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Abstract 

 

The variable speed drive is now a standard asset used in sugar factories to control air flow, 

fluid flow and conveyor speeds. The added features of analogue inputs and outputs allow 

coupling of drives in complex cascaded systems, and new programming features allow PLC-

like controls. Applications are many and varied. Although speed control is the primary 

function, torque limitation can also be achieved. Variations of these features can be 

differentiated from the forward to the reverse direction, and can be changed with the flick of 

a switch. Generation back into the mains for energy recovery can be used to recover energy 

costs on high inertia loads - The perfect electrical solution to any mechanical problem. But 

now the electrical solution for electrical problems is achievable. The variable speed drive is 

now the perfect variable frequency, variable voltage, and variable current for every 

application - The truly perfect transformer for all occasions. An open mind can provide 

solutions where only obstacles existed before. 
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Introduction 

 

Modern variable speed drives (VHDs) have active front ends where the direct current (DC) 

rail from which the output voltage is derived can be varied. This is an electronic version of 

the variable transformer or variac. The current can be limited electronically and this provides 

the variable current source. The frequency is varied via a manipulation of pulse width 

modulation and, although it does not give a perfect sine wave output, it is a near enough 

replica to allow it to function. The top level drives allow regeneration from high inertia loads 

so that energy can flow back into the mains. Impedance is calculated from 2πfL where L is 

the inductance and f is the frequency. Variable impedance to an electrical power circuit can 

now be obtained and it is possible to drive large currents with low voltages. 

 

Transformer oil dehydration (drying) 

 

Although a twin paper (Skinner, 2013) deals with this subject, a short version will be given in 

this discussion for continuity of the progression of the drive use. 

 

Transformers contain oil. The oil is required for insulation and cooling and is hygroscopic. 

The application of ‘breathers’ to relieve pressure from the heated oil expanding and 

contracting with changes in temperature is done to most transformers over 500 kVA. The 

breather contains a silica gel which, if maintained correctly, will prevent moisture from 

entering the system. Any failure in the breather or in the support system that maintains its 
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integrity will lead to moisture entering the machine. Water causes oxidisation of the oil, 

forming acids which attach to the metal parts. The moisture is attracted into the insulating 

material around the conductors where it is held and breaks down the insulation. Only regular 

testing of the oil in a full analytical laboratory will give sufficiently qualified, repeatable 

results to show a trend (Grey, 2006). Removal of this moisture is normally done with an on-

site machine that circulates the oil, heats it, puts it through a centrifuge to remove solids and 

puts it under a vacuum to remove the water vapour. This is a slow process and removes about 

40 mL of liquid with each application. If the ingress is particularly severe and has a residual 

amount of water ‘stored’ in the windings, the moisture will migrate back to the oil. The test 

results will indicate the presence of moisture and a reduction in electrical insulation. The 

transformer will have to be removed and placed in an oven where several heating cycles will 

be applied over several days in an attempt to remove the moisture trapped in the insulating 

material. If the transformer is in a critical position, a standby or replacement unit will have to 

be installed. The risk increases with the transportation and only a few service providers can 

accommodate large units, so distance may become excessive and add to the delays. 

 

An alternative approach is to use low frequency heating (LFH) of the transformer core. The 

machines that are used to effect drying are set up as shown in Figure 1. Shorting out the 

transformer secondary windings and applying a low frequency (Koestinger et al., 2004), and 

low voltage input via the VSD (Ward, 2006) enables the heating of the transformer with an 

extremely low energy input. Heating the windings but not the shell, forces the moisture out of 

the core into the oil and out of the dehydration unit. 
 
 

 

 

 

Figure 1. Equipment set-up for low frequency heating of transformers. 
 

 

As an example of the use of LFH, 706 mL of water was removed from a 3-MVA unit in 13 

hours using 161 kWh of electrical energy. This unit had a ten year history of unsuccessful 

moisture removal, and received up to three drying cycles per year. The unit was treated in 

situ, and all safety features of the transformer such as winding temperature, core temperature, 

oil level, Buchholtz and current values were adhered to. All results were verified by an 

independent laboratory (Grey, 2006). The addition of vapour phase inhibitors to the modified 

breather (van der Merwe, 2012) protected the vapour space within the oil conservator
 

(Mathew, 2010). 
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What could have been done differently when using  

LFH to dry a transformer? 

 

 The thermal blankets would have been put on earlier. 

 The initial heating would have been more aggressive. 

 The suction would have been split where there was a second drain valve. 

 Smaller supply cables would be used. In the example 30 A at 400 V were used. 

 

Conclusion for LFH for the drying of transformers 

 

The results proved that low frequency heating of the transformer core in conjunction with the 

traditional drying methods works well. In addition, LFH is cost effective, safe and time 

saving, with repeatable results.  

 

2.0 MW turbo alternator static exciter 

 

A turbo alternator (TA) consists of: 

1. The prime mover (steam turbine). 

2. The reduction gearbox. 

3. The alternator. 

4. The rotary exciter. 

5. Control equipment. 

 

In this example, the rotary exciter had failed and a rewind would take 12 weeks. The make-up 

electricity would cost a large amount of money. A ‘quick fix’ alternative was required. The 

exciter generates a DC current adequate to produce the nominal voltage of the electrical 

network. To wind a specific transformer and make a variable DC supply would take 

approximately four weeks. 

 

The requirement was to engineer a variable current source at a specific voltage and have it 

react to the feedback signal from the 3.3 kV bus bars. The TA is required to synchronise with 

other units and the utility supply. It has to react to voltage swings and energy demands at a 

high speed. Initially the TA had been set up and all the dynamics of the rotating system had 

been programmed into the Automatic Voltage Regulator (AVR). This takes an extended 

period of time, is difficult to set up and needs to be verified under many conditions before it 

can be deemed correct. The aim was not to disturb the AVR settings and, if the voltage and 

current could meet the demands placed on it by the system, then the alternative system would 

function.  

 

The requirements were:  240 A DC,  125 V DC,  30 kW. 

 

Due to the requirement to maintain a high voltage even under fault conditions, the current 

must be sustained until the protection unit opens the breaker and severs the supply to the 

fault. This meant that the system needed to supply higher levels to meet the requirements. 

 

Boost requirements were set at:  300 A,  199 V,  59.7 kW (+50%). 

 

The machine was wired up as per Figure 2. The rotary exciter was removed for repair and the 

feedback from the MV voltage and sensing current were left intact and connected to the 

AVR. The normal voltage output from the AVR that would drive the rotary exciter was put 
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into a voltage dividing circuit. This ensured that the normal 125 V (199 V boost) output 

would be regulated to 10 V for the required manipulation of the VSD input (Ward, 2006). 

This voltage was fed into a 0-10 V to 4-20 MA converter and then connected to the drive 

analogue input. 

 

 
 

Figure 2. Circuit diagram of variable speed drive used as a static exciter. 

 

The drive was set up to supply the requirements according to the inputs, with the outputs 

feeding into a full wave rectifier. Changes from alternating current (AC) to direct current 

(DC) had to be calculated to ensure that the desired outcome was reached at the mid-control 

point. The drive outputs showed a distorted wave form with voltage spikes. These spikes 

would not normally be a problem in a high inductive AC circuit, but in this case the rectifier 

acted as an unrestricted conduit for the peaks. An additional smoothing circuit of inductive 

chokes, capacitors and varistors were added to ensure that the rotor insulation was not 

damaged. A diagrammatic representation can be seen in Figure 3. 

 

Figure 3. The variable speed drive being used as a static exciter. 
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No changes were made to the programming of the AVR or protection settings of the 

alternator. The unit operated fault-free until the end of the crushing season, saving money by 

avoiding electricity purchase costs, and averting the possible loss of cane quality due to lack 

of pumping capacity. 

 

Motor drying using a VSD 

 

Large motors, and especially medium voltage units, are costly to remove and dry due to low 

resistance or low polarity index (PI) readings. Risks involved with transport and realignment 

are also a problem. A trial was conducted on a 45 kW motor to determine whether it could be 

dried out in place. 

 

Initial readings of the PI and insulation resistance were taken as a base line (Table 1). The 

end shields and rotor were removed. The stator was immersed in water from a Friday 

morning to the following Tuesday morning, giving approximately 96 hours of soaking. 

 
Table 1. Results of test performed on motor stator. 

 

 Polarity Index Insulation resistance Temperature 

Prior to immersion 0.92 18 600 MΩ 28°C 

After immersion 0.50 0Ω 28°C 

After final heating 1.41 10 400 MΩ 28°C 

 

The VSD was set up (Ward, 2006) and connected to the motor, and the temperature controller 

was connected to the motor and the drive feedback to ensure closed loop control as shown in 

Figure 4. Setting up took approximately one hour. 

 

 

Figure 4. Electrical circuit for low frequency heating to dry out motors. 
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The drive worked well from the start and the experience gained from the first two projects 

assisted greatly in this regard. 
 

The rate of heating was slower than anticipated and a thermal blanket was used to cover the 

motor. This raised the rate of change for the heating. As the temperature controller lowered 

its output in response to the motor nearing the set point, the set point was raised. As the motor 

temperature rose to near 50°C the rate of change in the heating dropped again. A blanket 

made from boiler insulating material was used and the rate of change accelerated again. In 

Figure 5, the thermal blanket can be seen covering the motor. 

 

 

Figure 5. Low frequency heating test in progress. 

 

After the initial drying period of three hours, the motor had reached a sufficiently high 

insulation resistance of more than 5 Mega ohms and thus would be able to run. 
 

The next day, the motor was put onto a fully automatic cycle with no one in attendance. It 

was run for approximately eight hours and reached the insulation resistance of 10.4 Giga 

ohms (see Table 1). The test was concluded with 61 kWh and a cost of R72.48 at R1.19/kWh. 

 

 
 

Figure 6. Graph showing heating of motor with voltage, current and kilowatts. 
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What could have been done differently to dry the motor out? 

 

The entire exercise was based on the need to dry large motors in situ. Thermal blankets are 

deemed critical to avoid heat loss. Where a large motor is to be dried, it would be better to 

put in three temperature controllers and feed their signals into a programmable logic 

controller (PLC), which would run from the lowest temperature of the three to minimise any 

distortion due to winding resistance. Further to this, a specialised temperature controller that 

has programmable ramps, or a programme within the PLC to limit temperature rise, would be 

an advantage. A chimney could be installed to vent the water vapour and prevent it from 

circulating under the blanket. 

 

Conclusion to LFH for drying out motors 

 

The low frequency method of drying out motors is feasible and practical, with limited set-up 

time. The investment in the drive, temperature controller and enclosure far outweighs the cost 

of getting cranes and lifting equipment to remote sites. The energy involved is minimal, and 

when the transportation as well as the oven energy costs are taken into account, there is no 

comparison. There is a need for further trials and a large MV motor needs to be tested. 

 

Future projects 

 

1. Look at the regeneration features for two-way energy flow, and dynamic control of the 

power factor using capacitors. 

2. Storage of power transformers. 

3. Investigating variable electrical circuits requiring different voltages, currents and power. 
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