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Understanding Projection Systems

A Point: A point has no dimensionsa theoretical location that has neither length, width nor height.

A point shows an exact locatiam space |t is important to understand that a point is moblject but a
position Werepresena point by placing a dot with a pencil.

A Line: A line is a geometric object that has length and direction but no thickness. A line may be straight or
curved A line may be infinitely longlf a line has alefinite length itis called dine segmenbr curve segment.

A straight line is the shortest distance between two puihish is known as thgue length of the line A line

is named using letters to indicate its endpoints.

/ B / °
A A
AB - Straight Line Segment ABT Curved LineSegment

A line may be seen as the locus of a point as it travels between two points.

A

i @ B

A line can graphically represent thersection of two surfacestheedge view of a surfaceor thelimiting
element of a surface

A Plane: A planeis a flat surface which is infinitely large
with zero thickness.

Just & apoint generates a line, a line can generate a pIA
A portion of a plane is referred to ataanina.

A Plane may be defined in a number of different ways.
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A plane may be defined by;

(if) A line and a point (i) Two intersecting lines (iv) Two Parallel Lines

(i) 3 nortlinear points
(The point can ndie on the line)

Descriptive Geometry refers to the representation of 8bjectsin a2D format using points, lines and planes.
Thisformat yields accurate information regarding lengths of lines and positions of objects relative to an origin

A view is created by projecting an object onto a plane. The position of the plane and thg diesction
relative to the object willleterminetheresultingview.
Plane

Projector

.

=4

In this case, the television is viewed from the front. The ppkaced behind the televisigerpendicular to
the line of vision. The view is projected onto thane at 90°The resulting view is contained on the plane.
This type of projection is known &rthographic Projection or Orthogonal Projection.

Does one view give us the complete picture?
Pictured bel ow are two

choose@ (a) or (b}
@ |

b u n ccankysnore than the ddher N/dhigreusd youo n e

CHEY T

20 k2.

20 Esi3.
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The views shown do not give enough informatiorenable uso make a decision as to which contains the most
money. What view would you require to make a confident choice?

The viewsbelowshow the heights of both bundles. Bundle (b) clearly contains more than bundle (a).

(0

This view indicates a greater quantity of notes but leaves us undecided as to what the ridied@pesiews
indicate that both bundles are made up of 020 no
confidently make a decision as to which contains the most mmothywiews are required.

(@)

Creating the views As discussed earligin orderto create a particular view of an object a plane must be placed
in a position onto which the view will be projected. The views required in this case are a front view and top
view.

A plane is required thend the object onto which the froniew will be projected. Because the line of vision is
horizontal, and the plane is positioned perpendicular to the line of vision, this plane will be vertical.

Similarly for the Top Viewa plane will be placed underneath the object. As the line of visiartisal the
plane perpendicular to the line of vision will be horizontal.

The line where the Vertical and Horizontal Planeet is thdine of intersectionand is referred to as the
xy line, the Horizontal Plane being the X plane and the VerticalePiae Y Plane.

Horizontal
ProjectionLine

Vertical Plane

Vertical
ProjectionLine

— s < Front View

Xy line



4 TECHNOLOGY . . . PDST An tSeirbhis Professional |
t SUBJECTS Understanding Projection Systhes T[St Elashaier) Devs spaisn!

SUPPORT Service for Teachers
do Mhuinteoiri

SERVICE \
In OrthographidrojectioHorizontal Plane pplanes are used and are referred to aPlduees of Reference.

Top View

The view shown belowlisplaysthe modelwhenviewed from hefront. It is important tanote that, when
viewing the model from th&ont, thehorizontalplane does not disappear buséenas an edge. This edge view
coincides with the line of intersection between the two plangsine.

Theconcepibf a plane appearing as an edgk be explored furthelater.

_— Vertical Plane

Vertical Projection Lines
to the Horizontal Plane | >

/ \ XY Line

Horizontal Plane

The distance ofnobjectabovethe horizontal plane is equal tq
the distance of the front viembovethexy line

When viewed from théop the model appears as shown beldw with thehorizontalplane in theront view,
theverticalplane is seen as an edge, coinciding withxghkne.

Vertical Plane \ / xy line

Horizontal Projection
Lines to Vertical Plane” T

- S i T
d o

205888 B

Horizontal Plane —_
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The distance odnobjectin front ofthe vertical plane is eall
to the distance of the topew in front ofthexy line

The two viewanay bepresented simultaneously ali

Vertical Plane

<«———Front View

ProjectionLines ——— =

— Horizontal Plan
\ / in front view.

Vertical Plane
in top view.

| |— Top View

Horizontal Plane

Thexy lineis common to both views. The front view is presented overhead the top view. The projection lines
join the front and top views drare perpendicular to thxg line.

As discussed previously, thg line represents the edge view of the vertical plane in plan view and the edge
view of the horizontal plane in the front view.

In order to investigate the planes of reference furthewitenodel a representation of them in SolidwWorks.
The next steps will take us through how to create the model.
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Getting started
Choosing a Plane

Creating the sketch

Creating the Planar
Surface
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Create asketch
The principalplanes of reference are
displayed,along with the RighPlane.

The Origin may be seen as the point common to
all three planes

At this stage we will model only the Front
and Top Plane.

Create a rectangular sketch on the Top Plane

Front Plane

T Right Plane

Top Plane

irt

Development

his|Professional
Service ror Teachers
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The Origin is coincident with the afpoint of !
the lineon the left hand side

SelectSmart Dimensionfrom the sketch
toolbar and dimension theketchas shown. Q :

To create a plane to represent the

150

Horizontal Plane chooselnsert, Surface, Plara r é =
from thedrop down menu

The bounding rectangle will be chosen automatically.

If not, choosene of the extremities of the sketch.

=

IR INIR.

Insert Tools PhotoWorks Animator Toolbox Wir

t

Boss/Base

»
Cut e
Features >
Pattern/Mirror 4

»

Fastening Feature

€ 8 |l = |5 - i

art  Autodi...
len....

Line F

Face

¥ A Revolve...

Curve & Svieep,.

Reference Geometry * & Loft..
D =]

Sheet Metal >

Weldments @ Flet/Round

Molds > W Offcer.
—,

Bounding Entities -

> [current Sketch.

|
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Edit Appearance A grey colour is applied to the planar surface
by default.
Edit the appearance to reflect a more
appropriate colour.

Rename Feature = Rename the feature Horizontal Plane in the
Feature Manager.

Creating the Create the sketch shown on the front plane | =
Vertical Plane using only the dimensioshown
The mdpoint of the left hand side is
coincident with the origin

The sketch is fully defined by adding a
coincident relation between the right hand £ s 1
side and the horizontal plane, as shown

Planar Surface Create @lanar Surfaceusing this skeath to represent théertical Plane.

Edit Feature Rename the featuiertical Plane.
Edit the colourto reflect that of the
Horizontal Plane.

Representing the  Once modeled, you will notice that tke line is not clearly definedt is possble to see
xy line the line of intersection between the two planes but it is not possible to pick it.

Intersection Curve In order to determine the line of intersectiatersection Curve will be used.
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Intersection Curve will open a'sketch and creatsketch

line at the intersection of thiwvo planar surfaces

Creaing the sketch ChooseT ool s, Sketch Tool s, ntersection Cu
from the drop down menu
A new 3D Sketch will appear in the
Feature Manager Design Tree.

Highlight the two planarwgfaces.

The 3D Sketclixy line) will be created
representing théne of intersection
between th&/ertical and Horizontal
Planes

Rename the featurey line

Edit theappearance, colorto black

Adding Annotation Add theNotesshown to repgsent the various features
Save the model &rthographic Projection.

Vertical Plane
Horizontal Plane

Basic Principles These two principal planes are used in orthographic projection, one horizontal and one
vertical. Thetwo plane divide spacento 4 quadrants.

ChocselLeft View, thexy line appears as a point and the plaaygsear as edge

The angle between the planes, 90°, is shown in this viewTdisis referred to as the
Dihedral Angle

The quadrants are numbered as shown.

2" Quadran | 1% Quadrant

3" Quadran, 4™ Quadran

-8-
Left View
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In descriptive gemetry the objeds positionedn one of
these quadrants. It is representedtdyrojections onto
the vertical and horizontalanes, yielding th&ont

and top viewsespectively. The front view is called the
elevation, the top view is called th@an

Verlical Plane

XY Line

When the object is placed in th& quadrant the

resulting projection is known dsrst Angle Projection.

When placed in thequadrant the projection is Horizontal Plane
referred to a3 hird Angle Projection

To show these views on a single planeltbezonl

and vertical planes are opened outaocide

with one another.

It is convention that the®quadrant is always opened oL

The 29and 4" Angle Projectiors are not commonly used
the rabatment would result superimposediews.

We will nowinvestigate the different outcomes when an object is positioned
in either the T or 3¢ quadranie First and Third Angle Projection

For the purpose of this exercise we will use a cylinder.
Creating the cylinder in the I quadrant
Sketch details Crede the sketch shown on the

Horizontal Planein the1® Quadrant.
(A sketch may be created on a planar surja

Creating the Extrude the sketch todepth of 60mm
Feature to create the cylinder
Appearance Edit theface appearance colorsf the

cylinder to reflect those shown below
§ Rename the featu@ylinder
View Rotation View Rotation allowsthe speed of transition from
one view to another to be changed.

For the purpose of demonstration it is best to slow
down the speed of rotation.

To edt the View Rotation settinghoose
Tool s/ Optionsé
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Select thé/iew Rotation tab on'the LHS
Drag theview animation speedo the
position shownChooseOK Off Fast Slow
View animation speed: )I
Orthographic Views Investigate the various orthographic views otabgect using 1 normal To
Top, Font, Right, Leftand Isometric Views. D Front
(H Back
The slower transition speed allows us to clearly g;’;t
see the creation of each view. 0 Top
() Bottom
[@ 1sometric
() Trimetric
I3 Dimetric

Projecting onto the In order to create the orthographic projection onto the planes of reference we will use
Planes commandcalledConvert Entities

Convert Entities: One or more curves may be created gkatchby projectingthe
geometry of a solid onto a sketch plane
Projecting the Chooséd-ront View.
Front View. Create a sketcbn theVertical Plane

Pre-select the edges shown

s Hold down the shift key whilst picking
% to make multiple selections.

It may be necessary to move to an isometric
view in order to choose the base.

Choosdsometric View

From the Sketch toolbar choose
Convert Entities

The extremities of the cylinder

front view, are projected onto the
front plane, resulting in a rectangular
shaped projection.

Exit the sketch.

Extruded Extrude the sketchutwardsto adepth of .01mm
Boss/Base

Appearance Edit theFaceAppearance Colorto reflect
that of the surface of the cylinder.
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Projecting the
Top View.

Hide the gylinder

Extruded
Boss/Base

Appearance

Rabatment
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Rename the feature B$evation.

ChooseTop View.
Create a sketcbn theHorizontal Plane

Preselect the circular extremity of the cylierd

From the Sketch toolbar choo8envert Entities

Choosdsometric View

Because the cylinder is sitting on the horizontal plane the projected view will coincide
with its base.

To see the projected view we whlide the model.

To hide the cylinderight click on &ylinder 6in the feature manager design tree and
selectHide. The cylinder has been hidden but it is not deleted

The circular projection of the cylinder is now exposed on the Horizontal Plane

Extrude the sketch todepth of .01lmm
De-selectMerge Result

Edit theFace Appearance Coloto reflect
that of the top of the cylinder.

Rename the feature B&an

To represent this projection on a plarsarface
we mustvisualige the rabatment of the planes.

Convention tells us that thé' fjuadrant is always
opened out, therehptating the horizontal plane
to a vertical positionpositioning the top view
underneathhe front view on a angle plane

The orthographic projection of the cylinder in
First Angle Projection is shown opposite
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Representing the cylinder inThird Angle Projection

To represent the cylinder third angle projection we must first place the cylinder in tej@adrant We will
do this by editing both the featubeC y | i anditieersketch used to create it.

Editing the sketch ChooseTop View.
Right Click onCylinder and select %
Edit Sketch.

Delete the dimension 35mm from the
Vertical Plane o

35

Select he circle centre and drag it behind
the vertical plane.

Dimension it 35mm behind the plane as shown.

Exit the sketch. Ri gt
and selecShow.

The cylinder is now positioned in th&?2
Quadrant.

Editing the Feature To place the cylinder in the®quadrant we will
edit the direction of extrusion of the feature.

Right CIlick on BdCkehture

Select OK
Transparency Reduce théransparency of bothplanes t00.6

Transparacy settings are found under
Face Appearance, Color.., Optical Properties

\\/’

Optical Properties - .

 Transparency:

| 0.60 7 J

Third Angle Projection

-12-
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In Third Angle Projection the planes are positioned in front and overhead the
objectrespectivelyFor that reason it iassumd that the planes are transparent.

Hide the cylinder  Hide the cylinder as before. The projections
of the cylinder remain on the planes.

Rabatment Following convention the planeabat in such
a way that the first quadrant is opdruait.

This results in the top viewntating to a position
abovethe front view contained on a single plane

The orthographic projection of the cylinder in
Third Angle Projectionis shown opposite

v

B

For the remainder of this document wil pursue the fundamental concepts of projection systems using First

Angle Projection.

Using a similar method to that used in the creation of the
planes of reference model, we will create a new model
based on the first quadrant only.

Note: The orign will be locatedas shown
The planar surfaces will measure 100mm X 150mm Oriain
Thexy line is generated uginintersection Curve. 9n—,

Add extruded text to both the vertical and horizontal
planes to identify them.

For clarity the appearancelourof both phnes
is chosemifferently




TECHNOLOGY Professional

) i i PDST An tSeirbI"lis
SUBJECTS  Understanding Projection Systes I [ rhe i oenalugn
SERVICE \_Odo Mhuinteoiri |
The xy line

xy line as a true ength

As discussed previously, thg line is theline of intersectionbetween the vertical plane and the horizontal
plane. The line is therefore contained on both planes.

A definitonofast r ai ght | ine states that 1t is fAthe shor:]
truelengthof t he | i neo.

A line will be seen as a true length when ip&allelto the
projection planet is projected on to.

] Vertical Plane
Choose Front View.

When we look at the elevation of the planes of reference
we are looking perpendicular to the frordupd.

Because they line is contained on the plartewill

appear as a true length in elevation.

Note: The horizontal plane appears as an edge coinciding
with thexy line

(XY Line as a trve length)

(XY Line as afrue length)

Choose Top View.

Similarly in plan, lecause we are looking at 90° e t
horizontal plangand thexy line is conained on the
horizontal plangthe resulting view of thgy line

will be a true length.

Note: The vertical plane appears as an edge coinciding

with thexy line Horizontal Plane

-14-
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Activity i using the reduced view animation sped flick between the front, top

and isometric views and note theoncepts discussed above.

xy line as apoint.

Choose Left View.

In choosing left view we are looking parallel to the vertical
and horizontal planesjong the true length of thexy line
andwe seat as apoint.

Edge viewof the / Edge viewof the

Vertical Plane

Horizontal Plane

/

Point View of thexy line

A line will be seen as a poimthen a view is taken along its
true length.

When a point view of they line is taken you will notice that the vertical and horizontal planes appear as edges

A plane will appear as an edge wheina contained on it
projects as a point

Thexy line projects as a point when we look along its true lengthxyliee is conained on both the vertical
and horizontal planes. Therefore the vertical and horizontal plaesppeaias edge views when we view the

xy line as a point.

We will now use the first angle projection planes model to investigate the projections obpolises.

-15-
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Co-ordinates of aPoint

Choose3D Sketch SelectPoint.

Position the point as shown opposite b
If the point is positioned with thedntor top plane in the

background it will automatically be created cadsnt
with that plane

Deselect point to end the command.

Rename the featukoint

Highlight the point. Th&XY Z co-ordinates of the point appear in 1
Point Property Manager.

Parameters s

" | 76.44708522) i’

"y | 19.6672461

=
=

" | 0.00

s
-

These ceordinates refer to the position of the poirlative to the origin. The origin refers to the intersection of
the front, top and right planes.

X Co-ordinate Vertical Plane

Choosdront view. You will notice that the point is positioned
to the left of the origin, hence thec$-ordinateis minus.

Change this valu® 60. The point moves to the right.

Smart dimension from the origin to the point.

You will notice that this value is 60, therefore the Xardinate B ©
refers to the distance left or right of the origin, or right plane.

Y Co-ordinate Verlical Plane

Highlight the pont.

Change the Y cordinate to 50. The point moves upwards. !
Smart dimension from they line to the point.

50

You will notice that this value is 50, therefore the ¥ardinate

60
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refers to the distance above or bekbw origin, orthe top plane

Delete thee dimensions
Z Co-ordinate

Highlight the point Choose Top View.

The coordinate value for Z is 0 and as we can see it
coincident with the vertical plane.

Change the Z cordinate to 40. The point will move to
a position 40mm in front of the vectl plane and

the origin.

J

o
-

Horizontal Planes

Homzontal Plane

Delete the 40mm dimension.
It is important to be clear thatp@int shows an exact locatiomspacelt is important to understand that a point

is not an object but aposition, withXY Z co-ordinates relative to axed point, known as the origin

Activity T Experiment with the front and top views, along with various ceordinate values, to gain an
appreciation for the significance ofXY Z values and the points location relative to the origin and the
chosen views.

Delete the featurBoint from the Feature Manager Design Tree.

Projections of a line

Choose3D Sketch.SelectLine. Ven,

Qna
Createa 3D Sketch lineas shown opposite. /

A straight line is the shortest distance between two points

Just as with a pointo edi the ling select the endpoints
individually and edit the cordinates of the point which
appear in the Point Property Manager.
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Activity T input various XY Z valuesfor both endpoints and note
the positioning of the line relative to the origin. Experiment with
positive and negative values
Traces of a line
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These are the pointghere the line, extended if necessary, intersects the vertical and horizontal planes.
When a line intersects a plane the trace produced is a point.

The trace on the horizadtplane is called the horizontal trace (HT) and the trace on the vertical plane the
vertical trace (VT)

LETTHER "
What coeordinates would ensure that the lines intersect both the vertical ~ "x |2 j
and horizontal planes? " [2 :I

From our experience of the-oodinatesthe Y @-ordinate refers to the distance above/below the horizontal
plane, and £o-ordinatethe distance in front of or behind the vertical pldheither of these values are set to 0
then the point will sit on that plane.

Edit the endpoints individually teeflect the ceordinates shown below.

= . » B »
"x [90.00 :I "x [25.00 :I
®v [0.00 :I ®v [70.00 :I
"z [75.00 :I "2 [0.00 :I
ChooseRight View Edge view of the
Vertical Plane
We can see that the limtersectdoth tre verticaland forizontal panes
Line
Vertical Trace (VT}—— |
Edge view of the

Horizontal Plane

-18-

Horizontal Trace (HT)
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Projections of a line

Edit the ceordinate endpoints to reflect those outlined below.

Endpoint 1. Endpoint 2
Parameters - Parameters o »
.xIBDDD _______________________________ i’ o =
"v [s0.00 = ®v [s0.00 =

"2 [60.00 = "2 [60.00 =

The Y and Z Ceordinate values are the same.

The Y value refers to the distance above the horizontal ple
The Z value refers to the distance in front of the vertical pl

Therefore the line will be pallel to both the vertical and
horizontal planes, as shown opposite.

What views could be used further confirm this?
We will now useConvert Entities to create the lines project’'~~~
onto both the vertical and horizontal planes.

Projecting the Elevation

Choosdront view.

Create a sketch using thertical Plane

Select the line and choo&®nvert Entities.
The line has been projected on to the vertical plane behin

Move to anlsometric View, the projection
will be displayed as shown

The distance athe objectabovethe horizontal plane is
equal to the distance of the front vielovethexy line




ZEETE‘COTLSOGY _ o PDST A" tseirbhis/Professional :
SUPPORT UnderStandlng PI’OjectIOI’] Syms 0 Emh:?:r:lbiaﬁlgtl ?e‘:\;:elmn'?e?cﬁ:rz
SERVICE \_‘ﬁdo Mhiinteoiri |

— =t

Projecting the Plan

Chooseop view.

Create a sketch using thlorizontal Plane
Select the line and choo&®nvert Entities.

The line has been projected on to hleeizontalplane
underneattit.

Move to anlsometric View, the projection
will be displayed as shown

The distance athe objecin front ofthe vertical plane
is equal to the distance of the tapw in front ofthexy line

True length of the line
The line was initially created 60mm long using theocdinates. This is thiue length of the line.

If we smart dimension the projected lines created in thetklevation and plan viesketchesve will find that
they too are 60mm long. Therefore the elevation and plan show the line as a true length. Why?

Because the line is parallelboththe front and top plantke line is seen as a true length in both the elevation
and plan.

A line will be seen as a true length when iparallelto the
projectionplaneit is projected on to.

Point view of the line

In order to get a point view of the line we will first creatplane on which to projeonto.The plane is
positional perpendicular to the line.

As discussed previously, a plane may be defined in 4 ways;

-20-
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(i) 3 nontlinear points (i) A line and a point (iii) Two intersecting lines (iv) Two Parallel Lines

(The point can not lie on the line)

In this case we are going to define the plane using 3 points Point 2!
Choosd nsert, Reference Geometry
Planel

Choose th& points shown opposite to define the plane. v

Point ey .
Create the rectangular sketch shown, adding a coincident 2\

relation between the 3 defining points and the corners of the recte

Point I—m™

Create &lanar Surfaceusing this sketch to represent the
Auxiliary Vertical Plane.

EdittheAp p e ar a n c dq a suitable ootosr.

Rename the featu Au x i | i ary Vertical

Add extruded text to identify the
Auxiliary Vertical PlangAVP).

Traces of the plane VT and HT intersec v

on the xy line Vertical Trace

Two planes intersect on a line.

Just as the vertical and horizonpédnes intersect on they line,
the traces created when the AWigersects both the vertical and
horizontal planes are lines.

Horizontal trace (HT) of a plane is the line of intersection @
that plane and the horizontal plane.

Vertical trace (VT) of a plane is the line of intection of that
plane and the vertical plane.
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Unless the traces of a plane are parallel toyttaey will, HorizontalTrace

extended is necessary, intersect onxthe

This right view yields a point view of the lina pant view of the
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Point view of the line

xy line and an edge view dioth the horizontal and verticplanes /

Aupdliary Verical Plane
Thexy line appears as a point because it is parallel to the line.

This view is created by looking along the true length of the line or
parallel to a plane which prajts the line as a true length.

As we have discovered already, thise, along with thexy line, is
projected as a true lengtiboth elevation and plan.

A line will be seen as a point when a view is taken along its

true length or parallel to a plane which projects it as a true ler

Point view of thexy line

Projecting the point onto the AVP

e

Auxlhory Yercal Plane
Create a sketch on the AVP Planar surface.

Choose Pait and position a point coincident with the
point view of the lineRename the sketch end view.

Convert Entities will not project a point view of a line +L
onto a sketch plane.

Rabating the planes

The planes rabat as shovto display the views on one single plane

Notei The view displaying the line as a point is viewed from the right, but when rabated, appears on the left.

Auxiliary Vertical Plane Vertical Plane

Horizontal Plane
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Line co-incident with the vertical plane

We wish to edithe coeordinates of the line so that sits a the vertical planbut remainghe same heiglabove

PDST

the ground
Endpoint 1 Endpoint 2
Parameters - JEEITELEL o
'x|3uum ................................ :I ‘\ [o0s
" |5g[][] il "y ISDDD
"2 | 60.00 :I "2 | 60.00

Ghairmiail

\_‘ﬁ do Mhuinteoiri |
— ==

Which of the ceordinates do we change?

The Z ceordinate refers to the distance away from the vertical plan
Changing these valude zero willposition the line on the vertical plai

Hide the Auxiliary Vertical Plane and text by right clicking on the
feature and selectingide.

The line is now positioned on the vertical plane.
ChooseFront view.

Because tharles distance above the ground has not changed the
elevation appears unchanged.

The distance athe objecabovethe horizontal plane is
equal to the distance of the front viesovethe xy line

um Fhorbairt

Development

An tSeirbhis|Professional
Service for Teachers

The line is contained on the vertical plane, perpendicular to the line of vision and therefore appears as

atrue length

On initial examination it looks as though thejection of the line

. Plan view of the line

|

onto the horizontal plane has disappeared. However on closer
inspectionwe can see that it is coincident with tK¥ line.

ChooseTlop View.

In plan the line will coincide with thXY line or the edge view of
vertical plane.

Because the line is contained on the vertical plane then it will
coincide with the edge view of that plane in plan.

Herizontal Plane

Because the object is zero distance in front of the vertical plane,
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i.e. contained on the plane, then it will be zero distance beloW¥hme.

The distance athe objetin front ofthe vertical plane
Is equal to the distance of the tapw in front ofthe XY line

Show the AVP and the AVP text by right clicking the feature
and selectinghow.

End View of the line

Projection of the linen
the AVP, contained on th
vertical trace

The projection of the line onto the AVP appeas a point
on thevertical trace.

End View of the line
ChooseRight View

In choosing theight view we are looking along the true lengt
of the line. Therefore the line appears as a point.

Edge view of the
Auxiliary Vertical Plane Vertical Planeanc
end view of the

The vertical line containing the point not only represen )
vertical trace

the edge view of the vertical plane but alsoghd view
of theverticaltrace of the A/P.

Edge view of the
Horizontal Plane

Activity i Edit the coordinates of the line to position the line on the horizontal planparallel to the
vertical plane. Investigate the projections of this line in elevation, plan and end ew, the line as a true
length and point view.

Hide theAVP andAVP text. Delete the sketckEnd View.
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Line parallel to the horizontal plane inclined to the vertical plane.

Edit the coordinates of the line to reflect those below.

Endpoint 1 Endpoint 2
Parameters ol e »
O IBD.DD il "y |9D.DD il
O I S0.00 il "y I 50.00 il
=, [70.00 || "z [4000 =

The Y cceordinate values are equal therefore the line will
be parallel to the horizontal plane.

The Z ceordinate values differ therefore the line will not be
parallel but inclined to the vertical plane.
True length of the line.

If we examne the projected sketches in elevation we discovethiegt
project agwo different lengths 60mm in elevation and 67.08 in platthy?

@/5@8

A line will be seen as a true length when ip&arallelto the -~

projection planét is projected a to.

The line is parallel to the horizontal plane and projects in plan as a true len:

However, the line is ingled to the vertical plane and when projected will
not appear as a true length but smaller. This reduction in size in elevation
is known agoreshortening.

An tSeirbhis

4
t SUBJECTS Understanding Projection Systes PDS(I Wi Fhathaies

. Ghairmiail
SERVICE do Mhuainteoiri
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Projections ofine in plan.

If the true length is set against the foreshortened distance, the distance
that one point isn front of the other may be established.

40

One endpoint of the line is

this distance further away. >
from the vertical plane than o
the other. b’] :
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Point view of the line

SelectRight View. The line no longer appears as a pairthe endview because we are longer projecting
along the true length of the line.

Is the line a true length in thend view.
No, the line is not parallel to the AVP and will therefore not project as a true lengtt appear
foreshortened.

In order to get a point view of the line we must setup a view which is looking along the true length of the line.
To achiee this we must setup a plane which is perpendicular to this line of vision i.e. perpendicular to the line

Selections -

Creating the plane perpendicular to the line 5
Vertex<1>
Choosd nsert , Reference Ge

— Through Lines/Points

Select the line antheendpointshownas
Reference Entties. (The endpoint positions the plgne

<7 | Parallel Plane at Point

The plane is previewed as show@hooseOK

/- Normal to Curve

[ Set origin on curve

If the plane is not displayed choodgeew, Planes. . on surtace

Extend the plane beyond the vertical and
horizontal planes by dragging on the grips
Establishing the traces othe plane

The traces will be found using intersection curve.

ChooserTools, Sketch Tools, Intersection Curve
A new 3D sketch is created.

Selectthe planethe vertical plane and the horizontal plane.
The traces of the plan®T and HT,are produced ashown.
The horizontal tce is also referred to as tkg; line or the
ground line.

Creating a laminar surface to represent the plane.

Create a rectangular sketch on the plaitk the corner coincident
with the intersection of the traces on X¥ line.
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Add a coincident relation between the corners ofégéangle and the
endpoints of the traces asosvn

Create &@lanar Surfaceusing this sketch to represent the
Auxiliary Vertical Plane.

EdittheAp p e ar a n c €g a suitable oofogr

Redice the transparency to 0.5.

Rename the featue Au x i | i ary Xerti cal
Add extruded text to identify Auxiliary Vertical Plane 2

Hide the plane

The plane generated isvartical planeand is referred to
as arAuxiliary Vertical Plane. It is at right angles
to the horizontal plane but inclined to the vertical plane

The vertical trace is vertical because the line of intersectio __AVPasan

between two vertical planes is a vertical line. / edge and plan
view of the HT

ChooseTop View and the xy;

Horizontal Plane

The AVP appears as an edge. Why?

Because th VT is vertical, it appears as a true length in elevation. Point view of
theV\VT

When we choose a plan view we are looking alon(
the true length of the VT and see it as a point.

Because the VT is contained on the AVP it
appears as an edge /

True inclination of
the AVP with the VF

AVP as an

edge and plan
view of the HT

A plane will appear as an edge when a line
contained on it projects as a point

Horizontal Plane

In the top view the verticagdlane and the auxiliary vertical plane are presented as edge views therefore, the tru
angle between them is displayed.

The edge view of the plane also represents the plan view of the horizontal trace.

When the VT is perpendicular to thg the inclination of the plane to the
vertical plane is given by the angle between the horizontal trace aryg th¢
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Select theAuxiliary Vertical Plane

Auxiliary Yerfical Plane 2

ChomseNormal To.

q‘é‘% This will give a normal to view from behind the plane.
°  ChooseNormal To again to view from the opposite side.
The line is viewed as a point because we are looking along the
true length of the line projecting onto a pdaatt right angles to it.

Create a sketch using Auxiliary Vertical Plane 2.

Position a point cdncident with the point view of the line. . AT VSRR 17

Rename the sketdhuxiliary Elevation

P
Auxiiary Vertical Plane 2|

An auxiliary elevation is a projection on any auxiliary
vertical plane not parallel to the vertical plane.

Note the distance of the line above ®ydn both the elevationral auxiliary elevation are equal.

The distances of all elevations of the same point from the corresponding ground lines are €

The auxiliary projection is shown orthographically by rabativegauxiliary vertical plane aboubé xy;

Vertical Plane
" Point viewn
ayline of the line
(Ground Iine)\
N %
True length {i%
of the line ~—_ %
\>/ ©
]
Herizontal Plane X1Y1 line

(Ground Iin'e§8'
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Save the file adwuxiliary Elevation

Delete the following features and save the fildasiliary Plan

- Planez

3 3Dsketchs

- Audliary vertical Plane 2
[ AVP2 Text

----- 2 Auxdliary Elevation
Line parallel to the vertical plane inclined to the horizontal plane.

Edit the coordinates of the line to reflect those below.

Parameters & Parameters -

The Z ceordinate values are equal therefore the line will
be parallel to the vertical plane.

The Y coordinate values differ therefore the line will not be
parallel but inclined to the horizontal plane.

Which view will project the line as a true length?

A line will be seen as a true length when ip&arallelto the
projection planét is projected on to.

The line is parallel to the vertical plane and therefore will

appear as a true letigin elevation. Vertical Plane
_./‘\‘;“\

The line is inclined to the horizonatal plane and when ™~ “\\

Projectedwill appearforeshortened in the plan view. ~_

The apparent length of a forestened line is referred to
as theplan distance

If the true length is set against the pthstancethe height of one endpoint relative to the otkegiven.

%
L 55)!;@
)

Height of one point 4

relative to the othei -29-
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Point view of the line

In order to get a point view of the line we must setup a view which is looking along the true length of the line.
To achieve this we must setup a plartech is perpendicular to this line of vision i.e. perpendicular to the line.

To create a plane perpendicular to the line we must first edi
the 3D Sketch and position a point collinear with the line.

The new plane will pass through this point and &
perpendicular to the line.

Right click on the 3D sketch and selé&ctit
Position a point as shown.

Selct the point and input the following coordinates

Because the-zalue is the same as

Parameters -
the endpoints of the line, the line and "=, [0 2
the point will be ctlinear O P —

"z |50.00 =
Exit the sketch E
Choosd nsert, Refer enc esss

Ny

PointS@3DSketch3
A plane is generated passing through
point p and perpendicular to the line

El Through Lines/Points

Parallel Plane at Point

Extend the plane beyond the vertical and ‘
horizontal planes by dragging on the grips B [somds 4

% /- Normal to Curve
If we edit the3D sketch andeposition the I~ setongn on curve
point the planes position will update n O surface
accordingly.

Adding the VT and HT.

ChooseTools, Sketch Tools, Intersection Curve
A new 3D sketch is created.

Select the plane, the vertical plane and the horizonta
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The traes of the plane, VT and HT, are produced as shown.

Theverticaltrace is also referred to as thg; line

Creating a laminar surface to represent the plane.

Create a rectangular sketch on the plaitke the corner coincident
with the intersectionfahe traces on th¥Y line.

Add horizontal and vertical relations between the corners of the
rectangle and the endpoints of the traces as shown.

Create &@Planar Surfaceusing this sketch to represent the
Inclined Plane

EdittheAp p e ar a n c éga suitable colowd
Reduce the transparency to 0.5.

Rename the featudnclined Pl ane 6
Hide the plane

The plane generated is enclined plane.

An inclined planeis perpendicular to the vertical plane ang
inclined to the horizontal plane.

The horizontal trace is contained on the horizontal plane and
thereforeappears as a true length.

The horizontal trace is perpendicular to xydine.

In the front view the HT appears as a point, as we are looking along

its true length.

The horizontal trace is contained on the inclined plandlanglane
thereforeappears as an edge.

A plane will appear as an edge when a line
contained on it projects as a point

In thefront view thehorizontalplane and thenclinedplane
are presented as edge views therefore, the true angle between
them is displayed.

The edge view of the plane also represents the front view of the vertical trace.

HT

Point view of
the HT

Development

Professional
Service for Teachers

Point view of
the line

|

True Inclination of
the Inclined Plane

When the HT is perpendicular to the, the inclination of the plane to the
horizontal plane is given by the angle between the vertical trace arg thq
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