Efficiency Improvement Strategy-of-a BLDC Motor Drive
Using a PFC Converter with ‘Adjustable Output VVoltage

SRR X 1
B e L

dERRE 4 LA E L



A i @5@@% $ mx;* i R
Efficiency Improvement Strategy of a BLDC Motor Drive
Using a PFC Converter with Adjustable Output Voltage

I B X S Student: Chia-Hao Wu
th s Bk £ L Advisor: Dr. Ying-Yu Tzou

A Thesis
Submitted to Institute of Electrical and Control Engineering
College of Electrical Engineering
National Chiao-Tung University
in Partial Fulfillment of the Requirements
for the Degree of Master
in

Electrical and Control Engineering

Oct. 2009

Hsinchu, Taiwan, Republic of China

voER R4 Lo E L



-,‘ﬁ'}ﬁf"‘l IH'* t% oﬁﬁv %mﬁ :‘;‘ ;i% “iﬂ%
R S N 1 RERE R B e HL
RIS s i 2 S

e

rhw HR LT f%ﬁ%] dv 7 & F)#ciz i+ (variable output voltage power
factor ccorrection, VOPFC)# 4% B 22 g AL & » 2 B - £ 4 F 2% ~ § #
FlZ &SRS R RGP SR F o VOPEC S 8 Bt A /MR T
o B e 5 E M %]7‘ CHpIE Kzi@al)‘%di B EDERTIR
4k 4 2 v (total harmonic distortion, THD).~ 4% 2.7 & F]#c2 P 1> ¥
7§ﬁ”§@*+1ﬁﬂ’?ﬁ%%@%**@ﬁﬁ?¢@m%%éﬁﬁ

FEEFREEUTIR SEIFRIEETIRES TR - A8 F T IR

AV GIEET o MR RGFERE S VM SRR ELRM S o <y
BRSO TS 0 B aF TRFTT VR G RE
FREZFELRE FRE NS oA 2 FET S0 Hc BRI B(TI
TMS320LF-2407A) % & & § % oxb g Bz 3 im ~ 3 Riw B & 15 B A
B BT RPRE S 2F - B A F500W - # & Ficid 0,99
PWM/PAM %47 556 % » i# 37  [] 5 50-3000 RPM : p 256> B & § # Bl
A G o T INT ER R A4 R ] Sl JIY RS Rk L

L o
=

Mater - R~ RBIEIRS L 7 Ry A # FIR R S ROLIRE R R T
R



Efficiency Improvement Strategy of a BLDC Motor Drive

Using a PFC Converter with Adjustable Output Voltage

Student: Chia-Hao Wu Advisor: Dr. Ying-Yu Tzou

Institute of Electrical and Control Engineering
National Chiao-Tung University

Abstract

This thesis proposes the integration of variable output voltage power
factor correction (VOPFC) converter and inverter to develop a high efficiency,
high power factor and variable speed compressor driver applied in household
applications. The VOPFC converter is a cascaded buck-boost converter with
two power switches to regulate the input line current with low total harmonic
distortion (THD) and at the 'same time to maintain an adjustable dc-link voltage
which can be either higher-or lower than the peak of the rectified line voltage.
When the motor rotated in-lower speed, VOPFC converter supplied the lower
voltage. On the contrary, VOPEC converter output the higher voltage which
can supply motor driver for the better dynamic response and higher speed. The
output inverter stage can be operated ‘in ‘pulse amplitude modulation (PAM)
mode or PWM mode with reduced switching frequency for efficiency
optimization of the compressor motor driver to maintain a constant VV/Hz ratio
with specified current ripples. The development platform used in this thesis
utilizes a DSP (Tl TMS320LF-2407A) to provide a pre-stage power factor
converter with current and voltage control loops and a post-stage motor voltage
with speed control one. A PWM/PAM motor driver with rated power of 500W,
0.99 power factor, and speed range of 50-3000 rpm is implemented. This motor
controller also comprises a serial communication interface which allows
external speed command and parameter setting, thus facilitates the integration
of the variable frequency compressor driver.

Keywords: compressor, brushless dc motor, variable output power factor
correction (VOPFC) converter, variable output control, switch-mode digital
control, pulse amplitude modulation (PAM)
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Bl 221 2R E2 < EL T 2]

# F (R BT

|2 E 3R 5 R 2 TR S A) 0 Ao BI2.224 7 o

“~

T

T
$DCH Eg T E BT 1V, 3 REDCH N TR Vi 2 | AU 582 DEE R

F_&
(:glr

imzrms® > ¥ D'=1-D=V, N, > D 5§ =&y -

AVin II-:|ers I°:DIL
o - |
Vi + HPF + .
<
Boost Vo |S
i >
- converter =]
o
D'=1-D = V—”“S
VO
B 222 HRVE R BT ST TR
GELA MBE T g H R T R hoT 23 42N i
Voss(t):Vo *Vor (t) (2-39.a)
i (t)=1, +ip(t) (2-39.b)
di(t)=D"+d" (t) (2-39.¢)
Vinss (t):Vrms * Vinr (t) (2-39.d)

I R E LR PP LER S AT 38

43



FAZEP GBE T ERAEHEET @ AP S RT L o Ay

(2-37) ~ (2-38)% (2-39) » ¥ BT 3t ¢
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e g it T ssi s 5 s wR QDT BT
ip (t)=D'l_+Di, (t)+ 14 (2-44)
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Vo(t) =V, +Vor (t)+ v, (t) (2-45.a)
i (t)=1_+i, (t)+i,(t) (2-45.b)
d'(t)=D’+d",(t)+d)(t) (2-45.¢)
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FpaTp R A A A P SRR R o B
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2 | ; I,
(1) =1 (D) + (O =V, (1) (2-57)
1 1 Vl
d b Va2l A 4o BI2.25 AT e
—— \ Y {120 8 < i L
+ | x
e v, Loy Lo ) C=—/ R
Vo \ _ v, i VA _Tl V2 \
\ 4 1 1 1
T R N |
B 225 "ERVERE R P UELHET
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L0 = D0+ 20 (0 -, (2-58)
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I (s) = (1+s j (t)+—v(t)——v (t) (2-59)
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1255 2 2 (Fiimmp o
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2.4 EMI%?J » i/,ﬁi)i = 1% o 3R 23 283t
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TR FITE R DREIELIL L B A B BRI -

“73) e7 % 2+ 4£ (Electro-Magnetic Interference, EM) £y T &2+ 3> ¢ 4 @ &
TR HFES A 0 2 i/,%ﬂ,’fEMI%L?’% Tt 3 %—*?ﬁﬁ)‘iﬁﬁ" » -
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N H N RN DR b B AR L0 0 R EMIRA
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2

Vin,rms
Requ =——=121Q (2-60)
dc
@ =tan"'(377x10ux121)=0.456rad / s = 24.5° (2-61)
DPF =cos@ =0.897 (2-62)
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2P REH R ARTRIAT SEF LR Y o IR TR

A4 o B ¥ Roendk (72 58 5 ok B & 3 % (Pulse width modulation, PWM) i v% » &
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=01, +—1
s* abcs d 1 abcs
H v
L, + E
vas Rs O O as 2
Vabcs Vbs ! QS = 0 RS O ! [ abcs lb? ! Labcs = 0 Lls +
vcs 0 O Rs cs
0
A, C0S0,

2r
A = /If (COS 6" - ?j ! ﬁubcs = Labcslabcs + As

A, (cos@r +2—7[j
3

(3-20)

(3200 5 R S el S AP RHRT R S TR AR I 2w

0 L B4 5% (3200 5 - AL 5 R A e

vd RS + pLS _a)rLS id 0
= +
v, - L, R +pL |1, oA,

3 d

L ==L +L , p=—

s 2 S8 Is p dt
B f7 50

Tezgp/lfiq =K,i
4 p

Rl ol Uil i 2

d d

Te _TL :Jm a)m +Bma)m :E(‘]m a)’” +Bma)r)
dt dt
1o g =P,
2

70

(3-21)

(3-22)

(3-23)

(3-24)



Bk 0 o, BFIPRFLIER > o EIRTFEER
&£ (3-14) ~ (3-16) 22 (3-17)= ;4 ¥ 17 B £ A d-qle # AT 2 & A4
®13.14 -
+ 1 Iy
_> :
Vd + SLS+R
oL, <
oL, <
v .
q+ . & 1 Ly K K Te‘ 1 wm‘
—Q— R = ' sJ +B, g
P
?/1, -«
B 3.14 AERH QRS E R 2B )
@3] end-qfs A1 0 A AER D B i,T%iiu’u PG ORI E R
te I L e R R

F#E%ﬂ@ m,rif] ’ l;"]LL"—:‘)'L)J_,'a',:_g‘

ERFRAAER Z T RME S LR o
1‘1‘4‘: B_,(n ;J:”"#rHE<‘37 ,é ‘:"‘/"’Kﬁéilm,% I * —Hl]_ﬁr—p]—‘]:

71



I + l - current + 1 iy

— 00— — >
controller| Vi + sL,+ R
oL, —|e—
o, L, <
L * v .
4 + current | '+ v 1 Y P T, R 1 On
controller 4 sL, + R - ' | s, +B i
P
E-/l, <

W3.16:0i, 54 BT 4 o) BEER AL > b ¥ R REFRT
gag;@%egxx@@ﬁ@,%ugﬁﬁﬁmﬁ$Jw’@ﬁi%%éﬁ

URCRRIE S = - A 2

Wi

ERACEH R BT h

S

23
BRIrd ) NELF R R AREH T TR o

ST ORT REREE CFREROP Y AL ANF PR B E MR

FAFHER R GE A 2 XA FH F g d BRI BOARBEI S ER L

A4
id” current
—O—>
i controller™ ] dq EE
N il . PWM = inverte PMSM
I C1
_’(}a)m : speed | !9 1 current > / abd—> =3
X_ | controlle —  |controller 7y
i
1) - P
m dq « |b
id abd. ic
0
r
velocity | , position|
estimator] detector| ™

W 3.16 @it REHIE L 5 0 K

72



B
=L

73



L

-y

BN RGBS B BR

E@WPKﬁﬁﬂ?@?%iﬂﬁ’?NE@&%%ﬁﬁgﬁéWWKk
R SR E B TIPWM/PAM R 4] Wog o 2 1 FEHEN 7 4RI 1S &
fop Sk PR PWME ] > &3 R L TR L 2 dE @ Al
e SPAMERH] » M n B BB M 734 2 a2 nap 2 545
BB IR o b b B AT R R B 0 T LR L Bl
»RR S LA R e R DR R R SRR SRS

53 LR p PR Y T R LA

A2 T HE LS EME S ERFEEREILL A BINGIDALT

RBI/ENF AR P FERF RN AT RREE o B a S
W EE 5 - B L BETE DREe BRI R AR TR

F_L
11
.

A A RS R TR T R S AR SR B
PoLBFASSIERETIRLELNG REE T RENTRFER TR R0

ERPFEARENL TR A AT R R RS 50V-300V - F

-;l;-
\

%ﬁﬁﬁ%mmmwvﬁ4’4%%?ﬁﬁﬁ%?@§ﬂkw&’ﬁ§?ﬁ%
B BB HFFEE DR o LSRG L FAHS E S 8 ks
AR T RILC AT {

:_‘-\;-
A Fig o2 e R

74



4.1 VOPFC 4+ & % ?1‘31‘#

FRLPE/EEETET A AL T 0 B - S Ha RSt

TR -S> 2 L TA2 RIS (DCM) £ 5 4T B
Hz g 2 Fl iR irar @i 2 a4t o BEM
BFPARM - RTREDTEA LR L EHF LMD TR T RS T
BEGFARS oV - fEFmpird]| 5 wwR2257 0 Hp B G - TR e
BB ETRE TR TR P FR 2 ok @ IRk R LT
Bug s vRAFEENTR EDERT RIS T HELE- B T

TR P F| 42T RIR[58] ~ [59] o

\|
/1

\|
/1

+

(@)

S
[o>or |

T 1 v
\Y in I v 0
|
y L A
Vi [loh Lo~ ffjlow ol
|>< i X _ D Buck D Boost V ¥ l
R Buck/Boost Vo
Current »  Switch
Controller Reqt{lator vV
Voltage (+)
Controller V\T/ i Vo
(o] re

B4 BN B/ RS S B TR kA B

4.1.1 i Ryl FKT
o420 AL BB P R BRI TR RS R B

P B dl e B dRGhiR Y B R RBET Pl A B R

75



TE PSSR I R

i
F=
(=
"
(w

T RERE L Ry, WAL (T EF A

B

o F TR L R L T BRI P B R E

_Q o
DBoost
[l ! B el el 4
v, & VP Boost ||l e O o
re + 1+
| CV(S) _. >< -:s-> C|(S) —> Regulator
| - 1 Buck \ - Feed-forward
| 1 1 controller
1 ! 1
| | X! T
1 1 Vi T 1 V|n: Dguck
\I/o_f : 1 =V¢ : 1 Vo_f
1 ! Dy Vo =1 If !
1 ! 1

____________________

G- LT A F e 2 LR R A Bl4.357 T
m s SBoost
I v, [BBuck/Boost ]
re.fl_ I_se " "s Switch Y
_i.Q—> C-(S) » / |—| Regulator
- | Feed-forward| %20 Shuck
controller 6 6
s
. DBuc Ve
Vo_f 0-1000

B 4.3 Tomiw B B A4 () B kAo B

d e A e R RN B ) RS Sk T e § s i
b RANCA P B L R PSRN T RS D EFR NIRRT S
ROPRAT G EL T BT T RS o B R B PR

i ~ TR o ) VOPFCH Sk B2 i » TR G IR =AM, %t 71



PRS2 e o 50 st VOPFC f ity » RB 2 By W LR 2 AR

) g;@mﬁg&ﬁgj» % ﬁ%ﬂ’ﬁ{@i@ﬁéﬁé&ﬁ“?ﬁ )

412 Fomik gLy ®

.
-nl\«
=

MDA BEE - SR DR REIME 0 J1 MATLABR 22 5SISO
1 E PN R TR BEE ISR A BB ehE £ MATLAB
AP paE SISO £ 5 2R # Jﬂ"? A ERA I w PR e E R R
Bho ARG g R g e M I B 2O S PR S R F AR E S

PR ik

é"-
%1\
i
‘m
};
R1
(e
3
8

o p AR TR BRI A ARt w7
B RE A L R REE AR T ORERERR TG T
B RB(V)TrR Myl i T4 7 3% o T UBURBERE L |

PUol UL R TR 5N 4 Fls-domain 0 T fF A 254 o x d 3tBuck-Boost® B i BEH
Bk %o e d)ie Bk 3k 2 R R X Buckea (FAk AL 0+ & e PF A & K Boost

eE (E RN r'.-(u—r/,,\ﬁ;tnp,\?r{@] i1 gig?l/\ T B E100 ViE 74 47 ¢

%,

Bt R T 0k ALV e PRAR G BoostHost 2V q Buck st o B AR 5 SR A 4G B

N~

YoBA357 0 PP kR PP R g AR E D15 kHz » ¥ B ¢ 45

deg./2 } 2_4p i i *(Phase Margin, PM) °

77



Bode Dagram

Magnitude (dB)
5 8 8 8 8 3

o & 88

Phase (deg)

B & &

Bl 4.4 é_ﬂis?l »~ 2 BVo=100 V% fﬁ%] AR REVIN=100 VT > Buck% Boostz -] 3 55
W 5 i 4G R

< i@ * Matlabz SISO-Tooli& (4% ff 7 Bh4iz » 2t 1 & B 5 F]A; 1 0

B TR F i R A IR REE SRR o e RS o

BA.57 5 Timie AT T P15 Kzt AF 05 3 270 deg. » %7 4 Sk

ST R I TL P i G ST SN TR L N S M A R

ey

E'ﬁ\-

5 85 % bk SR 5 i PowerSIM(PSIM) 2 § % Wikt o 4t
TR BRSO T ) B 2 45 #ici> (analog to digital
converter, ADC)P~# & 3¢ » #-i5 FMATLAB#TK -2 374 B 28 & » T B

Fho EIMESFFEA G RAT ) B E R Ap iU B R R -

78



60

-60

-80
90

45

-45

-90

135

180

Bl 4.6 VOPFCHIR® B2 T ionit BAF F F ik

Open-Loop Bode Editor for Open-Loop 1 (OL1)

G.M.: Inf
Freq: Inf
Stable loop

Frequency (rad/sec)

WK E AR LT 4 15kHz 0 4 i 5 69.7
amp(OL)
1000 = |
0 \F —.
1 —
-10.00 : /
2000 BW=1.5 KHZ:
| |
-30.00 : H
1
-4000 i
1
phase(OL) :
10000 |t :
1] \I\
-150.00 —
457 ]
50(70(7'_"__--_'___1.'___ _____ el nlele S e el ek s B
-250.00 /
-300.00
N
-350.00
050 1.00 500 1000

Frequency (KHz)

46

79



A R FRAEEFA TR FET ZH s ST R

Mo E PR RT 2 F PRR B4R o d B F 0 e Hen(2-59) 0 B
BRI T R B 5 e B TR A D a8 T
BRAETHER > R HETRE T AL RS TR LA DT B

T o d (252) BB ET o A i BT PR

AT R o 2 RS R~ R TR VA kR e
Bk A a3 FOTRE S 2 BT T - HTIRE PR %
T BRI AV ER R R F A R R T ERep i R

o HFmenft e S AT BT v o5 o

70

Magnitude (dB)
S

Phase (deg)

-135E L | L L Ll L
10° 10" 100 10° 10"
Frequency (rad/sec)

W 47 80 TRALI0VT - H TRASF10V-1S0V + & f -] LB
% R 1

80



10

(b)

(a)

AT

#l 4.8

100 V~200 V~300V (b) AR HTET

k4
=

R H
A I 2 TR (75 V100 VEEL125 V) T 2 4

523
L%

,ﬁg])s:

TR EZ100V

SE 0

E:‘

AT R

e
EL

4.1.3 *5 B 450

7447

4 Buck i3\ pF g f

2
=

4
l

YL

2
w

ﬁ_ﬂp Loy IR E

14

%

@ Vin = —%&ﬁ;‘i

K ,?fuﬁ;fi »w

/

P pFen

BT -

e

Bl

(4-1)

T
v.d—v S
[ in Out] L

Ai,

(4-2)

Vg = Vind —Vout

AR

;’E'_AI

. ok
S S ’ﬁ:{ﬁ,‘/HL

E

BB 7 AR

CEE s

E i)

1)% (4-2)¥

d (4-

1]}{,’??

L Ea8 )

B o& S
"= ?_‘ /ll‘-Z‘a—

v

P
=N

=S

TR

24

H

Fgpeay

¥
=

Vi

Mgz d

(4-3)

o

7

4 R]4.10%7

PARAT TR kT BLR]

ST

AL

—F-—Jj"/

-3)

1)~ (4-2)% (4

d (4-

81



—_
o o T o
T T d L T
Vl' V. (Of— Vout
ine in D T —
O— 1o\ e}
RECTIFIER Iy I
v —_
L e Current
XF—O— Lloop
Y + Controller
9(t) Voltage L
Loop 4—64_ Vees
Controller

B 4.9 "% BRA|H T L2 BE

Current Feed-forward Controller

- l AIL Vd+ X
OH—| Ke®) =0

. | Pulsewidth
"1 Modulator

B 4.10< Buck #-;% % 446 1 = BLE)

4.1.4 BRA S A Hird B
tboostdf (FHEE T > H 4 F, Ebuck s e iv4piT > TRH 2 Al TV,
> Lo 7 dEboost T B TV, Zbuckiicst TR e e

AiL = [Vin - (1 -d )Vout ]T_LS (4'4)

(d-1)K,=D =D-K,,K,d=D (4-5)

By, =v, —(1—d)v,, » S0

’
out

V. . v
in —d—-1>d %?ﬁbf.&ﬁ%]ﬂ'.gwfb; d-1> %781

0

BL B @45 ez A L HE MK, o T

A
=
B
T
~=h
v

lal
En]
B
03

N

82



S

(w

G oDeFEirdtd et o B41L 5 boostiest 2o 7 dpA i )2 & ek B

| Current Feed-forward Controller

— Vd
(l}ili K_(s) _toi, d-1] | pulsewidth L

Modulator

Bl 4.11 Boost {3\ &4 1§ > BB

SEEPHIHIRE T4 I E o oM4125 7 0 2 TR BT

RG]

who R nmBAE R 2 15kHz » £ 3 45deg. 2 4p =i £ 7 %@Jﬂi;—]ﬂ b3

.

[ e Ny, / gl e l a2 e A .  Em \ oF i 1

1 ! K~

! Sampling frequency: 20 kHz | e

P p——" |, 1

e Alpl_err : : Vi - ﬂ.ﬂ.
1 N kd +
: 3! DBoost
! y
i Vi N,
1
¢
1

E

B i C

1
1
1
1
1
1
1
1
1
1
1
£ : Pulse Width Modulator
1
1
1
1
1
1
1
1
1
1
[

: Ky >_
/WM?Buck
________________ 0"Kd

Current Feed-forward Controller
Pulse Width Modulator

Current Loop Compensator Kc(s)

Bl 412 7 inir B d| B w gt 2] B kS MR

83



< g
& e
LS T
288 A AW
N oA 4
$ss = =
E N 3
, v =)
! —
Y -~ B [ et
, S = e
- - ¥ o 4
| \,
et ¥ gh 2
i e = w
| % e 2
i oy =
To i .
” Jml z.\ tac i
=
g ° g = - %
=08 [«
YUY
———— - - — — e S ol —
sssl 1 /& ) =K M
SR8 @ g i
$eSr g o i &)
| - J
o el = 4%
* #,W” F - -
o i@ by bt
I S TH e —
L e L
| | | | ~~ h’.ﬂv ~ /Wr
i3 R id
- - —l= =4 = %r Mﬁ« L ﬁ\
i S N il
| ” ” ” 3 m-«\ S
| | | | . < “? /Unnmr
e i Bt e T et &)
| | | | -
\\\\\\\\ A
F AN i 2 gt
Sl — K )
] S < g v
° 9 8 8 9 S 8 2 38 —
h - « ™ < FJWJ ..m.nm A-.

RS PLEH A

i 2 en120 Hz 9 Rk
2 5 27 Hzeh§ R iw BoAf

s

IS

h
25Hz o d > § yniw BAE iR S

v
=

Eiﬁ%
T ¥ #K2 o ho @414 0 FF TIRE S

TREH kR

)

-

BEAR B

Py
-

84

FERENE S Y

L

e gt (R

N

1 R
L
o/

12

s

B3
L3y

L

B
3

b

R R

R



5
¥l 3
a1
§ ¥
o o M i
&
= K
= = . |2
| = miee, | B
o F = e
= = .m
o ...|V‘ V‘aﬁ + .m
| - %
&£
£
£
3
||||||||| a
W 1
1
o 1
—”J 1
£ ; 5
= H T
2 ] z
£ i o
nﬂ 1 o
' o
1 3
|||||||||| E
£
E
3
o

Puise Width Modulator

Vo

b
2

)

Sampling time: 2k Hz

-5

Bl 4.14 #

D
el
=4 :
o |
Q/r\m\ |
» 3 B
c 9
Eg 2 !
L 3 e |
| ;
s |
= = Th "
|
|
|
|
|
|
R el e,
T T T TN~ T T
e
| | | | | | |
e e B B | -ttt - == -1
| | | | | | |
m JE ) [ | e 1|
o | | | | | | |
2 | I I | | I I
a T S S O E N IO
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
i B e e e i |
e e e e e E |
e e e R E |
e e e e e e |
- e e = = = = — ——— b — - —— -+ - ———
| | | | v ____n
\\\\\\\\ O N O [ | | | |
\\\\\\\\ - - - __ 4 Ww____vr____1____°r____14
| | | | l | | | |
| | | | | | | | |
\\\\\\\\ e e e e e e
| | | | | | | |
| | | | | | | |
\\\\\\\\ [ e e I e R |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
w o [Te) o n o n o Q Q
8 8 8] 8 g 3 8 g
(ap) spnuuben

(Bap) aseud

10

10

Frequency (rad/sec)

3
-2

Bl 415 TRF

85



e P B AR B ] B R Ao R416 0 ST IR T R R

TP R B TP B

(w,

o ,&ﬁfﬁfz‘riﬁﬁg—l HE S e o ;‘%;} b

PRt RET I Wi - BREI RS &

[m:L

R IEL R A 2 e
wEE o EFES T ,%%‘ﬂ i & Pl % (Hall Sensor) ~ %5 % (Ecoder)
BE AR PIHN v E I RS TR TT AL HERETFIRET AL
g g 2 AR TGN ELE R i BEE o T & TR e d-q
Befheght e oA £ o 0t ERE R P Ry dq L R R T e 4 R
oo )R- R E D RGEE o ST PR RS e BT R B L H

PR E v (Duty) > VORFBEET Y G RS RmE 8 o

id + current |
—>O—> >
. rdi controllerf— ~| dq EE
O + iq" n PWM linverter PMSM
>0 speed 5 current > abcl—> >
& _ controller _  rcontroller vy
iq .
_ia
“n T
id abc le__IC
4
r
velocity| 4 position |
estimator detector |

Bl 4.16 ~EFH B ETInEE RTAIE T

86



422 LAl ER
W PIRS SR E

v

|5 — B3 fRBE 55

‘Eﬂl
'm\d,"'
o
Q

\_.
6‘34
B
=
=
,ﬁj{
.F‘g‘
=
W
—
by’
2‘1_”\4

FAARBEIRA & HF A B e

R B R R C ) e x RiRE

(AR BefA g Bae s fIr d Rt Rl et > ¥ vk

BHBEARET TR A | L LR TR A ) A, T

P50 @ il en 27 i - ) i 1Y 5 — FF kS de » PIIAT B B i iR
BLo %uﬁ.éﬁ'g—? 7"5" ;l; °

Plip4] B & i S8 — B Rl en § Bl 4e ™ 0 ¢ Kpaid » Kid& = &k sien
FRARE- - v Ap 5t eh § Sl AZ A (overshoot)4% < gt PF ¥ 1L < Kpid i L
Az A% (overshoot) ™ M o @ A KR R F - B E gk R B TR L PR F
#od 0 F R BB o B OB IR e i AT~ TR R

SHE A K RS R T AR R RF T B AR G R -

g + l K,s+K, + 1 iy
O ’ . - Ks wm > >
S P Vd + SLs + Rs
oL, le—
w. L, <

q + K,s+K,
| S 1N spwm

A
~

v

sL, + R,

Back —emf

Bl 4.17 7 ondmd] e s BB

87



#4.1 B S R4

S pe = % E H fud
rated power 550 A\
rated voltage 280~340 \%
rated torque 1.568 N-m
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3 5 =400 Hz

Bode Diagram
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T, * sampling time
Teacutation - calculation time of microprocessor
¢, - phase margin in analog system
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