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<Abstract>

This paper proposes an optimal current control method for improving efficiency of 

Brushless Direct Current (BLDC) motor. The proposed optimal current control method 

is based on the maximum torque point analysis of Finite Element Analysis (FEA). The 

proposed method can increase the effective voltage at the maximum torque point of 

BLDC motor and increase the output torque per unit current to increase the 

efficiency.

In order to verify the proposed optimal current control method, have developed the 

prototype of a 50 [W] class motor drive and experimented by 20 [W] motor using the 

dynamometer set. This was verified.
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1. Introduction

Brushless direct current (BLDC) motors 

have a higher efficiency than the DC motors 

and induction motors because of the high 

torque and high power density.

BLDC motors are also easy to control 

speed and variable speed. Since there is no 

brush and it can be used semi-permanently, 

DC motors and induction motors are being 

replaced.

Generally, the BLDC motor control methods 

can be divided into PMSM (Permanent 

Magnet Synchronous Motor) and BLDCM 

(Brushless Direct Current Motor) by the Back 

Electromotive Force (Back-EMF) waveform.

PMSM are sinusoidal with back-EMF and 

3-phase 3-excitation operation to control 

current with sinusoidal waveforms. There are 

required to detect the position of the 

continuous rotor in order to drive the motor 

in a stable manner. BLDCM are square 

waveform with back-EMF. The 3-phase 

2-excitation operation is performed to control 

the current with a square waveform, and the 

rotor position is detected and controlled 

every 60 degrees of the electrical angle.

BLDCM have 3-phase 2-excitation operation, 

and the motor utilization ratio is 66.7 [%], 

which is smaller than that of PMSM. 

Therefore, the 3-phase 2-excitation operation 

at the same torque output requires more 

phase current than the 3-phase 3-excitation 

operation. As a result, the maximum output 

becomes smaller. However, BLDC motors are 

widely used because they have simpler drive 

structure than PMSM and are relatively easy 

to control, making it suitable for small BLDC 

motors [1-3].

In this paper, the optimal current control 

method is proposed based on maximum 

torque point analysis. In order to improve 

efficiency of BLDC motors, it is necessary for 

improved efficiency of BLDC motor control 

methods have been studied for improved 

efficiency of BLDC motors [4-10]. As 

compared to the conventional methods, the 

advantage of the proposed method is to 

increase the effective voltage applied to the 

maximum torque point based on the Finite 

Element Analysis (FEA). Therefore, it can 

improve the efficiency by increasing the 

output torque per unit current.

To verify of the proposed optimal current 

control method, developed the prototype of a 

50 [W] class drive and experimented it by 

motor dynamometer set.

2. Maximum torque of BLDC motor

The proposed optimal current control 

method increases the effective voltage applied 

to utilize the maximum torque per ampere 

(MTPA) when the rotor of the motor is 

located at the maximum torque point. The 

current can rise quickly and the output 

torque can be increased.

Generally, the force generated when a 

rotor is placed in a magnetic field through 
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which an arbitrary stator flux flows can be 

expressed by the following (1).

    ×  (1)

Where,   is the magnetic flux density of 

the rotor,   is the magnetic flux density of 

the stator,  is the stacking length of the 

rotor.

Therefore, the generated torque is 

calculated as shown in (2).

   (2)

Where,  is radius of the rotor,   is the 

angle between  and .

The point where the maximum torque is 

generated by (2) is where the rotor flux and 

composite magnetic flux form sin90[°]. At 

this time, The rotor position angle is derived 

from flux vector and Finite Element Analysis 

(FEA).  

Figure 1 shows a vector diagram of rotor 

flux and stator flux. As shown figure 1, The 

maximum torque point is the point at which 

the rotor flux vector  and  , the 

composite flux vector of   and , form 

90 degrees. Atthistime, the position angle of 

the rotor flux vector is 60 degrees.

Figure 2 shows the maximum torque 

vector of the rotor flux and the stator flux 

of each BLDC motor. The maximum torque 
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Fig. 1 Vector diagram of rotor flux and stator 

flux

Fig. 2 Maximum torque vector for each section of BLDC motor
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point is the point at which the rotor flux 

vector  and  , the composite flux 

vector of   and  , form 90 degrees. At 

this time, the position angle of the rotor flux 

vector is 60 degrees, and the maximum 

torque point of each section occurs at 

intervals of 60 degrees.

3. Maximum torque analysis

FEA is performed by 2D modeling of BLDC 

motor based on analysis using a flux vector 

diagram. Figure 3 shows a BLDC motor FEA 

model. And The parameters of the motor are 

shown in TABLE 1. The maximum torque 

point of each section is derived through FEA 

of BLDC motor. In order to analyze the 

torque characteristics of each section, divided 

into 6 sections by a flux vector diagram of 

the BLDC motor.

Fig. 3 BLDC motor FEA model (4 pole 6 slot)

Parameter Value

Rated output power [W] 20

Rated speed [rpm] 3000

Rated current [A] 1.4

Rated torque [mNm] 63

DC_Link[V] 30

Phase resistance[Ω] 0.9

Phase Inductance[mH] 1.35

Number of Pole 4

Number of Slot 6

Stator Diameter[mm] 50

Rotor Diameter[mm] 30

Depth[mm] 15

Table 1 Parameters of BLDC motor

As a result, it was found that the 

maximum torque was generated at about 30 

degrees at the machine angle and about 60 

degrees at the electrical angle. Also, it can 

be seen that the maximum torque is 

generated at equal intervals in each of the 

section according to rotor position. Figure 4 

shows the torque generation ratio according 

to rotor position.

Fig. 4 Torque generation ratio according to 

rotor position (4 pole 6 slot)
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4. Proposed optimal current control 

method

The optimal current control method 

increases the effective voltage applied to the 

maximum torque point. Through this optimal 

current method, increasing the effective 

voltage when the rotor of the motor is 

located at the maximum torque point, the 

current can rise quickly and the output 

torque can be increased.

Figure 5 and 6 shows the analysis of the 

maximum torque operating range. The control 

methods are divided into A and B patterns.

The A reference pattern in Figure 5 

indicates that the voltage command value 

rises only at the maximum torque points and 

the other points keep the voltage command 

value. The B reference pattern in Figure 6 

raises the voltage command value at the 

maximum torque point in the same way as 

the A reference pattern. However, in order to 

keep the average voltage equal to the 

existing pattern, the other section is 

decreased by the voltage command value 

raised earlier.

5. Experimental results

In order to verify the proposed optimal 

current control method, 20 [W] BLDC motor 

and motor drive were experimented extensively 

with dynamometer load. Figure 7 shows the 

experimental system configuration of the BLDC 

motor drive.

Fig. 7 Experimental system configuration of 

BLDC motor drive

ref(A) ν Pattern

refInitial ν

ref(A) ν Pattern
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Fig. 5 Maximum torque section analysis - 

A reference pattern
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Fig. 6 Maximum torque section analysis - B 

reference pattern
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Figure 8 to 12 below show characteristic 

waveform when operating under rated load.

Figure 8 shows the waveform of 

conventional BLDC control. As shown current 

waveform, the peak current value is 1.057 

[A].

Figure 9 shows that the variable duty is 

increased by 5 [%] only at the maximum 

torque point. As shown current waveform, 

the peak current value is 1.05 [A].

Figure 10 shows the waveform when the 

variable duty is increased 10 [%] only at the 

maximum torque point. As shown current 

waveform, the peak current value is 1.049 [A]. 

Figure 11 shows the shows the waveform 

when the variable duty is increased by 5 [%] 

at the maximum torque point and by 5 [%] 

decrease at the other section. As shown 

current waveform, the peak current value is 

1.042 [A].

Figure 12 shows the waveform when the 

variable duty is increased by 10 [%] at the 

maximum torque point and by 10 [%] 

decrease at the other section. As shown 

current waveform, the peak current value is 

1.04 [A].

Therefore, under the same output power 

condition, it is the highest efficiency when 

Fig. 8 Characteristic waveforms at rated load 

operation when conventional BLDC 

control

 
Fig. 9 Characteristic waveforms at rated load 

operation when variable duty is 

increased by 5 [%]

Fig. 10 Characteristic waveforms at rated 

load operation when variable duty is 

increased by 10 [%]
 

Fig. 11 Characteristic waveforms at rated 

load operation when variable duty is 

increased by 5 [%] and by 5 [%] 

decrease
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the variable duty is increased by 10 [%] at 

the maximum torque point and 10 [%] 

decrease at the other section. Because the 

input power is reduced due to the input 

current value is the smallest.

Figure 13 shows the efficiency curve 

according to the variable duty. The results of 

the experiment are shown in TABLE 2.

Under the same output power condition, 

Experimental results show that the efficiency 

is improved by 1.3 [%] when the variable 

duty is increased by 10 [%] at the maximum 

torque point and decrease by 10 [%] decrease 

at the other section.

6. Conclusions

This paper proposed an optimal current 

control method for improving the efficiency 

of BLDC motors. The maximum torque points 

were derived by using the FEA and flux 

vector analysis of the BLDC motor. And 

maximum torque point per ampere was 

increased by varying the applied effective 

voltage reference value using the proposed 

method.

The feasibility of the proposed method was 

verified through experiments of 50 [W] class 

motor drive and 20 [W] BLDC motor. The 

proposed optimal current control method is 

expected to be applied to small size BLDC 

motor drive which have economical and 

similar capacity that do not require additional 

hardware.
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