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Technical guide No. 7 - Basic formulas

� Purpose of the presentation ޵ᇩ޵ᇩ޵ᇩ޵ᇩ

� Show the typical formulas used in basic dimensioning

䈤᰾สᵜ䘹රޜᔿ䈤᰾สᵜ䘹රޜᔿ䈤᰾สᵜ䘹රޜᔿ䈤᰾สᵜ䘹රޜᔿ

� The targets of the presentation are that you:ⴞⲴⴞⲴⴞⲴⴞⲴ

� Can do also manual calculations of basic dynamical 

systems (e.g. acceleration time)

ࣘᘱ㌫㔏Ⲵ᡻ᐕ䇑㇇ࣘᘱ㌫㔏Ⲵ᡻ᐕ䇑㇇ࣘᘱ㌫㔏Ⲵ᡻ᐕ䇑㇇ࣘᘱ㌫㔏Ⲵ᡻ᐕ䇑㇇

Purpose and targets of the presentation

ᇩ઼ⴞⲴ޵ᇩ઼ⴞⲴ޵ᇩ઼ⴞⲴ޵ᇩ઼ⴞⲴ޵
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� Motor’s mechanical output power can be calculated from speed 

and torque:

䙊䗷䙏ᓖ઼࣋⸙䇑㇇⭥ᵪⲴ䗃࣏ࠪ⦷䙊䗷䙏ᓖ઼࣋⸙䇑㇇⭥ᵪⲴ䗃࣏ࠪ⦷䙊䗷䙏ᓖ઼࣋⸙䇑㇇⭥ᵪⲴ䗃࣏ࠪ⦷䙊䗷䙏ᓖ઼࣋⸙䇑㇇⭥ᵪⲴ䗃࣏ࠪ⦷

AC motor - Power  Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷

9550

m]T[Nm]*n[rp
[kW]Pout =

� Motor’s input power can be calculated from voltage, current and 

power factor:

䙊䗷⭥঻䙊䗷⭥঻䙊䗷⭥঻䙊䗷⭥঻ˈ̍̍̍⭥⍱઼࣏⦷ഐᮠ䇑㇇⭥ᵪ䗃࣏ޕ⦷⭥⍱઼࣏⦷ഐᮠ䇑㇇⭥ᵪ䗃࣏ޕ⦷⭥⍱઼࣏⦷ഐᮠ䇑㇇⭥ᵪ䗃࣏ޕ⦷⭥⍱઼࣏⦷ഐᮠ䇑㇇⭥ᵪ䗃࣏ޕ⦷

)cos(*][*][*3][ ϕAIVUWPin =

s][radT[Nm]*[W]Pout /ω=

][*
60

2
/ rpmns][rad

πω =

WkW  1000 1 =
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� Motor’s efficiency is output power divided by input power: 

⭥ᵪ᭸⦷ᱟ䗃࣏ࠪ⦷⭥ᵪ᭸⦷ᱟ䗃࣏ࠪ⦷⭥ᵪ᭸⦷ᱟ䗃࣏ࠪ⦷⭥ᵪ᭸⦷ᱟ䗃࣏ࠪ⦷/䗃࣏ޕ⦷䗃࣏ޕ⦷䗃࣏ޕ⦷䗃࣏ޕ⦷

AC motor - Power  Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷Ӕ⍱⭥ᵪⲴ࣏⦷

in

out

P

P
=η

� At nominal point AC motor’s output power is:

⭥ᵪ仍ᇊ⛩Ⲵ䗃࣏ࠪ⦷⭥ᵪ仍ᇊ⛩Ⲵ䗃࣏ࠪ⦷⭥ᵪ仍ᇊ⛩Ⲵ䗃࣏ࠪ⦷⭥ᵪ仍ᇊ⛩Ⲵ䗃࣏ࠪ⦷

nnnnnout AIVUWPWP ηϕ *)cos(*][*][*3][][ == or

Electric power input
⭥⻱࣏⦷䗃ޕ⭥⻱࣏⦷䗃ޕ⭥⻱࣏⦷䗃ޕ⭥⻱࣏⦷䗃ޕ

Mechanical 
power output
ᵪỠ࣏⦷䗃ࠪᵪỠ࣏⦷䗃ࠪᵪỠ࣏⦷䗃ࠪᵪỠ࣏⦷䗃ࠪ

Thermal
power 
losses
✝ᦏ㙇✝ᦏ㙇✝ᦏ㙇✝ᦏ㙇

9550
][

[rpm][Nm]*nT
[kW]PkWP nn

nout ==

䖤ཤ⭥࣏⦷䖤ཤ⭥࣏⦷䖤ཤ⭥࣏⦷䖤ཤ⭥࣏⦷

䖤ཤᵪỠ࣏⦷䖤ཤᵪỠ࣏⦷䖤ཤᵪỠ࣏⦷䖤ཤᵪỠ࣏⦷
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� One of the fundamental equations for an electric motor is: 

⭥ᵪ䖜ᆀⲴ࣐䙏㿴ᖻ⭥ᵪ䖜ᆀⲴ࣐䙏㿴ᖻ⭥ᵪ䖜ᆀⲴ࣐䙏㿴ᖻ⭥ᵪ䖜ᆀⲴ࣐䙏㿴ᖻ

AC motor - Mechanical laws of rotational motion

AC⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶

loadTT
dt

d
J −=ω

� Motor torque consists of dynamic and load component. Dynamic 

component changes the speed:

⭥ᵪ࣋⸙वਜ਼ࣘᘱ࣋⸙࠶䟿઼䍏䖭࣋⸙࠶䟿⭥ᵪ࣋⸙वਜ਼ࣘᘱ࣋⸙࠶䟿઼䍏䖭࣋⸙࠶䟿⭥ᵪ࣋⸙वਜ਼ࣘᘱ࣋⸙࠶䟿઼䍏䖭࣋⸙࠶䟿⭥ᵪ࣋⸙वਜ਼ࣘᘱ࣋⸙࠶䟿઼䍏䖭࣋⸙࠶䟿

loaddyn TTT +=

Torque Speed
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� Dynamic torque component changes the motor speed:

ࣘᘱ࣋⸙࠶䟿ᖡ૽⭥ᵪ䖜䙏ࣘᘱ࣋⸙࠶䟿ᖡ૽⭥ᵪ䖜䙏ࣘᘱ࣋⸙࠶䟿ᖡ૽⭥ᵪ䖜䙏ࣘᘱ࣋⸙࠶䟿ᖡ૽⭥ᵪ䖜䙏

dt

sradd
kgmJNmTdyn

]/[
*][][ 2 ω=

� In practice the dynamic component is calculated as follows:

ࣘᘱ࠶䟿Ⲵᐕ〻䇑㇇ࣘᘱ࠶䟿Ⲵᐕ〻䇑㇇ࣘᘱ࠶䟿Ⲵᐕ〻䇑㇇ࣘᘱ࠶䟿Ⲵᐕ〻䇑㇇

][

][
*

60

2
*][][ 2

st

rpmn
kgmJNmTdyn ∆

∆= π

� The total torque needed in acceleration is thus:

࣐䙏䗷〻ѝᙫⲴ࣋⸙ᱟ࣐䙏䗷〻ѝᙫⲴ࣋⸙ᱟ࣐䙏䗷〻ѝᙫⲴ࣋⸙ᱟ࣐䙏䗷〻ѝᙫⲴ࣋⸙ᱟ

loadloaddyn T
st

rpmn
kgmJTTNmT +

∆
∆=+=

][

][
*

60

2
*][][ 2 π

AC motor - Mechanical laws of rotational motion

AC⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶
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Example: AC motor’s and load’s total moment of inertia is 3 kgm2. 

Constant load torque is 50 Nm. 
ѮֻѮֻѮֻѮֻ˖̟̟̟⭥ᵪ઼䍏䖭Ⲵᙫ䖜ࣘᜟ䟿ᱟ⭥ᵪ઼䍏䖭Ⲵᙫ䖜ࣘᜟ䟿ᱟ⭥ᵪ઼䍏䖭Ⲵᙫ䖜ࣘᜟ䟿ᱟ⭥ᵪ઼䍏䖭Ⲵᙫ䖜ࣘᜟ䟿ᱟ3 kgm2 ˈ̍̍̍

ᚂᇊ䍏䖭࣋⸙ᚂᇊ䍏䖭࣋⸙ᚂᇊ䍏䖭࣋⸙ᚂᇊ䍏䖭࣋⸙50 Nm

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

䰞仈䰞仈䰞仈䰞仈A)˖̟̟̟⭥ᵪ䖜䙏൘⭥ᵪ䖜䙏൘⭥ᵪ䖜䙏൘⭥ᵪ䖜䙏൘10。޵Ӿ。޵Ӿ。޵Ӿ。޵Ӿ0࣐䙏࣐ࡠ䙏࣐ࡠ䙏࣐ࡠ䙏1000ࡠrpmˈ̍̍̍䴰㾱ཊབྷ࣋⸙䴰㾱ཊབྷ࣋⸙䴰㾱ཊབྷ࣋⸙䴰㾱ཊབྷ࣋⸙˛̨̨̨

B) If the electric supply is switched off at 1000 rpm speed how fast will the  

motor decelerate to 0 rpm speed?

䰞仈䰞仈䰞仈䰞仈B)˖̟̟̟ྲ᷌⭥ᵪ䘀㹼൘ྲ᷌⭥ᵪ䘀㹼൘ྲ᷌⭥ᵪ䘀㹼൘ྲ᷌⭥ᵪ䘀㹼൘1000rpmᰦᰦᰦᰦˈ̍̍̍׋→ڌ⭥׋→ڌ⭥׋→ڌ⭥׋→ڌ⭥ˈ̍̍̍

䛓Ѹ⭥ᵪ߿䙏㠣䛓Ѹ⭥ᵪ߿䙏㠣䛓Ѹ⭥ᵪ߿䙏㠣䛓Ѹ⭥ᵪ߿䙏㠣0rpm㾱ཊቁᰦ䰤㾱ཊቁᰦ䰤㾱ཊቁᰦ䰤㾱ཊቁᰦ䰤˛̨̨̨

AC motor - Mechanical laws of rotational motion

AC⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶

www.plcworld.cn
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Solution: ㆄṸㆄṸㆄṸㆄṸ

A) The total torque needed for acceleration is the sum of dynamic   

and load components. ࣐䙏䗷〻ѝᙫ࣋⸙ᱟࣘᘱ઼䍏䖭࣋⸙ѻ઼࣐䙏䗷〻ѝᙫ࣋⸙ᱟࣘᘱ઼䍏䖭࣋⸙ѻ઼࣐䙏䗷〻ѝᙫ࣋⸙ᱟࣘᘱ઼䍏䖭࣋⸙ѻ઼࣐䙏䗷〻ѝᙫ࣋⸙ᱟࣘᘱ઼䍏䖭࣋⸙ѻ઼

1060
Nm.NmNm**TTT loaddyn 48150

10002π
3 =+=+=

B) The motor decelerates because of the load torque (50 Nm)ˈ̍̍̍

Actual motor torque is zero. Then:

⭘䙏䗷〻ѝˈ̍̍̍ӵ䶐䍏䖭࣋⸙䎧֌⭘ӵ䶐䍏䖭࣋⸙䎧֌⭘ӵ䶐䍏䖭࣋⸙䎧֌⭘ӵ䶐䍏䖭࣋⸙䎧֌⭘(50 Nm)ˈ̍̍̍⭥ᵪᵜ䓛⋑ᴹԫօ࣋⸙䎧֌⭘⭥ᵪᵜ䓛⋑ᴹԫօ࣋⸙䎧֌⭘⭥ᵪᵜ䓛⋑ᴹԫօ࣋⸙䎧֌⭘⭥ᵪᵜ䓛⋑ᴹԫօ࣋⸙䎧֌߿䙏䗷〻ѝ߿䙏䗷〻ѝ߿䙏䗷〻ѝ߿

AC motor - Mechanical laws of rotational motion

AC⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶⭥ᵪⲴ䖜ࣘ৏⨶

ssst   28.6
50

1000
*

60

2
*3][ ==∆ π

⇔−=
∆

∆
loadT

st

rpmn
kgmJ

][

][
*

60

2
*][ 2 π
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Moment of inertia & gearsᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐

� ‘Inertia’ (moment of inertia) is important to know in many   
dimensioning cases.
䘹රᰦᗵ享⸕䚃ᜟᙗ䘹රᰦᗵ享⸕䚃ᜟᙗ䘹රᰦᗵ享⸕䚃ᜟᙗ䘹රᰦᗵ享⸕䚃ᜟᙗ(䖜ࣘᜟ䟿䖜ࣘᜟ䟿䖜ࣘᜟ䟿䖜ࣘᜟ䟿)ǄǄǄǄ

� Generally J[kgm2] can be given by motor and machine 
manufacturers.
䙐ল䙊ᑨ㔉ࠪ䖜ࣘᜟ䟿˖̟̟̟J[kgm2]ࡦ䙐ল䙊ᑨ㔉ࠪ䖜ࣘᜟ䟿ࡦ䙐ল䙊ᑨ㔉ࠪ䖜ࣘᜟ䟿ࡦ䙐ল䙊ᑨ㔉ࠪ䖜ࣘᜟ䟿ࡦ

� 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*r2.

䖜ࣘᜟ䟿ᖸᇩ᱃䇑㇇䖜ࣘᜟ䟿ᖸᇩ᱃䇑㇇䖜ࣘᜟ䟿ᖸᇩ᱃䇑㇇䖜ࣘᜟ䟿ᖸᇩ᱃䇑㇇ǄǄǄǄ

ശㆂරⲴ䖜ࣘᜟ䟿оަ䍘䟿઼ॺᖴⲴᒣᯩᡀ↓∄ശㆂරⲴ䖜ࣘᜟ䟿оަ䍘䟿઼ॺᖴⲴᒣᯩᡀ↓∄ശㆂරⲴ䖜ࣘᜟ䟿оަ䍘䟿઼ॺᖴⲴᒣᯩᡀ↓∄ശㆂරⲴ䖜ࣘᜟ䟿оަ䍘䟿઼ॺᖴⲴᒣᯩᡀ↓∄˖̟̟̟J = m*r2

� Energy stored to a rotating mass is: E = 0.5*J*ωωωω2

᯻䖜փۘᆈⲴ㜭䟿ᱟ᯻䖜փۘᆈⲴ㜭䟿ᱟ᯻䖜փۘᆈⲴ㜭䟿ᱟ᯻䖜փۘᆈⲴ㜭䟿ᱟ˖̟̟̟E = 0.5*J*ωωωω2

www.plcworld.cn
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Moment of inertia & gearsᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐ᜟᙗ⸙઼喯䖞㇡Ⲵഐ㍐

� When gear is used power, torque, moment of inertia, spring 

constant of a shaft, etc. must be reduced.

֯⭘喯䖞㇡ᰦ֯⭘喯䖞㇡ᰦ֯⭘喯䖞㇡ᰦ֯⭘喯䖞㇡ᰦˈ࣏̍̍̍⦷࣏⦷࣏⦷࣏⦷ˈ̍̍̍䖜⸙䖜⸙䖜⸙䖜⸙ˈ̍̍̍䖜ࣘᜟ䟿䖜ࣘᜟ䟿䖜ࣘᜟ䟿䖜ࣘᜟ䟿ˈ̍̍̍䖤Ⲵᕩᙗ㌫ᮠㅹᗵᇊՊ߿ሿ䖤Ⲵᕩᙗ㌫ᮠㅹᗵᇊՊ߿ሿ䖤Ⲵᕩᙗ㌫ᮠㅹᗵᇊՊ߿ሿ䖤Ⲵᕩᙗ㌫ᮠㅹᗵᇊՊ߿ሿ

ηηηη

÷÷÷÷

÷÷÷÷











====

1

22

1
*

n

nT
T

ηηηη

2

1

2

21
* 








====

n

n
JJ

ηηηη
2

1

P

P ====

Direction of energy  㜭䟿Ր䙂ᯩੁ㜭䟿Ր䙂ᯩੁ㜭䟿Ր䙂ᯩੁ㜭䟿Ր䙂ᯩੁ

2nn1

2
P1

P
2T1T
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Calculation example 䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ

� A fan has following load characteristics

ањ仾ᵪᴹྲлⲴ䍏䖭⢩ᙗањ仾ᵪᴹྲлⲴ䍏䖭⢩ᙗањ仾ᵪᴹྲлⲴ䍏䖭⢩ᙗањ仾ᵪᴹྲлⲴ䍏䖭⢩ᙗ

20.0
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Calculation example 䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ

� A following motor has been selected:

⭥ᵪ䘹රྲл⭥ᵪ䘹රྲл⭥ᵪ䘹රྲл⭥ᵪ䘹රྲл

Pn =         110 kW

Un = 400 V                          

In                   = 202 A

cos(φφφφn)   = 0.83

nn = 991 rpm

Jmotor = 5 kgm2

� Fans moment of inertia is Jfan = 995 kgm
2

仾ᵪ䖜ࣘᜟ䟿仾ᵪ䖜ࣘᜟ䟿仾ᵪ䖜ࣘᜟ䟿仾ᵪ䖜ࣘᜟ䟿˖̟̟̟Jfan = 995 kgm
2

www.plcworld.cn
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Calculation example䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ䇑㇇Ѯֻ

� Task 1: What is the nominal torque of the motor? What is the 

nominal efficiency of the motor?

⭥ᵪⲴ仍ᇊ࣋⸙ᱟཊቁ⭥ᵪⲴ仍ᇊ࣋⸙ᱟཊቁ⭥ᵪⲴ仍ᇊ࣋⸙ᱟཊቁ⭥ᵪⲴ仍ᇊ࣋⸙ᱟཊቁ˛̨̨̨

⭥ᵪⲴ仍ᇊ᭸⦷ᱟཊቁ⭥ᵪⲴ仍ᇊ᭸⦷ᱟཊቁ⭥ᵪⲴ仍ᇊ᭸⦷ᱟཊቁ⭥ᵪⲴ仍ᇊ᭸⦷ᱟཊቁ˛̨̨̨

� Task 2: Estimate the starting time from 0 to 100% speed if 

accelerating is done with nominal torque.

ྲ᷌ԕ仍ᇊ࣋⸙࣐䙏ྲ᷌ԕ仍ᇊ࣋⸙࣐䙏ྲ᷌ԕ仍ᇊ࣋⸙࣐䙏ྲ᷌ԕ仍ᇊ࣋⸙࣐䙏ˈ̍̍̍ՠ㇇⭥ᵪ䖜䙏Ӿՠ㇇⭥ᵪ䖜䙏Ӿՠ㇇⭥ᵪ䖜䙏Ӿՠ㇇⭥ᵪ䖜䙏Ӿ0кॷࡠкॷࡠкॷࡠкॷ100ࡠ%

Ⲵ仍ᇊ䙏ᓖⲴ䎧ࣘᰦ䰤Ⲵ仍ᇊ䙏ᓖⲴ䎧ࣘᰦ䰤Ⲵ仍ᇊ䙏ᓖⲴ䎧ࣘᰦ䰤Ⲵ仍ᇊ䙏ᓖⲴ䎧ࣘᰦ䰤ǄǄǄǄ

Solution

www.plcworld.cn
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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. 

www.plcworld.cn
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Calculation example - Solution

� Nominal efficiency of the motor is:⭥ᵪⲴ仍ᇊ᭸⦷⭥ᵪⲴ仍ᇊ᭸⦷⭥ᵪⲴ仍ᇊ᭸⦷⭥ᵪⲴ仍ᇊ᭸⦷

947.0
83.0*202*400*3

110000

)cos(*][*][*3

][
≈===

nnn

n

in

out

n
AIVU

WP

P

P

ϕ
η

Task 1:

� Nominal torque of the motor is:  ⭥ᵪⲴ仍ᇊ࣋⸙⭥ᵪⲴ仍ᇊ࣋⸙⭥ᵪⲴ仍ᇊ࣋⸙⭥ᵪⲴ仍ᇊ࣋⸙

NmNm
rpmn

kWP
NmT

n

n

n   1060
991

110*9550

][

][*9550
][ ≈==

www.plcworld.cn



ABB Automation 
Page 16

Technical guide No. 7 - Basic formulas

Calculation example - Solution

� Speed range is divided into 10 sectors.䙏ᓖ㤳ത࠶ᡀ䙏ᓖ㤳ത࠶ᡀ䙏ᓖ㤳ത࠶ᡀ䙏ᓖ㤳ത࠶ᡀ10⇥⇥⇥⇥

� Acceleration time for each sector is calculated using formula:

⇿а⇥Ⲵ࣐䙏ᰦ䰤⭘лޜࡇᔿ䇑㇇⇿а⇥Ⲵ࣐䙏ᰦ䰤⭘лޜࡇᔿ䇑㇇⇿а⇥Ⲵ࣐䙏ᰦ䰤⭘лޜࡇᔿ䇑㇇⇿а⇥Ⲵ࣐䙏ᰦ䰤⭘лޜࡇᔿ䇑㇇

Task 2:

loadndyn TT

rpmn
kgmJ

T

rpmn
kgmJst

−
∆=∆=∆ ][

*
60

2
*][

][
*

60

2
*][][ 22 ππ

� 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 (Tn-Tload) is 100 % - 16.45 % 
= 83.55 %.

⇿⇥䜭֯⭘䍏䖭࣋⸙Ⲵᒣ൷٬⇿⇥䜭֯⭘䍏䖭࣋⸙Ⲵᒣ൷٬⇿⇥䜭֯⭘䍏䖭࣋⸙Ⲵᒣ൷٬⇿⇥䜭֯⭘䍏䖭࣋⸙Ⲵᒣ൷٬ǄǄǄǄֻྲㅜа䜘࠶Ⲵᒣ൷࣋⸙ᱟֻྲㅜа䜘࠶Ⲵᒣ൷࣋⸙ᱟֻྲㅜа䜘࠶Ⲵᒣ൷࣋⸙ᱟֻྲㅜа䜘࠶Ⲵᒣ൷࣋⸙ᱟ˖̟̟̟

(20+12.9)/2 % = 16.45 %ˈ̍̍̍ ࣘᘱ࣐䙏࣋⸙ࣘᘱ࣐䙏࣋⸙ࣘᘱ࣐䙏࣋⸙ࣘᘱ࣐䙏࣋⸙(Tn-Tload)ᱟᱟᱟᱟ˖̟̟̟

100 % - 16.45 % = 83.55 %.

www.plcworld.cn
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Calculation example - Solution

Task 2:

ss
TT

rpmn
kgmJstrpm

loadn

        7.11
1060*8355.0

1.99
*

60

2
*1000

][
*

60

2
*][][1.990 2 ==

−
∆=∆− ππ

ssstrpm           0.11
1060*8925.0

1.99
*

60

2
*1000][2.1981.99 ==∆− π

ssstrpm         7.10
1060*9115.0

1.99
*

60

2
*1000][3.2972.198 ==∆− π

ssstrpm         1.11
1060*8825.0

1.99
*

60

2
*1000][4.3963.297 ==∆− π

ssstrpm         0.12
1060*8155.0

1.99
*

60

2
*1000][5.4954.396 ==∆− π

www.plcworld.cn
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Calculation example - Solution

Task 2:

ssstrpm         5.13
1060*7255.0

1.99
*

60

2
*1000][6.5945.495 ==∆− π

ssstrpm         9.15
1060*6175.0

1.99
*

60

2
*1000][7.6936.594 ==∆− π

ssstrpm         9.19
1060*4915.0

1.99
*

60

2
*1000][8.7927.693 ==∆− π

ssstrpm         2.28
1060*3475.0

1.99
*

60

2
*1000][9.8918.792 ==∆− π

ssstrpm            8.52
1060*1855.0

1.99
*

60

2
*1000][9919.891 ==∆− π

www.plcworld.cn



ABB Automation 
Page 19

Technical guide No. 7 - Basic formulas

Calculation example - Solution

Task 2:

� The total acceleration time is the sum of all sector 

times: 186.8 seconds!   ᙫᰦ䰤Ѫ⇿⇥ᰦ䰤ѻ઼ᙫᰦ䰤Ѫ⇿⇥ᰦ䰤ѻ઼ᙫᰦ䰤Ѫ⇿⇥ᰦ䰤ѻ઼ᙫᰦ䰤Ѫ⇿⇥ᰦ䰤ѻ઼

� Sector width affects the accuracy of this kind of 

approximation.⇿а䜘࠶Ⲵᇭᓖᖡ૽䘁լ㊫රⲴ㋮ᓖ⇿а䜘࠶Ⲵᇭᓖᖡ૽䘁լ㊫රⲴ㋮ᓖ⇿а䜘࠶Ⲵᇭᓖᖡ૽䘁լ㊫රⲴ㋮ᓖ⇿а䜘࠶Ⲵᇭᓖᖡ૽䘁լ㊫රⲴ㋮ᓖ

www.plcworld.cn
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Calculation example - Solution

� Speed range is divided into 10 sectors. 

� Deceleration time for each sector is calculated using 

formula (T = - 4.5%):

Task 3:

TT

rpmn
kgmJ

T

rpmn
kgmJst

loaddyn +
∆=∆=∆ ][
*

60

2
*][

][
*

60

2
*][][ 22 ππ

� 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 %.

www.plcworld.cn
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Calculation example - Solution

Task 3:

ssstrpm            4.11
1060*8595.0

1.99
*

60

2
*1000][9.891991 ==∆− π

ssstrpm         0.14
1060*6975.0

1.99
*

60

2
*1000][8.7929.891 ==∆− π

ssstrpm         7.17
1060*5535.0

1.99
*

60

2
*1000][7.6938.792 ==∆− π

ssstrpm         9.22
1060*4275.0

1.99
*

60

2
*1000][6.5947.693 ==∆− π

ssstrpm         6.30
1060*3195.0

1.99
*

60

2
*1000][5.4956.594 ==∆− π
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Calculation example - Solution

Task 3:

ssstrpm         7.42
1060*2295.0

1.99
*

60

2
*1000][4.3965.495 ==∆− π

ssstrpm         2.60
1060*1625.0

1.99
*

60

2
*1000][3.2974.396 ==∆− π

ssstrpm         3.73
1060*1335.0

1.99
*

60

2
*1000][2.1983.297 ==∆− π

ssstrpm           2.64
1060*1525.0

1.99
*

60

2
*1000][1.992.198 ==∆− π

ssstrpm                 7.46
1060*2095.0

1.99
*

60

2
*1000][01.99 ==∆− π
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Calculation example - Solution

Task 3:

� The total deceleration time is the sum of all sector 

times: 383.7 seconds!

� Sector width affects the accuracy of this kind of 

approximation.

www.plcworld.cn


