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Motor Starting Autotransformers
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§ Motor Starting Autotransformers reduce the inrush current by stepping down 
the applied voltage during the start-up operation of induction and synchronous 
motors.

§ Direct-online (DOL) starting of a motor usually generates voltage flicker and 
mechanical stress to the equipment. To avoid this, the motor must be started at 
reduced voltage, which can be achieved by using an auto-transformer. The 
auto-transformer greatly reduces the high starting current with moderate 
starting torque.

§ Auto-transformers are typically designed with voltage taps of 50%, 65% and 
80% of the rated voltage.

§ The motor is connected to the taps of the auto-transformer during the reduced 
voltage starting period. With lower starting voltage, less current is drawn by the 
motor, which therefore develops less torque then if it were connected to the 
line voltage.



Autotransformer with 65% standard voltage 
during initial portion of motor starting
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Motor Starting Autotransformers
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Startup transient with autotransformer (current 
includes motor plus capacitor)
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Current and voltage with direct across-the-line starting
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The electrical transient is normally dominated by inherent 
motor characteristics and inertia considerations

11



Electronic soft starters allow gradual speed ramp 
up/down
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Current and voltage with solid-state soft starter
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Water Hammer
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§ Water Hammer is a phenomenon that can occur in any piping system 
where valves are used to control the flow of liquids. Water hammer is 
the result of a pressure surge, or high-pressure shockwave that 
propagates through a piping system when a fluid in motion is forced to 
change direction or stop abruptly. This shockwave is also commonly 
referred to as a hydraulic shock or hydraulic surge and may be 
characterized by a marked banging or knocking sound on the pipes 
immediately after shutoff.

§ Water hammer can occur when an open valve suddenly closes, 
causing the water to slam into it, or when a pump suddenly shuts 
down and the flow reverses direction back to the pump. Since water is 
incompressible, the impact of the water results in a shock wave that 
propagates at the speed of sound between the valve and the next 
elbow in the piping system or within the column of water after the 
pump.



Important: proper ramp control is critical to fluid side 
response
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In a fluid system with moderate-to-high static head, the fluid transient for 
a soft start ramp would be essentially identical to the direct line start
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How to choose between a VFD and soft starter
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DOL pump starting
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Soft start pump starting
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Startup transient for 250 hp, 6-pole motor with soft starter

20



Startup transient impact on billing demand
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Regardless of the motor type: the starting inrush is very 
minor with respect to demand charges
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Over the 30 minute demand window, it is hard to detect 
the impact of the pump startup
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Eddy current adjustable speed drive 
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§ Variable frequency drives (VFDs) and DC drives operate by 
electronically altering the input power to control the speed of the 
motor.  Eddy current drives, also known generically as magnetic 
drives, eddy current clutches or magnetic clutches are driven at a 
constant speed by an AC motor and utilize a simple electro-magnetic 
device to control torque and speed to the driven load.

§ In a typical horizontal configuration, an ordinary induction motor is 
mounted beside the eddy current drive. The eddy current drive is built 
within a stationary frame and a flange and shaft like that of the motor. 
Within the frame are two concentric rotating members: The drum, 
shown in red, and the magnetic rotor shown in blue.

§ The drum is a cylinder of magnetically permeable steel coupled 
directly to the motor shaft, and rotates at pretty much constant speed, 
determined by the speed of the motor.



Eddy current adjustable speed drive 

26

§ The adjustable speed magnetic rotor is mounted concentrically 
within the drum, and is separated by bearings, which maintain an 
air gap between the i.d. of the drum and the o.d. of the magnet. 
The outer surface of the magnet consists of a series of magnetic 
poles having alternating north and south polarity which are 
magnetized at varying strength by a low-power DC current, 
referred to as excitation.

§ The excitation current flows to a coil which induces magnetic flux 
to the pole pieces. As the rotating drum passes through the 
magnetic flux field in the air gap, a pattern of eddy currents is 
established in the drum’s steel. These currents in turn establish a 
magnetic field of their own, causing an exchange of torque from 
the drum to the magnetic rotor.



Eddy current adjustable speed drive 
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§ The available torque is proportional to the excitation current 
flowing in the magnet’s coils. Thus, by increasing or decreasing 
this excitation current, speed is controlled. A tachometer-generator 
device is provided for feedback to the controller, and for external 
reporting to a visible meter or central control system.



More simplistic water hammer considerations 
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Some methods of minimizing or avoiding surge and 
water hammer transients
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