
International Journal of Advanced Electrical Technology and Research Vol.(1), Issue (1), 2019 

5 

 

HIGH POWER CYCLOCONVERTER FED AC DRIVES 

Pawan Mehta 

Email: pawan71983@gmail.com 

Assistant Professor, Department of Electrical and Electronics Engineering,  

Technocrats Institute of Technology, Bhopal, India

ABSTRACT: 

The performance of the large power converter system for mining and rolling mills should meet the need of the 

production technology and adapt to the requirement of the electric network. In this paper, the cycloconverter is 

introduced and presents practical aspects related to with the operation, compensation and protection of high power 

cycloconverter fed AC drives. 
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1. INTRODUCTION 

Fast dynamic response and high overload capacity is needed in large power drive system for rolling 

mills. With the rapid development of power electronics, microelectronics and modern control theory, the 

researchers pay extensive attention to the large power main drive systems. Since the 1970s, with the 

generation of AC motor vector control theory and its wide application, the AC drive systems for rolling 

mills are extensively and thoroughly studied in the industrialized countries. AC converters are employed 

in all the main drive systems whose power are larger than 1000kW in blooming mills, medium plate 

mills, hot and cold rolling mills. The trend is that AC drives substitute DC drives in large power drive 

systems for rolling mills. As the transition link of mechanical and electrical energy, the electric drive 

systems should meet the need of production technology and adapt to the requirement of the electric 

network. In selecting the main drive system for rolling mills, a lot of factors should be considered. The 

system should adapt to technology requirement of the rolling mills such as the power, torque, speed, 

range of speed regulation, and so on. The overload capacity of the drive system is determined according 

to the maximum power of the rolling mill. Some factors should also be considered such as the motor 

being reversible or not, the acceleration and deceleration time of the motor, and the operating range of the 

motor in the constant torque and constant power state. The drive system should meet the performance 

index of the motor control system such as the control accuracy, dynamic response of torque or current 

control, and dynamic response of speed control. The drive system should also meet the standard of the 

network such as the conversion efficiency of converter and motor, the harmonic component caused by the 

converter and the power factor of the converter. Harmonic component elimination and reactive power 

compensation equipments may be used if they are in need. The hardware and software interfaces of the 

drive system with the automatic control system for the rolling mill should also be appropriate to meet the 

open, standard and high performance requirement of the automatic network. The interfaces should also be 

convenient to collect, manage and transfer the status information of the electric drive system. The 

economic factors should also be considered in selecting the drive system, such as little whole investment, 

low running cost, high reliability, and low maintenance cost. In the paper, the cycloconverter system is 

introduced and their performance is analyzed. 
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1. MAIN CYCLOCONVERTER CHARACTERISTICS  

Cycloconverters are classified as direct ac to ac line commutated frequency converters [1]. Since 

they do not have an energy storage component, such as capacitor or reactor, the interaction between input 

and output is direct (Fig. 1). An important characteristic of cycloconverters is that the output frequency is 

limited by current and voltage harmonic distortion and the maximum value is equal to 1/3 the line 

frequency. Another undesired characteristic of cycloconverters is that even with a unity load power factor, 

the input power factor is between 0.70 and 0.85 lagging. Depicted of all these limitations, cycloconverters 

are still the preferred static converter for high power low speed synchronous motor drive applications [2]. 

 

 
 

Fig. 1 Simplified power circuit topology of a 12 pulse cycloconverter. 
  

A. CURRENT HARMONICS 
 

Cycloconverter input current harmonic component can be classified as characteristics and non-

characteristics. Characteristic harmonic components depend on the converter number of pulses, p, (k.p ± 

1) and non-characteristic components depend on the converter output frequency (6nf0/f1), where k and n 

are integer numbers. The order of the input current characteristics and non-characteristics harmonics is 

defined by (1) and (2). 

                 

                              h = (k.p±1)                             (1) 

         h = (k.p±1) ±6.n. 0
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The total harmonic distortion is defined for integers multiples of the fundamental frequency, however it is 

possible to separate the THD associated with characteristics harmonics and non-characteristics harmonics 

as shown in (3) and (4) [1]. The total THD is calculated by using (5). 
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Current harmonic distortions generated by a 12 pulse cycloconverter), and for different 

modulation index values, are shown in Figure 6. It is important to note that input current total THD is 

almost constant for all the modulation index range. Figure 2 shows that for operation close to rated load 

(modulation index higher than 1), the THD associated with non-characteristic harmonics is higher than 

the THD related with characteristic components. This issue must be considered in the specification and 

design of the current harmonic compensation scheme. 

 

 
 

Fig. 2 Cycloconverter input current total harmonic distortion for different modulation index values. 

B. MOTOR STARTING 

Grinding mill drives use synchronous motors with vector control. Vector control limits the stator 

current during motor starting. Another important feature of vector control is that forces the synchronous 

motor to operate with unity power factor [3]. Figures 3 and 4 show the speed reference and current 

waveforms during the starting of a 20 MW SAG mill drive. 

 

 
Fig. 3 Synchronous motor speed reference for starting procedure. 
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Fig.4 Synchronous motor stator current waveform during starting 

Figure 4 shows that even with speed reference and vector control technique, the motor present‟s 

overcurrent during the first acceleration ramp. Due to mechanical constraint, minimum starting time is 

limited to 30 seconds, with two acceleration ramps separated by 10 seconds (Fig. 3). Cycloconverter 

design considerations allow a maximum 1.3 times rated current during 30 seconds (for SAG mills) and 

1.5 times rated current for ball mills [4].  During the starting procedure, especially in the first 30 seconds, 

the converter modulation index is low, which means that cycloconverter during that time operates with 

input power factor below 0.7. 

C. THYRISTOR COMMUTATION 

Thyristors are line-commutated semiconductors. They can be controlled during the turn-on and 

not during turn-off process. Thyristor turn-off is achieved when voltage between anode and cathode is 

negative as well as the current (line commutation).In six pulse converters, as the one used in 

cycloconverter, the relation between the commutation process and the electrical values is given in (6), 

where μ. is the angle required to commutate a given thyristor. In cycloconverters, the firing angle α, and 

the current Id are changing continuously. Equation (6) shoes that the commutation angle in cycloconverter 

is not constant, and each thyristor will require a different μ value, depending on the moment is forced to 

tum-on [5]. In order to avoid commutation failures α+μ must be lower than 180°. 
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              (6) 

Equation 6 also shows that in a weak power distribution system (large value of L) a large value of μ is 

required. Depending on power distribution system's characteristics a safety commutation angle close to 

10° or higher must be considered. Severe voltage drop at cycloconverter input terminals can also produce 

a commutation failure (6). Normally, under voltage protections are included in the power distribution 

systems with a pick up adjusted at 85 % the rated value. If the voltage drop exceeds 15 % the 

cycloconverter is turned-off avoiding thyristors commutation failures. 

D. FUSELESS AND SNUBBERS DEVICES 

Figure 15 shows the typical snubber configuration used in high power cycloconverters. RC-

snubber circuits are typically used and connected in parallel to each thyristor. RC-snubber circuits are an 

important protection device which function is to limit dv/dt during the thyristor turn-on and turn-off. The 

snubber capacitor limits the voltage slope (dv/dt) during commutation, while the snubber resistor limits 

the capacitor current discharge during thyristor turn-on process [6]. In high power cycloconverters 

snubber circuits are water cooling. Figure 14 also shows that each snubber circuits protect two thyristors, 

one of each anti parallel converter. 
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Fig. 15 Snubber circuit of one phase of the 12 pulses CCV 

Modern cycloconverters use fuseless thyristors, which means that are short circuit proof. In order to 

verify the short circuit capability of thyristor, i
2
R of each device must be compared with the energy 

dissipated during the short circuit.  Normally, the thyristor i
2
R are specified for 10 ms[7]. In order to 

assure the thyristor fuseless capability, the i
2
R must be compared considering the total fault clearing time 

of the associated protection scheme. 

2. PRACTICAL RECOMMENDATIONS 

Based on the main cycloconverter characteristics and practical experience, several recommendations 

are proposed to improve the operation, compensation and protection of cycloconverter applications. 

A. OPERATION  

In order to optimize the cycloconverter operation from the power distribution point of view the 

following recommendations are proposed.  

a) Operation with load unity displacement factor:  Operation with load unity power factor reduces 

the apparent power required by the cycloconverter, reducing converter losses. Also, with unity 

load power factor the reactive power absorbed by the converter is at its minimum value.  

b) Operation near rated load: Operation near rated load maximizes the cycloconverter effectiveness, 

since modulation index is near unity and cycloconverter input power factor is at maximum value.  

c) Reactive power compensation: Reactive power absorbed by the cycloconverter changes over a 

wide range, therefore variable reactive power compensation is recommended to avoid voltage 

regulation problems. Adequate reactive power compensation can be achieved by using a multi-

stage passive filter scheme. 
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B. CYCLOCONVERTER COMPENSATION  

Since cycloconverters absorb a large amount of reactive power and generate significant input 

current harmonic components, passive or active compensation schemes must be implemented and 

connected to the same power distribution bus. In high power applications, multi-stage passive 

filters tuned at different frequencies are implemented to compensate reactive power and to 

attenuate the amplitude of input current characteristic harmonics. In order to improve 

compensation effectiveness, the following recommendations are proposed.  

a) Passive filter design: High pass passive filters presents better current harmonic amplitude 

attenuation than tuned topology (LC passive filters). High pass C type passive filters are 

recommended for low frequencies, and high pass passive filters for higher frequencies.  

b) Resonant frequency specification: Each passive filter must be tuned at a specific frequency. High 

pass passive filters tuned at II th, 23d and 35th times system frequency (or near these values) 

must be considered to attenuate amplitude of characteristic harmonics generated by 12 pulse 

cycloconverters. C type high pass filters tuned at frequencies below 300 Hz must be considered 

for attenuation of non characteristic harmonic components.  

c) Sub and inter-harmonics attenuation: Special considerations must be taken to avoid resonances 

that can amplify the amplitude of currents sub and inter harmonics located near 50 Hz. 

d) Reactive Power Compensation: Total reactive power absorbed by the cycloconverter must be 

compensated with passive filters. The reactive power generated by each passive filter scheme 

must be specified for the cycloconverter normal operating conditions (rated power or below).  

e) Multi-stage Passive Filter Scheme: More than one passive filter must be considered in the 

compensation scheme, due to current harmonic attenuation requirements, as well as voltage 

regulation. Each passive filter tuned at specific frequency must provide adequate reactive power 

in order to compensate power distribution power factor for each cycloconverter operating 

conditions, and to avoid voltage regulation problems.  

f) Passive filters switching: The connection of each passive filter generates inrush currents that can 

affect power distribution operation. In some applications more than one passive filter is connected 

to the power distribution system with the same circuit breaker. To avoid voltage regulation 

problems, the total reactive power that can be connected simultaneously to the power distribution 

system can be estimated with (7). 

                      1 0 0 %
P F

S C

M V A
V

M V A
                    (7) 

Where, 

P F
M V A    Passive filter rated apparent power 

S C
M V A  Passive system short-circuit MVA 
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C. CYCLOCONVERTER PROTECTION SCHEME 

Commutation failure generates a line to line short circuit at the cycloconverter input terminals, 

which is reflected as a three-phase short-circuit at the primary side of the power transformer. In 

this case the short circuit current is limited by power system equivalent impedance [8]. Once the 

current sensors implemented in the cycloconverter detects overcurrent, thyristor firing pulses are 

blocked starting the shut-down process. In order to avoid more severe damages in case of short 

circuit in the cycloconverter, the following recommendations are proposed. 

a) Power circuit breaker operation: In case an Overcurrent is detected by current sensors connected 

in the cycloconverter; thyristor gating signals must be blocked instantaneously. However, the 

main circuit breaker must not be open until all thyristors have been turned-off.  

b) Overcurrent protections: Overcurrent protection must be adjusted to protect the power 

transformer, and back up the cycloconverter. Overcurrent relay must be adjusted with a time 

delay equals to at least 100 ms.  

c) Voltage protection: Under voltage relay with pick up equals to 85 % rated value is recommended 

to protect the cycloconverter against severe power system disturbances. Low voltage at the 

cycloconverter terminals can cause commutation failures.  

d) Frequency protection: Frequency variation in power distribution systems is a symptom of power 

system failure. For this reason, it is highly recommended to implement a frequency relay at the 

primary side of the power transformer. 

3. CONCLUSIONS 
 

Practical aspects related with high power cycloconverters operation used in mining process have 

been presented and discussed in this paper. Practical recommendations related with operation, protections 

and compensation have been proposed. Relevant current waveforms associated with the starting of a 20 

MW synchronous motor SAG mill drive have been reported, as well as current and voltage waveforms 

during a cycloconverter commutation failure. 
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