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DC Power 
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Simple DC Motor 

Pump ED 101 



Induction 
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A decaying magnetic field can induce 
a charge in a nearby metallic object. 

That charge can give rise to a 
separate magnetic field. 

The new magnetic field will oppose 
the magnetic field that created it. 



Magnetic Induction 
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Induction 
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Induction Motor Components 

Rotor Stator & Housing 
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Induction Motor Types 

 

 

Single Phase 

 

Three Phase 
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The Single Phase AC Curve 

 +120 
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Single Phase Two Pole Motor 
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Three Phase, Two Pole Motor 

Synchronous Speed 
3600 RPM 
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Three Phase Rotating Field 
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Motor Speed 

Depends upon frequency & number of poles 

 

RPM  =  120  x  frequency  /  # of poles 

 

Synchronous Speed  VS  Slip Speed  
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Three Phase Rotating Field 
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Two Pole Four Pole 



Motor Windings 
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58% 

 
 
 
 
Motor windings may be connected as Wye or Delta. 
 

The primary reason for a particular connection is the 
manufacturing process. 
 

Smaller motors are usually Wye connected. 
 

Larger motors are usually Delta connected (smaller 
leads on dual voltage). 
 

Nine lead motors are most common. 
 

Low voltage connections are in parallel. 
 

High voltage connections are in series. 
 



Single Voltage Windings 
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58% 



Dual Voltage Windings 
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58% 

US Voltage Ratio 2:1 



Dual Voltage Windings 
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58% 

US Voltage Ratio 2:1 



Winding Resistance 
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58% 

High Voltage 

Low Voltage 



Winding Resistance 
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58% 

Series (460V) 
 

R = R1 + R2 
 

R = 10 + 10 
 

R = 20 

Parallel (230V) 
 

R = 1/(1/R1 + 1/R2) 
 

R = 1/(1/10 + 1/10) 
 

R= 1/(0.2) 
 

R = 5 

I = V/R 
 

I = 460/20 
 

I = 23 

I = V/R 
 

I = 230/5 
 

I= 46 



Wye/Delta Dual Voltage 
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58% 

Six Lead Wye  or Delta 
 
Wye Impedance = 3X Delta 
 
IEC Voltage Ratio - √3:1 
 
High Voltage on Wye – 380 V 
 
Low Voltage on Delta – 220 V 
 

IEC Voltage Ratio √3:1 



Wye Start / Delta Run 
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58% 

Six Lead Wye Start / Delta Run 
 
Single Voltage 
 
Full Voltage Start on Delta Only 
 
Wye Impedance = 3X Delta 
 
Line Current & Torque About 33% 
 
Transition Speed Related to Inertia 

Voltage ≈ 58% Voltage = 100% 



Wye Start / Delta Run 
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58% 

Low Voltage - Parallel 

High Voltage - Series 

12 Lead, Dual Voltage 



Single Phase Starting Methods 

 

Shaded Pole 

Split Phase 

Capacitor Start 

Permanent Split Capacitor 

Capacitor Start / Run 
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Shaded Pole  
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Split Phase Current 
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Capacitor Start 
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Capacitor Start Current 
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Three Phase Voltage 

Pump ED 101 460 = 414 to 506 



Three Phase Starting 
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Insulation Life 
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Service Factor 

   Service Factor - A multiplier, when applied to the 
rated HP, indicates the permissible loading at 
rated voltage and frequency. 

 

    Its purpose is to accommodate voltage variances, 
higher than ambient temperatures, and small 
overloads due to the driven machine.  
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Unbalanced Three Phase Voltage 
 

 

 Unbalanced phase voltage is the most common 
electrical problem found in pump installations. 

 

 A small percentage of voltage unbalance can result 

 in a much larger current unbalance. 

 

 Unbalanced current increases the operating 
temperature and reduces stator life. 
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Unbalanced Three Phase Voltage 
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Unbalanced Three Phase Voltage 
 

Derating Factor 



Unbalanced Three Phase Voltage 
 

Effect on Winding Temperature & Motor Life 
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% voltage 
unbalance  

Winding 
temp. 
(°C)  

I2R 
losses 
(% of 
total)  

Efficiency 
reduction  

Expected 
winding life 
(years)  

0  120  30%  —  20 years  

1  130  33%  Up to 1/2%  10  

2  140  35%  1-2%  5  

3  150  38%  2-3%  2.5  

4  160  40%  3-4%  1.25  

5  180  45%  5% or more  Less than 1 



Unbalanced Three Phase Voltage 
 

Winding Failure Due to High Unbalance 
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Measuring Voltage Unbalance 

 Measure L1/L2, L2/L3, L3/L1 voltages (pump on & off) 
 
 Add together and divide by 3 (average voltage) 
 Determine the greatest variation from the average 
 %Unbalance = 100 X (variation / average) 
 For every 1% of voltage unbalance you can expect 

5 – 8% of current unbalance 
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Voltage Unbalance - Example 

 L1/L2 = 462  L2/L3 = 465  L3/L1 = 447 
 

 462 + 465 + 447 = 1374 
 

 1374 / 3 = 458 
 

 Largest variation from average:  458 – 447 = 11 
 

 %Unbalance = 100 X (11/458) = 2.4% 
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Voltage Unbalance – Fixes 

 If voltage unbalance is greater than 1% with the 
motor off, contact your utility 

 
 

 If voltage unbalance is greater than 1% with the 
motor running, roll the motor leads 
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Voltage Unbalance – Rolling the Leads 

 Step 1 - on the motor side of the contactor move M1 
to M2, M2 to M3, and M3 to M1 

 

 Step 2 - start the motor and measure voltage 
unbalance 
 

 Step 3 - Repeat step 1 by moving M1 to M3, M2 to M1 
and M3 to M2 
 

 Step 4 - repeat Step 2 
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Voltage Unbalance – Rolling the Leads 

62 

L1      L2      L3 

M1     M2     M3 
M3     M1     M2 
M2     M3     M1 
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Voltage Unbalance – Rolling the Leads 

 If the voltage unbalance is 1% or less with one of the 
alternative connections, use that connection. 

 

 If unbalance cannot be corrected by rolling the leads, 
its source must be located and corrected. 
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Voltage Unbalance 
Locating the Source 

 If the leg with the most imbalance stays with the 
same incoming power lead, the power source is the 
problem. 

 

 If the leg with the most imbalance moves with the 
motor lead, the motor side is the problem. 
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Unbalanced Three Phase Voltage 
 

Causes & Fixes 
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 Power Side – worn or corroded contactor, 
inconsistent conductor size, unbalanced single 
phase loads, line voltage regulator settings, power 
factor correction capacitors, harmonic distortion 
from non-linear loads (voltage??) 

 

  
 Motor Side – damaged cable, bad splice, poor 

connections, faulty motor winding  
 

 



AC Motor Design Considerations 

Efficiency 

Torque 

Power Factor 

Frame Size 
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Motor Efficiency 
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Energy Independence and Security Act (EISA) 
Dec 19, 2010  1 – 500 HP 

Premium Efficiency 
NEMA MG1  Table 12-12 

Energy Policy Act (EPACT) 
Oct 1997  1 - 200 HP 

EPACT Efficiency 
NEMA MG1, Table 12-11 
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Motor Efficiency 
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energy calculator ww.xlsx


* 

Motor Efficiency 
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energy calculator ww.xlsx


Motor Efficiency 

Pump ED 101 



Motor Efficiency versus Load 
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Work and Torque 

Work ( Linear ) 

 

Work = force x distance 

 

   Torque ( Rotational ) 

 

   Torque = force x radius 
   (+ the angle) 
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Power and Torque 
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Power = work / time 

 

 

 

For a 100 HP Motor: 

  

3600 RPM = 146 lbft 
 

1800 RPM = 292 lbft 

Power = torque / time 
 
Torque varies inversely  
with rotational speed 
 



Power and Torque 
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Motor Load Types 

Constant Torque 

Constant Horsepower 

Variable Torque 
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AC Motors 
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