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1. SPACE REPRESENTATION

PREVIOUS CONCEPTS
PROJECTION PLANES
ANGLES

BISECTORS

»wh =

2. POINT REPRESENTATION

1. POINT NOTATION
1. DISTANCE TO THE ORIGIN
2. HEIGHT
3. REMOTENESS
4. DISTANCE TO THE EARTH LINE
2. POINT TYPICAL LOCATIONS
3. POINT MEMBERSHIP TO THE BISECTORS
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« ORTHOGRAPHIC SYSTEM: representation systems
that uses projections

— Cylindrical
— Orthogonal

© Beatriz Defez Garcia 4
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* Projection system
— VPP: VERTICAL g
PROJECTION PLANE N

— HPP: HORIZONTAL \\ opF
PROJECTION PLANE

— PPP: PROFILE
PROJECTION PLANE

— EL: EARTH LINE

— Tpp: TRACE OF THE
PP

« Coordinates system
— X:DISTANCE TO
ORIGIN
— Y: REMOTENESS
— Z: HEIGHT

© Beatriz Defez Garcia
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Conversion from 3d to 2d

— VPP invariant
— HPP turns 90° around EL to meet VPP

— PPP turns 9

0° around its trace to meet VPP
N

N

PP VPP=HFPP-FPPP

~_F

L

/PR3

HFP P 3

L3
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* Four angles (or
guadrants):

, II, Il and IV

e Y
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BISECTORS

bisectors

— Bl BII / \ \
— Bl 5 B

/

Eight 15
octants:

“lalb
_ lia, lib

— llla, IIIb

~ Iva, IVb / k

<5@

>
\ 0

EL

.

~__
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ITPP=VFPPS
VPP -HPF 11 | -
BILS Bl

lla Lk

Ttz [Tk o
HPP 3
o i -
by [T1o IV

[Tk [Va
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POINT NOTATION

« POINT NOTATION
A(X,Y,2)

X: DISTANCE TO
ORIGIN

Y: REMOTENESS
Z: HEIGHT

« D: DISTANCE TO
THE EL

© Beatriz Defez Garcia 10
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POINT NOTATION 2D

« Al: HORIZONTAL

PROJECTION
« A2: VERTICAL T
PR.OJ ECTION AD L DD
 A3: PROFILE ﬁ |
PROJECTION }
| \VARIEIE
\
N
+ 7
# + % ? ‘
- — | [
Lo
+ | >
y
Al o -
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POINT TYPICAL LOCATIONS

A BELONGS TO ANGLE |
B BELONGS TO ANGLE Il
C BELONGS TO ANGLE Il
D BELONGS TO ANGLE IV

ANANEA NN

Tpp

© Beatriz Defez Garcia
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EXAMPLES OF VERTICAL AND HORIZONTAL PROJECTIONS

* Represent:

— B(40,20,50) %} o
— C(-40,-100,-30) & |
— D(90,-60,80) ; o
— E(-90,60,-80) 3 | Bgﬂéﬁ .
| | &
| - | o
: 7
\ |
\

i i
| %CE Bl &
- |

S

D | 40 40
EF 20 -

B Y
|- S0
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EXAMPLES OF 3RD PROJECTION

~ — B(40,20,50)

— C(-40,-100,-30)
C%}DB//— — D(90,-60,80)
¥ U — E(-90,60,-80)
| 7 R
B2, Dlgp————fmr———— -
L AR B I
/ J
| |
} | r J
* Bl ? 1 /*
Cg\ 777777777777777777 -
LI S
[33 / \ES
S N G
N o |-
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v ABELONGS TO B1, ANGLE I
v" B BELONGS TO B2, ANGLE I
v CBELONGS TO B1, ANGLE 1lI
v DBELONGS TO B2, ANGLE IV

Tpp
B1-BP
AP B3
L S
. sl
S A
[ | 1 |
T I
Vq;fffL 77777777777777 |— — — —
ce | P
DI-DZy Al
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1. GENERIC STRAIGHT LINE
1. LINE PROJECTIONS, TRACES, CROSSING ANGLES, VIEWED AND HIDDEN
PARTS
2. 3RD PROJECTION
3. BISECTORS’' INTERSECTIONS

2. REMARKABLE LINES

HORIZONTAL AND FRONTAL LINES
EXTREME AND VERTICAL LINES
LINE CUTTING THE EARTH LINE (E.L.) AND LINE PARALLEL TO THE E.L.

LINE LOCATED ON THE 1ST. BISECTOR AND LINE LOCATED ON THE
SECOND BISECTOR

1. CUTTING THE E.L.
2. PARALLELTO THE E.L.
5. PROFILE LINE

b=

© Beatriz Defez Garcia 17
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LINE PROJECTIONS, TRACES, CROSSING ANGLES, VIEWED AND HIDDEN PARTS

Only the part of the
line along the 1st
angle is viewed. In
the rest of the
angles, the line is
hidden

HORIZONTAL TRACE

VERTICAL PROJECTION

VERTICAL TRACE

[V

© Beatriz Defez Garcia
2014, Universitat Politecnica de Valéncia
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 Obtained by finding the 3rd projection of two of its points and joining them

e It is useful to locate traces and intersections with other elements also
represented in 3rd projection

« The 3rd projection of a generic line does not show the true magnitud of the line

« Straight lines are represented with thick line, continious only along the 1st
angle. This rule also applies to the 3rd projection

\ PP
% \\
/ v
VWS/ /3
5 |
a | 3
Hr |
|~ - Hi 3
— / - \
anm Vil /\
Hr 1
[V | []
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BISECTORS’ INTERSECTION

© Beatriz Defez Garcia 20
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POINT MEMBERSHIP TO THE LINE

 One point belongs to AP
one line, if the ¥ A belongs
projections of the point \/ P S tor
are on the projections A
of the line
~C

/
/
v -
Yy - HWI
7 ~ B does not
—~ ‘;// BT{ belong tor
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H. LINE: The vertical projection is parallel to the
E.L. and only the vertical trace exits

-~ Ve e

1

IT [

F. LINE: The horizontal projection is parallel to
the E.L. and only the horizontal trace exits

re

,/ Hir 1 rl

[V I
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V. LINE:
Only the
vertical

projection
and the
horizontal
trace exist
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|
|
|
[ A}WE*VWE
|

/]

1

[V

E. LINE: Only
the horizontal
projection
and the
vertical trace
exist

e

Hr e

an

J
N

|
WI*H%1%$*

H

ll

|
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LINE CUTTING
THE E.L.. Both
projections cut
the E.L. on the
same point
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aa

e

Hr1-Hre
'Wlﬁgﬁf//////
~~
~

\
\

~1

~1

[11 [

LINE // TO
THE E.L.
Both
projections
are parallel
to the E.L.

© Beatriz Defez Garcia
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LINE ON B1:
Projections are
symmetric with
respect to the
E.L.

LINE ON B2:
Projections are
superimposed
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Hr1—Hr? e

\ // 7\\
< ~rl=-Vre \
\ :‘
<l \
I

[T1 [

Hr 1l —Hre ”1}”8
Virl-Vre -

[V I1

e

~1

‘%\\—J%H—J
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To determine a profile line, it is necessary to find its 3rd
projection (profile projection), using two given points.

For a profile line, the 3rd projection shows the true magnitud

of the line

[1

[V

PP,
\
= ~ 3\
\
/P Y3
Hre-Vrl 13
1 FK\
Hr 1P \
|
|
%ﬂ
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1. GENERIC PLANE REPRESENTATION: TRACES, VIEWED AND HIDDEN PARTS AND NOTATION

no

LINE MEMBERSHIP TO A PLANE

3. PLANE GIVEN BY:

1. 2 CUTTING LINES
2. ONE LINE AND ONE EXTERIOR POINT
3. THREE NON-ALIGNED POINTS

4. PARTICULAR PLANES
1. HORIZONTAL AND FRONTAL PLANES
2. HORIZONTAL AND VERTICAL PROJECTING PLANES
3. PLANE PARALLEL TO THE E.L. AND PLANE CONTAINING THE E.L.
4. PLANE PERPENDICULAR TO THE 1ST BISECTOR AND PLANE PERPENDICULAR TO THE 2ND
BISECTOR
5. PROFILE PLANE

6. 3RD TRACE

5. REMARKABLE LINES OF A PLANE

1. HORIZONTAL AND FRONTAL LINES
2. MAXIMAL SLOPE LINES
3. MAXIMAL TILT LINES

6. POINT MEMBERSHIP TO A PLANE

© Beatriz Defez Garcia 28
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« Traces are viewed along the 1st. angle.
« Plane traces are represented with thick
line, continious only along the 1st angle.

PP
> o2 ,
/
P1-p2 J
« NOTATION: distance from the plane o O b=
end to the origin; remoteness and
height of the interesection of the Y
plane traces with a profile plane ’
. o . o4
crossing the origin of coordiantes < J
- <
a (X,y,2)

© Beatriz Defez Garcia 29
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LINE MEMBERSHIP TO A PLANE

« Astraight line belongs to a plane if its traces are located on the
traces of the plane

© Beatriz Defez Garcia 30
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1. 2 CUTTING LINES
2. ONE LINE AND ONE EXTERIOR POINT Vi

3. THREE NON-ALIGNED POINTS
\
N\
AN
* Inany case: N\
N\
v Build two lines — y
v Find their traces /

v Join the traces of the same y
projection plane. These lines
are the traces of the solution
plane

THE TRACES OF THE PLANE
SHOULD MEET AT THE E.L.

© Beatriz Defez Garcia
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H. PLANE: Only
the vertical trace o0
exists and it is
parallel to the 0

E.L.
a( e, *,z) - -

V. PLANE: Only
the horizontal
trace exists and - —
it is parallel to

the E.L. o
a( o, y, «)

© Beatriz Defez Garcia
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H. PROJECTING PLANE: The
vertical trace is perpendicular to
the E.L. All its elements have
their horizontal projection on its
horizontal trace

a(x, y, «)

&
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— o
o

ol

X/

. V. PROJECTING PLANE: The
horizontal trace is perpendicular to
the E.L. All its elements have their

- —  vertical projection on its vertical
trace
o a( x, ©, z)
© Beatriz Defez Garcia 33
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PLANE PARALLEL TO
E.L.: It has their traces
parallel to the E.L.

a( =, y, Z)
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o7
oA
AD
ol — o2
&
A

X/

o4

PLANE CONTAINING
THE E.L.: It has its traces
coincident with the E.L.
One single point defines
the plane

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia
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« PLANE PERPENDICULAR TO B1:
It has symmetrical traces with o
respect to the E.L.

‘\
%
o A‘ o
o] |
 PLANE PERPENDICULAR TO B2; ol — a2
It has coincident traces \
(1 —0)2

2014, Universitat Politécnica de Valéncia
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« P.PLANE: Its traces are both perpendicular to the E.L.
Are usually used to help defining other elements

q( X,, oo)

02

X — o/

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia

36




GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

The 3rd trace of a plane is its intersection with the Profile Projection Plane
(P.P)

It is obtanined by joining the intersection of the horizontal and vertical traces
of the plane on the P.P

It is useful for the manaqging of particular planes, like those parallel or cutting
the Earth Line.

\ P.P.

7

od

T

© Beatriz Defez Garcia 37
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F. PLANE
LINE: The
vertical

projection of
the line is
parallel to
the vertical
trace of the
plane

GRAPHIC EXPRESSION
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o2
. H. PLANE LINE:
/e ~c The horizontal
| projection of the line
| is parallel to the
/rly horizontal trace of

N the plane

e

Hr

Hir 1 1

(]

© Beatriz Defez Garcia 38
2014, Universitat Politécnica de Valéncia




GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

. MAX. SLOPE LINE: Its
horizontal projection
isperpendicular to the
horizontal trace of the
plane

MAX. TILT LINE: Its
vertical projection is
perpendicular to the
vertical trace of the
plane

© Beatriz Defez Garcia 39
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A point belongs to a plane, if the point could be located on any
of the lines that belong to that plane

In practice, horizontal or frontal lines are used to check the
point membership to a plane, or to locate a point onto a plane

© Beatriz Defez Garcia 40
2014, Universitat Politécnica de Valéncia




Graphic Expression

ORTHOGRAPHIC
SYSTEM




GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

1. LINES INTERSECTION

2. PLANES INTERSECTION

GENERIC CASE
TRACES DO NOT MEET IN THE LIMITS OF THE PAPER FORMAT
INTERSECTIONS WITH THE BISECTORS

INTERSECTIONS OF PLANES PARALLEL OR CUTTING THE
EARTH LINE: USE OF THE 3RD TRACE

> wh -

3. LINE AND PLANE INTERSECTION

1. GENERIC CASE
2. INTERSECION OF A PROFILE LINE WITH A PLANE

© Beatriz Defez Garcia 42
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« The intersection Is the
point which belongs to
both straigth lines at the
same time. The lines
define a plane.

© Beatriz Defez Garcia 43
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LINES INTERSECTION

 Lines do not intersect if they:

— Cross each other

— Are parallel to each other

© Beatriz Defez Garcia
2014, Universitat Politecnica de Valéncia
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 The intersection is the line that joins the intersection points of
the horizontal and vertical traces of the planes. Such points are
the traces of the intersection line

© Beatriz Defez Garcia 45
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The U %\

intersection B W\
of horizontal

plane lines

at the same re
height
provide
points of the
Intersection
line of the
planes

52

|

|

|

AQ se

|

o
|

|

|

|

- - - -
\ 9

| sl

‘\‘ ° 1
Il

v
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X/

12 | .
~+ The Intersection
N D 7 of the , ane with
the intersection
| 7 of any of its lines
% | with B1
/ / / ‘
|
‘ o
ol |
|
|
D X
o4
© Beatriz Defez Ga%i@ 47
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« The intersection
line joins the end
of the plane with
the Intersection
of any of its lines
with B2

oL

© Beatriz Defez Garcia 48
2014, Universitat Politécnica de Valéncia



The intersection
IS obtained by
representing
both planes by
their 3rd. Trace

The intesection
lineiis parallel
to the E.L.

GRAPHIC EXPRESSION
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B2

a2

P.P.

12

11

81

a1

© Beatriz Defez Garcia
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The
intersection is
obtained by
representing
both planes by
their 3rd. Trace

The intesection
line i is parallel
to the E.L.

GRAPHIC EXPRESSION
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02 Vi2

© Beatriz Defez Garcia
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« The intersection line contains the
EL. Therefore its traces are located
at the end of the common plane
 Another point of the intersection is PP
obtained by representing both B3 a3
planes by their 3rd. Trace usin g a_—
profile plane Azﬁ%”’ls " A3
| .
—+— —] :
— _ \ //” ;s
’ al-a o /‘_
B S
! 11
A1 - '/
ﬂ% ******* B ) /'’
© Beatriz Defez Garcia 51
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« GENERIC METHOD:
intersection between
plane a and liner

— Build an auxiliar plane
¢ containg the line r

— Find the intersection
line i between planes a
and ¢

— Find the intersection
point | between lines r
and i. THIS IS THE
INTERSECTION
POINT

© Beatriz Defez Garcia 52
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« The intersection is obtained
. P.P.
by representing both planes

by their 3rd. Trace
« The intesection line i Is B3
parallel to the E.L. B2
ffffffff /B3
a2 ¢ \
2 N3
| N
_ i T
B1.,
B1-B2
a1 /

2014, Universitat Politécnica de Valéncia
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« GENERIC METHOD: P2
Intersection between
plane a and liner

— Build an auxiliar plane
¢ containg the line r

— Find the intersection
line i between planes a
and ¢

— Find the intersection
point | between lines r
and i. THIS IS THE
INTERSECTION
POINT

© Beatriz Defez Garcia 54
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« PROFILE LINE:
intersection between
plane a and profile liner

Build an auxiliar plane
¢ containg the line r. @
is a profile plane

Represent the third
projection of line r and
the third trace of plane
a according to plane ¢
a3 and r3

Find the intersection
between a3 and r3.

GRAPHIC EXPRESSION
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r1-r2

Vr2
Hr1 /4

/

w

V

a3

This point is I3.

Find the orthographic
projections of I: [1 and
2. THIS IS THE
INTERSECTION
POINT

al

¢1-¢2

N,
Hr2-Vr1

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia
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TABLE OF CONTENTS

1. LINES PARALLELISM
1. PROFILE LINES

2. PLANES PARALLELISM
1. SPECIAL PLANES

3. LINE AND PLANE PARALLELISM

© Beatriz Defez Garcia 57
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« Two straight Ilines
are parallel if their
projections on the
same projection
plane are parallel to
each other

— s1//r1
— s2//r2
— s3//r3

« Case: drawing s
paralell to r by point
A

© Beatriz Defez Garcia 58
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LINES PARALLELISM. PROFILE LINE

For profile lines, it is
necessary to work with
their the 3rd projection

r1-r2 s1-s2 P.P. r1-r2 s1-s2 P.P.
ﬂ I
| Vs2 | N
Il % S3 | |/
ﬂ |
vizb | vizb |
r3
- ) —
/ /
// / /j’|31
P /
Hetp | - L
// l
| oAHst | l
n | |

© Beatriz Defez Garcia
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Two planes are
parallel if their
traces on the
same projection
plane are parallel
to each other

— a1 //B1
— a2/l B2
— a3 // B3

Case: drawing B
paralell to a by
point A

GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

© Beatriz Defez Garcia
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For planes
parallel to

GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

P.P.

the E.L, or B2
containing A
the E.L., it is , %% ***** ON\UA3
necessary o | |
to work with | | B3
their 3rd | \03
trace | |
- ; A
A1 // //
b
a 7
1 |
© Beatriz Defez Garcia 61
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One plane ;
parallel to  ong
straight line if the
o' contains
one line parallel to
the first one

Case: drawing a,
parallel to r and
containing u

GRAPHIC EXPRESSION
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\/s2

r2

For special lines
and/or planes it is
necessary to work
with  their  3rd
projection or 3rd
trace

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia
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1. LINE AND PLANE PERPENDICULARITY

1. Line perpendicular to a plane by a given point
2. Plane perpendicular to a line by a given point

2. PLANES PERPENDICULARITY

1. Plane perpendicular to another plane, by a given line
2. Plane perpendicular to another plane, by a given point

3. LINES PERPENDICULARITY
1. Line perpendicular to another line by a given point

© Beatriz Defez Garcia 64
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The projections
of the line are
pependicular to
the traces of the
plane on the
same projection
plane.

- r1La1
- r2La2
Case: drawing r

perpendicular to
a by point A

GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM
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LINE AND PLANE PERPENDICULARITY

« Case: drawing a«a
perpendicular to r
by point A

© Beatriz Defez Garcia 66
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Plane B IS
perpendicular to
plane a, if B
contains any line
perpendicular to a:

BLaoseB;sLa

Case: drawing B
perpendicular to q,
and containing line
r

GRAPHIC EXPRESSION
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 In general two lines which
are perpendicular in the
space do not have
perpendicular projections

« Case: drawing line s,
perpendicular to line r, by
point A:

— Build an auxiliar plane ¢
perpendicular to line r by
point A

— Find the intersection point |
between plane ¢ and line r.

— Join points A and | by a
straight line. THIS LINE IS
S, THE SOLUTION

© Beatriz Defez Garcia 68
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. ) 02
* In general two lines which

are perpendicular in the r2

space do not have

perpendicular projections

- Case: drawing line s, P2
. i N\
perpendicular to line r, by Hrrﬁ%\ A

point A: h2

\
\
\
— Build an auxiliar plane ¢
perpendicular to line r |
by point A il A
— Find the intersection
point | between plane ¢
and line r

— Join points A and | by a “
straight line. THIS LINE r1
IS S, THE SOLUTION

© Beatriz Defez Garcia 69
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 For especial lines and planes, it iIs necessary
to work with their 3rd projection or 3rd trace
to draw perpendicular elements

— Profile lines
— Planes parallel to the E.L.
— Planes containing the E.L.

 The perpendicular angle could be drawn on a
profile plane

© Beatriz Defez Garcia 70
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1. PREVIOUS CONCEPTS

2. POINT ABASEMENT

1.  GENERIC METHOD
2.  HORIZONTAL ABASEMENT. TRIANGLE METHOD.

3. PLANE ABASEMENT

COMMON PLANES

REDUCED ABASEMENT METHOD FOR POINTS AND LINES
PROJECTING PLANES

SPECIAL PLANES

1. PLANES PARALLEL TO THE E.L.
2.  PLANES CONTAINING THE E.L.

hown -~

4.  AFINITY

© Beatriz Defez Garcia 72
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« ABASEMENT: turn of one element around one
abasement axis (“charnela”) to place it on one of the
projection planes or a plane parallel to them (eirther
a horizontal or a vertical plane)

« OBJECTIVE: to obtain the true magnitude (distances
and angles) of the elements contained on any kind of
plane

- LETERING
- (A)

= (r)
— (a1), (a2)

© Beatriz Defez Garcia 73
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|t is necessary to abase
distance of the point to
the abasement axis

around it AD
« Usefull to find the true />$\F
magnitude of elements IR B
regardless the plane that N —_ " 5
contain them. X

| X !

| \

A/ \
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POINT ABASEMENT. Generic method

« Usefull to find the
true magnitude of
elements regardless
the plane that contain
them.

oS- $<¢

G
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POINT ABASEMENT. Generic method

B)\g@mmwef{earcia 76
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Elements are turned
on a plane parallel to
one projection plane.

Useful to find the
true size of figures.

The generic method
for the points
abasement IS
applied.
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Elements are turned
on a plane parallel to
one projection plane.

Useful to find the
true size of figures.

The generic method

for the points
abasement IS
applied.
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A2

(A)

© Beatriz Defez Garcia
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« Abasement of one « It is made by the abasement of
trace around the other two points: the plane end
one to place it on the (remains invariant) and one
corresponding point belonging to the trace to

projection plane. abase.

© Beatriz Defez Garcia
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« Since both points belong to one projection plane, the segment that
joins them is in true magnitude.

© Beatriz Defez Garcia
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Based on the
abasement of
the plane that
contains the
elements
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Horizontal and frontal lines are used to abase points.

On an abasement on the HPP, a horizontal line remais
parallel to the horizontal trace of the plane, and a frontal
line remains parallel to the abased vertical trace of the
plane.

On an abasement on the VPP, a frontal line remais parallel
to the vertical trace of the plane, and a horizontal line
remains parallel to the abased horizontal trace of the plane.

Profile lines are abased using their 3rd projection.

© Beatriz Defez Garcia
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PLANE ABASEMENT. Projecting planes

e The abased trace holds 90° with the abasement axis

57

51
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PLANE ABASEMENT. Planes parallel to the E.L.

P.P.

 Abasement done with help of their
3rd trace.

« The abasement on the HPP
requires and indermediate turn.

e The abasement on the VPP is

direct.
(61)
(52)pp o
P.P. AN
e
g2 TN
P OMINAS)
A7 / /
B N 63,
| | o
| |
o | // //{ I
L
81
© Beatriz Defez Garcia 84

2014, Universitat Politecnica de Valéncia



GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

PLANE ABASEMENT. Planes containing the E.L.

Abasement
done with help
of their 3rd
trace.

P.P.

83 P.P. 83
(A)] o
p20 =
v
— = B2 ) —
Al

© Beatriz Defez Garcia
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« Afinity could be JE——
applied to simplify
the Dbuilding  of
figures

— The points of the |
turning axis are
abased and
projected
simoustaneously

— The geometric
correlations of the
figure elements
are kept in both
the  abasement
and the
projections
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PREVIOUS CONCEPTS

1. ELEMENTS SHOWING TRUE MAGNITUDES
2.  TRUE DISTANCES

POINT TURN

1. AROUND A VERTICAL AXIS
2. AROUND AN EXTREME AXIS ("EJE DE PUNTA?)

LINE TURN

1. GETTING FRONTAL AND HORIZONTAL LINES
2.  GETTING SPECIAL LINES

PLANE TURN

1. GENERAL TURN
2.  GETTING PROJECTING PLANES
3. GETTING SPECIAL PLANES

© Beatriz Defez Garcia 88
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TURN: angular displacement of one element around one
turning axis to place it on a more convenient position. The turn
usually involves a change in the nature of the element.

TURNING AXIS:

— Vertical lines: change on the horizontal projection of the element

— Extreme lines (‘rectas de punta”). change on the vertical
projection of the element.

OBJECTIVE: to obtain the true magnitude (distances and
angles) of the elements regardless their initial nature.

LETERING
— A1, A2
- 15 r2

— a1, a2’

© Beatriz Defez Garcia 89
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lines, horizontal and
vertical projecting planes,
show true magnitudes on

their respective

A2 r2 B2 * Horizontal and frontal
|
projections

32

31
31
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« The distance between one point and one line could be directly
measured, if the line is:

— EXTREME LINE: Distance A-e= Disntace A2-e2
— VERTICAL LINE: Distance A-v= Distance A1-v1

A2 V2

e2 ﬁ%

v

© Beatriz Defez Garcia | 91
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« The distance between one point and one line could be directly
measure if the plane is:

— HORIZONTAL PROJECTING PLANE: Distance A-@= Distance A1- ¢ 1
— VERTICAL PROJECTING PLANE: Distance A-o= Distance A2- o 2

b2 A2 A2

© Beatriz Defez Garcia 92
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« Around a vertical axis: Al rotates, A2 keeps the same height.

« Around an extreme axis: A2 rotates, Al keeps the same
remoteness

© Beatriz Defez Garcia 93
2014, Universitat Politécnica de Valéncia



GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

Around a vertical axis: Al rotates, A2 keeps the same height.

Around an extreme axis: A2 rotates, Al keeps the same
remoteness

© Beatriz Defez Garcia 94
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Made by the turn of two of its

points

— Around a vertical axis:
getting a frontal line

— Around an extreme axis:
getting a horizontal line

Two directions (clockwise

and counter-clockwise are

possible)

Turning axis cuts the line: the

interseccidon point remains

invariable

If the turning axis does not

cut the line: the “tangency”

point T has to be found and

turned first

© Beatriz Defez Garcia 95
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« Made by the turn of two of its points
— Around a vertical axis: getting a frontal line
— Around an extreme axis: getting a horizontal line
« Two directions (clockwise and counter-clockwise are possible)
« Turning axis cuts the line: the interseccidn point remains invariable

© Beatriz Defez Garcia 96
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« If the turning axis does not cut the line: the “tangency” point T
has to be found and turned first

Ao

\
\
A2 A2
‘ N
\

P g

' AT
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Frontal line
around a 27|
extreme axis: Ir2
vertical line
or line | — _
parallel to !
the E.L. M1'T1' T T1
e1

r2'

L 2" T21 T2 12
Horizontal

line around
vertical axis:
extreme line

or line
T1% |
parallel to s

© \By&(ﬁ)efe r Garcia
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|, Iinterseccion point between axis and
plane, remains constant during the turn R2
 Horizontal (or frontal) plane lines are
used as auxiliary elements \
, Vh2 -
2 2 h2h2

5
\|/
|
|
|
.
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« Specific turns could change generic planes into projecting planes:

— Around a vertical axis: vertical projecting plane
— Around an extrem axis: horizontal projecting planes

R 32 32" 2

V2 /
/ e2| T2

Vh2 <12  h2
ok N
P T
| el 1
HF1 [ 11

R1'
m\ /11

© Beatriz Defez Garcia 100
2014, Universitat Politécnica de Valéncia



GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

PLANE TURN. Getting special planes

« For instance, P.P.
getting a plane R

Eﬁféllel to the R V2 /

131

© Beatriz Defez Garcia 101
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PREVIOUS CONCEPTS

POINT PLANE CHAGE

1.  HORIZONTAL PLANE CHANGE
2.  VERTICAL PLANE CHANGE

LINE PLANE CHANGE

1. GETTING HORIZONTAL AND FRONTAL LINES
2.  GETTING EXTREME AND VERTICAL LINES
3. GETTING LINES PARALLEL TO THE E.L.

PLANE PLANE CHANGE

1. GETTING PROJECTING PLANES
2.  GETTING FRONTAL AND HORIZONTAL PLANES
3. GETTING PLANES PARALLEL TO THE E.L.

© Beatriz Defez Garcia 103
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PLANE CHANGE: change of one of the PROJECTION PLANES at a time to change
the projection of the graphic elements. The plane change usually involves a change
In the nature of the element with respect to the new projection planes.

OBJECTIVE: to obtain the true magnitude (distances and angles) of the elements
regardless their initial nature.

LETERING
- A1, A2
- ', r2
— al’, a2’

PLANE CHANGE NOTATION

— Each new E.L. is accompanied by an aditional pair of lateral strokes. The location of
the strokes determine the positive sense of the remoteness and height axes.

— Each new E.L. is accompanied by a leged consisting of a key, a capital letter (H or V)
indicating the projection plane that changes, the number of that plane change, and a
second capital letter indicating the proyection plane that remains invariant (H or V).

© Beatriz Defez Garcia 104
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One of the projection
planes changes its
location. As a
consequence, the
projection of the point
on that projectio
plane changes.

However, the magnitud |
of the projection that
changes (remoteness
for the horizontal
projection; and height
for the vertical
projection) remains the
same.

© Beatriz Defez Garcia 105
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« HORIZONTAL PLANE CHANGE:

— A2 remains the same, but zA changes

— Al changes, but yA remains the same: A1’
« VERTICAL PLANE CHANGE:

— A2 changes, but zA remains the same: A2’
— Al remains the same, but yA changes

© Beatriz Defez Garcia 106
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« One of the projection planes changes to become parallel to the line.

« Thenew E.L. becomes parallel to one of the projections of the line

(H]

/
/
/
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HORIZONTAL PLANE CHANGE: getting a horizontal line

— r2 remains the same, but with a constant height: r2’ parallel to the E.L
— rl changes, but its points keep the same remoteness

VERTICAL PLANE CHANGE: getting a frontal line

— r2 changes, but its points keep the same height
— rlremains the same, but with a constant remoteness:r1’ parallel to the E.L

© Beatriz Defez Garcia 108
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The initial line should be a horizontal or a frontal line
One of the projection planes changes to become perpendicular to the line.

The new E.L. becomes perpendicular to one of the projections of the line

© Beatriz Defez Garcia 109
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«  FROM A HORIZONTAL LINE, A VERTCIAL PLANE CHANGE COULD GET AN EXTREME
LINE

— r2 changes, but its points keep the same height and concentrate on a single point
— rlremains the same, but perpendicular to the E.L

* FROM A FRONTAL LINE, A HORIZONTAL PLANE CHANGE COULD GET A VERTICAL LINE

— r2 remains the same, but perpendicular to the E.L

— rl changes, but its points keep the same remot\ ess and concentrate on a single point
N AN
S

r1
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e The initial line should
be a horizontal or a
frontal line

« One of the projection
planes changes to
become parallel to the
line.

« The new E.L. becomes
parallel to both
projections of the line

© Beatriz Defez Garcia 111
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FROM A HORIZONTAL LINE, A VERTICAL PLANE CHANGE COULD GET LINE PARALLEL TO THE E.L.

— r2 changes, but its points keep the same height: r2’ parallel to the E.L.
— rlremains the same, but parallel to the E.L

FROM A FRONTAL LINE, A HORIZONTAL PLANE CHANGE COULD GET A LINE PARALLEL TO THE E.L.

— r2remains the same, but is parallel to the E.L
— rlchanges, but its points keep the same remoteness: r1’ parallel to the E.L.

Y\'\
S\ N
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One of the projection
planes changes to
become perpendicular
to the plane

The new E.L. becomes
perpendicular to one
of the traces of the
plane

GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

G2

G
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HORIZONTAL PLANE CHANGE: getting a horizontal projecting plane

— B2 remains the same, but perpendicular to the E.L.
— B lchanges

VERTICAL PLANE CHANGE: getting a vertical projecting plane

— B 2changes
— B 1remains the same, but perpendicular to the E.L.

32'

A2
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« The Initial plane
should be a horizontal
or a vertical projecting
plane

« One of the projection
planes changes to
become parallel to the
plane

* The new E.L. becomes
parallel to both planes

© Beatriz Defez Garcia 115
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FROM A HORIZONTAL PROJECTING PLANE, A VERTICAL PLANE CHANGE COULD GET A FRONTAL
PLANE

— B2 disapears

— Bl remains the same, but parallel to the E.L

FROM A VERTICAL PROJECTING PLANE, A HORIZONTAL PLANE CHANGE COULD GET A HORIZONTAL
PLANE

— B2 remains the same, but parallel to the E.L

— PB1 disapears

32

R2
W\

Ny
d

31
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HORIZONTAL PLANE CHANGE: getting a plane

parallel to the E.L. [32
— B2 remains the same, but parallel to the E.L.
— Bl changes, B1’ parallel to the E.L.

VERTICAL PLANE CHANGE: getting a plane
parallel to the E.L.

— B 2changes, B2’ parallel to the E.L.
— B 1remains the same, but parallel to the E.L.

© Beatriz Defez Garcia 117
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ANGLE BETWEEN A LINE AND THE PROJECTION PLANES

1. ABASEMENT (TRIANGLE METHOD)
2. TURN
3. PLANE CHANGE

ANGLE WITHIN LINES
1. ABASEMENT (GENERIC OR REDUCED)

ANGLE BETWEEN A PLANE ANDTHE PROJECTION PLANES

1. TURN
2. PLANE CHANGE
3. ABASEMENT OF PLANE’S MAX. SLOPE AND MAX. TILT ANGLE LINES

ANGLE BETWEEN LINE AND PLANE
ANGLE BETWEEN TWO PLANES

CONDITIONING ANGLES

1. LINES
2. PLANES

© Beatriz Defez Garcia 119
2014, Universitat Politécnica de Valéncia




GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

« ABASEMENT (TRIANGLE METHOD)
\ (r) Vr2

—

© Beatriz Defez Garcia
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ANGLE WITHIN LINES

« ABASEMENT OF BOTH LINES, USING THE SAME METHOD
(GENERIC OR REDUCED)

© Beatriz Defez Garcia 121
2014, Universitat Politecnica de Valéncia



GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

ANGLE BETWEEN A PLANE AND THE PROJECTION PLANES

« TURNS AND PLANE CHANGES

32

S
20

1

Ee\y

31
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« ABASEMENT OF
« MAX. SLOPE LINE ON THE HPP: angle with HPP

« MAX.TILT LINE ON THE VPP: angle with VPP
(Ht)

(Vm) © Beatriz Defez Garcia / 123
2014, Universitat Politécnica de Valéncia
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5)

6)
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Find point l, the
Intersection between r and

B

Trace line s, perpendicular
to B by a point of r, point P

Find point J, the
Intersection between s and

B

Tracelineu by land J

Find plane ¢, which
contains r and u

Abase ¢ . Abase r and u
accordingly. Measure the
angle between r and u on
the abasement. This is
angle between r and 8

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia

124




1)

2)

3)
4)

5)

GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

Find line 1, the intersection
line between a and B

Draw plane o,
perpendicular to a and B
(and therefore to 1) by any
given point

Find line r, the intersection
line between a and ¢

Find line s, the intersection
line between B and ¢

Abase ¢@. Abase r and s
accordingly. Measure the
angle between r and s on
the abasement. This is
angle between a and 8

© Beatriz Defez Garcia
2014, Universitat Politécnica de Valéncia
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CONDITIONING ANGLES. Lines

 Drawing lines which hold especific angles with the projection
planes
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CONDITIONING ANGLES. Lines

« Drawing lines which hold specific angles with the projection
planes
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CONDITIONING ANGLES. Lines

« Drawing lines which hold specific angles with both projection
planes at the same time

© Beatriz Defez Garcia 128
2014, Universitat Politecnica de Valéncia




GRAPHIC EXPRESSION
ORTHOGRAPHIC SYSTEM

CONDITIONING ANGLES. Lines

« Drawing lines which hold specific angles with both projection
planes at the same time Vs2

© Beatriz Defez Garcia 4 129
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« Drawing planes which hold specific angles with the PP:
conditioning their maximal slope or maximal tilt lines

© Beatriz Defez Garcia 130
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« Drawing planes which
hold angles with the
PP: conditioning their
maximal slope or
maximal titlt lines
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