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TRIGONOMETRIC FUNCTIONS

a) Relations between the functions of the same angle
sen? o +cos® o =1

sen a=1—cos? a=tgo/ 1+t a

cosa =41 —sen’ o =1/ /1 +1g% a

tg o =sen a/cos o

ctg o =cos a/sen o =1/ig a.

tg o =sen a/ /1 —sen? o

sec a. =1/cos o

cosec a =1/sen a

b) Relations between the functions of two angles
sen {a * ) =sen a cos B * cos a sen f
cos (o = f§) =cos a cos f§ + sen a sen
tg(axf)=(gattgp)/(1+1gatgh)
¢) Multiples and sub multiples of an angle
sen 2 o =2 sen o Cos o
cos 2 a =cos® o —sen® a. =2 cos? o, — 1
g2a=2tga/ (1 —tg? a)

“sen (a/2) =/(1 —cos a)/2
cos (@/2) =/(1 ¥ cos ay2

tg (a/2) =sen o/(1 +cos w).
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MAIN THEOREMS ON TRIANGLES

A) Right-angled triangle (a and b catheti, ¢ hypotenuse, o and
angles opposite to the catheti); o + =x/2 rad.

sen o =a/c; cos o =b/c;tg a = a/b; ¢tg a =b/a

a=csena=ccosff=btg a a N
b=ccosa=csenpP=atgp y 5 o
a2 +b?=c% ¢c=+a%+b? (Pythagoras theorem)

B) Oblique-angled triangle (a, b, ¢ being the triangle sides; a, B, v
being their relevant opposite angles); o +f +vy =x rad =180
a/sen a. =b/sen  =c/sen vy (theorem of sines)
F=a+b —-2abcosy (Carnot theorem)
— From the two sides a, b and angle v, find the third side ¢

and angles a and B.

c=\& +b?>—2 abcos v,sen o.=asen y/c;a=..;

=180 —a —¥.
— From the two sides a, b and angle q, find the third side ¢

and angles B and v. x
sen B=bsen o/a P =..;y =180 —a —p; b
c=Ja& +bP —2ab cosy.

— Given the three sides, find the angles B a t
cos vy =(& +1 —c?) / (2 ab); y = ..., sen a =sen /¢,

o=.;p=180 —a —v.
— Given two angles a, 3 and a leg a, find the third angle vy and
the other two sides b, c.
vy=180 —a —f; b=asen 3}/ sen a; c=asen y/ sen a
— Given a side ¢ and two adjacent angles a, B, find the third
angle vy and the other two sides.
v =180 —o —f; b =c sen P/sen v; a =c sen a/sen vy
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CALCULATION OF AREAS, PERIMETER

Square, Rhombus
= A -]
% A=a%P=4-a
a
/ Rectangle, parallelogram
AN
. A=a -bP=2 - -(a+b)a= L —b
a 2
b
D— :
, { Trapezium
= '
28 A 2Fb . _2A
2 ’ h
Triangle
A= a-h ;a=2'A ;h=2'A
2 : h a
Hexagon
A= a-h -n=38 -a - h
2
A = Area
P = Perimeter
n = Number of sides




Circular ring

A= % (D? —d?) = 07854 (D? —d?)

Circular sector
A_b-r & a T

=0,7854
360° 360°

. . . . o .
rem-a, = d a_d=360 b

i '

180 360° . AN

Circular segment

oQUv>

=
2, _
_a_ A=3-|: r o _S(r h)zi.s.
S 360° 2 3
A-3
h= 2 S=2,/h@r—h)
2 o Ellipse
= A=07854D -d=2"9°% .p. D*d
4 2
= Area
= Perimeter
= Diameter; lower half-axis
= Diameter; higher half-axis




CALCULATION OF VOLUMES, LATERAL AREAS, TOTAL AREAS

Cube
V=a%d=a -3
a=3%/V;At=6 -a%; Al =4 - a2

Right prisme
V=a-:-b-h=A-h; At=2(A+A, +A,)
d =+ a?+h?+b? Al =2 (A, +A,)

Pyramid

=La.b.h=A.h;
3

At =A+2 (A, +A,)

2 2

4

Frustum of pyramid

h

V= _3— (A +A2+\/A1 'A2)=A1 A

2

+h

At =A, +A, +2 (A, +A,)
=2 -

A (A; +A,)
A, = Total area
V = Volume
Al = Lateral area
h = Height
d = Diagonal




Cylinder
dz - x )
V=A-h=—4—-h=0,7854-d - h

Al=x -d -h
At=2A+d-xm+h

" Hollow cylinder
V=A - -h=07854 - (D?>~d? - h

Straight cone

V= A-h _ d® - 07854 - h
3 3 ’
Al=x -r - /rP+h?=x .1 -
At=A +Al
Sphere
3 .
R V. S B Ry
3 6
At=x -d% d= 6V
T
A = Base area
At = Total area

Al = Lateral area




INTERNATIONAL SYSTEM MEASURING UNITS
Basic units

IS basic units

Unit g;:"nbol Denomination
Length m metre

Mass kg kilogram

Time s second
Electrical current

intensity A ampere
Thermodynamic

temperature K Kelvin

Light intensity cd candle

Unit decimal multiples and sub multiples

Power of ten Prefix Symbol
102 earth T
10° giga G
108 mega M
103 kilo k
102 hecto h
10 deca da
107 deci d
1072 centi c
1078 milli m
107 micro n
107° nano n
1072 pico p
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Derived units

newton (N): a force exerting an acceleration of 1 m/s? to a
body with a mass of 1 kg;

pascal (Pa): pressure force 1 N exerted on a surface with
area of 1 m2. The bar unit is also used (1 bar =10° Pa);

joule (J): work done when the point of application of a force
of 1 N is displaced through a distance of 1 m.in the di-
rection of the force;

watt (W): the power of a system producing the work of 1 Jin
18S;

coulomb (C): an electric charge that in 1 S passes through a
conductor having a current flow of 1 A;

volt (V): potential difference between two sections of a con-
ductor with 1 A current flow which dissipates 1 W of
power between the sections;

farad (F): the capacity of a capacitor in which the transfer of
1 C from one armature to the other causes a potential
difference of 1V,

ohm (). electrical resistance between two sections of a
conductor-having a potential difference of 1 V if the
currentis 1 A,

weber (Wb): magnetic induction flow (1 Wb =1 V.s);

tesla (T): magnetic induction (1 T =1 Wb/m?);

henry (H): inductance (1 H=1 V.s/A).
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SYMBOLS AND MEASURING UNITS ACCORDING TO THE INTERNA
TIONAL SYSTEM, USED IN POWER TRANSMISSION TECHNOLOGY

Symbol Meaning IS unit symbol
Geometry

A Area m?

a Distance m

o, B,y - Angle rad

b Width m

d Thickness m

d Diameter m

h Height m

I Length m

r Radius m

s Space m

\ Volume m?
Time

a Acceleration m/s?
o Angular acceleration rad/s?
f Frequency Hz

g Gravity Acceleration m/s?
n Rotation speed 1/s
w Angular speed rad/s
T Time constant s

t Time, duration S

v Speed m/s

16



Symbol Meaning IS unit symbol
Mechanics
E Young’s elasticity MPa
F Force N
G Weight N
J . Moment of inertia kgm?
M Torque Nm
m Mass kg
P Power w
P Pressure Pa
Q Density kg/m?
c, Tensile, compressive and
bending stress Pa
w Work, energy J
n Performance —
u Coefficient of friction —

17



BASIC FORMULAS USED IN POWER TRANSMISSION TECHNOLOGY

Translation
s =v-t
s
v = =
t
v
a =
t
F=m-a
M=F -r
P=F- v
W=F -s
w= 1
2

Space (m) ’ angle
Linear speed (m/s)
Angular speed (rad/s)

Acceleration (m/s?)

Force (N)
Torgue (Nm)
Power (Watt)

Energy (Joule)

mv? Energy (Joule)

Important definitions
1 Newton (N) =1 kgm/s?
1 Kilogram-weight (kp) =9,80665 N

1 metric horsepower PS=7355 W =75 kgm/s

1 horsepower (HP) =7457 W
1 Wh/3600 =1 Nms =1 Joule (J)
g =9,80665 m/s?

Rotation
@ =wt=2mx -n -t

v =dun =wr

0 =p=zm=t

o =0=_9
® 1
F=mrw
M=J - w
P=M-u
W=M "¢
W=L.Ju)2
2
Force
Force
Power
Power

Work, energy

Gravity
acceleration




SYMBOLS AND DESCRIPTIONS

M = peak or motor total torque (Nm)

M, = stall torque (Nm)

M, = acceleration torque (Nm)

M, = braking torque (Nm)

P = motor total power (kW)

P, = power at normal operating speed (kW)
P, = acceleration power (kW)

= rotating speed (min™)

An = rotation difference (min™)
v = linear speed (m/min)

Av = speed difference (m/min)
J = inertia (kgm?)

m = mass (kg)

F = force (N)

W = energy (J)

t, = acceleration time (s)

t, = braking time (s)

s = space (m)

o
I

= diameter (mm)

_,
|

= radius (mm)

= coefficient of friction
= pressure (N/m? or Pa)
= 980665 m/s?

= 3,141592654

4 @ v F
!




Linear speed

(m/min) v = d-=mn_
1000
Force (N) F = 1000 _[\:'_=M ‘m g
F-r
Torque (Nm M ="
que (Nm) 1000
v o~ 310°P _ 9549P
TN n
Work (Joule) W =F-s=m-g-s
2
Translation energy W = '
(Joule) 7200
2 2
Rotation energy w=-"_ yn= .
(Joule) 1800 1824
Power (kW)
in rotating P = %  .40°M -n= M_n
conditions 30 9549
in translating p - F° V4
conditions 6 - 10
in lifting p = 29_4"
conditions 6 - 10

20



Important definitions

N - Pavailable Efficiency
Pabsorbed
u = _.n_1_ = L = .\/ _vY2 Ratio
n, M, J
Transmission acceleration
Total
forque (Nm) M = M, +M, =M, +—%_ g AN
30 t,
Acceleration
torque M, =% g AN _gqe5y AN
(Nm) 30 ta ta
knowing that
1000 v
n - -
d xm
M, = 100 J Av
3d t,
effective work 2 »
(Joule) w=_Jap_M __ JAnM
1800 M—-M 1824 (M —M,)
2
W = 5000 J Av M
9 d? M —M,

Total
power (kW) P =P +P,

21



Power under

. nn M n--M v - M,
normal operating P, = " = =
conditions (kW) 310 9549 30 -d
Power wr_men 2 n An ndAn
accelerating P, = :J = .
(kW) 9 -10 ta 9,12 - 10* - ¢,

P, = 10 v J Av _ m-v-Ay
9 d? t, 72 -10°t,

For braking, symbols A and M, should be modified.

Acceleration time

= T An —0105 JAn 100 J Av
30 M—M, M — M, 3d M-—M

L = x2n JAn - n JAn

2 "9 - 10° (P —P) 9,12 -10* (P —Py)

L = J +An 1, = J - An

@ 955 - M, '" 955 M,

Acceleration during horizontal movement

m v
i =?-—10_4[”°g

+ Av
60 t,

22



STRENGTH OF MATERIALS

Ijjé\] Tensile strength

F

] = a

Shear strength
Ai @

F
‘C =
A
% Bending strength
6= M
W,

(‘—goa Torsional strength

\ = M

W,
A = Area of section in mm?
o = Torsional and bending strength in N/mm?
T = Shear and torsional strength in N/mm?
F = Force in N
M = Moment in Nmm
W, = Bending strength module in mm?
W, = Torsional strength module in mm?®

N/mm?]

[N/mm?]




Moment of inertia - Resistance module

Resistance Moment of inertia
module of a surface
S = % 4
W, 32 g la 64 g
=% .4 = T . 4
Wy 16 d s 32 g
IT T
Wy = g d =dWd 1, = = (Y0
dp ~~>ra
T T
W, = 45 (@ —defyd I, = o5 - (@ —dy)
b3 b*
=6 L =33
— 2
= 9 b
R B,
6 b-h
2 5 _h%b
=g bk L =75

24



N s

THERMAL EXPANSION - ELONGATION

Elongation
3 L=a -t —t)
Final length
I k=1l (1 +a « AT)
- | _ l
/ (- [ | VN o o * AT
ly
AT = —F—
a -l
l, Elongation
l = Initial length
I = Final length (after heating)
AT = Temperature difference in Kelvin
o = Thermal expansion coefficient for 1 degree
Thermal

expansion coefficient for 1K and length unit

(between 0 and 100°C)

Aluminium ~0,000024
Bronze 0,000018
Glass 0,000009
Cast-iron 0,000011
Copper 0,000017
Magnesium . 0,000025
Brass 0,000018
Steel 0,000012

25



GEAR WHEELS

The ratio between a driving wheel with diameter dy and a dri-
ven wheel with diameter d, is defined as transmission ratio

and is indicated as u.

as:

n,

W, =

w, =

Zy

Z

d _ n o _ oy
d, n, W,
Z
Z1 driving
. revs -
angular speed, in min of the driving wheel
. revs .
angular speed, in min of the driven wheel
rad

angular speed, in of the driving wheel

angular speed, in of the driven wheel

number of teeth of the driving wheel

number of teeth .of the driven wheel

driven

When u > 1, the gear reduces speed, when < 1, the gear multi-
plies speed.
When drive is transmitted between external gear-wheels, rota-
tion directions are opposite. When one of the two gear-wheels is
internal, rotation directions are identical.

26



driven

Elements of a cylindrical gear wheel with helical spur
teeth and an involute-to-circle profile

3 ~N

@

o

RTOUOOD T

number of teeth on gear wheel
tooth addendum in mm

module in mm .

tooth dedendum is é min mm

external diameter in mm
pitch diameter in mm
internal diameter in mm
pitch in mm

pressure angle

N
~J



Relations between elements of a helical spur teeth
cylindrical gear wheel

m = _sz_ [mm] from which

D, =m-z; z= D
m

p = J—Z'?L [mm] from which

T z

p = am[mm]

Forces transmitted by a helical spur teeth
cylindrical gear wheel set

The tangential force T is the component of force F acting in
the direction of the tangent common to the two pitch circumfe-
rences - the gear wheel rotates by action of T.

The radial force R is the component of force F directed to-
wards the gear wheel centre and is normal to the axis of the ge-
ar wheel.

9550 P _ _ _ T
T =2 N, R=TigalNE  F=— [N

where r =pitch radius [m]

P =power [kW]
n =rpm [min~]
M = _9550P [Nmj transmitted torque

n

28



Main relations between the elements of a cylindrical
gear wheel with helical teeth

z = number of teeth

p. = circumference pitch

P, = normal pitch

p, = axial pitch

p. = helix pitch

m, = circumference module A

m, = normal module

m, = axial module

o, = pressure angle T| /&

B = helix angle

DP = mz 2 \

Pr = Pocosp \

o = _ P g \

¢ cos B e A R,

P, = mm, S \\i RS

p. = mm, - \i, :

Ttpr tg § from which R

€ ' !
b, = —F% o
tgp C

= Pe ( ;

Pa z Axial profile

Loads transmitted between cylindrical helical teeth
gear wheels with parallel axis

T=—95r52P A =Tigp

where r = pitch radius [m]

P =power [kW]
n =rpm [min™]
_ T _ Ttgo
F = cos B R cos f

29



HELIX ANGLE DIRECTION

A helical teeth gear-wheel has its helix on the right if, where ob-
serving its profile, with the axis horizontally located, the teeth
are inclined downwards to the right. It has its helix on the left if
the teeth are inclined downwards to the left.

P

Right helix Left helix
The direction of force A depends on the rotation direction of the
two gear-wheels and on the direction of helix angle according to
the following scheme:
A

Driving
right helix

right rotat. Driving
right helix

~ \‘A
Driven efi rotat. Driven
left helix left helix
N \é
(@)
Driving Driving
left helix left helix

Driven
right helix

Driven
right helix




HELICAL GEAR WHEEL WORM GEARING

(Z4

normal pitch of worm and gear-wheel in mm

axial pitch of worm equal to circumference pitch of
the gear-wheel in mm

worm helix pitch in mm

normal module in mm

axial module of worm equal to the circumference mo-
dule of the gear-wheel, in mm

helix angle, worm and gear wheel

worm pitch diameter in mm

gear wheel! pitch diameter in mm

number of worm starts

pressure angle

number of gear wheel teeth




Relations between the elements of a helical gear
wheel with worm gearing

Pn =% M,
p, = Tm, _ Pn ‘P, = Pai . = m,i - m,z
®  cosp cosB ' ° cosB’ ' senp > cosP
Ratio

z
U =—

i

In the case of a worm with one startonly i =1 and u = —f—

Forces transmitted between worm and helical gear
wheel

Tangent force of the worm fitted on the pitch circumference
equal to gear-wheel axial force. '

T = QL:')r(])P_ =Gear wheel axial force, in N =worm tangent force

where r =worm pitch radius [m]

and P =power [kW]

n =rpm [min™]
R = Lt;gﬁi— = Gear wheel radial force =Worm radial force
A = # = Gear wheel tangent force =Worm axial force

32



ELECTRICAL TECHNOLOGY

current (technicatl) direction

Umav—L max

180°  360°  540°

Ohm’s law
Direct current
Voltage U =R - | [V]

Current | Y [A]
R

Resistance R = ——llJ— [Q]

Alternated current
Voltage U =0,707 - U, [V]
Current | =0,707 - |, [A]

1

U — R
é Uph
M,
W \"

Xo <L . g

Uph

’ o
h

r

ph

Three-phase current
with star connection

Voltage U =1,73 - U, [V]
ouU=U, /3
Current | =1, [A]

Three-phase current
with deita connection

Voltage U =U,, [V]
Current I =173 - |, [A]
orl=l, /3

= Phase current in A

U,, = Phase voltage in V

ph




WORK AND ELECTRIC POWER

Direct current

Work W =P - t=U - | - t =[Ws]
oW
t
[ =WV
U -t
®© O L= W
U -1
O Power P =U - I[W]
or
to P=F -RW
or

[

U2
B o -ww
7

. _ P
O 1=y = I

u=vVp -R V]

Three-phase current
P=U-1-173 - cos g =[W]

HE#-U

I

Electric power in watt or kW
Time in seconds

Electrical work in watt - s
Current intensity in A
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CHARACTERISTICS OF THE THREE-PHASE MOTOR

Absorbed power P, = J3:U -1 -cosg
1000

Available power Py, = Y38 -U-l-cosg -0

1000

P = power in kW

U = voltage in V

! = line current for phase in A

cos ¢ = power factor

n = motor performance

SYNCHRONOQUS SPEED OF A THREE-PHASE ELECTRIC MOTOR

n, = synchronous speed in min™'

n, =60 — =120

f f

p 2p n = work speed in min’
f f = main frequency in Hz
n =n,(1—s)=60 T (1 —s) p = number of pole pairs

-n s = slipping

-2p= number of poles

2p t=50 Hz f = 60Hz f=100Hz | f=200Hz | = 400Hz

o

2 3000 3600 6000 12000 24000 1
4 1500 1800 3000 6000 12000 2
6 1000 1200 2000 4000 8000 3
8 750 900 1500 3000 6000 4
10 600 720 1200 2400 4800 5
12 500 600 1000 2000 4000 6




RELATION BETWEEN MOTOR SIZE AND POWER

(CENELEC 231 -IEC 72)

An example of the correlation between rated power at 4 poles and

motor size.
Size Rated power in kW
Axis height Closed motors with
inmm squirrel cage rotor
63 0,12
63 0,18
71 0,25
71 0,37
80 0,55
80 0,75
908 1,1
oL 1,5
100 L 2,2
100 L 3
112 M 4
1328 55
132 M 7.5
160 M 11
160 L 15
180 M 18,5
180 L 22
200L 30
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COMMON MOUNTING POSITIONS

The following table shows the most common mounting
positions with reference to IEC 34-7 Standard.

' IMV 6
IMB 3 IMV5
IM 1001 IM 1011 IM 1031
IMB 6 IMB 7 IMB 8
IM 1051 IM 1061 IM 1071
IMB5 MV 1 IMV 3
IM 3001 IM 3011 IM 3031
o Mg
IMB 14 IMV 18 IMV 19
IM 3601 IM 3611 IM 3631
oy OE
IM B 34 IM B 35
IM 2101 IM 2001

1T
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TYPES OF DUTY

Definitions

For a correct selection of the motor, customers must specify the fore-

seen types of duty.

Standards |IEC 34-1 define 9 different types of duty from S1 to S9.

Continuous running

duty - duty type S1
Operation at constant load of
sufficient duration to reach
thermal equilibrium

Short-time duty - duty type S2
Operation at constant load
during a given time less than
required to reach thermal
equilibrium, followed by a rest
enabling the machine to reach
a temperature similar to that

of the coolant (tolerance 2K).

|
Load ‘
|
'

Electrical

losses r

Temperature ‘

Load

Electrical
losses

Temperature

|
|
|
|
|
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Intermittent periodic

duty - duty type S3

A sequence of identical duty
cycles, each including a

period of operation at constant
load and a rest (without
connection to the mains).

For this type of duty, the starting
current does not significantly
affect the temperature rise.

Intermittent periodic duty with
starting - duty type S4

A sequence of identical duty
cycles, each consisting of a
significant period of starting, a
period under constant load and
a rest period.

Intermittent periodic duty
with electric braking - duty
type S5

A sequence of identical duty
cycles, each consisting of a
period of starting, a period of
operation at constant load
followed by rapid electric
braking, and a rest period.

A period of duty
‘ N_._R ‘
Load ‘ ‘
Electrical P ]
losses | ‘
. G -- -1 © max
Temperature ’ / \ / \J
hY
;———iﬁme
A period of duty
Load ‘ 1
' DN, R ‘
| ||
Electrical
losses ; ;
| "'L"““ -+-1 © max
NN
J
Temperature ' \\‘ \
-]—I-Time
A period of duty
Load ! !
Bl T
‘ N ) \ ‘
Electrical
losses ‘v L i
Temperature ‘ / 1A | © max
\ /\\4 /\1 '

F

Time
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Continuous-operation periodic
duty - duty type S6

A sequence of identical duty
cycles, each consisting of a
period of operation at constant
load and a period of operation

at no-load. There are no rest
periods.

Continuous operation duty
with electric braking - duty
type S7

A sequence of identical duty
cycles, each consisting of a
period starting, a period

of operation at constant load
followed by electric braking.
There are no rest periods.

A period of duty
| |
Load ! . !
Electrical i— —-i
losses |
| == A==~ O max
Temperature ’ \/ \J
N
_!_—J. Time
A period of duty
Load | |
‘ N E 1
Electrical
losses ‘ ‘
C mis)
Temperature! r&(x{\}e max

[

Time
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Continuous-operation
periodic duty with
related load/speed
changes - duty type S8

A sequence of identical
duty cycles, each consi-
sting of a period of opera-
tion at constant load corri-
sponding to a predetermi-
ned speed of rotation, fol-
lewed by one or more
periods of operation at
other constant loads cor-
responding to different
speeds of rotation,(e.g.
duty with a switching pole
induction motor). There are
not rest periods. The period
of duty is too short to
reach thermal equilibrium.

Duty with non-periodic
load and speed varia-
tions - duty type S9
Duty in which generally
load and speed vary non-
periodically within the
permissible range. This
duty includes frequently
overloads applied that
may greatly exceed the
full loads.

A period of duty

P

Load P

| DN,
Electrical | DL—‘
losses HHL
TemperatureF \‘ \4

1l T
Speed o

‘ \_

]

P
( :

1
1O max

{ Time

|
.
4 N—
Load i r J\_ ,J d ,..H
o
e ot BB e 1
| (,,,,,,,JGmax
Temperature | NS |
e eh'r\r — l Time
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Power of equal thermal value both for
intermittent duty and variable load.

P2 +P31,+ P2t
(ISP pRTNY.)

P =[w] = power

Pt =

t =[s]=time

How starting time is established
t— (J M+ JL) 0]
M

(where M= M wm — M gn )
Ju=[kg.m?]= moment of inertia

~ of motor
_ 21 _ moment of inertia
Ju=[kg.m ]_ofload
_ _ angular
o =[RAD/S]= epeed

_ _ motor mean
Mun =[Nn] = torque value

M am =[N n]= mean resisting
torque

Acoustic pressure level

P
L pa =20 +Ig (E)[db]
p =[ N/m?] = acustic pressure
where p,po = acustic pressure

Po=2+10"5N/m

Acoustic power level
Lua =L, +10+1g (2 )[cb]
0
where s = effective measuring area [m?]
so =1m2 = reference area

vibration amplitude

- Jz_'veﬁ [

2nf
where Ve =vibration speed =[m/s}
f = vibration frequency =[s"1]

s mm |

/

A

Py

P2

Pa

t2

ta
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