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ABSTRACT: According to the basic principle of natura
sampling and diagrammatic anaysis, the effect of SPWM pulse
error induced by digitization is analyzed in detail, furthermore,
anaytic expresson of pulse eror is obtained. Pulse error
formed by sampling period T; and analog-digital bit n; and
count period Ty for counter of carrier wave come into being the
equivalent of pulse eror. T; is main error fountain for pulse
error. The effect of pulse error for nyand Ty is neglected. The
results show the main approach of minishing pulse error is to
shorten T; and augment B. The principle of the proposed method
is ample, easy to redize, and its characterigtic is rapid in
response and high in precision as SPWM digitd natura
sampling based on FPGA. Digital natura sampling based
SPWM overcomes the disadvantage which is hard to apply to
multilevel-inverter of high modulation frequency and high
precison synchronously for microprocessor redizing SPWM
waveform.

KEY WORDS: snusoidd pulse width modulation; natural
sampling; pulse error analysis; field programmabl e gate anay;
multilevel-inverter

E: WA SPWM H7 b ARRFRE AR EL, B &
BT ATITIE, WEIE T =R ZEE0 SPWM it ki 22
SO, A9 R 22 5 RE IR AT AR 5o SRR ki 22 1
RAE T Ton BEECHARER AL E g B = A B s v UM
W To = ILRIWERTI ™ A2 Ty ™ ARk 22 ) 235
ZEPo g F1 To X SPWM it Bk i 22 [R5 i vl DL o
DTEP ST AN U PR et S Gv s i AN PRI DN
Bt Bo BT FPGA 1) SPWM H7 Ak A ARRFE IR A i
fj i, SEHLA Dy, MNARREE mAE i, SPWM HP b B
SRRPEE T IR T AL PRAS S LR SPWM B AR R[]I 13 11
TR RREA RS JEE 1) 2 FL P AR i v PR e A

KR IESEIKTE S ARRREL BRRZE T B
R TR AR S UR S

0 3lF

SPWM 45 il 5 A2 106 AR B AT 5 R N FH 438K 1)
oA —M, BHRFREE R BRI —
SPWM Sl vERE, (HE, BARFREES T H
PPl FEL RS B T PR I PR A g, 36
T ELSS BATRE P UL SPWM SEIL L ECh
TP TR A R IR A 0 S I
AT P PR TR . FH - v U s A3 R v R FEE 1) 22 o
S Ap e 6 ek 12] 42 4 T 35T DSP ORI FPGA
122 % SPWM SEHL 525, wRkh T JE B AN RSl
%38 PWM [RHREH .

B SRR AT B FL I S E AR KA
T R3]0 SPWM B4k [ 8RR
A T EAT T ST, SCHR[ 4] %) SRAE ) 31
Ty 51 SPWM i Bk iz 22 3547 T e b, IF
WEFT T ki 4 r= AL W LEE Je OV B 77k AR SCHs
20 HRFE ] Ty, BRI E N, — A
VRS VR To =X =4 SPWM itk
KR ZE I . AT SRR, A HARKAE
VR U CA TT LR AR SRAFE T TR R ) 25 S AH
i,

SPWM A4k FARKAEIE S T FPGA k5K
o BB H ARRAEE S50 A SPWM F A AH
g, H FPGA SEILH T HuAH v i 20 o i P i AR 2
1] 8 % SPWM V. fe)m, TSRS

1  SPWM #FBAREE

1.1 HEAKERE
14 SPWM 74k AR RREEE 1 g Ji o
],

S|
il

N

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn


http://www.fineprint.com.cn

132 BOoE B ML

T B % Wk

26 %

b SPWM it

1 SPWM HFHBAREEZREE
Fig. 1 ketch of SPWM digital Natural sampling

12 HFEA=ARIFREK
R A no ALJCHF S I v Hs A8 24 0 sk
TR B BRI EC A = A 80 . B P ALY
= AP A To AT RS IR B, T
AP, SEZ MR N
P= TC/ZTo D
Colt) WECA = PR AR I, et —
ANTCEN HEHIEL u) 5 Cot) A MR —
A (LN b XS ER W N AR
9 =b/P )
Ueq(t) = C, () * G ©)
VL, qo AECTAC = MR ALy,
HECFA A RBERAIR ZE 5 Ueg() NS Cot)AHXT
AR 2 o Usg() AT U Z TR R L 2
fim. B, U Tola T 75/, PHETEIIN,
Uoq(t) R T~ ug(t) -
Te

UC(ﬂ

e 3
To

2 Ug()F u()RYXRE
Fig. 2 Relation of ug(t) and ug(t)

1.3 HFHIELIAHRERK
RHPRRAE g A7 A5 e s R ASEAU 1 5% 3 o)
P U BEAT A, R e i L A AR X
TH S(t), R n AR TEL AR & EILR
LUEN
u,(t)=asin(2pft+j ), U, £atU, (4

0= U - U )/ 2 ©)
Uat)=ig, (- Y2q Eut)<(+Y2q  (6)
S(t) =ugy(t,)/a, (7)

SO =), LEL<t +T, )

Uy (1) =S (1) * o 9

LA B, (O IESZIR BB ; a  Ea s
TR oqu AEALERAL (quf2 BT IE LI
PBEHIEATRTE ) Urers M Ures. 70 30 h BSEES B 4 25 D 1T
FNFR) S A s s u(b) A RRALLIE XA BB AE b Ak

PIRFHE usg(t)oh udt) AR IR TE t Ab T
MR A s So(t) A5 Usg(t)FE A LA (R JE T AN £ & ()
BRI RIR) s Ty AREE R CF A SRFEAIR ) s S(t)
M ug() 7 M F RS S(t)FH ug(t) AR Y. 1 22 5 A
AR BR S (R34 S 7] bR 2K
PR = A B 5 BB LR A T LG
B H AN Sy()REAT RIS A AL IR AARBREAS
FIURS Ao Ak 3l 0 A T 5 U Tl 1 U Y R
A = A S AR R, SLTTRE R
S(t) =kS,(t), k=P/2" (10)
AP KR AR A 2R 55 g SRR P B (0 4
P oA = A B AR
St) 2 MR TEL Co(t) & MEFFS L,
AR A W ESIE I A, RN
S(t) =S +P/2 (11)
2 (L0)F(10) T 45, Sy AL BTy gy Si(t)
1 SO EAEAL A goo TR, ult)it 5 SOFRT
I B HIE s A NSO, H udt) Fos
CH ut) & AR RS AL R ARBR R ) 5 Si(t)
AERT RIS s H u'g()RRS SEFXT
I () S AR T 4 o
2 BKHIREST
2.1 T,H%m
ugt) 5 u, (t) 4 L= A F AR SPWM i, )
HHR KL ug) 5 u'g(t) A b 5= A2 52 B
SPWM 78, MBI AR KA . kP22 7y
i e LA~ SPWM 35 Bk AR W AT 5 LE
OHTe BT, ® 0, Bl ug®)=u.(t): n® ¥, B
L8 T X SPWM it kb 56 FE iR 22 i sg i . 1] 3
AT ult) R IER kiR 2= . K,
to, ta, to,... RN RAENT 21 15 o € R 7R S f SPWM
JE5 AL SPWM TR 1) BEdT 2 1] (R 22 o 45K B
PR B T ELAR I R IRV, el
B, RZ M. exRm & FFHATZ I 22
MSEBRIEE I _E v e T AR R I E AR,
W& HIEME, RZ AT Too Fl Tp AR RELAR
SPWM ik S8 8 IS SPWM - Gk oe 5
WX ARK
To=Tro+(& +6) (12)
FHOSCHR[20 P40, M udt) BERNIER, e 1 e 11
B K] B YE I 530 ok

O£ e £pAT,/2B (13)

PDF (i “pdfFactory Pro™ i H RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

9o BHEES: SPWM B0 BRI HS bk b 250 0T 133
0£ e, £pAT,/(pA+2B) (14 Wzt 2 RS, At T N, e B,

udt) MREE R, e Rl e, MKl fE
{ELYE L 23 ) A
- pAT,/(pA+2B) £ £0 (15)
- pAT,/2B£e, £0 (16)
LA, A=2aib AIEBIRRE; B=f/fs hEk
Wit

FIAR SPWM 3
! SR SPWM 3

e led
B3 SPWM BkifiRZE 5 [E
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Fig. 4 Analysisof pulsewidth error
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