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Analysis of dynamic characteristics variation of BLDC motor
according to PWM modes
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Abstract - This paper presents characteristics
analysis of brushless DC motor(BLDCM) which
is driven by four types of PWM mode. The
phase current, radial force and torque ripples
are generated differently at each PWM mode.
So they have different influences on motor
characteristics. In this paper, we analyzed
characteristics of BLDCM using time-stepped
voltage source finite element method. The effect
of four types of PWM mode had been confirmed
by comparing each phase current and torque
ripple  waveform. The  compared simulation
result is useful to select a better PWM mode.

LM B

BN 2 A{FAEZI(BLDCMY F5& TAM}
22 43 AE ANZREH AR} 94X FRE i} ¢l
WElY 293 Fao) o8 AAFCREH) F_o2 o
FolNmz Anjels] 293 selo] wa} 2=} @M
T2 AR JHAY 9% ¢A 9 HE T
Ze AHY A JYE2 JRozZ Qdle Z4] o
2ol A gon, oA Wit 2T Yol Ho ik
& Eas 24A div, 14 A YoM Yz
E3E ZaA9E %ol AU wetd BLDCME 9
FAH I &2/ 9 A7) FAY Wt 9§ 37
EQRQ ol HEKA PAsle EA IF HRog
Qi FYAloj ot AL M) Aoyl H2 U
(1. 9713880 Az QA 1200 FANY
BLDCM& PWM T& o, Awele] 293 wad
g2l PWM ZEE Y 7lA2 E§8 4 sleq,
Zto] PWM W42 R3lAFe e ¥3E 9EA @
o ole 74 2= o} Ei &) 92iA]7] Wi
o, 232 ¥ HARGMY £33 R E7 YT Fe
AE7) 542 EAUg B =FdMe Ao
Y A AR FHLIYPE o83 FAF L =
A3 ¢ XA FF to]ocE ¥H =& FRES
A3 HYNYE £ e WEL AAEm, d HAY
PWM o2 FEHE AFrY EAL vz HE
4ot #MA Ao vIng 2 43y ¥ £3 S
59 AT TF 54 ZWAAN #AP PWM W&
ARG & At

22 B

2.1 34 o9 % PWM 2=

QIHlE o] PWM WAL ALFog & Al 29X
g & ex el 29X =Fd) w2} o] FhA 3y
23 ¥RY% + Atk 2§ 28 24 1200 TAL
A AE7i8 947149 B3 M 7tA PWM E2EA
29X¢] $z JHE dvepdt. o] PWM ZEE T¥
37 {18 of A7z 60° vl FH HE ¥ W o=

5o dg7t NRe] FAHE 4o 29xEe 2o 3}
I A&Hog FAHT Ye 49 298 &
3lad PWME FE3c 43S ON-PWM ol 3&x,
olgl= WIHE X&Hoz FAHN Y& F9 24AE
fo2 33 N=2o] FAHY NFse Ao 29AE
€22 3o PWME FE3le #4& PWM-ONo|
2 . =3 el HPRe AXe -2
= s W4e HON-LPWM olg 3z, gz ¢l
WEY SERTHE 29X 2-Xm e WS
H_PWM-L_ONo|g} &t (2.

Qi th'} Q, 4"]} BLDCM

Inverter

¥ 1. BLDC AF7|9 3§ 3=
Fig. 1. Drive circuit of BLDC motor
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Fig. 2. BEMF waveform and 4 types of PWM mode
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Table 1. Specification of analysis motor

ltems Specifications
Number of Slots : 6 [EA]
Quter Diameter : 40 [mm]
Stator Stack Width : 70 {mm]

Turns Per Phase : 77 {turn}
Resistance of Coil : 0.462 [£2]
Length of gap & 0.5 [mm]
Number of Poles : 4 [EA]
Outer Diameter : 20 [mm]
Stack Width : 75 [mm)
Residual Flux Density : 0.4 (T)]
Overhang(one side) : 2.5 [mm)]

Air gap

Rotor(PM)

Power : 300 [W]
Voltage : 48 [V]
Speed : 2900 [rpm]
Torque : 0.9879 [Nm]
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Fig. 5. Current path of freewheeling state in lower bridge
commutation

23 NAH gaio 7Y

A G PINA 4 @), 4 99 AHPIHYL
7Y ¥ A vERE Ay A8 FERAEYS

=] AA AR PEe FHEE g 2o

51 Q] oh{A)
Bl o+ ZEL po)| pora|
Bl o+ 2L ) s
P] [ 101 Ay [ e
[l 2L
St B o ||l o veara] a2
1] 2[L
AR 7 | PP R P
A7M, [HE Bl F719E 780 B A
¥g vehac

3. 54 g Y o

AF717F 2900 [rpmlel £X=2 HAsz, AuviEe
PWM 293 F947 12 [kHz)lY o, 298 63 2
g 7 Jeld A% 2 E= 9% ¥y ON-PWM
Aeo] vis] PWM-ON %o 87 AJgo] Aojze
2 ZoA AFY FHF ¥l Qlere B3 gEol
oF 158% AE ZAsic ¥HE HUY HF Eax
¢ E3 A7 Sl w2} PWM-ON wajeg 3
T8 o 003BNml A o &€ ¢ 4+ Uk
H ON-L_PWM 3 H_PWM-L_ON #Hdxe AAF
o] Aol ME AH(+), ¥(-)7} ¥Z UYE Y¥4S
714 ZadHoz T B4 /MEL ¢ & AU
3y 8 nAA AdAe £3Y EXE yehiy,
PWM-ON e nzw7t H3& B 4 9ot o9
z2e 34 ZAAZHEH PWM-ON Wlez 358 AL
7} ¥ 7Ex1e] PWM 34 Fo] 28 EAZHgM ¢4
s ¢ 5 Uk

| //’\/\ =
W

oo oms  oome | owrs | oo

Phaso Current [A)

L R O T
O S SO S V1

Phase Curvent [A]
O T Y

T T T T
om0  oams  omso  oons 00300
Time [sec} Time {acc]

(a) H_ON-L_PWM vs. H_PWM-L_ON (b) ON-PWM vs. PWM-ON

29 6 43F N4 By

Fig. 6. Analysis waveform of phase current
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Fig. 7. Analysis waveform of torque ripples

3y

S i Ly
el | ==
2 o} i N

" T T T
00200 0025 00250  00ZTS 0G0

Radial force [Nm|
I
e
= TT—— .
e
T —

om0 ows oo oans | oo
Time [sec] Time [sec}
(2) H_ON-L_PWM vs. H PWM-L_ON (b) ON-PWM vs. PWM-ON
¥ 8 1 A AojMe] 37 HHny

Fig. 8. Analysis waveform of radial force at teeth
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