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Abstract 

Normally, BLDC motor drives a sensitive load which is severely influenced by disturbances such as 

voltage dips, swells, and short interruptions in weak grids. The main objective of this work is to 

investigate the performance of BLDC motors when they are tied to weak grids. Thus, this paper presents a 

study on the performance of BLDC motor considering disturbed utility conditions. Also, an efficient 

solution to guarantee a soft operation of a BLDC motor driving a sensitive load is presented. A buck-

boost DC converter is merged with the BLDC drive inverter to be able to mitigate voltage dips as well as 

voltage swells.  A short interruption of one or two phases of the grid voltage can also be mitigated.  

The BLDC motor is controlled via a cascade PI-controller layout that has an outer loop for the speed 

control and inner loop for the DC voltage control. The PI controllers’ gains are optimized by using the 

ant-colony optimization technique and then implemented in a simulation model using 

MATLAB/SIMULINK. Six cases of disturbances have been simulated including balanced and 

unbalanced dips, swells, and short interruption of one or two phases of the grid. Simulation results with 

various disturbances show the ability of the proposed controller to mitigate the grid disturbances with 

good transient and steady-state responses. 
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1. Introduction 

Brushless DC (BLDC) motors offer several 

advantages compared to conventional DC and AC 

motors.  Among those, improved accuracy, reduced 

maintenance, and energy costs are the most obvious 

ones [1-4]. Therefore, BLDC motors are exploited 

in many industrial applications such as hybrid 

electric vehicles [5-7], air conditioners [8], electric 

oil pumps [9], wireless medical applications [10], 

and refrigeration systems [11]. In residential 

applications, BLDC motor has been designed and 

tested for mixer-grinder [12] and fans [13]. 

While BLDC motors can be found as single, two, 

and three-phase machines, the three-phase motor is 

the most popular, and its applications are numerous 

[14]. The stator winding of the three-phase motor is 

either trapezoidal or sinusoidal. The name 

trapezoidal or sinusoidal refers to the shape of the 

back electromotive force that is directly 

proportional to the speed of rotation. Permanent 

magnets replace the field windings of the rotor and 

can be either surface-mounted, embedded or 

inserted in the rotor. 

An electronic switch circuit is utilized to replace the 

mechanical commutator of brush DC motor. To 

accomplish the required control performance of the 

motor speed, the BLDC motor is equipped with a 

rotor position detector and an inverter bridge circuit 

[15]. Compared to distinctive assortments of 

motors, BLDC motor embraces the shape of square 

wave excitation, that improves the utilizing rate of 

the permanent magnet material, reduces the size of 

the motor, increases the output power of the motor, 

and has the attributes of high efficiency and 

response. As the ratings of the motor increase, the 

supply is normally provided via a single-phase 

(low/medium power) or a three-phase uncontrolled 

rectifier (high power), as depicted in Figure (1). 

Figure 1-. A BLDC motor fed via a single-phase or three-phase diode rectifiers 
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Essentially, control methods are permanently 

applied to the control of the BLDC motor to 

improve its performance in terms of torque ripple 

suppression, rotational speed dynamics, and steady-

state response [16-18]. The use of Proportional 

Integral Derivative (PI)-based controllers on 

process control has increased due to its reliability 

and simple structure. However, adjusting PI 

parameters is not an easy task. In recent years there 

have been various methods for tuning PI parameters 

[19]. In a simple application, the trial-error tuning 

method is used to adjust the PI parameters, but for 

this method, it is difficult to get the optimal value 

so that it is difficult to adjust parameters, and it 

takes a long time, and also the accuracy of the 

control is not good [20]. In recent years, researchers 

have used many artificial intelligent methods to 

determine the PI parameters of BLDC Motor 

included the PI controller depends on fuzzy rules, 

the PI controller depends on the neural network, 

and also the fuzzy PI controller [21]. Then 

researchers began to study the intelligent behaviour 

of animals and applied it to be applied to solve 

optimization problems, especially in the field of 

control. These animals include bees, ants, wasps, 

and find a behavioural algorithm from the habits or 

behaviour of these animals. This includes genetic 

algorithmic, huge bang–big crunch improvement, 

artificial bee colony, particle swarm optimization, 

bacterial foraging, and flower pollination [20, 22-

36]. 

 

Ant-Colony Optimization (ACO) is included in the 

swarm intelligence group, which is one type of 

development paradigm used to solve optimization 

problems where inspiration used to solve these 

problems comes from the behavior of swarms or 

swarms of insects.  This algorithm was proposed by 

Dorigo and colleagues [37,38].  Every ant in the 

herd that is walking will leave pheromone (a kind 

of chemical) in the path through it. Pheromone is a 

kind of signal to fellow ants. The shorter path will 

leave a stronger signal. The next ant, when deciding 

which path to choose, will usually tend to choose to 

follow the path with the strongest signal, so that the 

shortest path will be found because more ants will 

pass that path.  The more ants that pass a path, the 

stronger signal in that lane. The use of the ACO 

method is also used in this study as a method for 

tuning PI parameters. 

The effectiveness of whatever control algorithm is 

normally tested against possible operational 

disturbances in the motor environment. Operational 

disturbances include loading variations, external 

environmental issues such as temperature and 

pressure, and utility disturbances. Utility 

disturbances imply input voltage and frequency 

fluctuations due to unavoidable events during the 

grid operations such as short-circuit faults, 

switching on/off large loads, and lightning. The 

main aim of this paper is to investigate the 

operation and control of BLDC motor under 

disturbed utility conditions, where the incoming 

voltage could have many disturbances or power-

quality issues. Section II of the paper presents a 

brief description of the most common grid 

disturbances that might highly influence the motor 

drives. In Section III, the proposed controller and 

its tuning algorithm are detailed. Simulation results 

with six cases of disturbances in the grid voltage 

are presented in Section IV. 

 

2. Common Grid Disturbances 

As the input power of the motor is taken via a diode 

rectifier, the dc voltage fluctuates with the grid 

disturbances (such voltage dips and swells) and 

hence the motor output (speed/torque) will 

consequently fluctuate. Hence, a buck-boost 

converter is implemented, as displayed in Figure (2), 

to guarantee proper operation and satisfactory 

performance, albeit most of the common grid 

disturbances. 

 

Figure 2- A BLDC motor fed via a single-phase or three-phase diode rectifiers and a buck-boost converter 

Due to unavoidable events such as faults and 

equipment failures, the grid voltage may experience 

a variety of disturbances such as voltage dips, swells, 

short interruptions, transients, and harmonics. Such 

disturbances influence the operation of load 

equipment and deteriorate the performance. In this 

work, the focus is given to dips, swells, and short 

interruptions as they are the most common and 

severe disturbances.  

Severe voltage dips cause the motor drive to trip 

[39,40,41] and consequently, the associated process 

will be stopped. In many industrial processes such as 

chemical processes, the stoppage may cause 

significant economic issues as it might require a 

considerable repair that takes a long time [42]. 

Voltage swells may cause failure and damage to the 

motor- drive components due to the increase of 

electrical and thermal stresses [43]. The highest 
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thermal stresses on the motor are obtained in the case 

of short interruption of the supply [44]. Serious 

consequences of short interruption include tripping 

or malfunction of protection equipment, loss of data 

and failure of data processing equipment, tripping of 

sensitive equipment, such as adjustable speed drives 

(including the BLDC), programmable-logic 

controllers.A voltage dip is a decrease in the load 

voltage below 90% and above 10% of the rated value 

that lasts for less than 1 minute and more than half a 

cycle [39-41]. Voltage dips are characterized by 

magnitude, duration, and associated phase-angle 

jump. Figure (3-a) displays an example of a 70 % 

voltage dip. Depending on the voltage dip magnitude 

and duration, the stability of synchronous and 

induction motors may not be guaranteed, and shut 

down the operation would be the best choice, 

scarifying the economic consequences [42]. On the 

other hand, a voltage swell is an increase of the load 

voltage below 160% and above 110% of the rated 

value that lasts for less than 1 minute and more than 

half a cycle [44-48]. An example of a 130% voltage 

swell is depicted in Figure (3-b). Voltage swells are 

not as common as voltage dips, but their 

consequences are more pronounced. 

    

 

Figure 3- (a) 70 % voltage dip and (b) 130 % voltage swell 

 

 

In principle, a voltage swell implies an excess of 

energy coming to the load and must be quickly 

absorbed.  Otherwise, it would damage the sensitive 

equipment, or at best, the protection system would 

trip the whole plant.  

A short interruption is defined as the loss of power 

so that the utility voltage goes below 10 % of its 

nominal value for less than 3 minutes, according to 

the European standard EN-50160 [47] and 2 minutes 

according to the standard IEEE-1250. The main 

reasons for short interruptions are the operation of 

the automatic reclosers in power systems and 

equipment failure.  

 

3. Proposed Tuning Technique of the PI 

Controller 

A. Ant Colony Optimization (ACO) Technique 

Normally, in automatic control, the optimization 

process consists of finding the optimum value of 

the controller parameters so that a closed-loop 

system consisting of an ant-based PI controller and 

an unknown plant can minimize or optimize a given 

cost function.  The objective of the proposed 

controller is to minimize the actual closed-loop 

specification such as maximum overshoot (Mp), rise 

time (tr), settling time (ts), and steady-state error 

(ess).  The effectiveness of the proposed controller 

is quantified by the weighted goal achievement 

method as a performance criterion, which uses the 

actual closed-loop specification of the controller  

 

 

system: Mp, tr, ts, and ess to evaluate the fitness 

function. This is done by summing the squares of 

the errors between actual and specified 

specifications as shown below [53]. 

  
 

   (      )   (      )   (      )   (        ) 
                   

(1) 
c1: c4 are positive constants (weighting factor), their 

values are chosen according to prioritizing their 

importance, trd is the desired rise time, Mpd is the 

desired maximum overshoot, tsd is the desired 

settling, time, and essd is the desired steady-state 

error. 

In the ACO algorithm, computational resources are 

allocated to a collection of artificial ants that exploit 

an environmentally mediated form of indirect 

communication to find the shortest route from the 

ant nest to the destination set [50, 51].  The natural 

metaphor which is based on ant algorithms is that 

of ant colonies.  Real ants can find the shortest path 

from a food source to their nest, without using 

pheromone information by using visual indications. 

Ants emit pheromone on the ground when walking 

and are likely to follow pheromone previously 

deposited by other ants.  The ant chooses a route 

that will pass from point r to point s on a journey 

with probability: 

 (   )  
 (   )

∑ (   )
       

                                  (2)                                        

matrix γ (r, s) represents the amount of pheromone 

intensity between points r and s.  Then the 

pheromone will be updated via the following 

equation: 
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 (   )     (   )     (   )                          (3)                                

 

where α with an interval of 0 <α <1 is power hold a 

pheromone, then (1- α) represent the evaporation 

that occurs in pheromones and Δγk (r, s) is the 

number of pheromones that ants drop on the route 

(r, s). 

 

Pheromone trail (r, s) for the best trips which ants 

have done (ants that produce optimal parameters 

PI) will be updated using the following equation: 

 

 (   )     (   )  
 

     
         

                  (4)                             

 

where Q is a positive constant which is a very large 

value. To prevent stagnation (a situation where ants 

will follow the same route, which is where will get 

the same solution), then trace strength of 

Pheromone is limited at the following intervals: 

 

 (   )  {
          (   )      

         (   )      
                      (5)                     

 

The upper and lower limits are as follows: 

 

     
 

       
                                                        (6)  

                                    

     
    

                                                             (7) 

              

where M is the number of ants that do travel.  The 

solution of the ant colony's journey in optimization 

PI parameters are plotted into a graph until the 

maximum limit of iterations. Travel with the best 

solutions from the ant colony (optimal parameters 

of PI) for each iteration is plotted to the maximum 

iteration limit.  Flowchart of the Ant Colony 

method Optimization used to look for parameters 

the optimal PI is shown in Figure (4) [52]. 

 

B. The Implemented Controller of The BLDC 

Motor 

The implemented controller consists of two loops: 

an outer speed controller and an inner dc voltage 

controller. The outer speed controller compares the 

desired speed Nr
*
 to the actual rotor speed Nr and 

consequently, an error signal is generated.  This 

error signal is processed by the PI controller to 

generate the DC reference voltage, which is the 

input to the inner-loop controller.  The inner-loop 

controller estimates the required duty cycle of the 

buck-boost converter based on the difference 

between the reference and the actual values of the 

dc output voltage. An illustrative diagram of the 

system and controllers is shown in Figure 5  

 

 

             Figure 4- Flow chart of the Ant Colony 

          Optimization Technique 

 

 

4. Simulation Results 

A BLDC model (that is built-in MATLAB/ 

SIMULINK) has been used to verify the efficacy of 

the controllers and investigate the motor operation 

under the disturbed utility conditions.  The Ant-

Colony Algorithm has been implemented to tune 4 

controllers gains: KPN, KIN for outer-loop controllers 

and KPdc, KIdc for the inner-loop controllers. 
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Figure 5-  BLDC with two-loop control 

The parameters of the Ant-Colony Algorithms are: 

No. of ants = 100, initial value of pheromone = 

0.06, evaporation parameter = 0.95, positive and 

negative pheromones are 0.2, 0.3, respectively.  The 

PI parameters were obtained using ACO at the 

general operating point. It is therefore not essential 

to achieve new values for these parameters. In 

particular, there are slight differences between the 

other operating points.  This results in the gains to 

be: KPN = 0.787, KIN = 117.58, KPdc = 0.935, KIdc = 

229.09. Then, the simulation model has been 

implemented with the above gains using 

SIMULINK. To generate voltage dips, swells, and 

interruptions, a programmable supply was modeled 

and incorporated in the simulations. The parameters 

of the BLDC motor are given in the Appendix. 

 

A. Case 1: 70 % Balanced Voltage Dip 

The most common dip type is the unbalanced 

voltage dip, while three-phase balanced voltage 

dips do not occur frequently. However, the case of 

a balanced voltage dip is investigated here as it is 

the most severe case for such a system because the 

controller and the DC converter would need to 

compensate for a considerable amount of power 

during the dip. In this case, the supply voltage dips 

to 70 % of its nominal value for a duration of 0.5 s 

(25 cycles) as displayed in Figure (6-a). 

Consequently, the rectified voltage also drops from 

500 to almost 350 V (70 % as well) as shown in 

Figure (6-b). The dc input voltage of the inverter 

tends to decrease as a response to the dip of the 

supply, but the controller responds and restores it to 

its nominal value within approximately 40 ms as 

depicted in Figure (6-c). This behaviour is 

pronounced by the increase in the duty cycle of the 

Buck-Boost switch from 0.5 to roughly 0.6 as 

shown in Figure (6-d). The speed response is 

illustrated in Figure (6-e) where the controller has 

been able to keep the speed at its nominal value 

within 50 ms with a 9 % undershoot and 8 % 

overshoot at the start and the end of the dip, 

respectively. In order to compensate for the voltage 

dip, the controller forces the supply current to 

increase from 25 to 36 A as displayed in Figure (6-

f) during the dip. It is important to clarify that the 

developed torque of the motor was kept unchanged 

as depicted in Figure (6-g) because the controller 

has responded relatively quickly and accurately 

restoring to the motor voltage to its nominal value.  

 

B. Case 2: 60 % Balanced Voltage Dip 

A more severe case is studied here and again it is 

not a common one. The grid voltage is decreased 

from 220 to 132 V as shown in Figure (7-a) and the 

rectified voltage consequently decreases to 300 V 

during the dip as illustrated in Figure (7-b). Figure 

(7-c) illustrates that the output voltage of the DC 

converter is kept constant during the dip and the 

controller successfully restored it to the nominal 

value by increasing the duty cycle 8 %, compared 

to the 70 %-dip Case as displayed in Figure (7-d). 

The speed of the BLDC motor is unchanged, albeit 

the severity of the dip as shown in Figure (7-e). 

This is manifested in the longer time it takes to 

settle down which is 80 ms in this case, compared 

to 50 ms in the case of 70% dip. As the dip is more 

severe, the DC converter must draw more current 

and this is depicted in Figure (7-f) where the 

current raised to 45 A. More importantly, the DC 

converter control was able to keep a constant-power 

operation of the BLDC motor as displayed in 

Figure (7-g) and hence protected the motor against 

under voltages. 
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Figure 6- Performance of the BLDC motor in 

the case of 70 % balanced voltage dip for a 

duration of 0.5 s; a: Grid Voltage, b: Rectified 

Voltage, c: Input Voltage of Inverter, d: Duty 

Cycle of DC Converter, e: Motor Speed, f: 

Grid Current, and g: Motor Torque 

(a) 

(c

(b) 

(d) 

(e) (f) 

(g) 
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Figure 7- Performance of the BLDC motor 

in the case of 60 % balanced voltage dip 

for a duration of 0.5 s; a: Grid Voltage, b: 

Rectified Voltage, c: Input Voltage of 

Inverter, d: Duty Cycle of DC Converter, 

e: Motor Speed, f: Grid Current, and g: 

Motor Power 

 

(a) 

(c) 

(b) 

(d) 

(e) (f) 

(g) 
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C. Case 3: 130% Balanced Voltage Swell 

 

In this case, the grid voltage is increased to 286 V 

(1.3 pu) as depicted in Figure (8-a). A voltage swell 

may occur due to a capacitor-bank energizing at the 

grid side and it lasts till the grid voltage regulator 

restore it back to the nominal value. Here the 

duration of the swell is 0.5 s (25 cycles). 

Due to the voltage swell, the rectified voltage has 

also increased almost to 1.3 pu as well as displayed 

in Figure (8-b). Responding to the swell, the dc 

output voltage of the buck-boost converter tends to 

increase but the controller was proven to restore it 

within 40 ms as shown in Figure (8-c). This was 

realized by decreasing the duty cycle to from 0.5 to 

0.4 as displayed in Figure (8-d). Consequently, the 

speed of the BLDC motor was controlled and kept 

unchanged at its nominal value, Figure (8-e). The 

input current of the converter must decrease, Figure 

(8-f) to keep the motor constant as illustrated in 

Figure (8-g). 

 

D. Case 4: Unbalanced Voltage Dip 90, 70, and 50 

% 

 

Unbalanced voltage dips are more common and 

mainly occur due to single-phase or double phase to 

ground short-circuit faults. In this case, the grid 

voltages are subjected to an unbalanced dip with 

phases a, b, and c drop to 90, 70, and 50 %, 

respectively as illustrated in Figure (9-a). In 

response to the grid-voltage unbalance, the rectified 

voltage drops to an average value of roughly 66 % 

with a ripple magnitude of 10 % as depicted in 

Figure (9-b). Such ripples are reflected in the output 

DC voltage but with less magnitude (6 %). 

However, the controller was able to compensate for 

the dip as displayed in Figure (9-c).  

The duty cycle has increased from 0.5 to 0.58 to 

compensate for the motor as shown in Figure (9-d). 

There are some ripples in the motor speed as well 

due to the unbalance as shown in Figure (9-e), but 

they are small and may not influence the motor 

operation significantly. Figure (9-f) illustrates that 

the input current has increased but with different 

magnitudes as the phases have different voltage 

magnitudes. The motor power of the motor is 

compensated but with some little ripples as 

displayed in Figure (9-g). 

 

E. Case 5: Short interruption of one pha.se of the 

grid voltage 

 

In the case of a single line to ground fault at the 

grid side, normally one phase is completely lost, 

and its voltage drops to zero until the fault is 

cleared. This is known as a short interruption. Here, 

this case is simulated, and the grid voltages are 

shown in Figure (10-a). Therefore, the rectified 

voltage is reduced to about 80% as depicted in 

Figure (10-b) but the output voltage of the DC 

converter is maintained at its nominal value as 

shown in Figure (10-c) by increasing the duty cycle 

as represented in Figure (10-d). The motor speed is 

unaffected by the phase lost as the controller 

successfully keeps it at its nominal value, Figure 

(10-e). The currents of the healthy phases have 

increased, Figure (10-f), to compensate for the 

power lost during the dip as depicted in Figure (10-

g). 

  

F. Case 6: Short interruption of two phases of the 

grid voltage 

 

An extreme case is assumed here just to test the 

performance of the controller. That is two phases 

are completely lost due to a double phase to ground 

fault as depicted in Figure (11). The performance of 

the controller is like case 5 as shown in Figure (11) 

but at the expense of a high value of the grid 

currents and a longer settling time (60-ms).  

  

5. Discussions 

 

The adopted solution is capable of mitigating 

voltage dips, swells, and short interruptions. 

However, depending on the sensitivity of the driven 

load of the motor and the severity of the local 

disturbances where the motor is installed, more 

options might be visible. One option could be 

oversizing the dc-link capacitor and in this case, 

there is no need for a buck-boost converter. Of 

course, this is a good solution, but it will not work 

for variable speed operation. Other options could be 

the use of a controlled rectifier, either single-phase 

or a three-phase. For instance, using a PWM 

rectifier would have more advantages other than 

controlled input dc voltage, which includes 

improving the supply power factor and minimizing 

the supply current distortion. On the other hand, it 

is worth noting that using the adopted buck-boost 

converter might reduce the power factor at supply 

terminals as well as increase the supply current 

distortion. However, as the duration of voltage dips, 

swells and short interruption are in the range of 0.5 

cycles to less than a minute, the adopted solution 

will not significantly influence either the supply 

power factor or the supply current distortion. If any 

of the two factors is an issue, the buck-boost 

converter can be operated only if an event is 

detected. Otherwise, it is bypassed using a thyristor 

crowbar, for instance. In general, the choice of a 

particular solution is not an easy task and it will 

require conducting a feasibility study taking into 

account all the above-mentioned factors in addition 

to the total cost of the system. 
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Figure 8- Performance of the BLDC 

motor in the case of 130 % balanced 

voltage swell for a duration of 0.5 s; a: 

Grid Voltage, b: Rectified Voltage, c: 

Input Voltage of Inverter, d: Duty Cycle 

of DC Converter, e: Motor Speed, f: Grid 

Current, and g: Motor Power 

 

(a) 

(c) 

(b) 

(d) 

(e) (f) 

(g) 
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Figure 9- Performance of the BLDC motor 

in the case of unbalanced voltage dip with 

magnitudes: 90, 70 and 50 % for a duration 

of 0.5 s; a: Grid Voltage, b: Rectified 

Voltage, c: Input Voltage of Inverter, d: Duty 

Cycle of DC Converter, e: Motor Speed, f: 

Grid Current, and g: Motor Power 
 

(a) 

(c) 

(b) 

(d) 

(e) (f) 

(g) 
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Figure 10- Performance of the BLDC motor in 

the case of a single-phase short interruption of 

the grid for a duration of 0.5 s; ; a: Grid 

Voltage, b: Rectified Voltage, c: Input Voltage 

of Inverter, d: Duty Cycle of DC Converter, e: 

Motor Speed, f: Grid Current, and g: Motor 

Power 
 

(a) 

(c) 

(b) 

(d) 

(e) (f) 

(g) 
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Figure 11- Performance of the BLDC motor in 

the case of a two-phase short interruption of the 

grid for a duration of 0.5s; a: Grid Voltage, b: 

Rectified Voltage, c: Input Voltage of Inverter, 

d: Duty Cycle of DC Converter, e: Motor 

Speed, f: Grid Current, and g: Motor Power 
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6. Conclusions 

This paper has investigated the operation and 

control of the BLDC motor under various 

disturbance conditions such as voltage dips, swells, 

and short interruptions.  To control the performance 

of the motor, a buck-boost converter is exploited.  

The converter is controlled by a two-loop cascade 

PI-controllers: outer loop for the speed control and 

inner loop for the dc voltage control.  The Ant 

Colony Optimization technique has been 

implemented to tune the gains of the PI controllers 

to obtain the desired transient and steady-state 

responses.  The operation of the motor and the 

controllers was tested via extensive simulation in 

MATLAB/SIMULINK with balanced and 

unbalanced grid disturbances. The simulation 

results proved that the designed controllers can 

compensate the motor and restore its speed and 

torque to the desired values with the desired 

response. The proposed configuration with the 

optimized controller proved to be one of the 

possible solutions to increase the ride-through 

capability of the BLDC motor against major power 

quality problems. However, more research work is 

needed to explore other options.  
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Appendix: Motor Parameters 

 

Rated Power: 17 hp 

Rated Speed: 4000 rpm 

Rated Torque: 30 Nm 

Stator phase resistance Rs: 0.7 Ω 

Stator phase inductance Ls :2.72 mH 

Back EMF flat area: 120O 

Inertia 0.8g.m2 

viscous damping: 1 mN.m.s 

pole pairs: 4 

Reference: https://www.miromax.lt/en/apie_mus 


