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LEGEND 
 
1. Projection planes are marked with: 
– the frontal – with V; 
– the horizontal – with Н; 
– the profile – with W. 
2. Points are marked with Latin capital letters: A, B, C, D, etc. or numbers: 1, 2, 3, etc. 
3. Straight and curved lines are marked with lowercase Latin letters: a, b, c, d, etc. 
4. Planes and surfaces are marked with lowercase Greek letters: α, β, etc. 
5. Angles are marked with the following lowercase Greek letters: φ, γ, etc. 
6. New projection planes (different from indicated above) are marked with the additional 

indexes 1, 2, 3, 4, etc. in order of their appearing. Examples: 
– the first new frontal plane of projection is marked with V1; 
– the first new horizontal plane of projection – with H1; 
– the first new profile plane of projection – with W1. 
7. Projections of points and lines are marked with the same letters as their originals in space 

with the relevant number of dashes and if it is needed with additional index. Examples: 
– in the frontal projection V with two dashes – projection of the point A is A'', projection of 

the line a is a''; 
– in the horizontal projection H with one dash – projection of the point A is A', projection of 

the line a is a'; 
– in the profile projection W with three dashes – projection of the point A is A''', projection 

of the line a is a'''. 
8. Projections of planes and angles are marked with the relevant subscript. Examples: 
– for the frontal projection V with index V – projection of the plane α is αv, projection of the 

angle φ is φv; 
– for the horizontal projection H with index H – projection of the plane α is αH, projection of 

the angle φ is φH; 
– for the profile projection W with index W – projection of the plane α is αW, projection of 

the angle φ is φW. 
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Level lines projections. 
Lines true length. Inclination angles of lines. Practice 

 

Fig. 2.9. Draw a profile projection of a horizontal level 
segment AB. Mark with “t. l.” that projection that is 

projected without distortion and represent the true length 
of a segment. Mark segment’s inclination angles φV и φW 
to projection planes V and W relevantly. Add a point on 
the segment in 20 mm from the frontal projection plane

Fig. 2.10. Draw a profile projection of a frontal level 
segment CD. Mark with “t. l.” that projection that is 

projected without distortion and represent the true length 
of a segment. Mark segment’s inclination angles φH и φW 
to projection planes H and W relevantly. Add a point on 
the segment in 30 mm from the profile projection plane

 

Fig. 2.11. Draw a horizontal projection of a profile level segment EF. 
Mark with “t. l.” that projection that is projected without distortion 

and represent the true length of a segment. Mark segment’s inclination 
angles φV and φH to projection planes V and H relevantly.  

Add a point on the segment in 20 mm from point E
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General lines. The True length of a general line determination. 
The right-angle projection theorem. Practice 

 

 

 
 

Fig. 2.12. It is necessary to determine graphically 
the true length of a general segment AB and its 
inclination angles to projection planes H and V 

 

Fig. 2.13. Add point B on a general line 
(n'', n') in 50 mm from the point A 

 

 

 

Fig. 2.14. Complete rectangle ABCD’s 
projections 

 

Fig. 2.15. Complete right triangle ABC’s 
projections where its side BC lies on a frontal 

level line m(m'', m'); angle А is on axis X; angle 
C is in horizontal projection plane H 

А

В'' 

В

А'' 

x 

А' 

А'' 

n'' 

n' 

B’’ 

B’’ 
 

 

A'' 

C'

C'

x 

 B' 

В''

m'' 

 m' 

x



 
Plan
A pro
– by
– by

same straig
– by
– by
– by
– by
Here
– if 
– if 

plane and a
The f
– dr
– fin
– ad
– ch
 

 
 

Main
Ther
Thos
The m

line is a fro
line belong

A pla
– an 
– a p
– a p
A ge

projection,

nes are alwa
ojection of 
y a projectio
y a projecti
ght line);  
y a projectio
y a projectio
y a projectio
y plane trac
e are some p
f two points 
f a line pass
also paralle
following p
rawing a lin
nding a poin
dding a miss
hecking of a

n (principle
re are plenty
se of them w
main line o
ontal level l
ging to the g
ane can ha
inclined po

perpendicula
parallel posi
eneral plan
, it is also ca

3.

ays drawn w
a plane in a
on of three p
on of a stra

on of two pa
on of two in
on of any sh
es.  

postulates of
lie in a plan
es through 
l to a plane 

problems of 
ne on a plan
nt on a plan
sing project
a point belo

e) lines of a
y of lines be
which have 
of a plane is
line belong
given plane 
ve the follo

osition to all
ar position t
tion to the p
ne is a pla
alled as an 

a 

. PLANES.

with limited 
a drawing ca
points (poin
aight line an

arallel lines
ntersecting l
hape (triang

f the descrip
ne, then the 
two points 
line, then th

f descriptive
e;  

ne; 
tion of a poi
nging to a p

Fig. 3.1. 
a – point

b – mai

a plane. 
elonging to t
a special or
 a straight l
ing to the g
(fig. 3.1, b)

owing posit
l planes of p
to the plane
plane of pro
ane, that is 
oblique pla

. PLANES 

size. But, in
an be set (li
nts do not li
nd projectio

s; 
lines; 

gle, rectangl

ptive geome
e line joining

of a plane 
his line belo

e geometry c

int of the pl
plane (fig. 3

Point, line, an
t and line belo
in (principle) 

 

the plane. 
r particular p
line of level
given plane.
). 
tions relativ
projection; 
e of projectio
ojection.  
 not parall

ane.  

LOCATIO

n principle, 
mited) in th

ie on the sam
on of a poin

le); 

etry concern
g them lies 
or if it pass
ongs to the 
can be solve

lane;  
3.1, a). 

nd plane relati
ogning to a pla
lines of a plan

position sho
l which bel
. A horizon

ve to the pl

on;  

lel and not

b

ON  

the plane h
he following
me straight 
nt (both of t

ning to poin
in that plan

ses through 
plane.  
ed by these 

ion 
ane; 
ne 

ould be dist
ongs to the 
tal plane lin

lanes of pro

perpendicu

b 

has indefinit
g ways:  
line); 
them do no

nt and line b
ne; 

a point bel

postulates: 

 

tinguished.  
plane. A fr

ne is a horiz

ojection:  

ular to any

17

te extent. 

ot lie on the

belonging: 

onging to a

rontal plane
zontal level

y planes of

7 

e 

a 

e 
l 

f 



18 

A lev
the other. S
paralleled t
If a plane i
The word “

 

vel plane is
Such planes
to axes in o
is parallel to
“level” can 

a –

s a plane th
s are project
others. They
o the fronta
be omitted.

– frontal level 

Fig. 3

hat is parall
ted as true s
y are named
al projection
. 

Fig.
plane; b – a h

3.2. A general
 

lel to one p
shape in pro
d as a projec
n plane it is 

 

 3.3. Level pla
horizontal leve

a 

b 

c 

l plane 

lane of proj
ojection plan
ction plane 
named as a

anes:  
el plane; c – p

jection and 
ne they are 
thay are pa

a frontal lev

rofile level pl

 

d perpendicu
parallel to a

arallel to. Fo
vel plane (se

 

 

  

lane 

ular to both
and as lines
or instence:
ee fig. 3.3).

h 
s 
: 
. 



A pr
projected i
as a projec
profile proj
 

 
 

For more inf

rojecting pl
in one proje
ction plane
jection plan

a – a frontal

formation plea

lane is a pla
ection as an 
e they are p
ne it is name

l-projecting pl

ase see [1, p. 1

ane that is p
inclined lin

perpendicul
ed as profile

Fig. 3.
lane; b – a hor

17–21]. 

perpendicula
ne and as di
lar to. For 
e projecting

 
.4. Projecting 
rizontal-proje

c 

b 

a 

ar to one pla
istorted sha
instence: if

g plane.  

planes: 
cting plane; c

ane of proje
apes on the o
f a plane is

– profile-proj

ection. Such
other. They
s perpendic

 

 

 

jecting plane 

19

h planes are
y are named
cular to the

9 

e 
d 
e 



20 

Principle (main) lines of a plane – frontal and horizontal. Practice 
 

 

Fig. 3.5. Draw on a general plane β (ΔАВС) arbitrary
principle lines – frontal f (f'', f') and horizontal h(h'', h') 

Fig. 3.6. Draw principle lines: frontal f(f'', f') and 
horizontal h(h'', h') for a general position plane ω (m∩n) 

through point of lines m and n intersection
 

 

Fig. 3.7. Draw on a general plane φ (К, L, M) 
arbitrary principle lines – frontal f(f'', f') and 

horizontal h (h'', h') 

Fig. 3.8. Add a horizontal projection for point K(K’) and 
a frontal projection for point L (L’’) under condition they 

belong to a general plane β (βV'', βH') set by traces
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Level planes.  
True size of the level plane. Practice 

 

Fig. 3.9. Draw a profile projection of a horizontal level 
plane β(ΔABС) set by triangle ABC. Mark by “t. s.” 

projection that equals to the true size of ABC. Add missing 
projections for point К (К'' – ?, К', К''' – ?), belonging to  

the plane 

Fig. 3.10. Draw a horizontal and a profile projections of a 
parallelogram ABCD as a part of frontal level plane that 

is in 25 mm from frontal projection plane V. Mark by  
“t. s.” projection that equals to the true size of ABCD.  
Draw a profile level line of the plane in 20 mm from 

profile projection plane 
 

Fig. 3.11. Draw a frontal and a horizontal projections of a rectangle KLEF as a 
part of profile level plane located in 20 mm from profile projection. Mark by 
“t. s.” projection that equals to the true size of KLEF. Draw frontal level line 

for KLEF in 30 mm from the frontal projection plane
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Projecting planes. 
Projecting plane’s inclination angles. Practice 

 

Fig. 3.12. Draw a profile projection of a horizontal-
projecting plane set by parallel lines A and B β (А||В). 

Mark its inclination angles φV and φW to projection planes 
V and W relevantly. Add missing projections for point 

К(К'', К' – ?, К''' – ?) belonging to the plane

Fig. 3.13. Draw a profile projection of a frontal-projecting 
plane ω(KL∩MN) set by intersecting lines KL and MN, 

Mark its inclination angles φH and φW to projection planes 
H and W relevantly. Add missing projections for point 

C(C'' – ?, C', C''' – ?) belonging to the plane
 

 
Fig. 3.14. Draw a horizontal projection of profile-projecting 

plane ε(ΔLEF) set by triangle LEF, Mark its inclination 
angles φV and φH to projection planes V and H relevantly. 

Add missing projections for profile-projecting plane  
m(m'', m' – ?, m''' – ?), belonging to the plane
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Line and plane mutual location. 
An intersection point of a line with a plane determination. Practice 

 

 
 

Fig. 3.15. Determine and draw both projections of 
intersection point К(К'' – ?, К' – ?) where K is an 
intersection point of the horizontal-projecting line 

n(n'', n') and frontal-projecting plane β(ΔABС)

Fig. 3.16. Mark frontal and draw horizontal projections for 
point С(С'' – ?, С' – ?) of a frontal-projecting line l(l'', l') and 
general position plane β(m∩n) intersection. Design a drawing 

according to line visibility in relevance with a plane
 

 

Fig. 3.17. Mark both projections of point Е(Е'' – ?, Е' – ?) 
where E is an intersection point of a general position line 
l(l'', l') with horizontal-projecting plane β(m||n). Design a 

drawing according to line visibility in relevance with a plane

Fig. 3.18. Draw intersection point for a general position 
line l(l'', l') with general position plane φ(m||n).  
Design a drawing according to line visibility  

in relevance with a plane 

А'' 

А' 

С'' 

B' 

B'' 

С' 

n'' 

n' 

x 

n'' 

n' 

m'' 

m' 
l' 

l'' 

x 

m'' 

n'' 

β'Ξm'Ξn' 

β'' 

l'' 

l' 

x 

m'' 

n'' 

n' 

φ'' 
k'' 

k' 

φ' 
m' 

x



24
 

M
u

tu
al

 lo
ca

ti
on

 o
f 

tw
o 

p
la

n
es

. 
In

te
rs

ec
ti

on
 li

n
es

 d
et

er
m

in
at

io
n

. D
ra

w
in

g 
p

ar
al

le
l p

la
n

es
. P

ra
ct

ic
e  

 

 

 

F
ig

. 3
.1

9.
 I

t i
s 

ne
ce

ss
ar

y 
to

 d
et

er
m

in
e 

an
 in

te
rs

ec
tio

n 
lin

e 
F

E
 

fo
r 

tw
o 

tr
ia

ng
le

s 
φ

(Δ
А
В
С

) 
an

d 
β(
Δ

K
L

M
),

 w
he

re
 tr

ia
ng

le
s 

ar
e 

ge
ne

ra
l p

os
iti

on
 p

la
ne

s.
 I

t i
s 

al
so

 r
eq

ui
re

d 
to

 d
et

er
m

in
e 

vi
si

bi
lit

y 
fo

r 
tr

ia
ng

le
s’

 s
id

es
 a

nd
 c

om
pl

et
e 

a 
dr

aw
in

g 
 

un
de

r 
th

es
e 

co
nd

iti
on

s  

 

F
ig

. 3
.2

0.
 I

t i
s 

ne
ce

ss
ar

y 
to

 d
ra

w
 in

te
rs

ec
tio

n 
lin

e 
N

M
 f

or
 

tw
o 

ge
ne

ra
l p

os
iti

on
 p

la
ne

s 
φ

(Δ
А
В
С

) 
an

d 
β(

m
||n

) 
se

t a
s 

tr
ia

ng
le

 a
nd

 tw
o 

pa
ra

lle
l l

in
es

 r
es

pe
ct

iv
el

y.
 C

om
pl

et
e 

a 
dr

aw
in

g 
ac

co
rd

in
g 

to
 v

is
ib

ili
ty

 

 

F
ig

. 3
.2

1.
 A

dd
 a

 p
la

ne
 β

(m
 ∩

 n
) 

pa
ra

ll
el

 to
 a

 p
la

ne
 

φ
(l

||k
) 

if
 th

e 
pl

an
e 
φ

 is
 s

et
 b

y 
tw

o 
in

te
rs

ec
tin

g 
lin

es
 

an
d 
β 

is
 r

eq
ui

re
d 

to
 b

e 
se

t b
y 

tw
o 

pa
ra

lle
l l

in
es

 

А
' 

В'
' 

В'
 

 C
' 

С'
' 

А
'' 

К'
 

L'
' L'
 

M
' 

K'
' 

M
'' 

φ
'' φ
' 

β
'' β
' 

x 

А
'' 

В'
 

В'
' 

C'
' 

С'
 

А
' 

m
' 

n'
 

n'
 

m
'' 

φ
'' 

φ
' 

β
'' β
' 

x 

k'
' 

l''
 

l' 

φ
'' 

φ
' 

k'
 

O'
 

O'
' 

x 

24 



25 

4. SURFACES 
 

A surface is the locus of the different positions of a line or curve in space. A surface is the 
envelope surface that surrounds a solid (body).  

A generatrix is a line that forms a surface by motion on some direction. The movement may 
retain or change a shape. The movement of the generatrix can be subjected to a law, or it can have 
an arbitrary character. In the first case, the surface will be legitimate or regular, and in the second 
one it will be random (irregular). The law of the generatrix movement is usually determined by 
another line, which is called a guideline or a guidex that a generatrix slides on. In some cases, one 
of the guidelines can be converted to a point (vertex conical surface) when one end of generatrix is 
fixed, or in the infinity (cylindrical surface). 

 
4.1. Polyhedral surfaces and solids 

 
A polyhedral surface is a surface, that is formed by the movement of a rectilinear generatrix 

on a broken line, for example, pyramidal (with top) and prismatic (without top) surface. 
A polyhedron is a solid shape that is bounded by a polyhedral surface. Polyhedron outline is 

drawn as projections of its faces and edges in a drawing. 
A prismatic surface is a surface, that is formed by the movement of a rectilinear generatrix 

by a broken line. 
A prism is a polyhedron that has two parallel bases that are the same, and faces that are 

tetragons (quadrangles). A prism is called right (straight) if its edges (lines of intersection of the 
adjacent faces) are perpendicular to the base, and oblique (inclined) if it is not A pyramidal 
surface is a surface, that is formed by the movement of a rectilinear generatrix by a broken line 
with one fixed generatrix end – vertex.  

A pyramid is a polyhedron having one base (polyhedron), vertex (top), faces (triangles) and 
edges (ribs) (lines of intersection of the adjacent faces) that are intersected at one point (the top of a 
pyramid) in general. A pyramid is called truncated if its top is cut and the pyramid has two bases. 
If the top base is parallel to the bottom one, a pyramid is called frustum.  

Prisms and pyramids are called regular if its base is a regular polygon, that can be inscribed 
into the circle and has equal sides. 

If points belong to edges, meridians (outlines) in other words to any specific elements of a 
surface, their projections can be found on their belonging by connection line.  

There is a particular case when a surface is a projecting surface that enable to find missing 
projections of points lying on it without additional constructions, as this kind of surfaces has a 
collective property, when a projecting object (line, plane, surface) collects everything belonging to 
a surface on a linier outline. Right prisms and cylinders are such kind of surfaces (see fig. 4.1).  

In order to find missing points of projections that belong to some surface (except 
projecting), it is necessary to build an auxiliary line on a given surface, passing through a given 
point of the projection. Firstly, it is necessary to construct the projection of this auxiliary line, and 
then to draw the required projection of the point on it. For this purpose, we can use various lines: 
lines of generatrix, parallels, meridians, etc. It is feasible by the postulates described above: if a 
point belongs to a line, the projection of this point belongs to the projection of this line. There 
are two methods, that a described below. 

The Generatrix Method. 
This method is also called the method of forming. The line m’’ is one of the uncountable 

numbers of generatrixes is drawn from the pyramid top up to its base through the point K’’  
(fig. 4.2). A line is the shortest distance between two points. In order to draw any line, we should 
draw its two end points. Both these points of the line m belong to some specific elements of the 
surface, and their projections can be found by connection lines in accordance with their belonging 
and without any auxiliary actions. One of them is on the top (vertex) and the other is on the base of 
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Coming back to a baseline method, if a horizontal projection of a surface has an axis of 
symmetry (circle, square and other), a baseline should be taken through this axis. It eases drawing 
by having two equal coordinates (positive and negative y) that can be measured ones and used 
twice. If the horizontal projection of a surface has no axis of symmetry (triangle, pentagon and 
other), baseline should be taken through the topmost of base in this case, all measurements will be 
taken to one direction (positive y).  

Note! There is no obligatory in taking a base line, it can be taken anywhere. Therefore, all 
recommendations that have been given above are supposed to ease work as much as it is possible. 

 
Prisms. Practice 

 

 
 

Fig. 4.4. Draw a profile projection of a right square prism with sections: by horizontal level cutting plane,  
two frontal-projecting cutting planes, and two profile level cutting planes 
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Fig. 4.5. Add frontal projection of a broken line 1234 (1'2'3'4')  
on an oblique triangular prism 
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Solids sectioning by a general plane 
(transformation methods). Practice 

 
 

 
 
 

Fig. 7.12. Obtain an intersection line of the oblique square pyramid SDEFK with the general plane β(ΔАВС). 
Determine the true shape of a section taking a horizontal main line for β(ΔАВС). Use the auxiliary plane  

method (Change of reference-line method). It is also required to determine the true shape  
of the β(ΔАВС) plane by the rotation method 

 
  

 

A" 

A' 

Е'

F'

K'

К"ΞЕ"

S"

S'
В'

С'

С"

В" 

D' 

D" F"х 

  

 



65 

 
 
 

Fig. 7.13. Obtain an intersection line of the oblique circular cylinder with the general position plane β(ΔАВС). 
Determine the true shape of a section taking a horizontal principal line for β(ΔАВС). Use the Projection plane 

replacement method (Change of reference-line method). It is also required to determine the true shape  
of the ABC triangle by the rotation method 
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