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 a) using Textual Programming Language (TPL); 
 b) using Schematic Block (SB). 
 The first of these methods requires a considerable amount of knowledge of the organiza-
tion and operating principle of FPGAs, but it offers high description capabilities of simulated 
systems (including physical properties of semiconductor structures of power electronic swit-
ches) [18-20]. 
 The other method, SB, is based on library elements made available by FPGA manufactu-
rers [10, 11]. The simulation employs predefined arithmetic operation blocks which are con-
nected by the user and form a calculation model. This method is simple and does not require 
specialized knowledge of FPGA programming. The development of this method allows for 
model creation using Altera DSP Builder or Xilinx System Generator blocksets within Matlab/ 
Simulink [12]. In this method, the model of the analyzed object is created in the Matlab/Simu-
link environment. The advantages of the SB method are the use of numerical calculation 
methods applied in the Matlab environment and the capability of constructing even very com-
plex models in a short time, with or without the knowledge of FPGA programming principles. 
 This paper presents a model of the BLDC motor, feeding inverter and closed control sy-
stem. The motor model was executed using the HIL method and a floating point description. 
The motor model and the control system were executed in a single FPGA using the VHDL 
language. An advantage of this approach in relation to the aforementioned solutions is the 
capability to test control system algorithms and protections in the form of an environment in 
which they will actually operate (Quartus II). This is a capability not offered by any off-line 
method. In this paper, an inexpensive method of validation of the control systems of electronic 
power converters with the example of a BLDC motor control system is presented. The des-
cribed method is characterized by very high calculation accuracy (64-bit floating-point type 
has been used for the description of the mathematic model of the BLDC motor). Moreover, it 
does not require the purchase of expensive software or an IP Core license (no IP Core has 
been used in the presented solution). Free software (Quartus II Web Edition) and an FPGA 
chip from the inexpensive Cyclone III family are sufficient in order to realize this method. 
 
 

2. Motor mathematical model 
 
 Fig. 2 shows a substitute diagram of a brushless motor in a linear range with the inverter. 

    

 
Fig. 2. BLDC motor substitute diagram 
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Fig. 5. Connection diagram of BLDC motor generated by RTL tool 
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experiments were equal to 0.7. The ripple current and time constant for both courses are 
identical. This proves correctness of the RTs. 
 


 


 
Fig. 6. Back EMF courses for: a)10,512 rpm speed; b) 6,852 rpm speed 

 




 
Fig. 7. Phase current courses recorded at 5,450 rpm speed at a) time base 2 ms/div b) 400 us/div c) phase 

current of the real motor and RTs 
 

 Fig. 8 shows (phase current, angular velocity, mechanical torque) courses recorded at the 
constant duty cycle and a step change of the load torque.  
 

 

 The courses in Fig. 8 correspond to the expected ones. At the constant duty cycle and the 
step change of the load torque of the motor, the rotational speed decreases and thereby the 
maximum value of rotation electromotive force decreases, which in turn results in an increase 
of the momentary value of the phase current. After the mechanical load torque decreases, the 
speed and back EMF increase while the value of the current decreases. 
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Fig. 8. Current, rotational speed and load torque courses 





Vol.  65 (2016)           Low cost, high accuracy real-time simulation used for rapid prototyping 477 

 The delay in increasing of the motor phase current after the step change of the load torque 
(Fig. 10) is caused by the algorithm used for the motor speed measurement [26] (measurement 
result after 1/6 revolution). 
 
 

7. Conclusions 
 
 This article presents the BLDC motor simulation execution based on its FPGA-imple-
mented mathematical model. To solve the differential equations describing the motor, the 
Adams-Bashforth method was used. To describe the variables representing of the motor state, 
the floating point notation was used, allowing the obtaining of a higher calculation precision 
(with regard to the fixed point description). The model’s functioning was verified in both open 
and closed feedback loops. 
 Additionally, the paper presents the methodology and the RTs execution method that 
enable the testing of the control system and protections for the BLDC motor. The main 
advantage of the described method is the fact that it only utilizes the standard tools offered by 
FPGA manufacturers. Owing to that and to the use of inexpensive FPGAs (Cyclone III fa-
mily), it is possible to execute the simulation without additional costs for purchasing a spe-
cialized program or simulation platform. In order to execute the described simulation, a free 
version of the Quartus II software is sufficient. 
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