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Abstract : Cost competitiveness is a critical consideration for automotive components, and cooling fan
controllers are often required to be implemented using low-cost microcontrollers with simple control
architectures. In this study, a low-cost BLDC motor using a voltage control method is applied to an
automotive cooling fan. A voltage compensator and anti-windup controller are applied to reduce excessive
current response under voltage variations. The results show that the input current is reduced from 20 A to 8
A, and the speed variation at a reference speed of 1,400 rpm is reduced from 320 rpm to 60 rpm.
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Fig. 2 Electrical waveforms in the two phase ON
operation of trapezoidal Back-EMF BLDC
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Fig. 12 Experiment equipment

Table 1 Parameter of tested BLDC

Parameter Value | Unit
Number of pole-pairs 4 -
DC link Voltage 12 \%
Armature resistance(line-line) 0.025 Q
Armature inductance(line-line) 0.123 mH
Back-EMF(@1000rpm)(line-line) | 2.92 | Vrms
y
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Fig. 13 Applied DC voltage condition

AHE|
—a

Z3A| 73

=

2ols| x| X303 3T, 2026 8



§5to] PCo A Ale]
2 F3) wUEYs dato]
719 %%, Aol
A wEel HHAE A

Fig. 14= RS232%E
d myEy T2
ot 71E9 &= A
PWME-E]7} DCE =

A% ol

Z9el

et the Bge Bk ols ARAlE =
ToPA] o LA o] A oA J%Eﬂ A5
= Zol7] f3l &= Alojr]e o]5& WA 44
3H971 ol ot

Fig. 15 QARAIZR =43 gz 2
DC = zre} apagojet. Zok Mol Hafirl A
of717F whEA BASHA] Xahrlel dwe] wew

o2 v "

SpeedFbk

Fig. 14 Serial monitoring of a conventional speed
controller(Vde: 3.9 V/div, Speed: 320
rpm/div, PWM duty: 40/div[max:500])

N

DC current

200

ISA/&N
mwdiv/'—\_

DC voltage

Fig. 15 Experiment result of a conventional speed

control (2 sec/div)

74 FHAA™IZERIA H30H 3=z, 2026'H 8

Fig. 16 Serial monitoring of the speed controller
with
3.9 V/div, Speed: 320
rpm/div, PWM duty: 40/div[max:500])
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