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Abstract: The paper presents the overview of power 
converter configurations suitable for application in 
controlled electrical drives on mining machines. 
Requirements and features of drives are given for drives 
on an example SRs 2000 type large bucket wheel 
excavator. Influence of power converters on the power 
supply network is illustrated by measurement results on 
representative converters.  
Key words: Power converters, electrical drives, mining 
machines, excavator 

1. INTRODUCTION 
Large mining machines in open pit mines are 

complex technological units that require very demanding 
drive systems. Drive systems used in mining machines 
are very often made of units with large installed power, 
which requires that they should be organized as a multi-
drive system with speed and position control. Also, one 
of the most important requirements is coordination of 
operation for large number of drives during a 
technological process. Listed requirements must be 
achieved with electrical drives with high performances, 
respectively by using controlled electrical drives. 
Technological solutions available in the very beginning 
of development of mining machines for open pit mines 
with continuous excavating technology are still in use 
today. These technological solutions were based on use 
of controlled drives with DC machines supplied by Ward 
Leonard group. Power electronics development provides 
possibility for applying a different concept of controlled 
electrical drives resulting in extensive use of static power 
converters. Consideration of possible ways for 
realization of controlled drives based on power 
electronics in mining machines must be observed from 
two aspects. First aspect is the construction of a brand 
new machine, while the second one is revitalization of 
existing mining machines with different scopes of 
reconstructions and investment. This second aspect is 
very significant having in mind that observed machines 
are expensive and with long period of exploitation. 
During the period of exploitation, machines have to be 
reconstructed more than once, with different scopes of 
investment. These reconstructions often refer to electrical 

equipment. In consideration for construction of new 
machines, or major reconstruction of existing ones, 
controlled drives with cage induction motors and 
frequency convertors are applied. This concept fully 
corresponds to all necessary drive requirements, and 
robustness of the motors is suitable for heavy duty 
operating conditions. However partial reconstructions, 
with limited budget, impose the necessity for retention of 
existing DC motors, which results in use of thyristor 
rectifiers, only newer generations. One more important 
aspect that needs to be considered is the main power 
supply of mining machines. Mining machines are often 
supplied over long cables which are part of a very 
complex power distribution network in open pit mines. 
Such complex distribution networks are prone to low 
network stability issues, therefore motor drives, as a 
major power consumer, must be characterized as high-
quality consumers in terms of power factor and harmonic 
distortion. Moreover, important element for selection of 
drive concept is a fact that technological process 
demands that most of the drives on the machines operate 
simultaneously, often in different regimes.  

This paper is organized as follows. Requirements and 
concepts for realization of most important drives on 
mining machines are presented in the following section. 
As an example, drives on a large bucket-wheel (BW) 
excavator are listed and analyzed. Two possible options 
for realization of drives with frequency converters and 
induction motors are presented in Section 3. Options for 
drive solutions with limited budget for reconstruction are 
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Fig. 1. Bucket wheel excavator SRs2000 on an opet pit 

mine in Serbia 
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Fig. 2. Bucket wheel excavator SRs 2000 with marked main drive groups: 

1. Excavator transport, 2. Bridge transport, 3. Superstructure slewing, 4. BW Boom hoist winch, 5. Bucket wheel, 
6. BW Conveyor, 7. Funnel and drums, 8. Conveyor II, 9. Bridge conveyor, 10. Conveyor IV, 11. Discharging boom 
slewing, 12.Discharging boom hoist winch, 13. Operator cabin lift, 14. Crawler steering, 15. Cable drum.  

presented in Section 4. Presented drive solutions 
influence the supply network in different ways, which is 
analyzed in Section 5, based on the measurement results 
obtained on representative drives on mining machines. 
Conclusion is given in Section 6.  

2. ELECTRICAL DRIVES ON MINING MACHINES  
Mining machines are large and complex mechanical 

structures, which require coordinated motion for 
achieving their main goal - removal of large quantities of 
over-burden or excavation of ore. On open pit mines in 
Serbia, where coal is excavated for use in thermal power 
plants, large bucket-wheel excavators are used. On such 
excavators, the most important drives are machine 
transport, material transport, slewing drive, hoist drive, 
as well as the bucket-wheel drive.  

One of the largest bucket wheel excavators in Serbia, 
SRs 2000 type excavator is shown in Fig 1. The 
excavator is capable of removing 6300 m3 of overburden 
during a single hour of operation. Characteristics of main 
drives used on this excavator are outlined in Table 1. The 
same drive groups are shown on the overview in Fig. 2.  

Drive with the biggest installed power on an 
excavator is the bucket wheel drive. Modern mining 
technology for bucket-wheel drives requires possibility 
for speed control between 50 and 100% of rated speed 
[1]. Second in line by installed power, are belt-conveyor 
drives, used for material transport. For reasons of energy 
efficiency, the conveyor drives are also speed controlled 
in the range from 50% to 100% of rated speed. The belt 
conveyor drives are most often realized with two motors 
mechanically coupled to the same pulley [2]. Regarding 
the complexity, the most demanding drive is the 
excavator transport, where six drives operate as a multi-
motor drive, mechanically coupled by crawlers and the 
terrain [3]. Besides all the usual drive protection features, 

excavator transport drive should provide gear tooth 
protection, crawler star slack compensation, detection of 
a broken shaft and breaking of the crawler chain. 
Random nature of the terrain underneath the crawlers 
provides different loading conditions for individual 
drives, as well as variable structure of the mechanical 
coupling among the drives. [4, 5] 

Due to the large radius of the slewing gear, slewing 
drive on SRs 2000 type excavators usually consists of 
three motors. Different control strategies are in use for 
this drive, with master-follower and common speed 
controller being the most widespread. The slewing drives 
of excavators serve as an example of multi-motor drives 
with slack in mechanical transmission [6], therefore, 
slack compensation and gear teeth protection is required 

Table 1. Main drives on BW Excavator SRs 2000  
Name Num. 

of 
motors 

Power 
[kW] 

Speed range 
[rpm] 

Excavator transport 6 110 200 – 1000 
Bridge transport 2 75 200 – 1000 
Super structure slewing 3 55 250 – 1500 
BW boom hoist 2 250 250 – 1000 
Bucket Wheel drive 2 710 500 – 1000 
BW Conveyor  2 350 500 – 1000 
Funnel drive 
Drums 

1 22 500 – 1000 
2 30 500 – 1000 

Conveyor II 2 160 500 – 1000 
Bridge Conveyor  2 400 500 – 1000 
Conveyor IV 1 160 500 – 1000 
Discharge boom slewing 1 2.2 250 – 1000 
Discharge boom hoist 2 15 250 – 1000 
Operator cabin lift 1 15 250 – 1000 
Crawler Steering 2 75 500 – 1000 
Cable drum drive 1 5.5 0 – 1000  

 



3 

in drive implementation. Control and drive systems on 
excavators usually provide operation with N-1 drive in 
emergency mode of operation, in case of the slewing 
drive, operation is possible with all three or any of the 
two motors. This should be taken into account during 
dimensioning of motors and power converters [7, 8]. 
This also influences the setup of master-follower 
application when master drive needs to be omitted in 
case of fault or malfunction.  

Hoist drives for lifting and lowering particular parts 
of the excavator during excavation process are known for 
safety features, therefore mechanical brakes are placed 
on both sides of the gearbox. Moreover, due to 
gravitational nature of the load, electrical breaking of the 
motor is required. Recuperation of breaking energy to the 
supply grid is technically superior to chopper and resistor 
in the DC link, but with higher cost. Both operator cabin 
lift drive and BW boom hoist winch drive should operate 
with smooth acceleration i.e. limited jerk, since both 
drives raise and lower the human operator of the 
excavator and influence his comfort level [9].  

3. RECONSTRUCTION OF DRIVES WITH 
FREQUENCY CONVERTERS 

Drives with frequency converters can be realized 
using two basic approaches. The first approach is to use 
separate frequency converter for each drive (single drives 
converters). The second approach utilizes the common 
rectifier and the DC circuit with appropriate number of 
inverters (multi drive converters).  

First approach (single drive converters) is more 
flexible considering installation of the equipment. 
Converters in single drive configuration are mostly 
delivered without additional but necessary equipment, 
such as disconnectors-fuses, bus-bars and cabinets. 
Therefore, power converters can have lower prices in 
case of drives in the power range of up to 200kW. Total 
degree of reliability is high, since failure of a single 
converter does not necessarily stop the whole excavator. 
However, energy exchange between two drives operating 
in different regimes is very limited, practically non-
existent. Single drive converters configuration of power 
converters in a multimotor drive is shown in Fig. 3. 
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Fig. 3. Single drive converters configuration of power 

converter for multimotor drives  

Second approach (multi drive converters) provides 
energy exchange between drives operating in different 
regimes. Multi drive configuration of power converter is 

delivered as a complete unit assembled and tested in the 
factory, ready to be installed on site, therefore it is only 
cost-effective for large power drives. Failure of the 
common rectifier could lead to a complete hold-up of the 
mining machine. This affects the total degree of 
reliability of the excavator.  

Drives with frequency converters are by far better 
power consumers than thyristor rectifiers, which is of a 
great importance for power supply network on open pit 
mines. Also, during the input power supply interruptions, 
frequency converters could provide controlled and safe 
stop of drives and moving parts of the excavator. Multi 
drive converters configuration of a multimotor drive with 
12-pulse input rectifier is shown in Fig. 4. Configuration 
of the rectifier and the three-winding transformer 
provides significantly lower harmonic distortion of the 
input current. Such configuration is preferred in open pit 
mines in Serbia, due to good price/performance ratio 
regarding the power factor and THD.  
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Fig. 4. Multi drive converters configuration of power 

converter for multimotor drives with 12-pulse rectifier. 

For hoist drives, where load torque has a predominant 
gravitational component, regenerative operation during 
lowering of load must be considered. In multi drive 
configuration, the regenerated energy will usually be 
absorbed by other drives connected to the same DC link. 
In case of the single drive configuration for hoist drives, 
application of a braking resistor and chopper on the 
drive’s DC bus wouldn’t be practical, due to the fair 
amount of energy generated during lowering of bucket-
wheel or discharging boom. For hoist drives in single 
drive configuration, application of regenerative drives 
with active rectifier is viable, but costly solution. The 
configuration of regenerative power converter is shown 
in Fig 5.  
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Fig. 5. Regenerative power converter with active rectifier 

on hoist drives on Excavators  

4. OPTIONS FOR DRIVES WITH LIMITED 
BUDGET FOR RECONSTRUCTION  

Drive solutions with limited budget, with thyristor 
rectifiers and DC motors are suitable for implementation 
on excavators. The solution is based on use of existing 
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motors, if they are in good condition, and use of modern 
controlled rectifiers with digital control systems and 
communication interfaces.  

The use of existing DC motors significantly reduces 
the expenses, not only for motors themselves, but also 
for the avoided associated cost of installation of new 
motors and potential adaptation of gearboxes. Downtime 
required for reconstruction is also shortened. However, 
for motors that are in long continuous operation in harsh 
conditions common in mines, the cost of a 
comprehensive overhaul may exceed the cost of new 
induction motor.  

Modern phase controlled thyristor rectifiers provide 
auxiliary controlled rectifier for field generating current. 
The internal rectifier for field is usually low power, 
single phase half-controlled rectifier. In cases where 
higher values of field currents are required, larger 
external field converter is applied. Armature converter 
consists of two three-phase bridges in antiparallel 
connection, providing full regenerative operation (four-
quadrant operation). Configuration of converters for 
drives with DC motors is shown in Fig. 6.  

M
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Fig. 6. Configuration of drives with four-quadrant phase-
controlled rectifiers. Internal or external field converters 
can be used, depending on required motor field current  

DC drives provide simple energy exchange through 
AC network, between drives operating in motoring and 
regenerative braking mode. This contributes to lowering 
of load in the excavator's supply network. However, poor 
power factor of controlled rectifier and presence of 
harmonic distortion requires the use of active 
compensation for reactive power and higher order 
harmonics. This notably contributes to a higher price of a 
whole system. In addition, during power supply failure 
or interruption, on which must be counted in distribution 
network systems used in open pit mines, drives 
immediately coast to stop, leaving no possibility for 
control of the motion. This could lead to unwanted 
situations, even accidents and damages.  

5. INFLUENCE OF POWER CONVERTERS ON 
THE SUPPLY NETWORK OF THE 

EXCAVATOR 
Three of the most important configurations of power 

converters for excavators are presented. Presented 
configurations influence the supply network on the 
excavator in different ways, regarding the power factor 
and harmonic distortion.  

For the single drive converter configuration, as 
shown in Fig. 3, phase voltage and current waveforms 
recorded for different loading conditions and shown in 
Fig. 7. All values are normalized to peak rated values, 
phase voltage is the blue trace, while corresponding 
phase currents are shown in black or red. During no load 
operation, recorded power factor was λ1=−0.64 and total 
current harmonic distortion was THDi1 = 78.5%. For 
approximately 50% and rated load, recorded values were 
λ2=0.76, THDi2 = 65.3% and λ3=0.86, THDi3 = 48.8%. 
respectively.  
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Fig. 7. Input phase voltage and current waveforms 

recorded on the single drive power converter 
configuration for different loading conditions 

Recorded waveforms on the primary side of the three 
winding transformer for multi drive converter 
configuration with 12 pulse rectifier are shown in Fig. 8. 
Only two operating conditions are presented, on loads 
that result in approximately 60% and 80% of rated 
primary transformer current. The recorded waveforms 
are normalized to peak rated primary values for the 
transformer. Current distortion is significantly reduced, 
to THDi1 = 6.5% at lower load and THDi2 = 4.2% at 
higher load. Recorded power factor values were λ1=0.97 
and λ2=0.98 respectively.  
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Fig. 8. Primary phase voltage and current waveforms 
recorded on the three winding transformer for multi 

drive power converter configuration for different loading 
conditions 

Figures 9 and 10 show recorded waveforms for drive 
with DC motor supplied by phase controlled thyristor 
rectifier. Again, phase voltage is shown in blue, phase 
currents are black or red traces. Fig. 9 shows the 
interaction of the rectifier with the power supply grid for 
different motor speeds, with similar load torque of the 
drive in the steady state. The load is about 60% of the 
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rated motor torque. The waveforms shown in Fig. 10 
illustrate the interaction of the controlled rectifier with 
the grid during the steady state operation of the motor 
running at 1500 rpm, with no load, and with load equal 
to the load in Fig. 9.  
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Fig. 9. Input phase voltage and current waveforms 

recorded on the phase controlled thyristor rectifier:  
Trace 1. Speed 1500 rpm, λ1=0.49, THDi1 = 32.5% 
Trace 2. Speed  750 rpm, λ2=0.31, THDi2 = 34.8% 
Trace 3. Speed   50 rpm, λ3=0.17, THDi3 = 35.5% 
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Fig. 10. Input phase voltage and current waveforms 

recorded on the phase controlled thyristor rectifier on 
same motor speeds (1500rpm):  

Trace 1. No load, λ1=0.14, THDi1 = 70.1% 
Trace 2. 60% load, λ2=0.49, THDi2 = 32.5% 

6. CONCLUSION  
Overview of power converter configurations suitable 

for mining machines is presented in the paper. Based on 
the requirements for the most important drives on mining 
machines, suitable drive configurations are presented. 
Two possible options for realization of drives with 
frequency converters and induction motors are 
compared.  

For appropriate comparison, besides technical aspects 
and performance issues, price of the equipment is often 
an important factor in decision making process. Based on 
the list unit prices for the equipment on the SRs 2000 
type BW excavator, comparison of prices is given in 
Table 2. Prices obtained from the renowned electrical 
equipment manufacturer are given in per-unit values, 
where total price of the motors is used as base value.  

With current market prices, it is obvious that single 
drive converter configuration of power converter is about 
5% more expensive solution than the single drive.  

Table 2. Prices for different configurations of power 
converters on a BW Excavator SRs 2000 

Equipment Single drive 
converters 
Price [p.u.] 

Multi drive 
converter 

Price [p.u.] 
Induction motors 1.000 1.000 
Power converters 0.671 0.808 
Transformer 0.229 0.250 
Additional equipment 0.250 0 

Sum 2.150 2.058 

Drive solution based on the use of existing motors 
and new phase controlled thyristor rectifiers is presented 
in the paper as an alternative for reconstruction of drives 
on mining machines with limited budget.  
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