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MATHEMATICS FOR SYSTEMATIC MODELING
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ROTATION BY CENTER + AXIS + ANGLE ROTATION BY CENTER + PLANE + ANGLE

_______

n : plane normal

| V : axis
p :'center X : result X : result
. A:angle ' A:angle
X : target X : target
v axis \ v @ axis

, X’ : result
X’ : result

Aiangle
A iangle ; g
] x : target

X : target



ROTATION: MICROSTATION
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.~ ROTATION: MICROSTATION
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ROTATION: MICROSTATION
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; MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
- ROTATION: RHINOCEROS
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k% Untitled - Rhinoceros [turpurafai - |ﬁerspec’rlve]
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ROTATE 2-D (Left Click)
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3 MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
. ROTATION: RHINOCEROS
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k& Untitled - Rhinoceros (Corporate) - [Perspective]
File Edit Wiew Curve Surface Solid Mesh  Dimension  Transform  Tools  Analyze  Render  Morkey  Help

(Zommand: _FointsCn
;Cummand: _Rotate3lD
: Start of rotation axis: |
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ROTATE 3-D (Right Click)



3 MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
- ROTATION: RHINOCEROS
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FE Untitled - Rhinoceros (Corporate) - [Perspective]

Fle Edit Wiew Curve Suorface Solid Mesh Dimension  Transform  Tools  Analyze  Render  Monkey Help
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3 MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
- ROTATION: GRASSHOPPER
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Rotate in A Plan(_a Botate around An Axis
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S Rotate (Rotats) < RotAx (Rotate Axis)

Rotate an object in a plane. Rotate an object around an axis.
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ROTATE IN APLANE & ROTATE AROUND AN AXIS
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'® [unsaved] - Code Monkey ==
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3= 8ub Main ()
4
5 Dim strobject
&
T strobject = Ehino.GetObject ("select object™)
.
g Call Rhino.RotateObjecti{strObject, Array(10, 10, 0}, 45, Array(10,10,10)}}
j_D S sssssssssssEEEEEEEEEEEEEEEEESE - . B .
1 e R L
12| | End Sub s, o} . .
4 - © ©
06' o) 2 2
G d % s,
B
O
<] B
Line 12 Column 8 Proc: kain

ROTATE OBJECT METHOD



. X : result

X : target

p : reference

,,,,,,,,,,,,,,,,,,,,,,,,,,,

p : reference

. X : result

X : target

,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,
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- ROTATION VS PROJECTION
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ROTATE AROUND X-AXIS

tation axi jected tated
rolatiol axs D st point. ROTATE AROUND AXIS ON XY-PLANE

PERPENDICULAR TO AVECTOR

TO THE POINT

ROTATE AROUND
,  ARBITRARY AXIS
-\ ON XY-PLANE

PN rotation axis

rotation axis




MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
ROTATION / PROJECTION / EXTENSION

PLAN

HOW TO MOVE CORNER POINT TO BE ON XY-PLANE?

UNFOLDED SHAPE



MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
ROTATION / PROJECTION / EXTENSION
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UNFOLDED SHAPE




PLAN

UNFOLDED SHAPE

ROTATION / PROJECTION / EXTENSION

MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE ",
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MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
ROTATION / PROJECTION / EXTENSION

ROTATION

PLAN

UNFOLDED SHAPE



MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE",
ROTATION / PROJECTION / EXTENSION
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5 MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE", | ¥
- ANGLE OF TWO PLANES . ¥ 3

____________________________________________________________________________________________________________

intersection line

measured by two lines perpendicular
to the intersection line



{ MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE", ¥ |
. ANGLE OF TWO SURFACE . ¥ 5

............................................................................................................

1. Measurement Point 2. Tangent line of the
intersection curve

3. Perpendicular plane
to tangent line

4. Intersection curves of the 5. Tangent line of the each
plane and the surfaces intersection curve

6. Angle of two the
tangent lines




MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE ™,
ANGLE OF TWO SURFACE : EXAMPLE I S ;
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CIRCLE BY CENTER + AXIS + RADIUS CIRCLE BY CENTER + PLANE + RADIUS

r : radius r : radius
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CIRCLE BY PLANE (OR AXIS) + DIAMETER CIRCLE BY 3 POINTS

p2 : point on circle

p2 : 2nd point of diameter

p1 : point on circle

__p1: 1st point of diameter

_______ *
-

ps3 : point on circle
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CIRCLE BY 2 TANGENT LINES + RADIUS CIRCLE BY 3 TANGENT LINES
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\
\ bisector \
|
\\
\\
\\
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\ L2 :tangent line
L1 :tangent line
e
S
L1 :tangent line S bisector
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Q bisector "~

L3 :tangent line \
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\\ bisector



' CIRCLE IN MICROSTATION

PH mstest3.dgn (3D - V8 DGN) - MicroStation TriForma V8 XM Edition
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CIRCLE BY CENTER AND RADIUS



' CIRCLE IN MICROSTATION

§H mstest3.dgn (3D - V8 DGN) - MicroStation TriForma V8 XM Edition
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' CIRCLE IN MICROSTATION

§H mstest3.dgn (3D - V8 DGN) - MicroStation TriForma V8 XM Edition
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K% Untitled - Rhinoceros (Corporate) - [Perspective]
File Edit ‘iew Curve Surface  Sclid  Mesh  Dimension  Transform  Tools  Analyze  Render

Command: _Circle
Center of circle [ Deformable Vertical 2Foint 3Foint Tangent AroundCurve FitFoints )
'Radius <6.000> [ Diameter J: |
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' CIRCLE IN RHINOCEROS
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K% Untitled - Rhinoceros (Corporate) - [Perspective]
File Edit ‘iew Curve Surface  Sclid  Mesh  Dimension  Transform  Tools  Analyze  Render

- Center of circle { Deformable Vertical 2Foint 3Foint Tangent AroundCurve FitFoints ) _Diamet
- Start of diameter { Vertical )
'End of diameter { ‘ertical ) |
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CIRCLE BY DIAMETER



' CIRCLE IN RHINOCEROS
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K% Untitled - Rhinoceros (Corporate) - [Perspective]
File Edit ‘iew Curve Surface  Sclid  Mesh  Dimension  Transform  Tools  Analyze  Render

First point:
Second point:
Third point: |
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CIRCLE BY 3 POINTS
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rﬁ Untitled - Rhinoceros (Corporate) - [Perspective]

File Edit Wiew Curve Surface  Solid  Mesh  Dimension  Transform Tools

Analyze  Render

First tangent curve { Foint ).

Second tangent curve ar radius <6.000= { Point FromFirstPoint ). _Pause

:Second tangent curve or radius <6.000> ( Point FromFirstFoint ) |
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' CIRCLE IN RHINOCEROS
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K% Untitled - Rhinoceros (Corporate) - [Perspective]
File Edit ‘iew Curve Surface  Sclid  Mesh  Dimension  Transform  Tools  Analyze  Render

First tangent curve [ Foint )
Second tangent curve or radius <6.000> { Point FromFirstPaoint )

. Third tangent curve. Press Enter to draw circle from first two points ( Point Radius ) |
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CIRCLE BY 3 TANGENT LINES
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' FINDING CENTER OF CIRCLE

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Take 3 points on the circle and Draw a perpendicular line from Take an intersection of perpendicular
draw 2 lines between them. a midpoint of each line. lines and it's the center of the circle.
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MATHEMATICS FOR SYSTEMATIC MODELING_3 ROTATION AND CIRCLE™,
DIVIDING ARC INTO EQUAL LENGTH / ANGLE




; MATHEMATICS FOR SYSTEMATIC MODELING 3 ROTATION AND CIRCLE",
- ELLIPSE AND CYLINDER/CONE

.............................................................................................................

RELATIONSHIP BETWEEN CIRCLE AND ELLIPSE BY UNPROPORTIONAL SCALING

CIRCLE ELLIPSE ELLIPSE ELLIPSE

CIRCLE CIRCLE ELLIPSE ELLIPSE



; MATHEMATICS FOR SYSTEMATIC MODELING 3 ROTATION AND CIRCLE",
- ELLIPSE AND CYLINDER/CONE

_____________________________________________________________________________________________________________

TRIVIA: PARABOLA AND HYPERBOLA

ELLIPSE ELLIPSE PARABOLA HYPERBOLA HYPERBOLA
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N

Draw two parallel lines Pick midpoints of each pair of Extend the line to the
intersecting at 4 points intersections and connect them ellipse and the midpoint
of the line is the center

Jajuao

FINDING MAJOR AND MINOR AXES

Draw a circle from the Draw rectangle connecting Connection of midpoints of each
center intersecting at the 4 intersection points edge of the rectangle gives you
4 points major and minor axes
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" TILTED CYLINDER AND LOFTED CIRCLE
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CYLINDER

SHEARED CYLINDER
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SHEARED CONE
(LOFT SURFACE
BTWEEN CIRCLES)



TILTED CONE

TILTED CONE

- PANELIZATION
PERPENDICULAR
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- TRANSFORMATION OF CIRCLE INTO ELLIPSE
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SHEARING

UNIFORM SCALING NON-UNIFORM SCALING ROTATION
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AFFINE TRANSFORMATION
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; MATHEMATICS FOR SYSTEMATIC MODELING 3 ROTATION AND CIRCLE",
- EXERCISE : FACETING EQUALLY

TASK1. BASIC

Draw corner with an arbitrary
angle and draw facet lines
whose angles are all equal.
Measure the angle to make
sure they are equal.

TASK2. ADVANCED

Model tilted faces with
the facet lines drawn

in task 1 whose unfolded
shapes are identical

and the angles of faces
are all equal.

Measure the angles of
faces to check if they
are equal and unfold
the faces to check if

the shapes are identical.

* The angle of tilted
faces in 3D is different
from the angle on the
plan.
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