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Abstract: In this paper, we deal with the development of a HIL (Hardware-in-the-Loop) simulator for BLDC motor driving using a
microcontroller. We propose a modified BLDC model for the simulation of a BLDC motor using a microcontroller. The proposed HIL
simulator is developed using various peripherals of STM32F407 (ARM cortex-M4 based microcontroller). The proposed HIL simulator
consists of three parts. First, the part simulating the inverter analyzes the input PWM signals to calculate the corresponding input voltage.
This part detects wrong PWM signals or shoot-throughs of the half-bridge. Second, the BLDC motor part is implemented by solving the
modified model equations in real time. Finally, the third part generates the output of the BLDC motor. The HIL simulator generates the
Back Electromotive Force (BEMF) waveform and signals of a rotary encoder and a hall sensor. Sensor signals are generated using a timer
interrupt. The BEMF waveform is implemented using DAC. Moreover, a generation method using PWM and RC filter is presented.
Through experiments, we illustrate that the developed HIL simulator accurately simulates the BLDC motor. Furthermore, we confirm that
the BLDC motor drive algorithm designed with the developed HIL simulator can be successfully applied to real BLDC motor driving
systems.

Keywords: BLDC motor drive, BLDC motor simulation, HIL simulator, microcontroller

L ME SETH24]. 3 1Ko G3E wol7] 9% dF =
do Bmas AT AW ohie} ArLE g Fgshe A7} AoHS) HIL ABACIEE ol g3 wsg
e SEWAS T B Gl TSRS DT g iz s v Asel 9o} el whia

[e] o) L2 =, 3z S = 3]

APl B A glnk SEA Bad A o2 ol T8 20| Abeblch e A Alddel E1 3

59, S £¥EE B we ARERE AN Aw S0 L0 L e .
g | =38 mawgel Zvketa itk ol - soem

At BEEANE 7uE ¢ ok

#< BLDC EE& RC ®4l ofg} 7MAAIE, Aol
H, A% Z1REe} 22 A7) 283 A7AEA 74 o
2 HololA gyl 2o]a 9t} BLDC RHE 753817 9
e AFE ST AAE A $X|ol we Hvt
A F= 979 753271 83t BLDC BE 75 Al
ZHS Matlabo 2 AlEH O s A7FEC] ATH6,7]. Al
E#o]AdS 53] BLDC EHO HAF-EI B4, B3 gJZ
53 e EALS A7 AojgdndgE AA o] &3t}
SHAIRE Matlab< ©]-83F AT-EL AATE AlEH ] B
7F&3ity. BLDC RE| 759 A AlE#HolAS ¢35t
FPGA %2 CPUE o|83h= d7E°] W= ATHS,9,10].
A AFEL 17k FPGA EEE o|83lAY dexe

M ol2HoF il A A
Ao)7], HAFA T 22 ‘% XJH]%O] %&‘3}1‘/}. Ehey
Zke] wsdk 2o g Qlete] A Ao v ¥ dholy
gt Al AR S F Atk olHd < ddd
wAE sidstal o] arlel A AHE tAd 5 9l
= A"t dg Aol dao] Stk

0 9
2
mlo
Oko
%
1 5
r°l'
mlm
5
Jm

[1]. HILS:= EH*POI = Alé%‘«l ‘—3—*3% %a‘ﬁ}ﬂl EARS|
o AlEZo)lAS 3T} HILSE 53 Al2H9 7H%€— A|1Zk

3ouleg Y B ohie AP Fol erd & e 9 i e

e e o g0l vehd At e o83l AEOIHE ST

A4S Eoled =& FUh HILSE AsAl, 397, - - o apaie
237R= BLDC REE T8l SEA0lE sdshs

A 3 e olg] BohollA] Azwle) AFT Aol AL

*Corresponding Author

Manuscript received September 10, 2018; revised October 31, 2018; accepted November 9, 2018

Z8-, 0|94t dststn 77]5-8t2Kjbw0803@gmail.com, lys@inha.ackr, ORC 0000-0003-0665-1464)

¥ o] =2 20179E AT AU R SF=mATATe] A LS ol FE AFYNo. 2017R1D1AIB03029578).

Copyright© ICROS 2018



1102 BongEon Jo and Young Sam Lee

gtk A4S AYshe B¢ 89 = 7}
A Aylo] W e7]19] ZolA JIMEE FEAAHTE F
ZAAE FES AFE st JAHEZE £43FEE dol
TS| = 3t ©]& F8 BLDC REIE 755 BA
& e AEFCEH Heds AT B =RdMs
o] ARHEEHE ©]83ste BLDC EE 9 %%Alé%lﬂl
gk HIL AlEHelHE T3t A#HS 7PHes 14y
Ao i3k A4 Qlo] BLDC RES T5317] 93k Ao
7] AAAEE ﬂ%é F e AE st aA) ok

2 =5 Zo] FAHT 9A IEeA+ HIL
Al EH o] E] ol A %Ero}—: BLDC EE]Y 2 2le 73
o Tl g MAdAE rlo|A2AEERE ©]-83F BLDC
REE T%F HIL AE#IEH TS ARt IvE oA
= /g HIL AEECIE Y A3S 78gste] Aor|g 4
AL HFH oz vl d2S A%

0

[e]

. BLDC ZE ZHZ

A 02 o] Folzl Ak e
2 B4 dd %ﬂ%%: EEFolof At EaE A
. o= s|HAte] AAE AE3H] sk
= A}%f?_t}. BLDCEH] dAd HAF{FE &7
stod JIWEIE AMgSiTh OIF 12 3 3R HIX| AW
o] 83 34 yd4e| BLDC REHE 75317 98 Al

o ot (2 £
N
iy
o
iy
m9

o
o
v

a9 29 22 34 239 BLDC REHE 7PHshd o
I 2o APPAAE A& 4 U1

di,
u, =Ri +L —+e

a sTa S dt a
— ity 0
Uy = L1 s dt €p
di,
u,=Ri,+L,—+e

A7l A we RS, ie AR, e
ﬂx} a,b,c= BLDC REQ| 7+ #A

< BLDC XEE|] #XM9 A3 JAYelx~E
XV#OH 3k A71A9 e} REVF WA= B T, 4

m
L
i
,

N &

o
4

Inverter

I Controller circuit

1% 1. BLDC &E| 75 A 2=,
Fig. 1. BLDC motor driving system.

7% 2. BLDC 2H9] 57132,
Fig. 2. Equivalent circuit of a BLDC motor.
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Fig. 3. Equivalent circuit of modified BLDC motor.
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Table 1. Data of the used BLDC motor.

Parameter Value
A 5 (P) 4
47 A<t 36[V]
BHE LT 16700 [rpm ]
Rt AR 485 [mA]
r2EET 3510 [mNm ]
2= AR/ 171 [A4]
R, 0.105 [£2]
L, 0.0185 [mH]
k, 20.5[mNm/A]
J 33.3[gem?]
BEAR 56810 ° [Nm-s]

firing_signal [«

Firing Signals
36 Vs -
uab,ubc uab,ubc position
Os P eabc e

labea - L iabcz
Inverter
— BLDC motor block

TL

719 4. BLDC &E 7-&°l th3k Simulink 22,
Fig. 4. Simulink model for BLDC motor driving.

]
- J.s+kf

e

1% 5. A% BLDC 2H Simulink =2,
Fig. 5. Simulink model for modified BLDC motor.
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Table 2. Specification of computer for simulation.
CPU Intel 17-4770
RAM 8 GB
os Win 7, 64bit
Program Matlab R2016a
200 ;
—BLDC-a
150 - —BLDC-b
I\ BLDC-c
100 = modified BLDC|
2
§ N
~g 0 UIN s ——
-50
-100
-150 ' : :
0 0.005 0.01 0.015 0.02
time(s)
719 6. BLDC 2E| ¢} 4% BLDC 2H | A& ol 27
A%
Fig. 6. Simulation results of BLDC motor and modified BLDC

motor : current.
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Fig. 9. Configuration of BLDC motor drive HIL Simulator.
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Development of a Hardware—in—the—Loop Simulator for BLOC Motor Driving Using Microcontroller
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Fig. 12. State transition diagram for encoder signal generation.
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Fig. 13. State transition diagram for hall sensor signal generation.
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Fig. 19. Actual BLDC motor drive system.
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