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Inverter Losses Reduction for Rectangular Drive BLDCM
using Synchronous Rectification

Myung-Joon Namw, Hag-Wone KimT, and Kwan-Yuhl Cho”

Abstract

In this paper, the inverter switch losses of BLDC motor for three types of PWM methods and power devices
were analyzed. When the BLDC motor is driven at low currents, the inverter switch losses for MOSFET are
low because MOSFET operates like resistance. However, the inverter switch losses for IGBT are higher than
MOSFET due to its large turn-off losses. Moreover, synchronous rectification switching method is adaptable
because MOSFET has 2-channel. So, MOSFET can be driven with more low impedance and losses. For low
power inverter with MOSFET, the power losses of unified PWM are lower than that of unipolar and bipolar
PWM. Proposed method and losses analysis results are verified by examination and simulation using

Matlab/Simulink.
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TABLE 1 TABLE I
CHARACTERISTICS OF MOSFET, IGBT AND DIODE SWITCH LOSSES FOR MOSFET (Unit : mW)
MOSFET Method P ir P diode | P total
Symbol Value Unit | Symbol Value Unit Unipolar 1572 198.63 214.35
tr 58 ns tr 28 ns Bipolar 5315 4712 100.27
Ras(on) 3 mQ Modified Bipolar 20.70 2061 41.31
MOSFET-diode
Symbol | Value | Unit | Symbol | Value | Unit TABLE I
v, e v o % s SWITCH LOSSES FOR IGBT (Unit : mW)
IGBT Method P_tr P_diode P_total
Symbol Value | Unit | Symbol Value | Unit Unipolar 967.30 330.90 129820
& 30 ns t 150 s Bipolar 1946.75 456.20 2402.95
jom 160 u Bt 205 uJ Modified Bipolar 963.78 32751 1291.29
Vee(sat) 16 Y
IGBT-diode Rl
Symbol Value | Unit | Symbol Value | Unit 0_; ‘ avr:200.58 mW
Vi 1.75 \4 tor 180 ns
d \ |
- b
M i
Eiepr = Bna ¥ Bow = Veria) tc To + (B, B, ff) f 5) P 360
Eprope = Eeonat Bow = Vel Lo TE, f 6) e

b

Aol AbgH MOSFET# IGBT 2 tho] Q=9

13 2t
63 e ERA2E O A5 A s AIRE
FiL, Ragon MOSFET O] AXE wo] =#|91-
5 ALS gudit). Vis tholeze] ek
bt A3EAS oWdtt B9 Egpc E
A ol A wf BASE v B &
IGBT7+ 74&1% u, AE et omEIE A
1% Al A oyA &

(e FUZ
i

Jim
2 ox 7
NIy
oy

o
ol

2
A=
ol

k1

B
[
i)

y Vce( ﬁat)

I
wr L
>
= _1:1_’
i flo
2 ¢
-
=

=
T
o
T
o
o
ol
%

W2
N lo
ot o
O o
-
o
o o, o
ey
)
S
AN
o
EL

U B TR A w A < R A e el
oft *

ro

S

[‘ﬁl a1z

3 oy
A
=2
2
o
T
il
k)

<,
o
o
I
b
{12
o
i
X,
i3
o
_?{_"
o
o

o

[
Lo

i

o,

[

)

)

2 o%

M

mln rZ
Mo

offt

~N

o

(| :1m
B

oy
0,

it
©
:
o
B %

e rlo B ooy o

oft <
lo ¢
fr

360
degree[*]

(b) Bipolar PWM

| avr:34.42mW

T T

degree[*]
(c) Modified Bipolar PWM ¢

Fig. 9. Instantaneous power analysis of MOSFET inverter
at low current.
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TABLE IV

PARAMETERS OF TEST MOTOR
Parameter Mark | Value Unit
Rated Power Pry 257 W
Rated Speed rpm 2500 pm
Rated Current Tt 1.62 Arms
DC link voltage Ve 24 \Y%
number of poles P 8
EMF Constant & 7 mVsec
Phase Resistance R 1.29 Q
Phase Inductance L 22 mH
PWM frequency fow 10 kHz

12. Power analyzer connection for
measurement.
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