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Mill applications in the mining industry are a common 
practice. Two mills typically used are Ball Mills and SAG 
Mills which form part of the early stages of the recovery 

of various metals such as gold, platinum, uranium, copper and other 
precious metals mined within the mining industry. 

These massive loads, that are normally a few hundred tons, 
require a combination of electrical and mechanical equipment to 
drive them. The electrical component, ie electric motors, has tradition-
ally been large wound rotor induction motors which are commonly 
known as slipring motors. In order to start these motors with the 
correct amount of torque requires a certain amount of resistance on 
the rotor which is generally provided by making use of a LRS. This 
delivers the required start up and running torque while limiting the 
starting current.

With the rapid development of Medium Voltage (MV) VSDs and 
the advanced technology features that they have to offer it makes 
sense to consider using VSDs with standard Squirrel cage motors 
on mill applications. When using a VSD to run an ac induction motor 
there are a number of benefits for the user. 

Slipring motor and LRS -  
compared to squirrel cage and VSD

Starting current and torque 

Ac Squirrel cage motors draw around 500% to 900% of Full Load 
Current (FLC) during starting. This might not pose a huge concern 
when starting motors with low kilowatt (kW) ratings but as soon as 
one starts talking about mill drive applications where the installed 
motors are generally in the range of 800 kW up to 15 000 kW, it does 
become a concern.

Making use of slipring motors in conjunction with a LRS was in 
the past one of the most commonly used methods to start some of 
these massive loads. The advantage being that through varying the 
starting resistance on the rotor of the slipring motor the full load cur-
rent could be limited to a certain percentage of the FLC during starting. 
This, however, has an effect on the starting torque and depending 
on the LRS design the torque of the motor can be determined to suit 
the specific application. The design criteria of the LRS is determined 
during design phase and manufactured in order to deliver specific 
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torque, speed, current limitations as well as number of starts. This 
would be calculated based on the load requirements and achieved 
through varying the resistance induced on the rotor. The disadvantage 
of this combination would be that there is no real flexibility outside 
the design criteria. A typical example for a mill application would 
limit the FLC to around 300% while being able to deliver around 150 
to 200% of motor full load torque. 

Ac variable speed drives, on the other hand, have the ability to 
also offer starting currents of between 100 and 150% FLC - or even 
less - whilst still having the ability to provide full load torque. The 
VSD is not limited in terms of the number of starts that it can deliver 
and can be set up to deliver a specific starting torque, therefore al-
lowing more flexibility.

Figure 1 is a typical starting curve of a 3 000 kW 3 300 V mill drive 
using a VSD to control a squirrel cage induction motor. As can be 
seen, the starting current and torque is controlled while accelerating 
the load linear up to full speed.

Figure 1:  Starting curve for a 3 000 kW mill using a VSD. 

Speed variation 

Although speed variation on mill applications is not as critical as in 
other applications the ability to vary the speed does provide added 
benefit for controlling the process. Making use of traditional slipring 
motors in conjunction with a LRS can offer the ability to vary the 
speed of the mill between 50 and 100% of the rated speed. This is 
achieved by changing the resistance applied to the rotor by means of 
the LRS. The higher the resistance on the rotor the lower the starting 
current, the higher the torque and the greater the percentage slip and 
therefore the motor will run slower.

The lower the resistance on the rotor the higher the starting 
current, lower the torque and the lower the percentage slip allowing 
the motor to run faster.

VSDs on the other hand can control the speed of the mill from 0 
to 100%. This is achieved due to the fact that the VSD can control the 
voltage to frequency (V/F) ratio. Because this V/F ratio is maintained 
it allows for constant torque throughout the speed range. Torque 
is proportional to the flux multiplied by the current and the flux is 
proportional to the voltage to frequency ratio. 

The main aspect to consider is the fact that at slow speeds the 
cooling of the motor would be effected as a result of reduced venti-
lation, therefore without forced ventilation this could be a concern 
depending on load and speed required.

This means that without forced ventilation full torque can be 
delivered but only for a limited time period as indicated in Figure 2.

Figure 2: Force Ventilation Curve
VSD Technology 

IGBTs 

Until recently medium voltage VSD drive technology was very com-
plex but with the introduction of medium voltage IGBTs in the late 
90s it has become a much simpler and more reliable solution. Mod-
ern design makes use of 12,18 or 24 pulse input rectifiers and 6,5 kV 
IGBTs. This eliminates the use of multiple low voltage components 
placed in series or parallel depending on the configuration. In addi-
tion to this the complex firing circuits which are associated with the 
control of Thyristor devices (Integrated Gate Commutated Thyristors 
(IGCTs) and Symmetrical Gate Commutated Thyristors (SGCTs)) can 
also be eliminated, resulting in VSDs with a higher overall efficiency 
and much simpler design as illustrated in Figure 3.

Figure 3: Typical 12 pulse configuration with 6,5 kV IGBTs.

Medium voltage IGBTs require a much lower gate current to switch 
the device compared to those of the equivalent IGCTs and SGCTs as 
illustrated in Figure 4. As can be seen in Figure 4 IGCTs and SGCTs 
require a high current to switch the gate on. Further to this a certain 
amount of current is required to keep the gate on and then a brief 
but fair amount of current is required to open the gate again. The 
IGBT, on the other hand, requires a low current to switch the device.

Figure 4: Gate currents required during switching.
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Communication and serial interfacing 

Serial interfacing and communication with plant control systems is 
simplified with the use of VSDs. They can communicate with numer-
ous different protocols such as DeviceNet, Profibus, Modbus and 
Ethernet depending on network requirements. The advantage being 
that these networks allow you to monitor, view and change a variety 
of different parameters and values directly from the VSD on the plant 
control system ensuring full control over the process.

VSD safety features and interlocking

In addition to the mechanical benefits that the VSD offers in terms of 
limiting mechanical stress during start up and frozen charge protec-
tion, there are also a number of electrical safety features and inter-
locking. The VSD make use of a mechanical interlock to ensure safe 
electrical isolation during maintenance and operation. The systems 
ensure that the MV switchgear and the MV VSD are interlocked both 
mechanically as well as electrically. The mechanical interlock has a 
transfer block mounted inside the VSD with a number of keys. Each 
MV cubicle of the VSD panel has its own key and only once all these 
keys have been inserted into the transfer block will you be able to 
release the key for the MV circuit breaker. The VSD controls the MV 
circuit breaker and only once all safety interlocks are in place will the 
VSD activate the MV circuit breaker.

 In addition to this, the VSD also offers arc protection and in the 
event of arc detection the MV switchgear feeding the VSD will immedi-
ately be disconnected in order to limit damage or potential fire hazard. 

Frozen charge protection

Frozen charge is a common occurrence with mill applications and it 
is therefore an advantage that the VSD can offer protection against 
this condition. Frozen charge can occur when the mill has been 
stopped long enough for the product to solidify. If the mill is started 
again this solidified product may fall and damage the mill lining. 
Frozen charge is detected by the VSD by means of internal software 
that compares feedback from the external encoder mounted on the 
motor, indicating the angle of rotation of the mill to the load torque. 
Considering the angle of rotation and the torque required to achieve 
this, the VSD can determine if there is a frozen charge present. The 
VSD will then perform a pre-programmed function in order to loosen 
up product within the mill. Should the required results not be achieved 
within the programmed sequence the VSD will stop the mill and the 
frozen charge would have to be removed manually making use of 
barring gear.

Figure 5 shows a typical frozen charge protection graph indicating 
the torque applied and angle of rotation.

Figure 5: Frozen charge protection graph.

Measurements 

Efficiency

Making use of the above mentioned technology allows for greater 
VSD as well as overall system efficiency. The efficiency measurements 
below were taken during factory acceptance testing on a 3 000 kW 
3 300 V system and indicate both the VSD efficiency (see Figure 6) 
as well as the total system efficiency as a combined unit (see Figure 
7).The VSD on its own as can be seen below has an efficiency of 
around 99% and the system efficiency including both VSD and motor 
as combination has an overall efficiency >94%.

Figure 6: VSD efficiency.

Figure 7. System efficiency.

Harmonics 

A concern that would arise with the use of such a large VSD would be 
the effects harmonics have on the system. However, with the options 
to use 12,18 or 24 pulse input rectifiers in conjunction with phase shift 
transformers harmonics can be limited to within acceptable levels in 
accordance with the IEEE-519 standards as per Tables I and 2:

Table 1: Reproduction of part of Table 10.2 from IEEE STD 519.
* Special applications include hospitals and airports.
** A dedicated system is exclusively dedicated to the converter load.

 

Maximum Harmonic Current Distortion in Percent of IL
Isc - maximum short-circuit current at PCC
IL - maximum demand load current (fundamental frequency component) at PCC

Table 2: Reproduction of Table 10.3 from IEEE STD 519.

Figures 8 and 9 show actual measured results based on a 3 000 kW 
3 300 V 18 pulse VSD on a mill application. As can be seen the `3rd, 
5th, 7th,, 9th  and 11th harmonics are very low as a result of the 18 pulse 
configuration of the VSD. The Total Harmonic Distortion (THD) voltage 
was as low as 2,05% and the THD current was at only 0,13%.

General                 
System

5%THD (Voltage) 3% 10%

Special                    
Applications*

Dedicated                
System**

Motor efficiency [%]

Drive + input
transformer efficiency 
[%]

Global efficiency 
(motor + drive + 
transf.) [%]
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Figure 8: Total Harmonic Distortion Voltage.

 Figure 9: Total Harmonic Distortion Current.

Maintenance 

Slipring motors require maintenance on both sliprings and brushes 
and their associated equipment. LRS systems also require a certain 
amount of maintenance in terms of replacing fluid used within the 
LRS. Ac VSDs in conjunction with squirrel cage induction motors 
require very little if any maintenance other than routine lubrication 
and cleaning. 

Modern VSDs also make use of plastic film capacitors as opposed 
to traditional electrolytic capacitors which have a significantly shorter 
life span then plastic film type. With a minimum life expectancy of at 
least 15 years for these types of capacitors, an expected design life About the author

for medium voltage IGBTs of 30 years and a system life calculated 
to be approximately 22 years, this definitely makes VSDs a suitable 
alternative with a lot of added benefits.

Conclusion 

The use of ac VSDs in conjunction with squirrel cage induction motors 
offer added benefits in terms of the start up, control and running of 
mill applications within the mining industry. 

The VSD is able to control and limit starting current, torque, 
number of starts as well as acceleration during start with minimal 
limitations. Although the initial capital outlay might be higher for a 
VSD and Squirrel cage motor combination the long term benefits in 
terms of reliability, flexibility of process control and the overall main-
tenance cost associated with the VSD combination in comparison with 
LRS and wound rotor motor combination will be a definite benefit. 
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