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Chapter-13 Motors 

ACMV system ← equipment ₆₵₨₳⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳₭ₑ₨ ₭₆₨₴⁸₨₆₵₨₳₆℅ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₿₃⁄₴₲ 
₭₆₨⁄₴₳₭ₑ₨ ₭₆₨₴⁸₨₆₵₨₳(electric motors) ₿₃⁞₴┌‹ₑ⁮₴⅜ ⁹₩₫╝₭┌‹₨⁄₴₲ ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨₆₵₨₳₁℅⁄₴₲ₑ‹₴⁪₫₩⁄₴ₑ⁮₴ 
ₔ₭₿››₱₆₵₨₳⅛ ₔ›₵‹₴ₔ₉‹₴₆₵₨₳⅛ ₂₱₫₭ₑ₁⁮₴₳₆₵₨₳⅛ ⁞⃰₆₴₳ₔ⁄₴ₑ₱₫₳⁞⃰₮₂₱₫ ╘℅⁄₴₲ ⁞⃰₆₴₳ₔ⁄₴₭›⃰₵⁸₨₭₈₳ ₁⁮₴₳₉₆₴₳₭‹₨⁄₴₳₆₵₨₳‹₩₫ 
₈℅⁄₴₳₉⁄₴₳ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜  

₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨₆₵₨₳‹₩₫ ₔ┌‹₆₴₳ₔ₨₳₿₃⁄₴₲ (™) ₆₵₩₯₳ ›⃰₮₿›₨₳╘₫₩⁄₴ₑ⁮₴⅜  
(‹) AC induction motors 
(›) DC motors ╘℅⁄₴₲ 
(‼)  Synchronous motors ⁸₫₩╝ ₿₃⁞₴ₑ⁮₴⅜  

ACMV ⁸⃰⁄₴ ₔₑ₱₫₳₆₵₨₳₭ₑ₨ ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨₆₵₨₳₆℅₨ AC induction motor ₆₵₨₳ ₿₃⁞₴┌‹ₑ⁮₴⅜ ⁹₫₩╝₭┌‹₨⁄₴₲ 
ACMV ə⁄₴‼₵⁄₴₁₪₇₨⁸⁞₴₭₇₨‹₴₭₁₿₃⁄₴₲ AC induction motor ₆₵₨₳← ₔₑ₱₫₳›₵₂₱₫(application)‹₩₫ ₭ₑ₳⁞₩⁸₴ 
₭₉₲₉₨₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜  

 
₂₱₫ №™-№  Electric motor family tree 
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ACMV ⁸⃰⁄₴ ₔₑ₱₫₳₆₵₨₳₭ₑ₨ AC induction motor ₆₵₨₳‹₩₫ squirrel cage AC induction ₭₆₨₴⁸₨ ╘℅⁄₴₲ 
wound rotor AC induction ₭₆₨₴⁸₨ ₒ€⅞ ╘℅⁞₴₆₵₩₯₳‹⃰₮₿₂₨₳e⁮₴⅜  

Squirrel Cage  AC Induction Motors Wound Rotor AC Induction Motors 
Wound Rotor ⁹‹₴ ₭⁞₵₳╘║₁₴₳ ₑ‹₴ₑ₨ 
ₑ⁮₴⅜(₭₆₨₴⁸₨ₔ₈⃰₇₴⁸€₿›⁄₴₳ ╘₩║⁄₴₳₇℅₢₴₉₵℅⁄₴) 

Squirrel Cage Motors ⁹‹₴ ₭⁞₵₳╘║₁₴₳₆₵₨₳ₑ⁮₴⅜ 
(₭₆₨₴⁸₨ₔ₈⃰₇₴⁸€₿›⁄₴₳╘₩║⁄₴₳₇℅₢₴₉₵℅⁄₴)  

₿₂₯₿₂⁄₴⁹₩₁₴₳ₑ₩₆₴₳› ₁⁮₴₳ₑ⁮₴⅜  ₿₂₯₿₂⁄₴⁹₩₁₴₳ₑ₩₆₴₳› ₆₵₨₳ₑ⁮₴⅜  

₇₱₫┌‹⁮₴⁞₩⁸₴›₵₈₆║┐₆⁄₴₲₆₨₳ₑ⁮₴⅜ 

(High realibility) 
Excellent Speed Control - ┐₆₁₴╘║₁₴₳⁹₩₁₴₳›₵₯₂₴₈₨⁸⃰⁄₴ 
ₔ₉⃰₁₴₭‹₨⁄₴₳ₑ⁮₴₲ ₔ₨₳ₑ₨›₵‹₴₈℅₩ₑ⁮₴⅜ 

Torque ₆₵₨₳₆₵₨₳╘℅⁄₴₲ slip charactireistic 
₭‹₨⁄₴₳ₑ⁮₴₲₭₆₨₴⁸₨₆₵₨₳‹₩₫ ₐ₇₴₇€ ₈₈℅₩╘₫₩⁄₴ 

ₑ⁮₴⅜  

High starting torque- ₭₆₨₴⁸₨⁞⁸⁄₴₭₆₨⁄₴₳╘℅⁄₴›₵₩₁₴⁸⃰⁄₴ 
ₔ₨₳₭‹₨⁄₴₳₭ₑ₨ torque ‹₩₫ ₈₈℅₩╘₫₩⁄₴ₑ⁮₴⅜ Low starting 
current ₭₆₨₴⁸₨ ⁞⁸⁄₴₭₆₨⁄₴₳╘℅⁄₴₈₁₴ₔ⁸⃰‹₴ ₔ₁⁮₴₳⁄₇₴₭ₑ₨ 
current ₑ₨ ₉₫₩ₔ₂₴ₑ⁮₴⅜  

  High -inertia Load ‹₩₫₭₆₨⁄₴₳₈₁₴ ₔ⁸⃰‹₴ ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜  

  
Able to handle frequent Stats and Stops (ₔ›₵₩₁₴ ₔ₁⁮₴₳⁄₇₴ 
ₔ⁸⃰⁄₴₳ ₔ┌‹₩₆₴₆₵₨₳⁞⃰₨ ⁞₭₆₨⁄₴₳₿›⁄₴₳⅜ ₈₂₴₁₨₳₿›⁄₴₳ ₿₂₯₉₫₂₴₈₁₴ 
₉₫₩ₔ₂₴₭ₑ₨ ₉₫₂₴⁄₁₴₆₵₨₳ₔ⁸⃰‹₴ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜)  

  
Able to handle reduced speed (low speed) for long 
periods ₭₆₨₴⁸₨₉⁮₴₂⁸₴╘║₁₴₳‹₩₫ ₭₉₵℅₨₲›₵┐₂₪₳ₔ›₵₩₁₴┌‹₨₿₆⁄₴₲⁞⃰₨ 
₭₆₨⁄₴₳₈₁₴ ₔ⁸⃰‹₴ ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜  

AC induction ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ ₔₑ₱₫₳₿₂₯e⁮₴₲₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₭₂↑⁸⃰⁄₴₆€⁸⁮₴⅞ single phase ₭₆₨₴⁸₨ 
╘℅⁄₴₲ poly phase ₭₆₨₴⁸₨ ₒ€⅞‹⃰₮₿₂₨₳e⁮₴⅜  

₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨₆℅ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║₆₵₨₳(Motor Losses)  

 

  

 

₂₱₫ №™-℗  Motor power input ⅛ output and losses 
₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨ₑ⁮₴ ₉₵℅₂₴⁞⁞₴⁞⃰₆₴₳ₔ⁄₴ (electrical energy input)₆℅ ⁞‹₴₆║⁞⃰₆₴₳ₔ⁄₴(mechanical energy 

output)  e ₫₩╝ ₭₿₂₨⁄₴₳₭₂₳ₑ⁮₴ ₲ ‹₩₈₩₇₨⁸⁞₴₆₵₩₯₳ ₿₃⁞₴ₑ⁮₴⅜ ₭₆₨₴⁸₨← efficiency ₑ⁮₴ ⁞‹₴₆║⁞⃰₆₴₳ₔ⁄₴(mechanical 
energy output) ‹₩₫ ₉₵℅₂₴⁞⁞₴⁞⃰₆₴₳ₔ⁄₴ (electrical energy input) ╘℅⁄₴₲⁞₨₳⁹₨₳ₑ⁮₴₲ ₔ›₵₩₯₳(ratio) ₿₃⁞₴ₑ⁮₴⅜  
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₂₱₫ №™-™ ₭₆₨₴⁸₨ₑ₩₫╝⁹⁮₴₲₭₂₳ₑ⁮₴₲ ₉₵℅⁞₴⁞⁞₴⁞⃰₆₴₳ₔ⁄₴₆℅ ⁞‹₴₆║⁞⃰₆₴₳ₔ⁄₴╘℅⁄₴₲ ₔ₂€(heat) ₔ₿₃⁞₴₭₿₂₨⁄₴₳₉₮₂₱₫ 

⁞⃰₆₴₳ₔ⁄₴⁸⁮₴₿₆₮₆║₁₩₇₨₆ₔ₈  

 
⁪₱₫₳╙₱║₳₆║₆₵₨₳(losses) ₔ₨₳₉₱₫₳ₑ⁮₴ ₔ₂€⁞⃰₆₴₳ₔ⁄₴ₔ₿₃⁞₴ ₭₆₨₴⁸₨← ₭₅₨₴ⁿ₪₆℅⁸⁞₴⁪⁄₴₲ ₔ₂€⁞⃰₆₴₳ₔ⁄₴ (heat 

energy) ₔ₿₃⁞₴ ₭₉₉⃰⁄₴₲(dissipated) ₑ⃰₨₳ₑ⁮₴⅜ ⁪₱₫₳╙║₱ₑ⃰₨₳ₑ⁮₴⅜  ₭₆₨₴⁸₨← ⁪₱₫₳╙₱║₳₆║(losses) ₆₵₨₳₭₉ efficiency 
⁮₱₲₭₉₿₃⁞₴ₑ⁮₴⅜  

№™.№ ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨ ₉⁮₴₂⁸₴╘║₁₴₳₆₵₨₳ - AC Motor Speed (rpm) 
Synchronous Speed (rpm)ₑ⁮₴ ₑ₪ₔ₩₫₈₪ₔ₈ ₑ₫₩╝₆ₒ₫⁸₴ ⁸⃰‹₴›₵‹₴₆║ə₈ ₔ₿₆⁄₴₲⁪₱₫₳₿₃⁞₴╘₫₩⁄₴ₑ⁮₴₲ 

₉⁮₴₂⁸₴╘║₁₴₳ ₿₃⁞₴ₑ⁮₴⅜ AC ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨← ₔ₿₆⁄₴₲⁪₱₫₳₉⁮₴₂⁸₴╘║₁₴₳ ₑ₫₩╝₆ₒ₫⁸₴ Synchronous speed ₆℅₨ 
⁹₩₫₭₆₨₴⁸₨ₑ₩₫╝ ₭₂₳ₑ⁮₴₲ AC ₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳← Frequency(Hz) ╘℅⁄₴₲ ⁹₩₫₭₆₨₴⁸₨‹₩₫ ⁸⁮₴₭⁪₨‹₴ ⁹₨₳ₑ⁮₴₲ pole 
₆₵₨₳← ₔ₭₈ₔ⁸⃰‹₴ ə ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜  

╢◐▪╬▐►▫▪▫◊▼ ╢▬▄▄▀ ►▬□  
 ● ╕►▄▲◊▄▪╬◐ ╗◑

╝◊□╫▄► ▫█ ▬▫■▄▼
 

120   = Constant (‹₩₁₴₳₭ₑ⁸₁₴₃₩₫₳⁸⁞₴›₫₿₃⁞₴ₑ⁮₴⅜) 
F       = Supply frequency (in cycles/sec) (₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳← └‹₩₆₴╘║₁₴₳) 
P       = Number of motor winding poles (₭₆₨₴⁸₨⁸⃰⁄₴₈℅₩₭ₑ₨ pole ₔ₭₈ₔ⁸⃰‹₴) 

₢₂₆₨(№) ⁞⁄₴‹₨₂€╘₫₩⁄₴⁄₱⁸⃰⁄₴₭₆₨⁄₴₳ₑ⁮₴₲ 4 poles ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← synchronous speed (rpm) ₑ⁮₴ 
⁸⁞₴₆₩₁⁞₴₉₵℅⁄₴ ₔ₂⁸₴₭₈(№℮ℓℓ) ₿₃⁞₴ₑ⁮₴⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ⁞⁄₴‹₨₂€╘₫₩⁄₴⁄₱← AC ₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳← 
Frequency ₆℅₨ 50 Hz ₿₃⁞₴₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ 

ὛώὲὧὬὶέὲέόί ὛὴὩὩὨ ὶὴά  
ρςπ ὼ ὊὶὩήόὩὲὧώ Ὄᾀ υπ Ὄᾀ

ὔόάὦὩὶ έὪ ὴέὰὩίτ
ρυππ ὶὴά 

₢₂₆₨(℗) ⁞⁄₴‹₨₂€╘₫₩⁄₴⁄₱⁸⃰⁄₴ synchronous speed (rpm) (№℮ℓℓ) ╘║₁₴₳₿₃⁄₴₲ ₭₆₨⁄₴₳₭₁ₑ⁮₴₲⁹₫₩ 4 poles 
₭₆₨₴⁸₨‹₩₫ ₃₩₉⁞₴₂₩₫⁄₴╘₫₩⁄₴⁄₱ₑ₩₫╝ ₑ₇₴₭⁪₨⁄₴⅞₭₆₨⁄₴₳₉₵℅⁄₴ synchronous speed (rpm) ₑ⁮₴ (№⅓ℓℓ)╘║₁₴₳ ₿₃⁞₴ₑ⁮₴⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ ⁞⁄₴‹₨₂€╘₫₩⁄₴⁄₱← AC ₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳← Frequency₆℅₨ 50 Hz ₿₃⁞₴┐₂₪₳ ₃₩₉⁞₴₂₩₫⁄₴╘₫₩⁄₴⁄₱← AC 
₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳← Frequency₆℅₨ 60 Hz ₿₃⁞₴₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ 

₢₂₆₨(™) ₃₩₉⁞₴₂₩₫⁄₴╘₫₩⁄₴⁄₱⁸⃰⁄₴₭₆₨⁄₴₳ₑ⁮₴₲ 2 poles ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← synchronous speed (rpm) ₆℅₨ 
⁸⁞₴₆₩₁⁞₴₉₵℅⁄₴ ₔ₂⁸₴₭₈ (™⅍ℓℓ) ₿₃⁞₴ₑ⁮₴⅜ ₭ₔ₨‹₴₂₧ ₂₱₫₭ₑ₁⁮₴₳ₔ⁸₩₫⁄₴₳ ⁸⃰‹₴₇€╘₫₩⁄₴ₑ⁮₴⅜  

ὛώὲὧὬὶέὲέόί ὛὴὩὩὨ ὶὴά  
ρςπ ὼ ὊὶὩήόὩὲὧώ Ὄᾀ φπ Ὄᾀ

ὔόάὦὩὶ έὪ ὴέὰὩίς
σφππ ὶὴά 

₉₵℅₂₴⁞⁞₴⁞⃰₆₴₳ₔ⁄₴(electrical energy input) = ⁞‹₴₆║⁞⃰₆₴₳ₔ⁄₴(mechanical energy output) + 
⁪₱₫₳╙₱║₳₆║₆₵₨₳(losses) 
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₢₂₆₨ -4 poles ₿₃⁄₴₲ ⁸⁮₴₭⁪₨‹₴⁹₨₳₭ₑ₨ squirrel cage induction motor ⁸⁞₴₉₱₫₳‹₩₫ 60 hz 
₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₿₃⁄₴₲ ›₵₩⁸₴⁪‹₴₉₵℅⁄₴ ⁹₫₩₭₆₨₴⁸₨← synchronous speed ₉⁮₴₂⁸₴╘║₁₴₳‹₩₫ ₈℅₨₂₧⅜  

№™.℗ Slip (₭₆₨₴⁸₨ₔ⁸⃰⁄₴₳⁞₉⁞₴₿₃⁞₴₆║₆₵₨₳) 
AC ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨ ₆₵₨₳ₑ⁮₴ load (ₐ₁₴) ╘℅⁄₴₲₭₆₨⁄₴₳ₑ⁮₴₲ₔ›₧ ₉⁮₴₂⁸₴╘║₁₴₳ ₭₉₵₨₲₁⁮₴₳₭₉₲₈℅₩ₑ⁮₴⅜ 

⁸⁞₴₁⁮₴₳ ₔ₨₳₿₃⁄₴₲  ₭₆₨₴⁸₨ₔ⁸⃰⁄₴₳ ⁞₉⁞₴₿₃⁞₴₆║₆₵₨₳(slip)₆₵₨₳ ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁹₫₩ₔ›₧ ₐ₁₴╘℅⁄₴₲₭₆₨⁄₴₳₭₁ₑ⁮₴₲ 
₉⁮₴₂⁸₴╘║₁₴₳ (actual speed) ₑ⁮₴ synchronous speed (rpm) ⁹‹₴ ₭₉₵₨₲₁⁮₴₳ₑ⁮₴⅜ (ₐ₁₴╘℅⁄₴₲₭₆₨⁄₴₳₭₁ₑ⁮₴₲ 
₉⁮₴₂⁸₴╘║₁₴₳ ‹₫₩ actual speed ₒ₫ ₭›↑ₑ⁮₴⅜) ⁹₫₩₭₉₵₨₲₁⁮₴₳₆║ ə ₂⁸₴₭₈ ₑ₩₫╝₆ₒ₫⁸₴ ⁹₫₩‹⃰₨ₒ›₵‹₴‹₩₫ slip 
ₒ₫₭›↑ₑ⁮₴⅜  

₭₆₨₴⁸₨ₔ⁸⃰⁄₴₳⁸⃰⁄₴ rotor ╘℅⁄₴₲ stator ₒ€⅞₈℅₩ₑ⁮₴⅜ AC ₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳ₑ⁮₴ stator ₔ⁸⃰⁄₴₳⅝e ₨ 
₿₃⁞₴ₑ₁₴₳⁞₪₳⁪⁄₴₳ₑ⁮₴⅜ Rotor ₔ⁸⃰⁄₴₳⅝ ₉₱₫₳ₐ₿₃⁸₴e₁₴₳⁞₪₳⁪⁄₴₳₿›⁄₴₳ ₆₈℅₩₭₂⅜ Magnetic Field ₆₵₨₳₆℅ ₿₃⁞₴₭₂↑ ₉₨₭ₑ₨ 
electromagnetic force ₆₵₨₳₭┌‹₨⁄₴₲ ₭₆₨₴⁸₨← rotor ₑ⁮₴ ₉⁮₴₂⁸₴ₑ⁮₴⅜ Magnetic field ₿₃⁞₴₭₂↑₈₁₴ AC 
induction ₭₆₨₴⁸₨⁸₫₩⁄₴₳⁸⃰⁄₴ slip ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ₉⁮₴₂⁸₴╘║₁₴₳╘℅⁞₴›₫ ‹⃰₨ₒ›₵‹₴₭┌‹₨⁄₴₲ₑ₨ electromagnetic force 
₿₃⁞₴₭₂↑ ₉₨╘₫₩⁄₴ₑ⁮₴⅜  

₭₇₅₫₇₵ₔ₨₳₿₃⁄₴₲ AC induction ₭₆₨₴⁸₨⁸₫₩⁄₴₳⁸⃰⁄₴ slip ℮% ₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ actual 
speed ( at Full load) ₑ⁮₴₲ synchronous speed (rpm) ⁹‹₴ ℮%₭₉₵₨₲₁⁮₴₳ₑ⁮₴⅜ ₑ₫₩╝₭ₑ₨₴ high starting 
torque ₉₫₩ₔ₂₴ₑ⁮₴₲ ₭₆₨₴⁸₨₆₵₨₳⁸⃰⁄₴ slip ₑ⁮₴ ℗ℓ% ə⁹₩ slip ₿₃⁞₴╘₩₫⁄₴ₑ⁮₴⅜ 

ὛὰὭὴ ὶὴά  ὛώὲὧὬὶέὲέόί ὛὴὩὩὨ ὶὴά  ὃὧὸόὥὰ ὛὴὩὩὨὶὴά 
 

ὛὰὭὴ Ϸ
ὛώὲὧὬὶέὲέόί ὛὴὩὩὨ ὶὴά  ὃὧὸόὥὰ ὛὴὩὩὨὶὴά

ὛώὲὧὬὶέὲέόί ὛὴὩὩὨ ὶὴά
  

 
₢₂₆₨(Ω) 2 poles ₭₆₨₴⁸₨ ⁸⁞₴₉₱₫₳ₑ⁮₴ 50 Hz ₉₵℅₂₴⁞⁞₴ ₂₧ₐ₧ ╘℅⁄₴₲₭₆₨⁄₴₳ₑ⁮₴₲ₔ›₧ ₉⁮₴₂⁸₴₭₈ (℗⅔ℓℓ) ₈₈℅₩₉₵℅⁄₴ 
slip ₆⁮₴₆₵℅₿₃⁞₴₭₂↑ₑ₁⁮₴₳⅜ 

  
50 Hz ₉₵℅₂₴⁞⁞₴ ₂₧ₐ₧ ╘℅⁄₴₲₭₆₨⁄₴₳ₑ⁮₴₲2 poles ₭₆₨₴⁸₨ ⁸⁞₴₉₱₫₳← synchronous speed (rpm) ₆℅₨ (™ℓℓℓ) 
₿₃⁞₴ₑ⁮₴⅜  

Slip = Synchronous Speed (rpm)₆℅₨ ™ℓℓℓ - Actual Speed(rpm) ₆℅₨ ℗⅔ℓℓ = №ℓℓ rpm ₿₃⁞₴ₑ⁮₴⅜  

 
₂₱₫ №™-Ω 
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₂₱₫ №™-℮ Current diagram for typical squirrel cage motor 

№™.™ Motor Torque Speed Curves 

  
₂₱₫ №™-⅍ Motor torque speed curve ₂₱₫ №™-ⅎ Motor torque speed curve 

₂₱₫⁸⃰⁄₴₿₂⁹₨₳ₑ⁮₴₲ motor torque speed curves ₆℅ Point A ⅛ B ⅛ C ⅛ D ╘℅⁄₴₲ E ⁸₫₩╝‹₩₫ ₈℅⁄₴₳₉⁄₴₳⁞⃰₨ 
₁₨₳₉⁮₴₈₁₴ ₑ₭₅₨₭₂₧‹₴₈₁₴ ₉₫₩ₔ₂₴₂₧ₑ⁮₴⅜  

 
X a⁄₴╙₫₩₳ (axis) ₑ⁮₴ synchronous speed ‹₩₫ % ₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳┐₂₪₳ Y a⁄₴╙₫₩₳ (axis) ₑ⁮₴ full load torque (r ated 
torque) ‹₩₫ % ₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 50 Hz ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₿₃⁄₴₲₲ ₭₆₨⁄₴₳ₑ⁮₴ 4 pole ₭₆₨₴⁸₨ ← №ℓℓ% 
synchronous speed ₆℅₨ ⁸⁞₴₆₩₁⁞₴₉₵℅⁄₴ ₔ₂⁸₴₭₈ (№℮ℓℓ) ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩₭₆₨₴⁸₨← №ℓℓ% full load torque 
(rated torque) ₆℅₨ ₭₆₨₴⁸₨← ₿₆⁄₴₳₭‹₨⁄₴₭₈ₔ₨₳ ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜  

 
Point ñAò Locked rotor torque ₑ₫₩╝ Starting Torque (Startup Torque)  

Locked rotor torque ‹₩₫ starting torque ₒ₫₉⁮₴₳₭›↑ₑ⁮₴⅜ ₈₂₴₭₁ₑ⁮₴₲ₔ›₵₩₁₴₆℅ ⁞₭₆₨⁄₴₳ₑ⁮₴₲ₔ›₧ 
[Speed =0] ₈₈℅₩╘₫₩⁄₴₭ₑ₨ torque ₒ₫₉⁮₴₳ ₆℅⁸₴₇€╘₫₩⁄₴ₑ⁮₴⅜ ₭₆₨₴⁸₨ⁿ₪⁫₫₩⁄₴₳‹⃰₨₉₵℅⁄₴ locked rotor torque 
ₑ₫₩╝₆ₒ₫⁸₴ starting torque ₉⁮₴₳‹⃰₨ₑ⁮₴⅜ Conveyor ₆₵₨₳⁸⃰⁄₴ₑ₱₫₳₿₂₯₆⁮₴₲ ₭₆₨₴⁸₨ₑ⁮₴ ₔ₉⃰₁₴╝ ₿₆⁄₴₲₆₨₳₭ₑ₨ 
starting torque ₈℅₩₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜ ₂₁₴‹₨₆₵₨₳╘℅⁄₴₲ ₭₈₂₁₴╝₆₵₨₳⁸⃰⁄₴ₔₑ₱₫₳₿₂₯e⁮₴₲ ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ ₔ₉⃰₁₴ 

₭₆₨₴⁸₨₆₵₨₳← pole ₔ₭₈ₔ⁸⃰‹₴₆⁸€⁮₪┌‹₿›⁄₴₳╘℅⁄₴₲ ╘₫₩⁄₴⁄₱₆₵₨₳←₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳ Frequecy (Hz) 
₆⁸€⁮₪┌‹₿›⁄₴₳ ⁸₫₩╝₭┌‹₨⁄₴₲ motor torque speed curves ⁸⃰⁄₴ synchronous speed ‹₩₫ % ₿₃⁄₴₲₉⁮₴₳₭‹₨⁄₴₳⅛ 
full load torque (rated torque) ‹₩₫ % ₿₃⁄₴₲₉⁮₴₳₭‹₨⁄₴₳ ₭₃₨₴₿₂₈₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ 
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₿₆⁄₴₲₆₨₳₭ₑ₨ starting torque ₈℅₩₈₁₴₆₉₫₩ₔ₂₴₂₧⅜ Locked rotor torque ₑ⁮₴ full load torque ⁹‹₴ ℗ℓ% ₆℅ ™ℓ% 
ₔ⁹₩₆₵₨₳₭₉₲₈℅₩ₑ⁮₴⅜  

Point ñBò Pull-up Torque ₑ₩₫╝₆ₒ₫⁸₴ Pull-in Torque  
Pull-up torque ₑ⁮₴ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← ₉₫₩ₔ₂₴ₑ⁮₲₴ ə ₂⁸₴₭₈ₑ₩₫╝₭₈₨‹₴₭ₔ₨⁄₴ ₔ₈℅₩₁₴₇€₭₁›₵₩₁₴⁸⃰⁄₴ 

₿₃⁞₴₭₂↑₭ₑ₨ ₔ₁₩₆₴₲⁪₱₫₳ torque (minimum torque) ₿₃⁞₴ₑ⁮₴⅜ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳ₑ⁮₴ ⁞⁸⁄₴ ₉⁮₴₂⁸₴┐₂₪₳ ə ₈℅₩₁₴₇€ 
₭₁›₵₩₁₴⁸⃰⁄₴ ₔ₁⁮₴₳⁪₱₫₳₭ₑ₨ minimum torque ‹₩₫ ₭₂₳ₑ⁮₴⅜ Pull-up torque ₑ⁮₴ synchronous speed← 20% 
₆℅ 40% ₔ⁸⃰⁄₴₳ ₿₃⁞₴₭₂↑₭₉₲₈℅₩ₑ⁮₴⅜  

Point ñCò Breakdown Torque ₑ₩₫╝₆ₒ₫⁸₴ Pull out Torque 
Breakdown torque ₑ⁮₴₲ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← ₔ₿₆⁄₴₲⁪₱₫₳(maximum) torque ₿₃⁞₴ₑ⁮₴⅜ Breakdown 

torque ₑ⁮₴ full load torque ⁹‹₴ (℗)⁪›₁₴╝ ₂₩₫₆₵₨₳ₑ⁮₴⅜ 

Point ñDò Full load Torque 
Full load torque ₑ⁮₴ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← actual speed ⁸⃰⁄₴ ₈₈℅₩╘₫₩⁄₴₭ₑ₨ torque ₿₃⁞₴ₑ⁮₴⅜ Actual 

speed ₑ⁮₴ ₭₆₨⁄₴₳₭₁₭ₑ₨ ⁹₫₩₭₆₨₴⁸₨← ₐ₁₴(load)₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ Load ₆₵₨₳₉₵℅⁄₴ slip ₿₃⁞₴₭₂↑₆║₉⁮₴₳ 
₆₵₨₳ₑ⁮₴⅜ ⁹₫₩╝₭┌‹₨⁄₴₲ actual speed ₁⁮₴₳ₑ⁮₴⅜ ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ actual speed ₑ⁮₴ synchronous 
speed ₆℅ slip ‹₩₫ ╘║⁸₴⁹₨₳₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜ 

Point ñEò Synchronous Speed ₑ₩₫╝₆ₒ₫⁸₴ No Load Speed e ₩₫╝₆ₒ₫⁸₴ Zeor Torque Speed 
Synchronous speed ₑ₩₫╝₆ₒ₫⁸₴ no load speed ₑ⁮₴₲ load ₆₈℅₩ₑ⁮₴₲₿₃⁞₴₭₂↑╘₫₩⁄₴₭ₑ₨ torque ₿₃⁞₴ₑ⁮₴⅜ 

₆⁮₴ₑ⁮₲₴ load ╘℅⁄₴₲₆₵℅ ›₵₩⁸₴⁹₨₳₿›⁄₴₳₆₈℅₩ₑ⁮₴₲ₔ›₵₩₁₴(₭₆₨₴⁸₨‹₩₫ free ₭₆₨⁄₴₳₭₁ₑ⁮₴₲ₔ›₵₩₁₴) ⁸⃰⁄₴₿₃⁞₴₭₂↑ₑ⁮₴⅜ 
Speed(rpm) ‹₩₫ ñno load speedò o ₫₉⁮₴₳₭›↑ₑ⁮₴⅜  

 Torque and Horse Power 
ὖέύὩὶ ὡ  ὝέὶήόὩ ὔάὼ ὃὲὫόὰὥὶ ὛὴὩὩὨ ὙὥὨὭὥὲί ὴὩὶ ὛὩὧέὲὨ 

ὖέύὩὶ ὡ   ὝέὶήόὩ ὔά ὼ ς ὼ σȢρτ ὼ 
ὶὴά

φπ
  

№™.Ω Motor Insulation  
₭₆₨₴⁸₨₆₵₨₳← ‹₩⃰₯⁄₴⁹₫₂₴ (motor winding) ₔ⁸⃰⁄₴₳⅝ copper wire ₆₵₨₳‹₩₫ insulate ₉₫₂₴⁹₨₳ₑ⁮₴⅜ 

Insulation ₉₫₂₴⁹₨₳ₑ⁮₴₲₂₱₫⁞₱╘℅⁄₴₲ ₔ₆₵₩₯₳ₔ⁞₨₳‹₩₫₉₫₩‹₴⅞ ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ ₔ₂€ⁿ⁷₴‹₩₫›₱╘₫₩⁄₴┌‹ₑ⁮₴⅜ Insulation 
class ₭‹₨⁄₴₳₭₉ ₔ₂€ⁿ⁷₴‹₩₫ (ₔ₂€›₵₩₁₴₿₆⁄₴₲₿₆⁄₴₲‹₩₫)›₱╘₫₩⁄₴₭₉₿₃⁞₴ₑ⁮₴⅜  

  
₂₱₫ №™-⅓ Motor insulation ₂₱₫ №™-⅔ Motor insulation 

₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ insulation ₔ₆₵₩₯₳ₔ⁞₨₳₭₂↑⁸⃰⁄₴₆€⁸⁮₴⅞ ›₱╘₫₩⁄₴ₑ⁮₴₲ₔ₂€›₵₩₁₴ (winding temperature) 
‹⃰₮₿₂₨₳₿›₨₳₁₨₳ₑ⁮₴⅜ Class A ₭₆₨₴⁸₨← ₔ₆₵₨₳⁪₱₫₳›₱╘₫₩⁄₴₭ₑ₨ ₔ₂€›₵₩₁₴₆℅₨ 105 ÁC ₿₃⁞₴ₑ⁮₴⅜  

NEMA motor insulation class according to Max Operating Temperature. 
Table 13-1 
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Insulation Class  
Max Operating Temp 
(°C)  

Allowable Temp Raise 
at Full load for Service 
Factor 1.0 motor (°C)  

Hot Spot allowance 
(°C)  

A 105 60 5 
B 130 80 10 
F 155 105 10 
H 180 125 15 

 
ₔ₆₵₨₳⁪₱₫₳ₔ₂€›₵₩₁₴₿₆⁄₴₲⁸‹₴╘₫₩⁄₴₆║ (allowable temperature raise) ₑ⁮₴ ₿₂⁄₴₂₭₉⁹₫ₔ₂€›₵₩₁₴ 40ÁC ‹₫₩ 

ₔ₭₿››₱⁹₨₳ₑ⁮₴⅜  

Class A ₑ⁮₴ ₔ⁪⁄₴₲ₔ₁₩₆₴₲⁪₱₫₳₭ₑ₨(lowest grade) ₭₆₨₴⁸₨ insulation ₔ₆₵₩₯₳ₔ⁞₨₳₿₃⁞₴ₑ⁮₴⅜  
ₔ₩₆₴₆₵₨₳⁸⃰⁄₴ ₔₑ₱₫₳₿₂₯₈₁₴ₑ₨ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜ ⁞‹₴╙₫₱₆₵₨₳⅛ ₔ₉₫₂₴╙₫₱₆₵₨₳⁸⃰⁄₴ Class A ₔ₆₵₩₯₳ₔ⁞₨₳ ₭₆₨₴⁸₨‹₩₫ 
ₔₑ₱₫₳₆₿₂₯e⁄₴₲₂₧⅜ 

Class B ₑ⁮₴ ⁞‹₴╙₫₱₆₵₨₳⅛ ₔ₉₫₂₴╙₫₱₆₵₨₳⁸⃰⁄₴ ₔ₭⁹⃰₭⁹⃰₉₫₂₴⁄₁₴₳ ‹₩⁞⇔₆₵₨₳(general purpose) ₔ⁸⃰‹₴ 
ₔₑ₱₫₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ ₑ╝₩₫₭ₑ₨₴ heavy duty ₆₵₨₳⁸⃰‹₴  Class F e ₫₩╝₆ₒ₫⁸₴ Class H ‹₩₫ ₔₑ₱₫₳₿₂₯₈₁₴ ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜  

Class H ₑ⁮₴ heavy-duty insulation ₔ₆₵₩₯₳ₔ⁞₨₳₿₃⁞₴ₑ⁮₴⅜ ₔ₂€›₵₩₁₴₿₆⁄₴₲₆₨₳ₑ⁮₴₲₭₁₈₨₆₵₨₳⁸⃰⁄₴ 
⁸₂₴⁪⁄₴ₔₑ₱₫₳₿₂₯₈₁₴ₔ⁸⃰‹₴ ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜ ₭₆₨₴⁸₨ₔ⁸⃰⁄₴₳⁸⃰⁄₴ ₔ₂€›₵₩₁₴₿₆⁄₴₲₆₨₳ₑ⁮₴₲ₔ›₧₆₵₩₯₳₆₵₨₳ ⁸⃰‹₴₉⁮₴₳ 
ₔ₉⃰₁₴ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴⅜ ACMV ⁸⃰⁄₴ₔₑ₱₫₳₿₂₯₭e₨ motor ₔ₆₵₨₳← insulation class ₆℅₨ F ₿₃⁞₴ₑ⁮₴⅜  

Table 13-2 

 
Motor insulation ← standard ₆₵₨₳₆℅₨ ₆⁸€⁮₪┌‹₭₂⅜ ₔ⁹‹₴₂₧⁫₇₨₳ₑ⁮₴ NEMA Standard ə ₈ 

ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ motor insulation class ₆₵₨₳ ₿₃⁞₴┌‹ₑ⁮₴⅜  

ACMV equipment ₆₵₨₳ₔ⁸⃰‹₴ ₔₑ₱₫₳₭ₑ₨ ₭₆₨₴⁸₨₆₵₨₳← motor insulation class F ₿₃⁞₴ₑ⁮₴⅜   
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₂₱₫ №™-№ℓ 

ₔ⁹‹₴₂₧ ‼₈₂₴ₑ⁮₴ ₭₆₨₴⁸₨ Insulation ₔ₆₵₩₯₳ₔ⁞₨₳╘℅⁄₴₲ winding temp (C) ╘℅⁄₴₲ ₭₆₨₴⁸₨← 
ₑ‹₴⁸₆₴₳⁸₩₫╝‹₩₫ ₭₃₨₴₿₂e ⁮₴ ‼₈₂₴₿₃⁞₴ₑ⁮₴⅜ 

Insulation F ₔ₆₵₩₯₳ₔ⁞₨₳₭₆₨₴⁸₨ₑ⁮₴ insulation B ₔ₆₵₩₯₳ₔ⁞₨₳ ₭₆₨₴⁸₨⁹‹₴ ₂₩₫⅞₿₆⁄₴₲ₑ⁮₴₲ ₔ₂€›₵₩₁₴‹₩₫ 
›₱╘₫₩⁄₴ₑ₉₫₩ ₂₫₩⅞₉⁮₴₳┌‹₨┌‹₨›₱╘₫₩⁄₴ₑ⁮₴⅜ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← winding temperature ₔ₂€›₵₩₁₴⁸‹₴₉₨ ₉₨₭₉ 
┌‹₨┌‹₨₆›₱₭₉₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ ₑ‹₴⁸₆₴₳⁸₩₫₭₉ ₿₃⁞₴ₑ⁮₴⅜  

₭₆₨₴⁸₨₆₵₨₳ ₂₵‹₴⁞₪₳₈₿›⁄₴₳← ₔ₀₩‹ₔ₭┌‹₨⁄₴₳₆℅₨ operating temperature ₿₆⁄₴₲⁸‹₴₉₨₆║₭┌‹₨⁄₴₲ 
₿₃⁞₴ₑ⁮₴⅜ ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ high current ₭┌‹₨⁄₴₲₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳⅛ contamination ₭┌‹₨⁄₴₲₭ₑ₨₴₉⁮₴₳₭‹₨⁄₴₳ 
Operating temperature ₿₆⁄₴₲⁸‹₴₉₨⁸⁸₴ₑ⁮₴⅜ Insulation class ₑ⁮₴ ₔₑ₱₫₳₿₂₯e⁮₴₲ ₂⁞⇔⁮₴₳ₔ₆₵₩₯₳ₔ⁞₨₳╘℅⁄₴₲ 
⁸⁮₴₭⁪₨‹₴ ⁹₨₳₂₱₫₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴⅞‹⃰₮₿₂₨₳e⁮₴⅜ ₿₆⁄₴₲₆₨₳ₑ⁮₴₲ operating temperature ⁸⃰⁄₴ ₭₆₨⁄₴₳ₑ⁮₴₲ 
₭₆₨₴⁸₨₆₵₨₳← ₑ‹₴⁸₆₴₳₆℅₨ ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ ⁹‹₴⁸₫₩₭₉₲₈℅₩ₑ⁮₴⅜  

№™.℮ Motor Nameplates ₆₵₨₳‹₩₫ ₃⁸₴╙║₁₨₳₉⁮₴₿›⁄₴₳  
IEC standards ₔ₈ ₭₆₨₴⁸₨₆₵₨₳← ₿₆⁄₴₳₭‹₨⁄₴₭₈ₔ₨₳(HP) ₑ₫₩╝₆ₒ₫⁸₴ ‹₪₉₫₩ₐ₂₴(kW)‹₩₫ ₭₃₨₴₿₂⁹₨₳₭ₑ₨ 

name plate ‹₩₫ ₭₆₨₴⁸₨← ₭₅₨₴ⁿ₪⅝ ‹₂₴⁹₨₳₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ ₭₆₨₴⁸₨ name plate ⁸⁞₴›₫₆℅ ₔ›₵‹₴ 
ₔ₉‹₴₆₵₨₳‹₩₫ ₭ₔ₨‹₴₂₧ₔ⁸₫₩⁄₴₳ ₃⁸₴╙║ ₁₨₳₉⁮₴╘₫₩⁄₴e⁮₴⅜  

(№) Manufacturer Name and Manufacturer-Specific Ordering Code 

  Code ₆℅ frame size ╘℅⁄₴₲ mounting arrangement ‹₩₫ ₑ₩₈℅₩╘₫₩⁄₴ₑ⁮₴⅜ ₂₵‹₴ₑ⃰₨₳ₑ⁮₴₲ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳‹₩₫ 
ₔₑ⁞₴⁸⁞₴₉₱₫₳╘℅⁄₴₲₉₮₈₁₴ ₔ⁸⃰‹₴ kW (HP) ₑ₨₆‹ frame size ╘℅⁄₴₲ mounting arrangement 
⁸₫₩╝₉⁮₴₳⁸€⁮₪₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

(℗) Rated Volts  

 ₭₆₨₴⁸₨← ₔ₭‹₨⁄₴₳⁪₱₫₳⁞⃰₆₴₳₭⁪₨⁄₴₈⁮₴ (optimum performance) ₈₈℅₩₈₁₴ₔ⁸⃰‹₴ 
₉₫₩ₔ₂₴₭ₑ₨ ₉₵℅₂₴⁞⁞₴₄₩₫╝ ₂₆₨⁷₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩₭₆₨₴⁸₨‹₩₫ ₭₆₨⁄₴₳₈₁₴ₑ⁄₴₲₭₉₵℅₨₴ₑ⁮₴₲ ₉₵℅₂₴⁞⁞₴₄₩₫╝ 
₂₆₨⁷₿₃⁞₴ₑ⁮₴⅜ ⁿ₪⁫₫₩⁄₴₳₉₫₂₴⁹₨₳ₑ⁮₲₴ ₉₵℅₂₴⁞⁞₴₄₩₫╝ ₂₆₨⁷ ₉⁮₴₳₿₃⁞₴ₑ⁮₴⅜  
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₂₱₫ №™-№№ Motor name plate 

(™) Full Load Amps  

 Full load amps ï ⁪₫₩ₑ⁮₴ ₆℅₨ ₭₆₨₴⁸₨ₑ⁮₴ ₐ₁₴ₔ₿₂⁮₴₲₭₆₨⁄₴₳╘℅⁄₴ₑ⁮₴₲ₔ›₧ ₭‹₅₇₴└‹₩₯₳ (cable) 
⁸⃰⁄₴⁞₪⁪⁄₴₳ₑ⃰₨₳₆⁮₴₲ ₔ₆₴₂₪₇₨(Ampere) ₿₃⁞₴ₑ⁮₴⅜ Full load amps ₑ⁮₴ ₭‹₅₇₴₭₈╓₳›₵₇₴₿›⁄₴₳ 
(cable sizing) ⅛ ⁞⁸⁸₴⁸₨ ₭₈╓₳›₵₇₴₿›⁄₴₳ (starter selection) ╘℅⁄₴₲ motor protection ə ⁸⃰‹₴ over 
load setting ›₵₩₁₴₈₁₴ₔ⁸⃰‹₴ ₆₈℅₩₆₿₃⁞₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

(Ω) Rated frequency 

 Rated frequency in Hertz, and rated full load speed in revs/minute at that 
frequency.₭₆₨₴⁸₨‹₩₫ ₭₂₳ₑ⁮₴₲ AC ₉₵℅₂₴⁞⁞₴₴₀₨⁸₴ₔ₨₳← Frequency ₿₃⁞₴ₑ⁮₴⅜ (℮ℓ) e ₩₫╝₆ₒ₫⁸₴ (⅍ℓ) 
Hertz ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩ Hz ‹₫₩ ₉₫₩‹₴⅞₭₆₨₴⁸₨ synchroous speed (rpm) ₆℅₨₭₿₂₨⁄₴₳₉₮₭₁ₑ⁮₴⅜ 

(℮) Rated temperature rise or insulation class ï 

 Industry standard specification of the thermal tolerance of the motor insulation. 
ₔ⁄₴⁪€₭₉₳₈℅⁄₴₳ₔ₆₵₩₯₳ₔ⁞₨₳₿₃⁞₴ₑ⁮₴⅜ 

(⅍) Rated Power (kW) 

 Rated power (kW) ₑ⁮₴ ₭₆₨₴⁸₨₆℅⁹₫⁸₴₭₂₳╘₫₩⁄₴₭ₑ₨ output ⁞‹₴₆║⁞⃰₆₴₳ₔ₨₳ (mechanical power) 
₂₆₨⁷ ₿₃⁞₴ₑ⁮₴⅜ 7.5 kW ₑ⁮₴ output mechanical power ₿₃⁞₴ₑ⁮₴⅜ Output mechanical power 
7.5 kW ₈₈₁₴ ₔ⁸⃰‹₴ input electrical power ₆℅₨ 7.5 kW ⁹‹₴₂₩₫₆₵₨₳₈₆⁮₴⅜ ⅓℮% efficiency ₈℅₩₭ₑ₨ 
₭₆₨₴⁸₨ₔ⁸⃰‹₴ input electrical power ₆℅₨ 8.82 kWe ₿₃⁞₴ₑ⁮₴⅜ 

(ⅎ) Electrical connection and associated operating parameters ï 

  Electrical connection and associated operating parameters ï i.e. three phase motors can be 
connected in a óstarô (Ǽ) or ódeltaô (ǭ) configuration. In a star configuration the current 
flowing from the supply is reduced as is the torque.  
℮ℓ Hz ╘℅⁄₴₲ ₄₫₩╝ə₨₳ ⅍⅍ℓ ₆℅ ⅍⅔ℓ ₈℅₩₭ₑ₨ ₂₧ₐ₧ ╘℅⁄₴₲ óstarô (Ǽ) ₂₱₫⁞₱₿₃⁄₴₲›₵₩⁸₴⁪‹₴₉₵℅⁄₴ output mechanical 
power 7.5 kW ╘℅⁄₴₲ 1450 rpm ‹₩₫ ₈₈℅₩╘₩₫⁄₴ₑ⁮₴⅜ Power factor ₆℅₨ 0.87 ₿₃⁞₴ₑ⁮₴⅜  
℮ℓ Hz ╘℅⁄₴ ₄₫₩╝ə₨₳ ™⅓ℓ ₆℅ Ω℗ℓ ₈℅₩₭ₑ₨ ₂₧ₐ₧ ╘℅⁄₴₲ ódeltaô (ǭ) ₂₱₫⁞₱₿₃⁄₴₲›₵₩⁸₴⁪‹₴₉₵℅⁄₴ output mechanical 
power 7.5 kW ╘℅⁄₴₲ 1450 rpm ‹₩₫ ₈₈℅₩╘₩₫⁄₴ₑ⁮₴⅜ Power factor ₆℅₨ 0.87 ₿₃⁞₴ₑ⁮₴⅜  
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⅍ℓ Hz ╘℅⁄₴ ₄₫₩╝ə₨₳ ΩΩℓ ₆℅ Ω⅓ℓ ₈℅₩₭ₑ₨ ₂₧ₐ₧ ╘℅⁄₴₲ ódeltaô (ǭ) ₂₱₫⁞₱₿₃⁄₴₲›₵₩⁸₴⁪‹₴₉₵℅⁄₴ output mechanical 
power 8.6 kW ╘℅⁄₴₲ 1750 rpm ‹₩₫ ₈₈℅₩╘₩₫⁄₴ₑ⁮₴⅜ Power factor ₆℅₨ 0.87 ₿₃⁞₴ₑ⁮₴⅜  

(⅓) Power Factor 

 Power factor for the motor. ⁹₫₩₭₆₨₴⁸₨╘℅⁄₴₲ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲ power factor ₿₃⁞₴ₑ⁮₴⅜ Power factor 
ₑ⁮₴ ₭₆₨₴⁸₨ₔ₨₳ ₭₂₳₭₁ₑ⁮₴₲ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳╘℅⁄₴₲ ›₵₩⁸₴⁪‹₴ₑ⁮₴₲ connection configuration 
₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴⅞ ₭₿₂₨⁄₴₳₉₮₭₁ₑ⁮₴⅜ 

Efficiency class 

 Efficiency class  - IEC nameplates quote EFF ratings at full load. It is a measure of how well 
the motor converts electrical energy to mechanical power.  
The information displayed on a motor nameplate may vary depending on manufacturer an d 
motor size. 

№™.⅍ Torque ⁸⃰‹₴₁⁮₴₳  
₭₆₨₴⁸₨₿₆⁄₴₳₭‹₨⁄₴₭₈‹₩₫ ₔₑ₱₫₳₿₂₯⅞ full-load motor torque ‹₩₫ ⁸⃰‹₴₿›⁄₴₳ 

╣
 ● ╗╟

►▬□
 

T      = Full-load motor torque (in lb -ft)  
5252 = Constant (33,000 divided by 3.14 x 2 = 5252)  
HP    = Motor horsepower  
rpm = Speed of motor shaft  

₢₂₆₨ - ₿₆⁄₴₳₭‹₨⁄₴₭₈ (⅍ℓ)ₔ₨₳₈℅₩₭ₑ₨ ₭₆₨₴⁸₨‹₩₫ 1725 rpm ₈℅₩₭ₑ₨ ₐ₁₴(load) ₭₆₨⁄₴₳₉₵℅⁄₴ torque ₆⁮₴₆₵℅ 
₈╘₫₩⁄₴ₑ₁⁮₴₳⅜ 

╣
 ● ╗╟ 

►▬□ 
Ȣ ■╫█◄ 

№™.ⅎ Energy Saving from Motor Efficiency  
Chilled water pump ₔ⁸⃰‹₴ ₔₑ₱₫₳₿₂₯₭e₨ ₿₆⁄₴₳₭‹₨⁄₴₭₈ (℗℮)₭‹₨⁄₴ₔ₨₳ (18.7kW) ₉₵℅₂₴⁞⁞₴ 

₭₆₨₴⁸₨⁸⁞₴₉₱₫₳ₑ⁮₴ 88% efficiency (standard efficiency) ₈℅₩┐₂₪₳ ⁸⁞₴₭₁₲₉₵℅⁄₴ (№℗) ₁₨₈₪₭₆₨⁄₴₳╘℅⁄₴ₑ⁮₴⅜ 
⁸⁞₴╘℅⁞₴₉₵℅⁄₴ (™⅍℮) ₈‹₴₉₱₫₳₭₆₨⁄₴₳₉₵℅⁄₴ ⁹₫₩₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨ₔ₨₳ 93% efficiency (premium efficiency)₈℅₩₭ₑ₨ 
₭₆₨₴⁸₨ ₔₑ⁞₴₿₃⁄₴₲ ₭₿₂₨⁄₴₳₉₮⁸₂₴⁪⁄₴₉₫₩‹₴₉₵℅⁄₴ ⁸⁞₴╘℅⁞₴₉₵℅⁄₴ ₭⁄⃰₆⁮₴₆₵℅ e ‹₴ₑ₨₆⁮₴₁⁮₴₳⅜ Chilled water pump 
← ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ full load ₿₃⁄₴₲ ₔ›₵₩₁₴⁸₫₩⁄₴₳⁸⃰⁄₴ ₭₆₨⁄₴₳╘℅⁄₴₭₁ₒ₫₇€⁪₂₧⅜ ₭₆₨₴⁸₨ ₔₑ⁞₴← ⁸₁₴₃₫₩₳₆℅₨ $3000 
₿₃⁞₴┐₂₪₳ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳›₆℅₨ $0.15/kWh ₿₃⁞₴₉₵℅⁄₴ ₉₭₂₧⁄₴₳ ₆⁮₴₆₵℅┌‹₨₉₵℅⁄₴ ₭₆₨₴⁸₨ ₔ⁸⃰‹₴ ‹₫₁₴‹₵₭⁄⃰ 
₿₂₁₴₉⁮₴₈℅₩╘₫₩⁄₴₆⁮₴₁⁮₴₳⅜ Simple pay back period ₁⁮₴₳₿₃⁄₴₲ ⁸⃰‹₴›₵‹₴₂₧⅜  

Existing motor  
88% efficiency ₈℅₩₭ₑ₨ ₭₆₨₴⁸₨ₔ₭ₒ₨⁄₴₳ ← input electrical power ₆℅₨ 21.25kWe ₿₃⁞₴ₑ⁮₴⅜  

Input electrical power for 18.7kW with 88% efficiency = 18.7 / 0.88 = 21.25kWe (input Electrical 
power) 
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New motor 
93% efficiency ₈℅₩₭ₑ₨ ₭₆₨₴⁸₨ₔ₭ₒ₨⁄₴₳ ← input electrical power ₆℅₨ 20.1kWe ₿₃⁞₴ₑ⁮₴⅜  

Input electrical p ower for 18.7kW with 93% efficiency = 18.7 / 0.93 = 20.1kW (input Electrical power)  
₭₆₨₴⁸₨ₔₑ⁞₴₭┌‹₨⁄₴₲ ₑ‹₴ₑ₨₭ₑ₨  ₑ₩₫╝₆ₒ₫⁸₴ ₭›│⃰⁸₨╘₩₫⁄₴₭ₑ₨ kW ₆℅₨ 1.14 kW ₿₃⁞₴ₑ⁮₴⅜  
Saving kW per hour = 21.25kW - 20.1kW = 1.14 kWh  

⁸⁞₴╘℅⁞₴ₔ⁸⃰‹₴ 4,993.2kWh ₑ‹₴ₑ₨ₑ⁮₴⅜ ₭›│⃰⁸₨╘₩₫⁄₴ₑ⁮₴⅜ 
For one year kWh saving = 1.14 kWh x 12 hr per day x 365 days = 4,993.2kWh  

⁸⁞₴╘℅⁞₴ₔ⁸⃰‹₴ $749 ₑ‹₴ₑ₨ₑ⁮₴⅜  
For one year $ saving = 4993.2kW x $0.15/kWh = $749  
Simple Payback period = $3000 / $749 = 4 years ( 48 months)  
₭₉₳╘℅⁞₴┌‹₨₉₵℅⁄₴ ₭₆₨₴⁸₨ₔₑ⁞₴← ‹₫₁₴‹₵⁞₈₩⁸₴ 3000$ ₿₂₁₴₉⁮₴₈₈℅₩╘₫₩⁄₴ₑ⁮₴⅜  

№™.ⅎ.№ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← Efficiency ‹₩₫ ₑ₩╘₩₫⁄₴ₑ⁮₴₲ ₁⁮₴₳₉₆₴₳₆₵₨₳ 
(‹) Motor name plate ₆℅ ₈₇€╘₫₩⁄₴ₑ⁮₴⅜ 
(›) Motor manufacturer ₆℅ ₈₇€╘₫₩⁄₴ₑ⁮₴⅜ 

(‼)  Published data (NEMA) ₆℅ ₈₇€╘₫₩⁄₴ₑ⁮₴⅜ 
(‾) ⁸₫₩⁄₴₳⁸₨₿›⁄₴₳(measurement)₿₃⁄₴₲ ₈₇€╘₫₩⁄₴ₑ⁮₴⅜ 

Input electrical power ⁸₫₩⁄₴₳₇€╘₫₩⁄₴ₑ⁮₴⅜ Output mechnical power ‹₩₫ torque ╘℅⁄₴₲ speed ‹₩₫ 
⁸₫₩‹₴╙₫₩‹₴⁸₫₩⁄₴₳₇€₿›⁄₴₳ ₑ₩₫╝₆ₒ₫⁸₴ indirect by subtracting losses ₆℅ ₉⁮₴₳ ₈₈℅₩╘₫₩⁄₴ₑ⁮₴⅜  

№™.ⅎ.℗ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← Input Electrical Power ‹₩₫ ⁸⃰‹₴›₵‹₴₿›⁄₴₳  
₢₂₆₨ -₭₆₨₴⁸₨⁸⁞₴₉₱₫₳ₑ⁮₴ ₿₆⁄₴₳₭‹₨⁄₴₭₈(Ωℓ)ₔ₨₳₿₃⁞₴┐₂₪₳ ₉⁮₴₂⁸₴╘║₁₴₳₆℅₨ ⁸⁞₴₆₩₁⁞₴₉₵℅⁄₴ ₔ₂⁸₴₭₈ 

(№⅓ℓℓ) ₿₃⁞₴ₑ⁮₴⅜ [60Hz]  Electrician ⁸⁞₴₭₇₨‹₴ₑ⁮₴ ₭ₔ₨‹₴₂₧ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₩₫ ⁸₫₩⁄₴₳₇€›₮₲₉₵℅⁄₴ 
⁹₫₩₭₆₨₴⁸₨₡ ₉₵℅₂₴⁞⁞₴input power ‹₩₫ ₈℅₨₂₧⅜  

Volt (A to B) = 467 volt  Ia phase =36 amps Power Factor for a Phase = 
0.75 

Volt (B to C) = 473 volt  Ib phase =38 amps Power Factor for b Phase = 
0.78 

Volt (C to A) = 469 volt Ic phase =37 amps Power Factor for c Phase = 
0.76 

V = (467+ 473+469)/3=469.7Volt  
I = (36+38+37) / 3 = 37 Amp     
Power Factor = (0.75+0.78+.76)/3=0.763  

 
╟▫◌▄► ╘▪▬◊◄ ▄■▄╬◄►░╬╪■  Ȣ  ● Ȣ╥▫■◄ ●  ═□▬ ● Ȣ   Ȣ ▓╦ 
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№™.ⅎ.™ Estimation of Motor Loading 
AC ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← part load efficiency ₑ⁮₴ ⁹₫₩₭₆₨₴⁸₨← loading (%) ₭₂↑⁸⃰⁄₴₆€⁸⁮₴ₑ⁮₴⅜ 

⁹₫₩₭┌‹₨⁄₴₲ AC ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← part load efficiency ‹₩₫⁸⃰‹₴₈₁₴ ₔ⁸⃰‹₴ ⁹₫₩₭₆₨₴⁸₨← loading 
(%)‹₩₫ₑ₩₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜ Loading (%)‹₩₫ₑ₩₆℅ₑ₨ efficiency ‹₩₫ ₔ₆℅₁₴‹₁₴⁪₱₫₳ ⁸⃰‹₴›₵‹₴╘₫₩⁄₴ₑ⁮₴⅜  

 
₭₆₨₴⁸₨← loading (%) ‹₩₫ ₁⁮₴₳ (℗) ₁⁮₴₳ ₿₃⁄₴₲ ⁸⃰‹₴›₵‹₴╘₫₩⁄₴ₑ⁮₴⅜  
(‹) Input method (₭₆₨₴⁸₨← input electrical power ╘℅⁄₴₲ output mechanical power ‹₩₫ ₈₇€┐₂₪₳ 

₭₆₨₴⁸₨← loading (%) ›₁₴╝₆℅₁₴₳₁⁮₴₳) 
(›) Slip method (₭₆₨₴⁸₨← rated slip ╘℅⁄₴₲ actual slip ‹₩₫ ₈₇€┐₂₪₳ ₭₆₨₴⁸₨← loading (%) ›₁₴╝₆℅₁₴₳₁⁮₴₳) 

Input Method ₢₂₆₨  
22kW (name plate power) ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳ₑ⁮₴ ₭₆₨⁄₴₳╘℅⁄₴₭₁ₑ⁮₴ₔ›₧ ₭ₔ₨‹₴₂₧ ₉₵℅₂₴⁞⁞₴ 

ₔ›₵‹₴ₔ₉‹₴₆₵₨₳‹₩₫ ⁸₫₩⁄₴₳⁸₨₈₇€›₮₲ₑ⁮₴⅜ ⁹₩₫₭₆₨₴⁸₨← 100% load ₑ₩₫╝₆ₒ₫⁸₴ full load efficiency ₑ⁮₴ 88% 
₿₃⁞₴₉₵℅⁄₴ ⁹₫₩₭₆₨₴⁸₨← loading (%) ‹₩₫ ₈℅₨₂₧⅜  

 Volt (R to Y) = 410 volt , I red phase = 25 amps , Power Factor for Red Phase = 0.86  
 Volt (Y to B) = 415 volt , I red phase = 27 amps , Power Factor for Yellow Phase = 0.88 
 Volt (B to R) = 412 volt , I red phase = 26 amps , Power Factor for Blue Phase = 0.87  
 

22kW (name plate power ₑ⁮₴ output mechanical power ₂⁄₴₿₃⁞₴ₑ⁮₴⅜ Rated power 
ₒ₫₉⁮₴₳₭›↑ₑ⁮₴⅜) ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← input electrical power ₆℅₨ 25 kWe ₿₃⁞₴ₑ⁮₴⅜₭₆₨₴⁸₨← 100% load 
ₑ₩₫╝₆ₒ₫⁸₴ full load efficiency ₑ⁮₴ 88% ₿₃⁞₴₉₵℅⁄₴.. 

 
Input electrical power of motor =( output mechanical power or name plate p ower = 22 ) x 0.88  
                                             = 25kWe  
₭₆₨₴⁸₨← actual electrical power ₆℅₨ 
Actual electrical power = 1.73 x Average Volt x Average I x Average Power Factor  
                                    1.73x 413.33 Volt x 26 Amp x 0.87 = 16.17 kWe  
 

ὓέὸέὶ ὒέὥὨὭὲὫ 
!ÃÔÕÁÌ %ÌÅÃÔÒÉÃÁÌ 0Ï×ÅÒ  ρφȢρχ Ë7Å 

2ÁÔÅÄ %ÌÅÃÔÒÉÃÁÌ 0Ï×ÅÒ  ςυË7Å
 φτȢφψ Ϸ  

 

№™.ⅎ.Ω Service Factor (SF) 
₭₆₨₴⁸₨₆₵₨₳‹₩₫ ₭₉⁹₫ₔ₂€›₵₩₁₴ (ambient t emp) ⁹‹₴₂₫₩ₑ⁮₴₲ ›⃰⁄₴₲₿₂₯⁹₨₳₭ₑ₨ ₔ₂€›₵₩₁₴ ₔ⁸⃰‹₴ 

ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴⁹₨₳┌‹ₑ⁮₴⅜ Service factor ⁪₫₩ₑ⁮₴₆℅₨ ₑ⁸₴₆℅⁸₴⁹₨₳ₑ⁮₴₲ ₔ₭₿›₭₁₆₵₨₳(ₔ₂€›₵₩₁₴⅛⁞₩₫⁹₫₩⁄₴₳⁪..) 
ₔ⁸⃰⁄₴₳⁸⃰⁄₴ rated power ₑ₩₫╝₆ₒ₫⁸₴ Name Plater Power ⁹‹₴₂₩₫⅞ ₔ⁪‹₴₆₿₂⁸₴ ₭₆₨⁄₴₳╘₩₫⁄₴ₑ⁮₴₲ ⁞⃰₆₴₳₈⁮₴‹₩₫ 
⁪₫₩₉₫₩ₑ⁮₴⅜ ₭₆₨₴⁸₨ₔ₆₵₨₳⁞₫ ← Service Factor ₆℅₨ 1.0 ₑ₩₫╝₆ₒ₫⁸₴ 1.15 ₿₃⁞₴ₑ⁮₴⅜  

₢₂₆₨- (№ℓ)₭‹₨⁄₴ₔ₨₳₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← Service Factor ₆℅₨ 1.15 ₿₃⁞₴ₑ⁮₴⅜ ⁹₫₩⁪₩₫₉₫₩›₵‹₴₆℅₨ 
₇⁄₴₳₭₆₨₴⁸₨ₑ⁮₴ (№№.℮)₭‹₨⁄₴⁞⃰₆₴₳ₔ₨₳₿₃⁄₴₲ ₔ⁪‹₴₆₿₂⁸₴ ₭₆₨⁄₴₳╘₩₫⁄₴ₑ⁮₴₲ ⁞⃰₆₴₳₈⁮₴‹₩₫ ⁪₫₩₉₫₩ₑ⁮₴⅜ ₑ₫₩╝₭ₑ₨₴ 
NEMA standard ₔ₈ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ motor insulation class ← allowable temperature raise 105 ₱C ( for 
Class F) ‹₩₫ ₭⁸₨₲ ₆₭‹₵₨₴₉⃰₁₴₈₭₂⅜  
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Motor insulation class F ₔ₆₵₩₯₳ₔ⁞₨₳ (№ℓ)₭‹₨⁄₴ₔ₨₳₭₆₨₴⁸₨⁸⁞₴₉₱₫₳ allowable temperature raise 
105 ₱C ₿₃⁞₴ₑ⁮₴⅜  

Service factor 1.0 ₑ₨₈℅₩ₑ⁮₴₲ (№ℓ)₭‹₨⁄₴ₔ₨₳₭₆₨₴⁸₨⁸⁞₴₉₱₫₳‹₩₫ (№№.℮)₭‹₨⁄₴ₐ₁₴ (load) 
₿₃⁄₴₲₭₆₨⁄₴₳₉₵℅⁄₴ ⁹₫₩₭₆₨₴⁸₨ₑ⁮₴₲ ┌‹₨₿₆⁄₴₲⁞⃰₨ ₆›₱╘₫₩⁄₴₭₂⅜ ₑ₩₫╝₭ₑ₨₴ ⁹₩₫ (№ℓ)₭‹₨⁄₴ₔ₨₳₭₆₨₴⁸₨← Service factor ₆℅₨ 
№.№℮ ₿₃⁞₴₉₵℅⁄₴ №№ ₭‹₨⁄₴›⃰₮ ₐ₁₴₿₃⁄₴₲ ₭₆₨⁄₴₳₂₧‹ ₭₆₨₴⁸₨ₑ‹₴⁸₆₴₳₭₉₵℅₨₲₁⁮₴₳₉₩₆₴₲₆⁮₴₆ₒ₫⁸₴₭₂⅜ Service factor 
₿₆⁄₴₲₭ₑ₨₭┌‹₨⁄₴₲ rated power ₔ₁⁮₴₳⁄₇₴₂₩₫₆₵₨₳₭ₑ₨ ₐ₁₴‹₩₫ ₭⁪₨⁄₴╘₫₩⁄₴ₑ⁮₴⅜ Service factor 
₿₆⁄₴₲ₑ⁮₴₲₭₆₨₴⁸₨₆₵₨₳₆℅₨ ₭⁞₵₳└‹₪₳₭₉₲₈℅₩ₑ⁮₴⅜  

№™.⅓ Motor Enclosures ╘℅⁄₴₲ Ingress Protection 

 

 

 

 
Ingress protection ₑ⁮₴ IEC 60529  ‹₩₫ ₔ₭₿››₱⁹₨₳┐₂₪₳ ‼⁷₁₴₳╘℅⁞₴₉₱₫₳₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ ₢₂₆₨- IP 

20 ⅛ IP55 ⅛ IP45 ₿₃⁞₴ₑ⁮₴⅜ ₂⁹₆ ‼⁷₁₴₳(first digit) ə ₆║₁₴₆₵₨₳⅛ₔ₆℅₩₯‹₴₆₵₨₳(dust) ₔ⁸⃰‹₴₿₃⁞₴┐₂₪₳ ₔ⁪⁄₴₲(№) ₆℅ (⅍) 
ₔ⁹₩ ₈℅₩ₑ⁮₴⅜ n ₫⁸₩₇₭₿₆₨‹₴ ‼⁷₁₴₳(second digit)ₑ⁮₴ ₭₈(water)ₔ⁸⃰‹₴₿₃⁞₴┐₂₪₳ ə ⁪⁄₴₲(№) ₆℅ (⅓) ə ⁹₩ 
₈℅₩ₑ⁮₴⅜ 

North American ingress protection ₁⁮₴₳₆℅₨ NEMA standard 250 ₔ₭₿››₱⁹₨₳ₑ⁮₴⅜ Non 
hazardous enclosure ₔ₆₵₩₯₳ₔ⁞₨₳ 1, 2, 3, 3R, 3S, 4, 4X, 5, 6, 6P, 12, 12K and 13 ⁸₫₩╝₿₃⁞₴┌‹ₑ⁮₴⅜  

₭₆₨₴⁸₨₆₵₨₳← enclosure ₆₵₨₳‹₩₫ ⁸₂₴⁪⁄₴ₑ⁮₴₲₭₁₈₨‹₩₫₉₫₩‹₴⅞ ₑ⁄₴₲₭₉₵℅₨₴₭ₔ₨⁄₴ ₭₈⃰₳›₵₇₴ 
┌‹₈ₑ⁮₴⅜ ₑ₨₆₨₁₴ₔ₨₳₿₃⁄₴₲ indoor ⁸₂₴⁪⁄₴ₔₑ₱₫₳₿₂₯₿›⁄₴₳╘℅⁄₴₲ outdoor ⁸₂₴⁪⁄₴ₔₑ₱₫₳₿₂₯₿›⁄₴₳ₒ₫ ╘℅⁞₴₆₵₩₯₳ 
›⃰₮₿›₨₳╘₫₩⁄₴ₑ⁮₴⅜ ₭₆₨₴⁸₨ protection ₆₵₨₳‹₩₫ IP ₁⁮₴₳₿₃⁄₴₲₉⁮₴₳₭‹₨⁄₴₳⅛ NEMA ₿₃⁄₴₲₉⁮₴₳₭‹₨⁄₴₳ ₔ⁪⁄₴₲ₔ⁸₁₴₳ 
›⃰₮₿›₨₳ e ⁸₴₆℅⁸₴┌‹ₑ⁮₴⅜ 

European market ⁸⃰⁄₴ ₭₈₨⁄₴₳›₵₭ₑ₨ ₭₆₨₴⁸₨₆₵₨₳← protection ₆₵₨₳‹₩₫ IP classification ₁⁮₴₳₿₃⁄₴₲ 
ₑ⁸₴₆℅⁸₴₭₃₨₴₿₂┌‹ₑ⁮₴⅜ ₔ₭₆₈₩‹⁸⃰⁄₴₭₈₨⁄₴₳›₵₭ₑ₨ ₭₆₨₴⁸₨₆₵₨₳← protection ₆₵₨₳‹₩₫ NEMA 
classification ₁⁮₴₳₿₃⁄₴₲ ₑ⁸₴₆℅⁸₴₭₃₨₴₿₂┌‹ₑ⁮₴⅜ 
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IP (Ingress Protection) classification ₑ⁮₴ electrical equipment ₆₵₨₳ₔ⁸⃰‹₴ (⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ 
environment ╘℅⁄₴₲ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲) degrees of protection ₿₃⁞₴ₑ⁮₴⅜ ₭ₔ₨‹₴₂₧⁫₇₨₳ₔ⁸₩₫⁄₴₳ ₔ⁸₩₫›₵₯₂₴ 
₆℅⁸₴ₑ₨₳╘₫₩⁄₴ₑ⁮₴⅜ ₂₩₫⅞ ₔ₭ₑ₳⁞₩⁸₴ₑ₩₉₫₩₂₧‹ IEC 60529  ‹₩₫ ₃⁸₴╙║₈₁₴ ₉₫₩ₔ₂₴ₑ⁮₴⅜ 

Table 13- 

1st 
Digit 

Definition 2nd 
Digit 

Definition 

0 Non- protected 0 Non- protected 
1 Against penetration of solid objects of 

50mm diameter and more 
1 Against vertical dripping water 

2 Against penetration of solid objects of 
12.5mm diameter and more 

2 Against vertical dripping water at  
an angle of up to 15°  

3 Against penetration of solid objects of 
2.5mm diameter and more 

3 Against vertical dripping water at a  
angle of up to 60°  

4 Against penetration of solid objects of 
1mm diameter and more 

4 Against splashing water in all 
directions. 

5 Dust protected 5 Against water jets  
in all directions 

5 Against water jets in all directions 

6 Dust tight  6 Against powerful jets of water and 
waves 

  7 Against the affects of temporary 
immersion 

  8 8 Against the affects of longed 
Immersion under specified conditions 

NEMA standard ‹₩₫ ₭₿₆₨‹₴ₔ₭₆₈₩‹ ╘₫₩⁄₴⁄₱₆₵₨₳⁸⃰⁄₴ electrical equipment ₆₵₨₳ₔ⁸⃰‹₴ (⁸₂₴⁪⁄₴ 
⁹₨₳ₑ⁮₴₲ environment ╘℅⁄₴₲ₑ‹₴⁪₫₩⁄₴ₑ⁮₴₲)degrees of protection ₿₃⁞₴ₑ⁮₴⅜ Corrosion ⅛ rust ⅛ icing ⅛ oil ╘℅⁄₴₲ 
coolants ⁞ₑ⁮₴₲ environment condition ₆₵₨₳ₔ⁸⃰‹₴ ₈⁮₴₈⃰₇₴⅞₿₂₯₉₫₂₴⁹₨₳₭ₑ₨ standard ₿₃⁞₴ₑ⁮₴⅜ ₭ₔ₨‹₴₂₧ 
⁫₇₨₳ə⁸₩₫⁄₴₳ ₔ⁸₩₫›₵₯₂₴ ₆℅⁸₴ₑ₨₳╘₩₫⁄₴ₑ⁮₴⅜ ₂₩₫⅞ ₔ₭ₑ₳⁞₩⁸₴ₑ₩₉₫₩₂₧‹ NEMA Standard 250 ‹₩₫ ₃⁸₴╙║₈₁₴ 
₉₫₩ₔ₂₴ₑ⁮₴⅜ 

Table 13- 

Environment Type  General Definition 
1,2,4,4X, 5,6,6P, 12,12K, 13 Indoor non hazardous locations 
3,3R, 4,4X, 6,6P  Outdoor non hazardous locations 
7,10  Environment is designed to contain an internal explosion without 

causing an external hazard 
8  Environment is designed to prevent combustion through the use of 

oilimmersed equipment 
9  Environment is designed to prevent the ignition of combustible 

dust 
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№™.⅔ ₉₵℅₂₴⁞⁞₴₭₆₨₴⁸₨₆℅ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║₆₵₨₳ (Motor Losses)  

№™.⅔.№ Copper Loss     
Copper loss ⁪₩₫ₑ⁮₴₆℅₨ ₭₆₨₴⁸₨← rotor ╘℅⁄₴₲ stator ₆₵₨₳⅝₈℅₩₭ₑ₨ ₭┌‹₳₁₪(copper) ₐ₩₫⁄₴₇₨₆₵₨₳ 

ₔ⁸⃰⁄₴₳⁸⃰⁄₴ ₉₵℅₂₴⁞⁞₴⁞₪₳⁪⁄₴₳₆║₭┌‹₨⁄₴₲₿₃⁞₴₭₂↑₉₨₭ₑ₨ ⁪₱₫₳╙₱║₳₆║₆₵₨₳ (losses) ₿₃⁞₴ₑ⁮₴⅜ ₭┌‹₳₁₪(copper) ₐ₩₫⁄₴₇₨₆₵₨₳ 
ₑ⁮₴ ₭₆₨₴⁸₨← rotor ╘℅⁄₴₲ stator ╘℅⁞₴›₫⁞₉₱₫₳⁸⃰⁄₴₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ rotor ₭₈₨ stator ⁸⃰⁄₴₂₧ copper losses 
₿₃⁞₴₭₂↑ₑ⁮₴⅜  

Stator winding ╘℅⁄₴₲ rotor winding ⁸₫₩╝ ← resistance ₭┌‹₨⁄₴₲₿₃⁞₴ₑ⁮₴⅜ Stator ╘℅⁄₴₲ rotor winding 
ₔ⁸⃰⁄₴₳⁸⃰⁄₴ current ₿₃⁸₴⁞₪₳₿›⁄₴₳₭┌‹₨⁄₴₲ stator copper losses ₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜ ⁹₫₩ losses ₿₃⁞₴ₑ⁮₴₲₂₆₨⁷₆℅₨ 
₿₃⁸₴⁞₪₳ ₑ⁮₴₲ current ╘℅⁞₴⁹₂₴‹₩₁₴₳╘℅⁄₴₲ resistance ⁸₫₩╝₭₿₆℅₨‹₴₿›⁄₴₳ ₿₃⁞₴ₑ⁮₴⅜ 

 
╛▫▼▼▄▼  ╒◊►►▄▪◄╘● ╒◊►►▄▪◄╘● ╡▄▼░▼◄╪▪╬▄  ╘╡  

 

 
 Copper loss ₭┌‹₨⁄₴₲₿₃⁞₴₭ₑ₨ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║₭₉₵₨₲₁⁮₴₳₭⁞₈₁₴ stator slot ‹₩₫ ₭₿₂₨⁄₴₳₉₮╘₫₩⁄₴ₑ⁮₴⅜ 

Stator winding ₔ⁸⃰⁄₴₳⅝₈℅₩₭ₑ₨ ₐ₫₩⁄₴₇₨← ⁹₫⁹⁮₴(volume) ₆₵₨₳₉₨₭⁞₈₁₴ insulation thickness ‹₫₩ 
₭₉₵℅₨₲›₵╘₫₩⁄₴ₑ⁮₴⅜  

Rotor ← copper losses ₁⁮₴₳₭⁞₈₁₴ conductive bar ╘℅⁄₴₲ end ring ← ₔ₈⃰₇₴ₔ⁞₨₳‹₩₫ └‹₪₳₆₨₳₭ₔ₨⁄₴ 
₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜ ⁹₫₩ₑ₫₩╝ └‹₪₳₆₨₳₭ₔ₨⁄₴₿₂₯₉₫₂₴₭₂₳₿›⁄₴₳₿₃⁄₴₲  ›₫›₱₆║(resistance) ‹₩₫ ₭₉₵℅₨₲₁⁮₴₳₭⁞ ╘₫₩⁄₴ₑ⁮₴⅜ Copper 
losses ₑ⁮₴ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║⁞₫⁞₫₭₂₧⁄₴₳ (total losses ) ← ℮⅓%₿₃⁞₴ₑ⁮₴⅜  

 
₂₱₫ №™- №℗ Motor 

№™.⅔.℗ Core Losses 
Core losses ₑ⁮₴ eddy current losses ╘℅⁄₴₲ hysteresis ⁸₫₩╝₿₃⁞₴ₑ⁮₴⅜  

⁹₫₩ ₉₵℅₂₴⁞⁞₴⁞⃰₆₴₳ₔ⁄₴₆₵₨₳ₑ⁮₴ ₆₉₫₩₉₨₳ₔ₂₴ₑ⁮₴₲ ₔ₂€(heat)ₔ₿₃⁞₴ₑ₫₩╝ ₭₿₂₨⁄₴₳₉₮ₑ⃰₨₳┐₂₪₳ ⁞⃰₆₴₳ₔ⁄₴ 
⁪₱₫₳╙₱║₳₆║₿₃⁞₴₭₂↑ₑ⁮₴⅜ ⁹₩₫╝₭┌‹₨⁄₴₲₭₆₨₴⁸₨ₑ⁮₴ ₉₫₩ₔ₂₴ₑ⁮₴⁹‹₴ ₂₩₫₂€₭₉ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║₆₵₨₳ ₭₉₿₃⁞₴ₑ⁮₴⅜  
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Core material(hysteresis)ₔ₨₳ ₑ₱₉₩₫‹₴⁞‹₴‹⃰⁄₴₳ ₿₃⁞₴₭ₔ₨⁄₴₿₂₯₉₫₂₴ (magnetized) ₈₁₴ₔ⁸⃰‹₴ 
₉₫₩ₔ₂₴₭ₑ₨⁞⃰₆₴₳ₔ⁄₴ ₿₃⁞₴ₑ⁮₴⅜ Core material ⅝ eddy current ₿₃⁞₴₭₂↑₈₁₴ₔ⁸⃰‹₴ ⁞⃰₆₴₳ₔ⁄₴⁸›₵₩₯╞ ⁪₱₫₳╙₱║₳₆║ 
₿₃⁞₴₭₂↑ₑ⁮₴⅜  

Improved permeability electromagnetic (Silicon) steel ‹₩₫ ₔₑ₱₫₳₿₂₯₿›⁄₴₳₿₃⁄₴₲ core losses ₿₃⁞₴₭₂↑₆║ 
₁⁮₴₳₭ₔ₨⁄₴₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜ Core ‹₩₫ ₂₩₫₆₩₫₈℅⁮₴₉₵₨₳₭ₔ₨⁄₴₿₂₯₉₫₂₴₿›⁄₴₳₿₃⁄₴₲ magnetic flux densities ₭₉₵℅₨₲₁⁮₴₳ 
₉₨‹₨ core losses ₿₃⁞₴₭₂↑₆║₉⁮₴₳ ₁⁮₴₳₉₨ₑ⁮₴⅜ Thinner steel laminations ‹₫₩ ₔₑ₱₫₳₿₂₯₿›⁄₴₳₿₃⁄₴₲ eddy 
current losses ‹₩₫ ₁⁮₴₳₭ₔ₨⁄₴ ₿₂₯₉₫₂₴╘₫₩⁄₴ₑ⁮₴⅜  

 
Core losses ₑ⁮₴ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║⁞₫⁞₫₭₂₧⁄₴₳ (total losses) ← №℗%₿₃⁞₴ₑ⁮₴⅜  

  

№™.⅔.™ Windage and Friction Losses  
Windage e⁮₴ ₭₆₨₴⁸₨ₔ₨₳₭ₔ₳₭ₔ₨⁄₴ (ₔ₂€›₵₩₁₴₆⁸‹₴₭ₔ₨⁄₴) ⁸₂₴⁪⁄₴⁹₨₳₭ₑ₨ 

₂₁₴‹₨₭┌‹₨⁄₴₲₿₃⁞₴₭ₑ₨ ⁞⃰₆₴₳ₔ⁄₴ ⁪₱₫₳╙₱║₳₆║₿₃⁞₴ₑ⁮₴⅜ ₂₁₴‹₨ⁿ₪⁫₫₩⁄₴₳₭‹₨⁄₴₳₭ₔ₨⁄₴₿₂₯₉₫₂₴₿›⁄₴₳₿₃⁄₴₲₉⁮₴₳ windage 
losses ‹₩₫ ₭₉₵℅₨₲₁⁮₴₳ ₭⁞╘₫₩⁄₴ₑ⁮₴⅜ 

Windage ╘℅⁄₴₲   friction losses e ⁮₴ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║⁞₫⁞₫₭₂₧⁄₴₳(total losses)← №Ω% ₿₃⁞₴ₑ⁮₴⅜  Friction 
losses ₑ⁮₴ ₭₆₨₴⁸₨⁸⃰⁄₴ ⁸₂₴⁪⁄₴⁹₨₳ₑ⁮₴₲ ₅₇₴₈⁄₴(bearing) ₆℅ ₿₃⁞₴₭₂↑₉₨ₑ⁮₴⅜  

№™.⅔.Ω Stray Losses 
Load current ‹ induce ₉₫₂₴₭ₑ₨₭┌‹₨⁄₴₲ leakage fluxes ₆₵₨₳₿₃⁞₴₭₂↑₉₨‹₨ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║ 

₿₃⁞₴₭₂↑₿›⁄₴₳₿₃⁞₴ₑ⁮₴⅜ Surface losses ╘℅⁄₴₲  harmonics ⁸₫₩╝e⁮₴ stray losses ⁹₮⁸⃰⁄₴₂₧ₐ⁄₴ₑ⁮₴⅜ Stray losses ‹₩₫ 
ₔ⁸₩ₔ‹₵ₑ₩╘₫₩⁄₴₈₁₴ ₔ₉⃰₁₴›‹₴›₮ₑ⁮₴⅜ ⁸₿›₨₳₭ₑ₨ ₆₭₿₂₨₂₭₉₨‹₴ₑ⁮₴₲ loss ₆₵₨₳ₑ⁮₴ stray losses ⁸⃰⁄₴ 
ₔ‹₵₱₯₳ₐ⁄₴ₑ⁮₴⅜ 

 
Stray losses ₑ⁮₴ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║⁞₫⁞₫₭₂₧⁄₴₳ (total losses ) ← №℮%₿₃⁞₴ₑ⁮₴⅜  

 Copper loss (58%) Stator loss 
Rotor loss 

Core (Iron) loss(12%)  Eddy current loss 

 Core losses ╘℅⁄₴₲ windage losses ⁸₫₩╝e⁮₴₲ ₭₆₨₴⁸₨← ₐ₁₴(load)╘℅⁄₴₲ ₆ₑ‹₴⁪₫₩⁄₴₭₂⅜ Loading % 
₆₵₨₳ₑ⁮₴ ₿₃⁞₴₭⁞⅛ ₁⁮₴₳ₑ⁮₴₿₃⁞₴₭⁞ core losses ╘℅⁄₴₲ windage losses ⁸₫₩╝₆℅₨ ₆₭₿₂₨⁄₴₳₉₮₭₂⅜ 

 Stator losses ⅛ rotor losses ╘℅⁄₴₲ stray losses ⁸₩₫╝e⁮₴ ‹₩₫ ñon load lossesò ₒ₫₭›↑ₑ⁮₴⅜ ñOn 
load lossesò ₑ⁮₴ ₭₆₨₴⁸₨ ← loading % ₭₂↑⁸⃰⁄₴ ₆€⁸⁮₴ₑ⁮₴⅜ Loading % ₆₵₨₳₭₉ ñon load lossesò 
₆₵₨₳₭₉ ₿₃⁞₴ₑ⁮₴⅜ 
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Hysteresis loss 
Windage and Friction loss (14%)  External fan windage 

Internal fan w indage 
Bearing , Grease 

Stray loss (15%) Surface loss 
Harmonics 
Leakage flux 

₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← input electrical power ₆℅ output mechanical power ‹₩₫╘║⁸₴₉₵℅⁄₴ ₭₆₨₴⁸₨⁸⁞₴›₫₉₫₱₳← 
⁪₱₫₳╙║₱₆║₆₵₨₳(losses)‹₩₫ ₈₆⁮₴⅜  ₭₆₨₴⁸₨←ₔ₈⃰₇₴ₔ⁞₨₳╘℅⁄₴₲ ₔ₆₵₩₯₳ₔ⁞₨₳⁸₫₩╝‹₩₫₆€⁸⁮₴⅞ ⁪₱₫₳╙║₱₆║₆₵₨₳(losses) 
₆⁸€⁮₪┌‹₭₂⅜ ₭ₔ₨‹₴₂₱₫ (№™-№™) ⁸⃰⁄₴₭₆₨₴⁸₨← ⁪₱₫₳╙║₱₆║₆₵₨₳ (losses)‹₩₫ ₈₨›₫₩⁄₴╘║₁₴₳₿₃⁄₴₲ ₭₃₨₴₿₂⁹₨₳ₑ⁮₴⅜ 

 
₂₱₫ №™-№™ 
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₂₱₫ №™-№Ω 

№™.№ℓ Motor Efficiency 
  High-efficiency motor ₆₵₨₳‹₩₫ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║(energy loss) ₁⁮₴₳₭ₔ₨⁄₴ ⁸⁮₴₭⁪₨‹₴⁹₨₳┌‹ₑ⁮₴⅜ 

ℓ₩₫⁄₴₇₨←ₔ›₵⁄₴₳ (diameter) ‹₩₫ ┌‹₪₳₭ₔ₨⁄₴₿₂₯₉₫₂₴₉₩₫‹₴₿›⁄₴₳₭┌‹₨⁄₴₲ ₭┌‹₳⁹₫⁹⁮₴(copper volume) 34% ₆℅ 40% 

ₔ⁹₩ ₂₩₫₆₵₨₳₉₨╘₩₫⁄₴ₑ⁮₴⅜ ⁹₩₫╝₭┌‹₨⁄₴₲ ›₫›₱ₔ₨₳(resistance) ₭₉₵₨₲₁⁮₴₳‹₨ copper lossess ₭₉₵₨₲₁⁮₴₳ₑ⁮₴⅜   

 └‹₪₳₆₨₳ₑ⁮₴₲ ℓ₧₇₨└‹₩₯₳‹₩₫ ₔₑ₱₫₳₿₂₯₉₵℅⁄₴ wire slot ₆₵₨₳‹₩₫₉⁮₴₳ ‹₵₇₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₭₂₳₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜ 

⁹₩₫╝ ₭┌‹₨⁄₴₲ steel lamination ⅝₈℅₩₭₁ₑ⁮₴₲ active steel ₂₆₨⁷ ₭₉₵₨₲₁⁮₴₳ₑ⃰₨₳₉₩₆₴₲₆⁮₴⅜ Steel losses ₭₉₵₨₲₁⁮₴₳ 

₭⁞₈₁₴ₔ⁸⃰‹₴ rotor ╘℅⁄₴₲ stator core ‹₩₫ ₈℅⁮₴₉₵₨₳₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₭₂₳ₑ⁄₴₲ₑ⁮₴⅜ ₂₩₫₈℅⁮₴₉₵₨₳ₑ⁮₴₲ rotor ╘℅⁄₴₲ stator 

core ‹₩₫ ₔₑ₱₫₳₿₂₯₿›⁄₴₳₭┌‹₨⁄₴₲ lamination ₂₩₫₆₵₨₳₭ₔ₨⁄₴ ₿₂₯₉₫₂₴₭₂₳₈₁₴ ₉₩₫ₔ₂₴ₑ⁮₴⅜  

(№) High-grade silicon steel laminations  ₑ⁮₴ 0.018 in ›₁₴╝ ⁹€ₑ⁮₴₲  electrical loss of 1.5 W/lb ›₁₴╝ 
₿₃⁞₴₭₂↑₭⁞ₑ⁮₴⅜ Chemical makeup ╘℅⁄₴₲ thinner gage of the laminations ₭₉₵₨₲₁⁮₴₳₭⁞ₑ⁮₴⅜ (plus 
a coating of inorganic insulation on each piece) ⁸₫₩╝₭┌‹₨⁄₴₲  eddy current losses 
₭₉₵₨₲₁⁮₴₳₭⁞ₑ⁮₴⅜ Special annealing and plating of rotor and stator components and use of 
high-purity cast aluminum rotor bars reduce hysteresis losses. 

(℗) Higher-grade bearing ‹₩₫ ₔₑ₱₫₳₿₂₯₿›⁄₴₳₭┌‹₨⁄₴₲  friction loss ₭₉₵₨₲₁⁮₴₳╘₩₫⁄₴ₑ⁮₴⅜ 

(™)  Smaller, more efficient n ₪⁫₩₫⁄₴₳₿₃⁞₴₭ₔ₨⁄₴₿₂₯₉₫₂₴₿›⁄₴₳₭┌‹₨⁄₴₲ windage losses(fan-cooled motors ⁸⃰⁄₴) 
₭₉₵₨₲₁⁮₴₳╘₩₫⁄₴ₑ⁮₴⅜ 

(Ω) Tighter tolerances ╘℅⁄₴₲ more stringent manufacturing-process control ⁸₩₫╝₭┌‹₨⁄₴₲ losses from 
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unplanned conducting paths and stray load phenomena ⁸₫₩╝‹₩₫ ₭₉₵₨₲₁⁮₴₳ ₭⁞╘₩₫⁄₴ₑ⁮₴⅜ 

№™.№№ Power Factor Improvement (Power Factor ₭‹₨⁄₴₳₭⁞₆⁮₴₲₁⁮₴₳₭‹₨⁄₴₳₆₵₨₳) 
(‹) ₿₃⁞₴╘₫₩⁄₴₉₵℅⁄₴ₔ₂⁸₴₭₈(rpm) ₆₵₨₳ₑ⁮₴₲₭₆₨₴⁸₨‹₩₫ ₭₈⃰₳›₵₇₴ₔₑ₱₫₳₿₂₯₂₧⅜ 

2 pole ₭₆₨₴⁸₨ (60 Hz ₔ⁸⃰‹₴ 3600rpm) ₑ⁮₴ Power Factor(PF) ə ₭‹₨⁄₴₳⁪₱₫₳₿₃⁞₴ₑ⁮₴⅜ Pole 
ₔ₭₈ₔ⁸⃰‹₴ ₆₵₨₳₉₨ₑ⁮₴₁℅⁄₴₲ₔ₆₵℅ ₭₆₨₴⁸₨ rpm  ₁⁮₴₳₉₨┐₂₪₳ Power Factor ₉⁮₴₳‹₵⁪⁄₴₳₉₨ₑ⁮₴⅜ 
Pole ₔ₭₈ₔ⁸⃰‹₴₆₵₨₳ ₭₉⅛ ₔ₂⁸₴₭₈ (rpm) ₁⁮₴₳₭₉₿₃⁞₴┐₂₪₳⅛ Power Factor ⁮₱₲ₑ⁮₴⅜ Pole 
ₔ₭₈ₔ⁸⃰‹₴ ₁⁮₴₳₭₉⅛ ₔ₂⁸₴₭₈ (rpm) ₆₵₨₳₭₉₿₃⁞₴┐₂₪₳⅛ Power Factor ₭‹₨⁄₴₳ₑ⁮₴⅜  

(›) Load ╘℅⁄₴₲ ₔ₁₪₳⁞₂₴⁪₱₫₳ ₭₆₨₴⁸₨ ₔ₈⃰₇₴ₔ⁞₨₳‹₩₫ ₭₈⃰₳›₵₇₴₂₧⅜ ₭₆₨⁄₴₳₆⁮₴₲ ℓ₁₴(load) ⁹‹₴ ₂₩₫└‹₪₳₆₨₳ₑ⁮₴₲ 
₭₆₨₴⁸₨ ₔ₈⃰₇₴ₔ⁞₨₳‹₩₫ ₆₭₈⃰₳›₵₇₴ₑ⁄₴₲₂₧⅜  

₭₆₨₴⁸₨←  loading ₁⁮₴₳₉₵℅⁄₴ (light load ₿₃⁞₴₉₵℅⁄₴) ₭₆₨₴⁸₨← real power  ₁⁮₴₳ₑ⁮₴⅜ 
Loading ₆₵₨₳₉₵℅⁄₴ (heavy load ₿₃⁞₴₉₵℅⁄₴) ₭₆₨₴⁸₨← real power ₆₵₨₳ₑ⁮₴⅜ ₑ₫₩╝₭ₑ₨₴ reactive power 
ₑ⁮₴ ₭₿₂₨⁄₴₳₉₮₆║ ₆₈℅₩₭₉₨‹₴₁⁮₴₳ₑ⁮₴⅜ ⁹╝₫₩₭┌‹₨⁄₴₲ induction ₭₆₨₴⁸₨⁸⃰⁄₴ real power ╘℅⁄₴₲ reactive 
power  ₔ›₵₩₯₳ₑ⁮₴ load ₭₂↑⁸⃰⁄₴₆€⁸⁮₴⅞ ₭₿₂₨⁄₴₳₉₮₭₁ₑ⁮₴⅜ ₭₆₨₴⁸₨←  loading ₑ⁮₴ ₔ₁⁮₴₳⁪₱₫₳ 
№ℓ%₆℅ ₔ₆₵₨₳⁪₱₫₳ ⅓℮% ə⁹₩₿₃⁞₴╘₫₩⁄₴e⁮₴⅜ Oversized ₭₆₨₴⁸₨ ( ₔ₉⃰₁₴└‹₪₳ₑ⁮₴₲₭₆₨₴⁸₨‹₩₫ 
₭₈⃰₳⁹₨₳₉₵℅⁄₴) ← reactive current ₑ⁮₴ ₭ₑ₳₭ₑ₨ ₭₆₨₴⁸₨ ← reactive current ⁹‹₴ ₂₩₫₆₵₨₳ₑ⁮₴⅜  

  

№™.№№.№ Power Factor (PF) 
AC indcution ₭₆₨₴⁸₨₆₵₨₳⁸⃰⁄₴ input electrical power ₅‹₴⅝ power factor ₈℅₩ₑ⁮₴⅜ Power factor 

⁪₫₩ₑ⁮₴₆℅₨ active power (True Power ₒ₫₉⁮₴₳₭›↑ₑ⁮₴⅜) ‹₩₫ Apparent Power ╘℅⁄₴₲⁞₨₳⁹₨₳ₑ⁮₴₲ ₔ›₵₩₯₳ 
₿₃⁞₴ₑ⁮₴⅜ Power factor ← ⁸₁₴₃₩₫₳₆℅₨ ℓ ₆℅ №.ℓ ₔ⁸⃰⁄₴₳₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜ Resistive load ₉₱₫₳ₐ₿₃⁞₴₭₁ₑ⁮₴₲ₔ›₧⁸⃰⁄₴ 
reactive power ₉₱₫₳ₐ₆₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ ₔ₿₆⁄₴₲⁪₱₫₳ power factor (1.0) ₈₈℅₩╘₫₩⁄₴ₑ⁮₴⅜ ₑ₩₫╝₭ₑ₨₴ ₔ₭⁪₨‹₴ₔ₢₪₆₵₨₳╘℅⁄₴₲ 
⁞‹₴₆║₉₫₂₴⁄₁₴₳₆₵₨₳ ₔ⁸⃰⁄₴₳⁸⃰⁄₴ resistive load ₆₈℅₩⅞ ₆₿₃⁞₴╘₫₩⁄₴₭ₑ₨₭┌‹₨⁄₴₲ reactive power ₑ⁮₴ ₔ₉⃰₁₴₆₵₨₳ₑ⁮₴⅜ 
⁹╝₫₩₭┌‹₨⁄₴₲ power factor ₑ⁮₴ №.ℓ ⁹‹₴₁⁮₴₳₭₉₲₈℅₩ₑ⁮₴⅜ 

Reactive power ₑ⁮₴ ⁞⁮₴₅₪₇₨›⃰‹₴⁹₮⁸⃰⁄₴₈℅₩ₑ⁮₴₲ ₔ₿₆₯⁸₴╘℅⁄₴₲⁸€ₑ⁮₴⅜ ₭ₑ₨‹₴⅞₈ₑ⁮₴₲ ₅₪₇₨ 
ₔ₈⁮₴ₑ⁮₴ active power ╘℅⁄₴₲⁸€ₑ⁮₴⅜ Active power ⁸⁞₴›₫⁸⁮₴₳‹₩₫ₑ₨ ₐ₇₴₇€⅞₆₈╘₫₩⁄₴⅜  Reactive power 
╘℅⁄₴₲⁸⃰₮⅞ ₐ₇₴₇€₈ₑ⁮₴⅜ ⁹₫₩╝ə⁸€ ⁞⁮₴₅₪₇₨‹₩₫₉⁮₴₳ ₔ₿₆₯⁸₴╘℅⁄₴₲ ₔ₈⁮₴ ₔ⁸⃰₮⅞ₐ₇₴₇€₈ₑ⁮₴⅜ ₭ₑ₨‹₴ₑ€ₔ⁸⃰‹₴ 
ₔ‹₵₩₯₳₆₈℅₩₭ₑ₨₴₉⁮₴₳ ₭₈₨⁄₴₳ₑ€‹ ₔ₈⁮₴₭‹₨⅛ ₔ₿₆₯⁸₴‹₩₫₂₧ ⁹⁮₴₲⅞₭₂₳₈ₑ⁮₴⅜ 

 
₂₱₫ №™-№℮ 

⁹₫╝₩ₔ⁸€₂⁄₴ active power ‹₫₩ₑ₨ ₭₆₨₴⁸₨ₔₑ₱₫₳₿₂₯e€₆₵₨₳‹ ₉₫₩ₔ₂₴₭ₑ₨₴₉⁮₴₳ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳ 
⁹₫⁸₴₉₫₂₴ₑ€(utility company) ₆₵₨₳‹ active power ╘℅⁄₴₲ reactive power ╘℅⁞₴›₫₭₂₧⁄₴₳₿₃⁞₴ₑ⁮₴₲ Total power ‹₩₫ 
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₭₈₨‹₴₭ₔ₨⁄₴ ₂₩₫╝₭⁪₨⁄₴₭₂₳₈ₑ⁮₴⅜ Reactive power ₑ⁮₴ power transmission ╘℅⁄₴₲ distribution system ₆₵₨₳ 
ₔ⁸⃰‹₴ extra load ‹₩₫ ₿₃⁞₴₭⁞ₑ⁮₴⅜ ₭‹₅₇₴┌‹₩₯₳₆₵₨₳╘℅⁄₴₲ ⁹₈₁₴⁞₭₃₨₴₆₨ ₆₵₨₳‹₩₫₉⁮₴₳ total power ₉₫₩ₔ₂₴›₵‹₴ 
ₔ⁸₩₫⁄₴₳ ₿₂₯₉₫₂₴⁹₨₳₭₂₳₈ₑ⁮₴⅜ Power factor ₁⁮₴₳ₑ⁮₴₲ ₑ₫₩╝₆ₒ₫⁸₴⁮₱₲ₑ⁮₴₲ ₭₆₨₴⁸₨₆₵₨₳ₔ⁸⃰‹₴ utilit y company 
‹ total power ₉₩₫ₔ₂₴ₑ⁮₴⁹‹₴ ₂₩₫₭₂₳₈ₑ⁮₴⅜ (₈ₑ⁮₴₲ active power ₆℅₨ ₔ⁸€⁸€₂⁄₴ ₿₃⁞₴₭ₑ₨₴₉⁮₴₳)⅜ 
⁹₫╝₩₭┌‹₨⁄₴₲ (ℓ.⅓)⁹‹₴ ₁⁮₴₳ₑ⁮₴₲ power factor ₈℅₩₭ₑ₨ consumer ₆₵₨₳‹₩₫ utility company ‹ ⁿ⁷₴₭┌‹₳ 
₭₂₳₭⁪₨⁄₴₭⁞ₑ⁮₴⅜ 

 

 
⁹╝₫₩₭┌‹₨⁄₴₲ over sized ₭₆₨₴⁸₨₆₵₨₳⁸⃰⁄₴ power factor ⁮₱₲ₑ⁮₴‹₩₫₭⁸╝⃰ ₈₭₉₲₈℅₩ₑ⁮₴⅜ ₭₆₨₴⁸₨‹₩₫ 

₆⁮₴ₑ⁮₴₲ ₐ₁₴╘℅⁄₲₴₆₵℅ ›₵₩⁸₴⁹₨₳₿›⁄₴₳₆₈℅₩ₑ⁮₴₲ ə ›₵₩₁₴(no load)⁸⃰⁄₴ ₭₆₨₴⁸₨ₑ₱₫₳⁞⃰₮ₑ⁮₴₲ current ₆℅₨ ₔ₉⃰₁₴ ₆₵₨₳ₑ⁮₴ 
ₔ₅₇₴₭┌‹₨⁄₴₲ ⁪₫₩₭ₑ₨₴ active load ₉₱₫₳ₐ₆₈℅₩₅₮ reactive load ₑ₨₈℅₩₭ₑ₨₭┌‹₨⁄₴₲ ₿₃⁞₴ₑ⁮₴⅜  

 

 

  
    ₂₱₫ №™- 

₭₆₨₴⁸₨⁸⃰⁄₴₈℅₩ₑ⁮₴₲ poles ə ₭₈ₔ⁸⃰‹₴₁⁮₴₳₭₉⅛ ₭₆₨₴⁸₨ ← power factor ₆₵₨₳₭₉ ₑ₫₩╝₆ₒ₫⁸₴ 
₭‹₨⁄₴₳₭₉₿₃⁞₴ₑ⁮₴⅜ number of poles ₁⁮₴₳₭₉⅛ ₔ₂⁸₴₭₈╘║₁₴₳ (Speed) ₆₵₨₳₭₉₿₃⁞₴ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ 
Synchronous Speed (rpm)  ₆₵₨₳ₑ⁮₴₲₭₆₨₴⁸₨← power factor ₑ⁮₴ synchronous speed (rpm) ₁⁮₴₳ₑ⁮₴₲ 
₭₆₨₴⁸₨← power factor ⁹‹₴ ₂₩₫₭‹₨⁄₴₳ₑ⁮₴⅜ Speed ╘℅⁄₴₲ power factor ₑ⁮₴ ⁸₫₩‹₴╙₫₩₫₩‹₴ₔ›₵₩₯₳‹₵ₑ⁮₴⅜  

₭₆₨₴⁸₨ ← loading % ₆₵₨₳₭₉ power factor ₆₵₨₳₭₉ ₑ₫₩╝₆ₒ₫⁸₴ ₭‹₨⁄₴₳₭₉₿₃⁞₴ₑ⁮₴⅜ ₭₆₨₴⁸₨⅞ 
ₔ₂⁸₴₭₈╘║₁₴₳(Speed) ₆₵₨₳₭₉ Power Factor ₭‹₨⁄₴₳₭₉₿₃⁞₴ₑ⁮₴⅜ ⁹₩₫╝₫₩╝₭┌‹₨⁄₴₲ speed ₆₵₨₳ₑ⁮₴₲ ₭₆₨₴⁸₨ ə ⁸⃰‹₴ 
power factor ₭‹₨⁄₴₳₈₁₴₉₫₩ₔ₂₴₭ₑ₨ capacitor ₔ₈⃰₇₴ₔ⁞₨₳₆℅₨ ₭ₑ₳⁄₇₴₭₉₲₈℅₩ₑ⁮₴⅜  
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₭₆₨₴⁸₨ₑ⁮₴ Active Power (True Power )‹₩₫ 
ₑ₨ ₔₑ₱₫₳₿₂₯₭e₨₴₉⁮₴₳ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳ 
⁹₫⁸₴₉₫₂₴ₑ⁮₴₲ company ₑ⁮₴ Apparent Power 
(VoltAmp)‹₩₫ ₉₱₫₭₉₨‹₴₭ₔ₨⁄₴ ₿₂₯₉₫₂₴ ₭₂₳⁹₨₳ 
₈ₑ⁮₴⅜  

⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ Reactive Power (VAr) ╘℅⁄₴₲ 
Active Power (True Power-watt) ⁸₫₩╝╘℅⁞₴›₫₭₂₧⁄₴₳ 
ₔ⁸⃰‹₴ ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₭₂₳₂₩₫╝₈ₑ⁮₴⅜ ₉₵℅₂₴⁞⁞₴ 
₀₨⁸₴ₔ₨₳ ⁹₫⁸₴₉₫₂₴ₑ⁮₴₲ company ₑ⁮₴ 
Apparent Power (VoltAmp) ₔ⁸⃰‹₴₂₧ 
generation⅛ transmission ╘℅⁄₴₲ distribution 
sysmtem ₆₵₨₳ₔ⁸⃰‹₴ ₔ‹₫₁₴ₔ‹₵ ›₱⁹₨₳ 
₈₭ₑ₨₭┌‹₨⁄₴₲ Power Factor ₁₩₆₴₲₭ₑ₨ ₔₑ₱₫₳₿₂₯e€ 
₆₵₨₳‹₩₫ ₀₨⁸₴ₔ₨₳› ₂₩₫₆₫₩ ₭‹₨‹₴›₱₭₉₲₈℅₩ₑ⁮₴⅜  

Pole ₆₵₨₳ ₑ⁮₴₲ AC indcution ₭₆₨₴⁸₨₆₵₨₳ₑ⁮₴ pole ₁⁮₴₳ₑ⁮₴₲ ₭₆₨₴⁸₨₆₵₨₳⁹‹₴ power factor 
₁₩₆₴₲ₑ⁮₴⅜ Poles ₆₵₨₳₭₉₭₉ power factor ₁⁮₴₳₭₉₭₉₿₃⁞₴ₑ⁮₴⅜  

 

№™.№№.℗ Power Factor ₁⁮₴₳₿›⁄₴₳← ₔ₿₂⁞₴₆₵₨₳  
ₑ₱₫₳⁞⃰₮ₑ€₆₵₨₳← power factor ₁⁮₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ ₉₫₩ₑ⁮₴⁹‹₴₂₩₫⅞└‹₪₳₆₨₳₭ₑ₨ power plant 

₉₫₩ₔ₂₴ₑ⁮₴⅜Overloading ₿₃⁞₴╘₫₩⁄₴₭₿›₈℅₩ₑ⁮₴⅜Power factor ₁⁮₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ current ₆₵₨₳₆₵₨₳⁞₪₳₈₁₴₉₫₩ₔ₂₴ₑ⁮₴⅜ 
Current ₆₵₨₳₆₵₨₳⁞₪₳₿›⁄₴₳₭┌‹₨⁄₴₲ ⁞⃰₆₴₳ₔ⁄₴⁪₱₫₳╙₱║₳₆║ (energy losses) ₂₩₫₆₵₨₳ₑ⁮₴⅜  

№™.№№.™ Power Factor ₭‹₨⁄₴₳₆⁮₴₲₁⁮₴₳₉₆₴₳₆₵₨₳ 
Capacitor ‹₩₫ ₭₆₨₴⁸₨╘℅⁄₴₲ parallel ⁸₂₴⁪⁄₴₿›⁄₴₳₭┌‹₨⁄₴₲ reactive power ‹₩₫ ₭₉₵₨₲›₵╘₫₩⁄₴ₑ⁮₴⅜ Reactive 

power ‹₩₫ ₭₉₵₨₲₁⁮₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ power factor ₂₩₫ ₭‹₨⁄₴₳₉₨₉₩₆₴₲₆⁮₴⅜ 

 

Capacitor ⁸₂₴⁪⁄₴⁹₨₳₿›⁄₴₳₭┌‹₨⁄₴₲ 
capacitorₔ⁸⃰⁄₴₳⅞₈℅₩₭ₑ₨ capacitive current ₑ⁮₴ 
power supply ₅‹₴₆℅₈℅₩₭ₑ₨ lagging inductive 
current ‹₩₫ ₭₿›₃₵‹₴╘₫₩⁄₴ₑ⁮₴⅜ 
ₔ₅₇₴₭┌‹₨⁄₴₲⁪₫₩₭ₑ₨₴ capacitive current ₑ⁮₴ 
leading current ₿₃⁞₴₭ₑ₨₭┌‹₨⁄₴₲ lagging 
inductive current ‹₩₫ ₭₿›₃₵‹₴╘₫₩⁄₴ₑ⁮₴⅜ 

₂₱₫ №™-№⅍ 

₆⁮₴ₑ⁮₲₴ ₭₆₨₴⁸₨⁸⃰⁄₴₆⁪₩₫ ₭₆₨₴⁸₨ loading ₆₵₨₳₭₉ power factor ₆₵₨₳ ₭₉₿₃⁞₴ₑ⁮₴⅜ 
₉₫₩ₔ₂₴ₑ⁮₴ ⁹‹₴ ₂₩₫└‹₪₳₭ₔ₨⁄₴(oversized)₉₫₂₴⁹₨₳ₑ⁮₴₲ ₭₆₨₴⁸₨₆₵₨₳⁸⃰⁄₴ power factor ₁⁮₴₳ₑ⁮₴‹₩₫ 
⁹⁄₴₈℅₨₳⁞⃰₨ ₭⁸⃰╝₿₆⁄₴╘₫₩⁄₴ₑ⁮₴⅜  
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№™.№№.Ω Power Factor Correction 
Power correction ₿₂₯₉₫₂₴₈₨⁸⃰⁄₴ static correctioin ╘℅⁄₴₲ bulk correction ₒ₫⅞ ╘℅⁞₴₆₵₩₯₳₈℅₩ₑ⁮₴⅜  
(‹) Static Power Factor Correction 

₭₆₨₴⁸₨₆₵₨₳← starter ⁸₫₩⁄₴₳╘℅⁄₴₲ capacitor ‹₩₫ ›₵₩⁸₴⁪‹₴⁹₨₳₿›⁄₴₳‹₩₫ static power factor correction 
ₒ₫₭›↑ₑ⁮₴⅜ ₆₵₨₳₭ₑ₨ₔ₨₳₿₃⁄₴₲ ₔ₉⃰₁₴└‹₪₳₆₨₳₭ₑ₨₭₆₨₴⁸₨₆₵₨₳⁸⃰⁄₴ₔₑ₱₫₳₿₂₯₭₉₲₈℅₩ₑ⁮₴⅜ Line losses ‹₩₫ 
₭₉₵₨₲›₵₈₁₴ ₔ⁸⃰‹₴₉⁮₴₳ ₔₑ₱₫₳₿₂₯₭₉₲₈℅₩ₑ⁮₴⅜ ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ ₑ₪₳ₑ₁₴╝ load e₫₩╝₆ₒ₫⁸₴ ₭₆₨₴⁸₨⁸⁞₴›₫‹₩₫ 
⁸₂₴⁪⁄₴₈₁₴ ₿₃⁞₴₭ₑ₨₭┌‹₨⁄₴₲ capacitor size ‹₩₫ ₔ₉⃰₇₴‹€⁞⃰₨ ₭₈╓₳›₵₇₴╘₫₩⁄₴ₑ⁮₴  

 

 

₂₱₫ №™-№ⅎ ₂₱₫ №™-№⅓ 
(›) Bulk Power Factor Correction  

Capacitor ₆₵₨₳‹₩₫ distribution board ₆₵₨₳⅝⁸₂₴⁪⁄₴┐₂₪₳ starter ₆₵₨₳⁸⁞₴›₫⁞₪₆℅ ₑ₪₳₿›₨₳ controll 
₉₫₂₴₿›⁄₴₳₆₵₩₯₳‹₩₫ bulk power factor correction ₒ₫₭›↑ₑ⁮₴⅜ ⁞₫₭₂₧⁄₴₳⁸₂₴⁪⁄₴₿›⁄₴₳₭┌‹₨⁄₴₲ 
‹₫₁₴‹₵⁞₈₩⁸₴ₑ‹₴ₑ₨ₑ⁮₴⅜ Lower cost per kVAR installation.₭₆₨₴⁸₨ₔ₭₿₆₨‹₴ₔ₆₵₨₳ₔ⁸⃰‹₴ autoatic 
switching ₿₂₯₉₫₂₴⅞₉⁮₴₳ ₔₑ₱₫₳₿₂₯╘₫₩⁄₴ₑ⁮₴⅜ 

 

 
₢₂₆₨ -Active Power 1000kW ₈℅₩ₑ⁮₴₲ ⁪₨₳‹⁞₴ 
⁸⁞₴›₫⁸⃰⁄₴ line current ₑ⁮₴ 2000A ₿₃⁞₴┐₂₪₳ line voltage 
ₑ⁮₴ 400V ₿₃⁞₴ₑ⁮₴⅜ Power Factor ‹₩₫ 0.9 ₔ⁹₩ 
⁸‹₴₈₁₴ₔ⁸⃰‹₴ ⁹⁮₴₲₈₆⁮₴₲ ₔₑ⁄₴₲₭₉₵₨₴⁪₱₫₳₭ₑ₨ 
capacitor ← kVAr rating ‹₩₫ ⁸⃰‹₴₂₧⅜      
ₔ₭₿₃ 476 kVAr 

₂₱₫ №™-№⅔  
₢₂₆₨-ₐ₁₴₿₃⁄₴₲₭₆₨⁄₴₳₭₁₭ₑ₨ ₭₆₨₴⁸₨⁸⁞₴₉₱₫₳← power factor ‹₩₫ ₑ₩₈₁₴ₔ⁸⃰‹₴ ₭ₔ₨‹₴₂₧ ₔ›₵‹₴ 

ₔ₉‹₴₆₵₨₳‹₩₫ ⁸₫₩⁄₴₳⁸₨₈₈℅₩⁹₨₳₂₧ₑ⁮₴⅜ ⁹₩₫₭₆₨₴⁸₨← full load power factor ‹₩₫ ₈℅₨₂₧⅜ 
Motor rated power  =   30kW ( from catalogue)  
Full load current  =  58 A (measured by current clamp meter or tong meter)  
Supply voltage  =  400V (measured by multi-meter) 
ₔ₭₿₃ : Full load power factor ₑ⁮₴ 0.85 ₿₃⁞₴ₑ⁮₴⅜  
 
₢₂₆₨ -   1000kW load ₔ⁸⃰‹₴ lagging power factor ₑ⁮₴ 0.8 ₿₃⁞₴ₑ⁮₴⅜ Apparent power ╘℅⁄₴₲ reactive 
power ⁸₩₫╝‹₩₫₈℅₨₂₧⅜ Power factor ‹₩₫ 0.9 ₔ⁹₩ ₭‹₨⁄₴₳₈₁₴ ⁸₂₴⁪⁄₴₆⁮₴₲ capacitor bank ← kVAr ⁸₁₴₃₩₫₳‹₩₫₈℅₨₂₧⅜  
ₔ₭₿₃ = 266  
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№™.№№.℮ Supply Voltage to Motor ╘℅⁄₴₲ ₄₫₩╝ə₨₳₆⁮₪₆₵℅₿›⁄₴₳ (Unbalanced Voltage)  
AC ₭₆₨₴⁸₨₆₵₨₳‹₩₫ supply voltage ₔ⁸‹₴ₔ‹₵ⁿ⁷₴›₱╘₫₩⁄₴₈₁₴ₔ⁸⃰‹₴ ⁿ₪⁫₫₩⁄₴₳₿₂₯₉₫₂₴┐₂₪₳₭₈₨⁄₴₳›₵┌‹ₑ⁮₴⅜ 

NEMA standard ₔ₈ ₑ⁸₴₆℅⁸₴⁹₨₳₭ₑ₨ voltage ₆℅ ₔ₁₩₆₴₲ ⅛ ₔ₿₆⁄₴₲ №ℓ% ‹₩₫ ₉‹₴›₱╘₫₩⁄₴₭ə₨⁄₴ 
₿₂₯₉₫₂₴⁹₨₳₭₉₲₈℅₩ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ 400 volt ₔ⁸⃰‹₴ ⁹₫⁸₴₉₫₂₴⁹₨₳₭ₑ₨ ₭₆₨₴⁸₨ ⁸⁞₴₉₱₫₳ₑ⁮₴ 420 volt 
╘℅⁄₴₲ 380 volt ₔ⁸⃰⁄₴₳⁸⃰⁄₴ ₭‹₨⁄₴₳⁞⃰₨₭₆₨⁄₴₳╘₫₩⁄₴ₑ⁮₴⅜ 400 volt ← +10%₆℅₨ 420Volt ₿₃⁞₴┐₂₪₳ -10% ₆℅₨ 380 volt 
₿₃⁞₴ₑ⁮₴⅜  

Supply voltage ₔ₉⃰₁₴₿₆⁄₴₲⁸‹₴₿›⁄₴₳ ₑ₫₩╝₆ₒ₫⁸₴ ₔ₉⃰₁₴‹₵⁪⁄₴₳₿›⁄₴₳ₑ⁮₴ ₭₆₨₴⁸₨‹₩₫ ə ₂€₉⃰₁₴‹₮₿›⁄₴₳ 
(over heating) ₿₃⁞₴₭⁞ₑ⁮₴⅜ Supply voltage ₔ₉⃰₁₴₿₆⁄₴₲⁸‹₴₿›⁄₴₳ high voltage ₭₂₳ₑ‹₮₲ₑ₫₩╝₿₃⁞₴₭ₑ₨₭┌‹₨⁄₴₲ 
₭₆₨₴⁸₨‹₩₫ ₔ₉⃰₁₴₂€₭⁞ₑ⁮₴⅜ Supply voltage ₔ₉⃰₁₴‹₵⁪⁄₴₳₿›⁄₴₳₭┌‹₨⁄₴₲ high current ‹₩₫ ⁞₪₳⁪⁄₴₳₭⁞ₑ⁮₴⅜ 
⁹₫╝₩₭┌‹₨⁄₴₲ ₭₆₨₴⁸₨‹₩₫ ₔ₉⃰₁₴₂€₭⁞ₑ⁮₴⅜ 

3 phases ₈℅₩ₑ⁮₴₲ ₔ₁‹₴ phases ⁸⁞₴›₫ ₆℅ voltage ╘℅⁄₴₲ ⁸₿›₨₳ phases ⁸⁞₴›₫₆℅ voltage 
⁸₩₫╝‹⃰₨₿›₨₳₿›⁄₴₳‹₩₫ ₄₫₩╝ə₨₳₆⁮₪₆₵℅₿›⁄₴₳ (unbalance voltage) ₿₃⁞₴ₑ⁮₴ₒ₫ ₭›↑ₑ⁮₴⅜ Unbalanced voltage between 
phases ₭┌‹₨⁄₴₲ ₭₆₨₴⁸₨← efficiency ₑ⁮₴₉ə⃰₁₴ ‹₵⁪⁄₴₳╘₫₩⁄₴ₑ⁮₴⅜ Unbalanced Voltage ℮% ₿₃⁞₴₉₵℅⁄₴ 
₭₆₨₴⁸₨ losses ™ℓ% ₂₩₫₆₵₨₳₉₨ₑ⁮₴⅜ 

₭₆₨₴⁸₨‹₩₫ ₭₂₳ₑ⁮₴₲ ₄₫₩ ₲ₔ₨₳ ₑ⁮₴ unbalanced voltage ℮% ₿₃⁞₴₉₵℅⁄₴ ₭₆₨₴⁸₨← ⁞⃰₆₴₳ₔ₨₳ₑ⁮₴ ℗℮% 
‹₵⁪⁄₴₳ₑ⃰₨₳ₑ⁮₴⅜ ⁸⁞₴₁⁮₴₳ₔ₨₳₿₃⁄₴₲ de-rated ℗℮% ₿₃⁞₴╘₫₩⁄₴ₑ⁮₴⅜  

NEMA ← ₑ⁸₴₆℅⁸₴›₵‹₴ₔ₈ voltage unbalance ⁪₫₩ₑ⁮₴₆℅₨ 

╤▪╫╪■╪▪╬▄ Ϸ  
╜╪●Ȣ○▫■◄╪▌▄  ═○▄►╪▌▄ ╥▫■◄╪▌▄ ▫█  ╟▐╪▼▄▼  

╪○▄►╪▌▄ ○▫■◄╪▌▄ ▫█ ◄▐▄  ▬▐╪▼▄▼ 
 ●  

₢₂₆₨ - Line to Line Voltage ₑ⁮₴  442 ⅛ 445 ⅛ 440 ⁸₫₩╝əₑ₪₳e₪₳₿₃⁞₴₉₵℅⁄₴ voltage unbalance ‹₩₫ ⁸⃰‹₴⅞ 
₈₨›₫₩⁄₴╘║₁₴₳₿₃⁄₴₲ ₭₃₨₴₿₂₂₧⅜ 
Average of voltage of 3 phase = (442+445+440)/3 = 442.33  
Unbalance % = (445 -442.33)/442.33=0.6%        ₔ₭₿₃ 0.6%  
 

Unbalance voltage ‹₩₫ ₑ₩╘₫₩⁄₴₈₁₴ ground fault indicator ‹₩₫ ⁸₂₴⁪⁄₴⁹₨₳ₑ⁄₴₲ₑ⁮₴⅜ ₭₆₨₴⁸₨₆₵₨₳‹₩₫ 
╘℅⁞₴⁞₢₴ thermo graphic inspection ₿₂₯₉₫₂₴ₑ⁄₴₲ₑ⁮₴⅜ 120 Hz vibration ₿₃⁞₴₭₁₿›⁄₴₳₭┌‹₨⁄₴₲ ⁹₫₩₭₆₨₴⁸₨ₑ⁮₴ 
₄₫₩╝ə₨₳₆⁮₪₆₵℅₿›⁄₴₳(unbalanced voltage) ₿₃⁞₴₭₁₭┌‹₨⁄₴₳ ₑ₩╘₫₩⁄₴ₑ⁮₴⅜  
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₂₱₫ №™-℗ℓ   Effects of voltage unbalance on ℮ hp motor 

 
₂₱₫ №™-℗№   Increase in motor heating and losses vs voltage unbalance. 

₄₫₩╝ə₨₳₆⁮₪₆₵℅₿›⁄₴₳₿₂┼₁₨‹₩₫ ₭₿₃₈℅⁄₴₳₈₁₴ ₁⁮₴₳₭‹₨⁄₴₳₆₵₨₳ (eliminate voltage unbalance) ‹₩₫ 
₈℅₨₭₃⃰╘₫₩⁄₴₈₁₴ₔ⁸⃰‹₴ unbalanced voltages ₿₃⁞₴₭⁞₭ₑ₨ₔ₭┌‹₨⁄₴₳₆₵₨₳‹₩₫ ₁⁮₴₳₉⁮₴ₑ₭₅₨₭₂₧‹₴ₑ⁄₴₲ₑ⁮₴⅜ 
(№) ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₂₩₫╝₉╓⁸₴ₑ⁮₴₲₭₁₈₨₆℅ unbalance ₿₃⁞₴₿›⁄₴₳ (Unbalanced incoming utility supply) 

(℗) Transformer tap setting ₆₵₨₳ ₆⁸€⁮₪┌‹₿›⁄₴₳ (Unequal transformer tap settings)  

(™)  ₉₵℅₂₴⁞⁞₴ distribution system ⁸⃰⁄₴ phase ⁸⁞₴›₫← distribution transformer ₑ⁮₴ ₔ₉⃰₁₴└‹₪₳₿›⁄₴₳ (A 
large single-phase distribution transformer on the system)  

(Ω) Distribution transformer ₔₐ⁄₴₅‹₴⁸⃰⁄₴ open ₿₃⁞₴₭₁₿›⁄₴₳ (An open phase on the primary of a 
three-phase distribution transformer)  

(℮) Transformer ⁸⃰⁄₴ fault ₿₃⁞₴₭₁₿›⁄₴₳ ₑ₫₩╝₆ₒ₫⁸₴ ground ‹₵₭₁₿›⁄₴₳ (Faults or grounds in the power 
transformer)  

(⅍)  ⁹₈₁₴⁞₭₃₨₴₆₨⁸⃰⁄₴ ⁿ₇₴⁸₨ connection capacitors ⅝ open ₿₃⁞₴₭₁₿›⁄₴₳ (Open delta-connected 
transformer banks) 

(ⅎ) Capacitors bank ⁸⃰⁄₴ ₿₃₰₳⁞₴ ₂₵‹₴₭₁₿›⁄₴₳ (A blown fuse on a bank of th ree-phase power factor 
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improvement capacitors.) 

(⅓) ₉₵℅₂₴⁞⁞₴₀₨⁸₴ₔ₨₳₭₂₳₂₩₫╝e⁮₴₲ ₅‹₴⁸⃰⁄₴ impedance ₆⁮₪₆₵℅₿›⁄₴₳ (Unequal impedance in conductors 
of power supply wiring)  

(⅔) Phase ⁸⁞₴›₫⁸⁮₴₳⁸⃰⁄₴ load ₆₵₨₳⁞⃰₨ ›₵₩⁸₴⁹₨₳₿›⁄₴₳ (Unbalanced distribution of single-phase loads 
such as lighting) 

(№ℓ) Single-phase ‼₭ₒ₭⁪₨₴⁞‹₴‹₩₫ ₔₑ₱₫₳₿₂₯₭₁₿›⁄₴₳ (Heavy reactive single-phase loads such as 
welders) 

(№№)  ₔ₃⃰⁄₴₲ₔ₂₩⁸₴₆₵₨₳₭ₑ₨ ₔ└‹₪₳⁞₨₳ heater ₆₵₨₳‹₩₫ ₔₑ₱₫₳₿₂₯₿›⁄₴₳ (Large heater controls that cycle 
rapidly) 

(№℗) Power factor correction equipment ₆₵₨₳ ₂₵‹₴⁞₪₳₭₁₿›⁄₴₳ ₑ₫₩╝₆ₒ₫⁸₴ ₭‹₨⁄₴₳⁞⃰₨ ₔ₉₫₂₴₆₉₫₂₴₿›⁄₴₳ 

  
 

₂₱₫ №™-℗℗ ₂₱₫ №™-℗™ 
Motor Starting 
The method of motor starting shall be selected according to the characteristics of  
the pump and shall comply with the Electricity Supply Co.ôs limitations on 
starting current. The type of starter shall be as follows, unless otherwise  
specified: - 
 
Condition 1 : For supply arrangement from companyôs overhead line 
Up to 3.8 kW Direct-on-line 
3.8 kW to 22 kW Star/delta  
Above 22 kW Automatic-transformer 60% tapping or star/delta  
 
Condition 2: For supply arrangement from companyôs non-overhead line system 
Up to 11 kW Direct-on-line 
11 kW to 25 kW Star/delta  
Above 25 kW Automatic-transformer 65% tapping or star/delta  

End 
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