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Abstract

Brushless DC motor with permanent magnet excitation, in
which electrical commutator is used instead of mechanical, has the
same good characteristics of speed control as traditional DC motor.
Brushless DC motors have found wide application due to their high
power density and ease of control. Moreover, the machines have
high efficiency over wide speed range. Attachment of sensorless
control not only overcomes a lot of disadvantages generated by the
sensor, but also expands the application range of brushless DC motor
further. At present, sensorless control has become a development
trend of control techhique for brushless DC motors.

This dissertation makes a comprehensive view of the rising,
development and present situation of control technique for brushless
DC motor, and summarizes the present level and shortages of
sensorless control technique. Depending on the Research and
development of all DC variable speed air-conditioner, this
dissertation researches and discusses the following problems in
theory and practice:

(1) “Lagging 90°-«a commutation” and “leading 60°-y
commutation ” methods are bring forward to overcome the shortages
existing in the traditional zero back EMF sensing and commutation
point sensing respectively. At the same time, the commutation
method realized by combining the software and hardware breaks
through the limitation of commutation method" depending on pure
hardware sensing circuit, then the speed-variable range is expanded

I
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and the stability and reliability of the control system are increased.
(2) The principle of commutation torque ripples is analyzed.

According to the analysis and deduction, a compensation method is put

forward creatively to reduce the torque ripples generated by
commutation. Simulation and experimental results with compensation
prove that the compensation method is correct and practical.

(3) The influences of different switching mode of PWM are
discussed. Then a practical method, “three-state algorithm of
invariable duty cycle under forced output mode” is brought out to
eliminate the commutation dead band generated by switching among
the output interfaces of PWM waveform. Experimental results prove
that this method is effective.

(4) In the control system of BLDC motors, different PWM
mode has different influence on the pulsating current generated by
BEMF in the switch-off phase, which may make commutation error
in the commutation control and then decline the reliability and the
stability of the control system. The principle of BEMF current is
analyzed and the best PWM mode in five given types to reduce its
influence on the commutation control is selected. Simulation and
experimental results prove that the selection is correct and practical.

(5) The dynamic model of brushless DC motor is investigated, and
the close-loop speed control system with single neural adaptive controller
used as speed regulator is established. Analysis shows that single neural
adaptive controller can improve the robustness of the control system.
Keywords brushless DC motor, senserless control, BEMF (back electromagnetic

force), commutation control, commutation torque ripples, commutation
dead band, PWM mode, single neural adaptive control

v



Foh B LT AL B A AR B AR B W5

1.7
¥—=

2.1
22
23
24
25
2.6
B
3.1
32
333
3.4
35
3.6

EME

H X

- R ECRTRL TR 1
Bl ceeeererretrientieiea 1
TER LA BT 5 i B UL A oo 2
TR B B AL T AL BB Pl <o eveeeeeeeeees 10
ﬁﬁuﬁﬁ%m%ﬁﬁmiﬁf%% ...................... 18
B P B A IS 8 A P AR oo 23
Qﬁ%ﬁ@ﬁj%%%ﬁﬁjg* ......................... 28
PR R A SR TGS o vvvverrreeees 30
Te Rl E i R AL T L B S R AR R rpREAR AL B

BRI AT 5 v evvvvermenrri 34
T S ODNRRRNE Ao i e i NS 34
R EHIT T BRI FT S < evvveveeeernnneeneennnnnnnns 35
B B E P B SR ) L B BRI O v 46
IR B B BRI T <o eveveeeeemmnnnereeeennnnnns 48
20 7 -1 - SRR SPL S PP 58
4{%/}\% .................................................. 61
TR BT FA AR AERAEN AT B ST % - 63
T I A A Gttt e S A R R 63
AR AR TOR ELT AL R SR R 63
PR R KB HRIAI AT <+ vvevrrermrereeeeees 66
TR A T AT IR BT - veeveevees 72
AR R o SR PR AE R ] DA R R R R B oo 76
7. - g NN PR N e T o 83
HERTTRIE R B REPIRETERRN

FITEIFBT - vovereeree i 84



2001 4 E¥GRF L8

A B T vecascosmenmennnn e s sensumennnnes s s i ansnnnassmnenennn 84
4.2 TMS320F241 ! DSP it i f\] PWM 4= g R R
B2 1 r v R S — 85
4.3 PWM BRHIHT RAHHAR BRI <o 88
TR 1 G g NN o7 - . ¢ 98
&5 - REAEE 1 s s s ssasesana s iR ik ekl 100
FEE AHEAANECE BT R E R B
BRI o B AR s, L G 101
5.1 Fl T cuisseaiinn iaesiare et s ek i Sl 101
52 KU .- .ot sl 103
5.3 VAT SN S H AR I B AR 107
5.4 i%g‘g% ................................................. 123
5.5 VEHIT XA E R s 126
56 Rl RN R AR 135
ST CINTEGINGE . o+ cocvmnusions o s samoiiionesmmns omos Bl 136
FEE BWETREBENEHBRELCECRELRER
BRI RGP oo, 137
(30 = =t s Sy S, 1 oot R L Sl i e 137
62 BT ARIEBITLE - ooorererirtnrcnnannanranse 138
6.3 TCRIERHEVBIASEFRER oo 141
6.4 FohrE (LS TORI B LR 2T
SRR R B L A R R 143
6.5 q;gd\ga: ................................................. 149
$gLtE= RS RN v i A s S B e T 151
WM LR GRS R R R 2 e 154
il R A AR T A e viarh < .4 15 5 S P 163

VI



o il BL 3 HALTG (L B A% R SR I B AR MW SE

¥-E & B

1.1 5] §

R [ 25 ¥ ShATL VR 2R 4 A SRR R 425 o 7 A . —
JsEM R, B—MumEaER®. RASELERN, [
H ShLE L AR SR A i R R A B F SR e . T
SR BRI, A5 R R MRS I, TR
Y H AL AR B PO B TR 1, BRSO R LR AR S A ) B A 15
BB . SR A B KRR B AR “To i BE
HLEHAL”, e L AR o R B H B SR B T ST 4 A R — b
RIEZLIETE, B =AW AR A5 B S HLOURR IE 3% H pL)'
—FCAEETE, FRASTTRE B ShPLOURR T L. BURHE
FH AR K B J A RE R 25 W ShWLSE B TCR B 4T F 7 IR 2 3
B YR T HS SR, LR RE R 2, (5E SO,
ZHFLUHEBA. BIEVURAFARBEERSHEE. B
HRERIZ . MR EREVLSMRE, EHTE, RARK,
LR THRSHF RIS, HBEW. 2 % R ER A
HREFRARE R AR B A

FCRIE F AL BT LARERS 1 1725 1547 HLEL 45 4 R B F L
RS A VR EEPE B 2 BRI A HE A T A B T A BRI 5 5 S
Ot B ML B T LSS FRONLE, EI LS T B S S

e 1



2001 4 E¥RFE L2083
WART L. AT IRBHETANESES, SREKE IR BRI
EAER A . el BRBESE X Mo B AL B AR
AEATRN. BANE A AL RN K T AR oA, R
AEE P Fi . . 5 EBL N TAENE, HELER
Z, EXTH. B, ShERE T EERSE—ERE LR
il 7 R TR B L S AL A HE R . R R A E R A
B A% IR T SR A LA 5 PR AU FE WL F I L, 0 R AR TE R
HIHEILRE, XHE, Toml B i AL TGO B 1% a8 i 7 gt
HILE| HAE B

AFEH S/ TR B S LI B R AR, A
7 B A% RS TO R LU FALEK 42 B U7 TR T e S sh T i, 4
AT A B N B 5 | B AR R, B ARYE S B A
2 VR AR G R TR T R R, B TR A
G, HINEERH EZHTRR.

1.2 ERIERK#EED RV AR R TIERE

1.2.1 Fokl B AR ) 25 sl b 41 6%,

FoR BT B ALAK) 4L ERAE ] 1-1 .

ki) B SR —Ff B S K BE [R5 B L, L5
AT R, AT AR f D PG AE 2% KGR A
HEL AL AR AR o7 A o B = LR “HIBIWL RS, Ll E
L F B AR HE AR S RO 1 85 5 LA E AR, LR AR B 1
HLE SR » T T L I P AL PR AR o AR W e B A e o T
TG AE R BUAT Rl EL R DL s e i BR A A, BRI RE T
el BRI 1. phy {57 BT 8% (A 10 B 1% IR Bk To 3 B A5 1%




FoR LW HUBLTG L B 4 R AHE B R B BF S

RS TRBOIEES, fEEh S Z B
HEAIRL T RRAS, DA— S BUT ik R 38 25 H I TN BT R, #¢
LV DA — B B AR S R AN A4 B HLE T3 AGR AL, ()
LA R T

E Tk L s B AL l

+ ] |
u || AT FC AN
s | R bl )

|

Bl 1-1 Jokil ¥ s LG R BEAE I

1.2.2 Jok ELIR H b pL i TAE B

FERLALI B B BT B I TO R ELR R B AL LTI
Je A5 AR h 7 I R SR, S LR R B SRR Y
IR R, TR BRI E. A8 E = effE
B, UEYLRA =M RSN, h=AE AR KT
R B LR L T

Ua R, 0 0 ia Lo Lp Ly ia €a
Up|l=| 0 Ry O |-|ip|+—|Lva Lvo Lbvc|'|ib|T]|eb (1-1)
v.l Lo ‘o m]le e TS e




2001 4¢ BRI 22A0R

P, enep,ec WEFEMRBBIEV); iyip.io HETRAE
TCA); ugupu. HEFEMEEV); R, Ry, R, J5ETFHAHLS
HEH(Q); LyLyL HETHEHEHEB(H); Ly, Ly, Ly,
Lya, Loy, Ly AE T HMSARMEIR(H). B T8 T EKBMN,
B EHIBEBL RN, AT Ly, Lics Lacs Ly » Loy, Loy I H K,
H¥ETMNELX. B&=MxK, WE

L=Ly=L =L

Lyp =Ly =Loy =Ly = Ly, =Ly, =M

R,=R,=R.=R,

T2, LDAAUKE K

u,1] [R 0 0], L M M][i] [e,
U,,}= 0 R O -[ib +4lm L, M -[i,, +le, | (1-2)
Ul [0 0 R|ii] UM M L]]i] |e
XH K
ia+ib+ic=0

W) Miy, + Mi, =~Mi, , Mi, +Mi, =-Mi, , Mi, +Mi, =-Mi, , %
A1), BH)55

U] [R 0 0][i] L 0 0][i] [e
Ub =0 R 0f- ib +a 0 L 0} ib + €y (]'3)
u.|l o o R||i 00 L||i| |e

HepL=L,-M . b8 T8I B e LA 2kt B8 % = A 4
P 3 o S B S 1-2 BT



