sphere, wedge (rectangular prism) and so on.

Because of their limited use, some solid modelers have abandoned
the primitive shapes altogether in favor of predefined library solid
objects. 'Stock’ library objects provide the designer with a similar
shape to begin the design with, eliminating some of the initial
tedious design work. = Let’s Check the Tool Box (Use read only)

The real power of a solid modeling application is how it can take the
solid objects and combine them fogether by intersecting, joining, or
subfracfing the objects from one another to create the desired
resulting shapes.

Since the solid modeler's database knows so much about the enfire
part model, it can perform functions virtually impossible with surface
modeling. For example you can 'fillet’ all the adjacent edges of a
face to other faces in a single command. Another popular example
is the 'shell' function of solid modelers. This allows you to define a
constant wall thickness for the entire model with a simple task with a
single command.

Prof. B. H. Kim CAD/CAM
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Primitives
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Exercise

Cube & Thin Features

Im Extrude-Thinl =
« R’ &

Direction 1

Dl r—

]
«gy 100.00mm

Thin Feature

Mid-Plane

& 1000mm

[]€ap ends

* Merge

Mass = 1461g

Mass = 16129

Prof. B. H. Kim

CAD/CAM
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Exercise

+ Wedge by Cut with Surface

* Repairing sketch (Tools > Sketch Tools > Repair Sketch)

! [ Rapair Skesch =
Showing gag smalles
T : (4 @ ]
[«] 1orz | 1
Descriptian of probiem Thes of mare »
| Up to vertex
' ' Surface/Thick
' @
- = v
- % Thickened Cut

Prof. B. H. Kim CAD/CAM
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Solid modeling techniques

Parameterized Primitive Instancing
Spatial Occupancy Enumeration (SOE)
Cell Decomposition
Constructive Solid Geometry (CSG)
Boundary Representation (B-Rep)

M

Prof. B. H. Kim CAD/CAM
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Parameterized primitive instancing

Composite drawing with simple shapes (primitives)
Representing families of objects (GT)

Applying scaling transformation to the composite
drawing/primitive

A solid is specified by indicating the family to which
it belongs and a limited set of parameter values
Restricted range of objects (predefined families)

Prof. B. H. Kim CAD/CAM
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Spatial Occupancy Enumeration (SOE)

Subdivides 3-D space into volumes (spatial cells) and classifies
these volumes as empty, full, or partially full of the solid

An object is specified by listing all the spatial cells it occupies
Accuracy necessitates small cells

= enormous memory requirements
These can be indexed using octrees

1 _{0 otherwise

Prof. B. H. Kim

CAD/CAM



Kangwon National University

Octrees

(1 level)

(2 levels)

i
o
i

Prof. B. H. Kim CAD/CAM
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Cell decomposition

e A general class of SOE - similar to SOE but
subdivides the object

* Solid is decomposed into simple solid cells with no
holes and certain boundary matching conditions

* Much less memory than SOE

—

X

Prof. B. H. Kim CAD/CAM
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Constructive Solid Geometry (CSG)

Using unbounded half space and primitives

- Unbounded half space: Using for generation solid primitive
— Solid primitive: block, sphere, cone, cylinder, torus, wedge...
Boolean operation

Simple and obvious

No unigue solution = lots of CSG tree

Dangling Edges

Prof. B. H. Kim CAD/CAM

Kangwon National University

CSG Boolean operation (pp28~31)

I Union I Subtract

Intersect
Subtract @
N g P
< @S

Primitives Union Intersect

http://www.youtube.com/watch?v=dCckll1gw8wo

Prof. B. H. Kim CAD/CAM
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Boundary representation(pp31~33)

Suitable to NC
Unique solution

Hard to construct data base
= Generate the shape by CSG
= Boundary evaluation
= Construct B-rep database

Euler's rule

Prof. B. H. Kim CAD/CAM

Face, Edge, Vertex

http://www.youtube.com/watch?v=sXbRT439vRI

Prof. B. H. Kim CAD/CAM
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B-rep - culers rules (pp31~33)

e Noholes:F-E+V =2

* With holes:F-E+V =2 +R -2H (extended
Euler rule)

v R : # of Infernal edge rings
v H : # of through holes

Prof. B. H. Kim CAD/CAM
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B-rep - data base (pp31~33)

. A hexahedron consists of eight (vertex) points, twelve linear edges and
six, plane surfaces.

o +\®

1
@ &)

iopological data

end points
start | end

Surface

Mo

Mo,
0]
@
@
@
&
®

sloleleleloeeleleo|F &

o= S fen] [ Co|Po | — || o
Lnfoo |~ [ S| o[~ | om | on | —| = o

Prof. B. H. Kim CAD/CAM
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B-rep - vaidity (pp31~33)

Self-intersecting non-manifold (next page)

(a)
O Jd
Elements of the model %
* should not self-intersect Y
* should not intersect each other unless at their boundary.

Prof. B. H. Kim CAD/CAM
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B-rep - Topologically Equivalent

-

-@-Y-@ %lg

SO

Prof. B. H. Kim CAD/CAM
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B-T'ep - examples of Non-Manifold Models

Mon-Manifold Edge

Prof. B. H. Kim CAD/CAM

Kangwon National Lniversity

CSG vs. B-Rep

CSG B-REP

* Simple representation | ¢ Flexible and powerful
e Limited to simple | representation

objects  Stored explicitly
 Stored as binary free e Can be generated from CSG
* Difficult to calculate representation
* Rarely used anymore e Used in current CAD systems

Prof. B. H. Kim CAD/CAM
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CAD basic
Basic Entities & Attributes

Prof. B. H. Kim CAD/CAM
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Viewing operation

¢ Clipping output primitives
— Conventional way
. Point: xmin £ x < xmax, ymin<y<ymin
. Line: two point in(AB) = no clipping.
one point in(CD) = intersection point cal.
two point out(GH, 1J) = intersection points cal.
— Cohen-Sutherland clipping algorithm : using bits for simplicity
. Top, Bottom, Right side, Left side = discard line

F | o !

| |
' /. 1001|1000

/B / ' i window
n //// 0001|0000

0101|0100

Clip Hecanyle

Prof. B. H. Kim CAD/CAM

2019-09-05

24



Kangwon National University

curves and Lines - editing and Creating

* A number of functions must be provided to allow editing of 2D
geometrical entities, such as lines, circles, arcs.
* Basic editing functions
- Basic Entity Creation (lines/ circles/ arcs/ etc)
. create using exact coordinates
Ex) two screen points for line ends, circle radius/centre/diameter/etc
- Line Trimming
. frim lines back to intersection/extend lines to intersection
. frim line to perpendicular point
. cut a circle/arc on one side of an intersection
- Point Creation
. screen position (exact numerical coordinate)
. nearest fangent of line to an arc/nearest end of a line
. midpoint of nearest line/centre of nearest arc/nearest grid point
- Arc Creation
. infersection of circle with another line
- Special Techniques
. offset of aline
. extend lines fo infersection
. delete entities

Prof. B. H. Kim CAD/CAM
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Basic Entity Creation

= Line & Curves Creation

[[ar tangent

\I\'\lwll(Ej M N M ] - _ curvature
N\ ] f <l

i M . |74

7 [ =

* Line (P,, P,) :
Select icon & Move to graphic area = Click left mouse

button on start point = Move to end point & click =& Move out
& double click

= L= sart((Xo1Xo2) 2 (Yo1Yp2) ). €= 1an™ ((Yo1-Ypa) / (Xo1%p2))
e Curve(P,, Py, Pg, ...)
Select icon = Move to graphic area = Click left mouse

button on start point =& Move to 2nd point & click & Move fo
3@ point & double click =» revise curve by tangent

= Tangent = r’(=dr/dt), Curvature = |’ X’ | /]’ |3

Prof. B. H. Kim CAD/CAM
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Basic Entity Creation Ex.1

= Line & Curves Creation

Akl * | Y 1Y
| 2 ma
N | AHA 2O

* Circle (P,, P, or P3)
Select icon & Move to graphic area = Click left mouse
button on center point & Move to end point & click
= R= Sqrf((xp1-xp2)2+(Yp]_Yp2)2)' Pc = P]
= 3 p.circle: Calculating P, = (x, y), R =sqrt((x,;-X)?+(yp1-Y)?)

slope:
) me
S oo P (s = )+, O +35) - 1, 06 +5)
equation: 20, — )
Yoy = (E-x) ¥y, =)

o=, -ty o= (x-x) by,

Prof. B. H. Kim CAD/CAM
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Basic Entity Creation Ex.2

= Line Trimming At Solidworks
o=
* Step 1 Construction of a basis = E(m
set of lines to lay out the = _
shape to be drawn. |+‘|: | =] (=)

e Step 2 Pick parts of the ——
construction lines fo delete |.-i_| -l:_”_'ll:Q

[ 215 ZrRHA I

[ b= eIl
| 28 e D

Prof. B. H. Kim CAD/CAM

26



2019-09-05

Kangwon National University

User Interpretation

Every CAD system wuses a graphical display for user
interpretation of the final part.

The display methods discussed in the computer graphics
section are all used in CAD packages.

There are many techniques possible with computer graphics
that make on screen designs easier to understand.

Dimensioning
— Placed manually, but updates when dimensions change.
— Annotation : the user may add comments to drawings
= text with a leader pointing to something
= text alone
= tolerances
= Drawing information

Graphics effects

— Wireframe model
— Solid model

— Rendering

Prof. B. H. Kim CAD/CAM
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Annotation

Prof. B. H. Kim CAD/CAM
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Graphics effects

Wire model view Solid model view Rendering view

Prof. B. H. Kim CAD/CAM
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