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New comers to the pump industry are often unfamiliar with many of the 
three phase motor starting techniques that employed “pre-semiconductor” 
technology.  Surprise - - most of them are still in use today and will probably 
be here for some time to come.  The primary purpose of alternative starting 
techniques is to reduce the system loading during starting.  The typical AC 
induction motor has an inrush current, during starting, that is about five to 
seven times that of run current.  Today, the VFD can provide a soft start 
and stop automatically just by ramping the input frequency.  In the past it 
was not always that easy.  This tutorial will review the most common methods 
of motor starting.  A table at the very end will compare the electrical 
characteristics of each. 
 
Before we get started, lets review how a typical six lead, three phase 
motor’s windings are connected to incoming power.  The six lead stator is 
easiest to grasp and understanding how it is wired is important to our 
discussion of several starting techniques.  Single voltage motors can be 
designed for either Wye (Y) or Delta connections.  Dual (and tri) voltage 
motors are usually designed to utilize a Wye connection for high voltage and 
a Delta connection for low voltage.  The figures below illustrates these two 
connection schemes.  
 
 

6 1

3 4

5 2

1

3 2

4
56

 
 
In the Wye connection (left hand figure), winding ends 4, 5, & 6 are joined 
together.  Incoming power is connected to leads 1, 2, & 3 (the other end of 
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the windings).  In order for any two phases to connect electrically,  
they must traverse two sets of windings thus increasing the impedance of 
the circuit.  In the Delta-connection (right hand figure) winding ends 1 & 6, 2 
& 4, and 3 & 5 are joined together.  Incoming power is applied to each of 
these three pairs.  Now any two phases may connect through a single winding. 
It is also common to find dual voltage motors wound for Y or Delta 
connection only.  In this case nine leads are required to establish the proper 
winding/voltage relationship. 
  
ACROSS THE LINE STARTING  
 
The most common method of starting a motor is “across the line”.  Here, a 
three pole switch or magnetic contactor 
connects line voltage directly to each of 
the motor leads.  With this method, 
motor terminal voltage and current 
equals line voltage and current and 
starting torque equals the motor’s rated 
starting torque.  The figure to the right 
is a typical across the line starting 
schematic.  
 
There are times; however, when it is desirable to reduce the current load 
required to start a motor, especially a large one. The following common, 
reduced current starting methods will accomplish this to varying degrees.  
 
SERIES RESISTANCE REDUCED VOLTAGE STARTING  

 
When series resistance starting is 
employed, a voltage-dropping 
resistance is placed in series with 
the motor during starting.  The 
figure to the left illustrates this 
technique.  The resistance increases 
the overall impedance (see the 
reactance Puzzler) which causes a 
voltage drop.  This method is used 
in low voltage (under 600V) 



applications where torque, during acceleration, is minimal.  It is also limited 
to smaller motors since heat loss in the resistors can be a factor with larger 
models.  There are instances where the motor cable alone can provide the 
necessary resistance during starting.  Submersible pump motors that employ 
the maximum recommended length of a particular cable size can expect a 5% 
voltage drop during starting. This will result in a nominal 16 - 20% reduction 
in starting current. 
 
 
SERIES REACTANCE REDUCED VOLTAGE STARTING 
  
The figure on the right shows a 
starting method that is similar to the 
one above except that a voltage-
dropping reactance is substituted for 
the resistance.  Again, overall 
impedance is increased and the result 
is a voltage drop.  Series reactance 
starting is used on medium voltage and 
large low voltage motors with minimal 
torque loading during acceleration.  
 
 
AUTOTRANSFORMER REDUCED VOLTAGE STARTING 

 
In this form of reduced voltage 
starting, an autotransformer is placed 
in series with the motor.  Its 
schematic is shown to the left.  The 
transformer reduces the line voltage 
and thus reduces starting current.  
Starting current reduction depends 
on the voltage output of the 
transformer.  Usually these devices 
are configured with an 80%, 65%, and 
50% output tap.  They are used where 

the required current reduction is substantial and load torque can be high.  
 
 



SOLID STATE REDUCED VOLTAGE STARTING 
 
This form of reduced voltage starting uses a solid state starter, that 
incorporates SCR’s (silicon controlled rectifiers).  The SCR’s reduce the AC 
sine wave amplitude so that only a 
portion of the wave is seen by the 
motor.  They are controlled by 
logic circuits that can respond to 
several different feedback 
sensors.  Solid state starters are 
used when the rate of acceleration 
must be controlled or when a “soft” 
start (reduced current) is desired. 
They are available for both low and 
medium (4160V) voltage motors. 
 
SOLID STATE VARIABLE FREQUENCY STARTING 
 
Although sometimes confused with the method described above, variable 
frequency starting applies the full “effective” voltage to the motor 
terminals but, at a reduced frequency via a variable frequency inverter.  The 
initial frequency can be very low and increased gradually.  It is often used 
when full load torque is required during acceleration.  They are usually too 
expensive to be used just as a starter, but can be justified at times because 
they offer the very best starting characteristics relative to the burden 
placed on the power supply.  See “Variable Frequency 101” for more 
information. 
 
So far, we have discussed starting techniques that utilize devices that are 
totally separate from the motor.  There are, however, several methods that 
can reduce starting current by changing the motor’s winding configuration. 
  
WYE START / DELTA RUN REDUCED VOLTAGE STARTING 
  
Technically this is not a reduced voltage technique in that the motor 
terminals see full voltage.  The wye/delta starter connects the motor’s leads 
in a wye configuration during starting thus increasing the circuit’s normal 
reactance.  The result is a decrease in voltage reflected to the stator equal 
to √3.  Thus the current draw is reduced to about 30% of the normal  



 
 
starting current.  Once the 
motor is running the starter 
switches the leads to a normal 
delta connection and full 
voltage is restored.  This 
technique is used when very 
low starting torque is required 
and is seen more often in 
systems manufactured in 
Europe.  
 
 
 
 
PART WINDING STARTING 
 
This starting method requires a motor wound specifically for this 

application.  It is not a reduced 
voltage technique.  These special 
nine lead motors use only a 
portion (1/2 to 2/3) of their 
windings during starting.   
Starting torque is extremely low 
and the motor is not expected to 
accelerate.  Under some 
conditions the shaft may not 
undergo visual rotation.  In any 

case the starter should not remain in the start position for more that one to 
two seconds because of potential heat damage to the windings.  
 
 
The starting methods described here apply to three phase, AC induction 
motors.  There are other starting techniques for wound rotor AC motors and 
they will be discussed in a separate tutorial. 
 
The table on the following page summarizes the electrical characteristics of 
the various starting techniques we have discussed.  



 
 
 
Starting Method Voltage % Line Amps % Starting Torque % 
    
Across The Line 
Series Resistance (Typical) 
Series Reactance (80%) 
Autotransformer 80% Tap 
                            65% Tap 
                            50% Tap 
Solid State Soft Start 
VFD Soft Start 
Wye / Delta 
Part Winding Low Speed 
                     High Speed 

100 
80 
80 
80 
65 
50 

Variable 
100 

Line / √3 
100 
100 

100 
80 
80 
64 
42 
25 

Variable 
Variable 

30 
50 
70 

100 
64 
64 
64 
42 
25 

Variable 
To 100 

30 
50 
50 

 
 
 
 
 


