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Technical guide No. 7 - Basic formulas
Purpose and targets of the presentation

B H 7Y

2 Purpose of the presentation A%
> Show the typical formulas used in basic dimensioning

U A ZE A IR A 22 32X

> The targets of the presentation are that you: H 1]

> Can do also manual calculations of basic dynamical
systems (e.g. acceleration time)

ARG F LIHHE
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AC motor - Power X7 HPLEILIZ

2 Motor’s mechanical output power can be calculated from speed

and torque:
A T AN e v S R B S D
P [W] =T[Nm]*a[rad | s]
T/Nm]*
P kW] = [Nm] *n[rpm] e i_g e
9550
1LkW =1000 W

2 Motor’s input power can be calculated from voltage, current and
power factor:

It HE, BRI A B B L A\ T2

P,[W]=3*U[V]* I[A]*cos(¢)
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AC motor - Power X7 HPLEILIZ

2 Motor’s efficiency is output power divided by input power:

b &S EEE S P

Electric power input

R BER PN
/7 — Pout
P faeraet Mechanical
s I;:)osv;z; power output
HIFEE BT 25 H
2 At nominal point AC motor’s outpu't'pé-wer is:
FELATLARE AL B0 H Th 2R

sz P [W1=PW]=3*U [V]1*1,[A]*cos(@,)*n, OF

*
WRHRZIE P[] = P [k] = eV M lrom)]

9550
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AC motor - Mechanical laws of rotational motion

AC BT 5] R PE
2 One of the fundamental equations for an electric motor is:
ELATLEE T B N TE AL To[que Speed
da 5
J ¥ T 5 7-vloaza’ B3
dt B

2 Motor torque consists of dynamic and load component. Dynamic
component changes the speed:

HHLIEA SIS NE BN I &
Peay Pt

dyn oad
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AC motor - Mechanical laws of rotational motion

AC AP 55 5 R PE

2 Dynamic torque component changes the motor speed:

BNAS 17 B R B AL ‘
Tdyn | Nm| = J[kgm2 1% d“[’”;td /5]

2 In practice the dynamic component is calculated as follows:
AT ER LIETHE

21, DAn[rpm]
T, [Nm]=Jlkgm®]*=—*
an NmM] = J|kgm™ ] 60 Afs]

2 The total torque needed in acceleration is thus:
JI[IBE BN E sl S pAFEY <S
T[Nm]=T,, +T,,, = Jlkgm’]

. 27, Dn[rpm] +T,
60  Ats]
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AC motor - Mechanical laws of rotational motion

AC B 7550 f7 2

Example: AC motor’s and load’s total moment of inertia is 3 kgm?Z.
Constant load torque is 50 Nm.

24 B RS FERERS kgm?: {HE 513 /1750 Nm

A) What is the torque needed to accelerate the motor from 0 rpm to 1000 rpm
speed in 10 seconds?

] REA): FENLEEEE10F A NOIIEEEI1000rpm, FEL K A5E?

B) If the electric supply is switched off at 1000 rpm speed how fast will the
motor decelerate to 0 rpm speed?
7 @B): IR EHLIEITE1000rpmET, {F1E4EHE,
A4 BEHLIRE Z0rpm E £ /> ] 2
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AC motor - Mechanical laws of rotational motion
AC B # 5 JR P

Solution: &%
A) The total torque needed for acceleration is the sum of dynamic
and load components. JJ[13# i F2 5 5 R 2 B A 4 2 5 2 A

= 3% 211, 1000
gy 60 10

B) The motor decelerates because of the load torque (50 Nm),
Actual motor torque is zero. Then:

ORI RES, [NEABSIMELIERH (50 Nm), YA & BH T HERER

2n, A 2n 1000

ABB Automation ‘l .. l.
Page 8 AP

iy Sl

dyn

+T, Nm +50 Nm =814 Nm




[JX3 WORLD

Technical guide No. 7 - Basic formulas
Moment of inertia & gears 17 1L T4 H 45 AT 2

2 ‘Inertia’ (moment of inertia) is important to know in many
dimensioning cases.

e BB IR AIIE AR (B B 3 &) o

2 Generally J[kgm?] can be given by motor and machine
manufacturers.

HiliE) B HEEsh R E: J[kgm?]

2 Sometimes it can be calculated quite easily. For a cylinder
shape the moment of inertia is proportional to mass and
quadratically proportional to radius of the cylinder: J = m*r%
HYRBEASHE,

A A R R SR E S R EME AR F T R : J = m*r?

2 Energy stored to a rotating mass is: E = 0.5*J*u?

R IREER: E = 0.5
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Moment of inertia & gears 17 1L T4 H 45 AT 2

2 When gear is used power, torque, moment of inertia, spring
constant of a shaft, etc. must be reduced.

fEHseAERs, Tha, ¥HE, FaiiE, MMAIFRTE R0 E

2
T1=T_2*(n_2\i Jl:Jz* n_2 P =P—2
n n J n,

Direction of energy fEE (L )5

g n
TP i PPy
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Calculation example i+Z254

2 A fan has following load characteristics

— N RALAE a0 T B S B
100 | 90.0
90 -
80 -
70 -
60 -
50 -
40 -
3@0.
20
10
0

Torque (%)
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(o)
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Calculation example i+Z254

> A following motor has been selected:

FELALIE R 4R
P = 110 kW
U, = 400 V
| = 202 A
cos(q,) = 0.83
n, = 991 rpm
S ol R B 5 kgm?

> Fans moment of inertia is J;,, = 995 kgm?
KL IRE: J.,, = 995 kgm?
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Calculation example 71-Z 254/

2 Task 1: What is the nominal torque of the motor? What is the
nominal efficiency of the motor?

HPLRIBUE /1R %7
LA E MR R D7

> Task 2: Estimate the starting time from 0 to 100% speed if
accelerating is done with nominal torque.

R AR E JIFEINE, A& BV EMNOLEFA2]100%
) 200 X 3 B A RS B B[]
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Technical guide No. 7 - Basic formulas
Calculation example

Task 3: Estimate the deceleration time from 100% to
0% speed if it is assumed that the average braking
torque over the whole speed range (in generating
mode, flux braking is utilised) is 4.5%.

Hint: Divide the speed range into sectors and
calculate the times over the sectors.
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Calculation example - Solution

Task 1:
2 Nominal torque of the motor is: L% E 1148

9550 * P.[kW] _ 9550*110

T | Nm| =
Lm] n [rpm] 991

Nm = 1060 Nm

> Nominal efficiency of the motor is: F3 #1141 & 20 %

P
e T L Ll = 0.947

P, 3*U [V1*I [A]*cos(@.) ~3*400%202*0.83
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Calculation example - Solution

Task 2:
> Speed range is divided into 10 sectors. 1% 5 Ji. [ 77 il 10 B
> Acceleration time for each sector is calculated using formula:

B—EBIIERN E A T ATHE
Mrls] = Jlhgm® ]+ T x TP o jrpgmyye 27 CoLIPTY
60 T 6() Ers Zoad

dyn n

2 In each sector average value of load torque is used. For example
in sector 1 the average load torque is (20+12.9)/2 % = 16.45 %
and the dynamic accelerating torque (T -T,,.4) is 100 % - 16.45 %

= 83.55 %.
B AR S B IR W ME . B an s — R 28 J1HE A2 -
(20+12.9)/2 % = 16.45 %, BNAINE SIFE(T T o0a) 2 :
100 % - 16.45 % = 83.55 %.
ABB Automation AL HD HD
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Calculation example - Solution

Task 2:
T R B e e G S e i R AR e G L
60 T =T 60 0.8355*1060
99.1-198.2 rpm At s] =1000”‘277 § 2! s=11.0s
60 0.8925*1060
198.2-297.3 rpm At[s] =1000* 2 it s =10.7 s
60 0.9115*1060
297.3-396.4rpm  At[s] =1000* ~ibs Al s =L s
60 0.8825*1060
396.4-495.5rpm  Afs]=1000* i ey s=12.0s
60 0.8155*1060
ABB Automation AL ED BD
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Calculation example - Solution

Task 2:

495.5-594.6 rpom  At[s] =1000* il 2% s=135s
60 0.7255*1060

594.6 —693.7 rpm  At[s] =1000 * AR, i s=159s
60 0.6175*1060

693.7-792.8 rpm  At[s] =1000* ALy, el s=199s
60 0.4915*1060

792.8-891.9rpm  Atf]s] =1000* ol 2 §=28.25s
60 0.3475*1060

891.9-991 rpm At[s] =1000 * ik ! s =528s
60 0.1855*1060

ABB Automation
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Calculation example - Solution

Task 2:

2 The total acceleration time is the sum of all sector
times: 186.8 seconds! =I5 [B] A%REELI [B] 2 Al

2 Sector width affects the accuracy of this kind of

approximation. & — &8 43 1 %5 B 52 M A S 2 )RS
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Calculation example - Solution

Task 3:

> Speed range is divided into 10 sectors.

> Deceleration time for each sector is calculated using
formula (T = - 4.5%):

2n , An[rpm]

60 T

dyn

L 27, An[rpm]
60 T'load t T

At[s] = J[kgm*]* = J[kgm’]

2 In each sector average value of load torque is used.
For example in sector 10 the average load torque is
(90+72.9)/2 % = 81.45 % and the dynamic decelerating

torque is 81.45% + 4.5 % = 85.95 %.
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Calculation example - Solution

Task 3:

27 99.1

991—-891.9 rpm At[s]=1000* —*
60 0.8595*1060

891.9-792.8 rpm  Af[s] =1000* 2+ 271

60 0.6975*1060

792,863 T 1o . WAs] = 1000 F e o 22

60 0.5535*1060

B3 RSSO0 o S A 5] e O0D ~ i 2

60 0.4275*1060

594.6 —495.5rpm  At[s] =1000* 2n , 99.1

60 0.3195*1060
ABB Automation
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Calculation example - Solution

Task 3:

495.5-396.4 rpm

396.4 —297.3 rpm

297.3-198.2 rpm
198.2 -99.1 rpm

99.1-0rpm
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27 99.1

At[s]=1000* == *
60 0.2295*1060

Afs] = 1000+ 22 21
60 0.1625*1060

Afs] = 1000+ 2+ 221
60 0.1335*1060

27 99.1

At[s]=1000* == *
60 0.1525*1060

27 99.1

At[s]=1000* == *
60 0.2095*1060

o= 4Pt g

s =60.2s

s =733s

s=64.2s

s =46.7 s
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Calculation example - Solution

Task 3:

2 The total deceleration time is the sum of all sector
times: 383.7 seconds!

2 Sector width affects the accuracy of this kind of
approximation.
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