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ABSTRACT

This thesis proposes the analysis and design of 3-phase rectifier with improved current
waveshape for PWM inverter drives. In first stage, the operation principle of a system of inverter
drive with a 3¢ conventional rectifier with and without line reactor and a proposed improved
current waveshape rectifier for front end converter is studied through PSpice simulation program.
The results are good agreement with theoretical ones. Then, designed circuits are implemented.
The experiment has been performed in order to evaluate the system performance of the PWM
inverter drive. Finally, the under load conditions performance of each system is compared in
terms of total harmonic distortion (THD)), power factor (PF), system efficiency, etc. Last but not

least, advantage and disadvantage of the proposed inverter driver are evaluated when applied to

SPWM as well.
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(v, sin@)e{rea-0VokC — _p sin(7 + )

(sin@)e(+a-0VoRC _in(ar)=0 (2.20)
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AV, =V, —|Vm sin(7 + a] =V, (1-sin @) (2.21)

o o e ar L A y
aums (2.21) wadwivaumslunsudsduussduludiFosnszuaduuunisnay
1 - 1o RV | g A a - o 1Y
winud a lvnalngdmsvditsnssuauuuaugiaau uazsuidaivinadndmsvInan

ﬁf‘imuﬁm:uﬁﬁmﬁuﬂs:qgnna’nﬁqmnﬂnmsﬁ'm‘%'uans:ummua?wﬁiu ifo wRC > 7
O~nl/2 wag a=n/2 (2.22)

usaﬁmmﬁwﬂﬁﬁwﬂﬁgnﬂﬁzmmmnfmmsﬁ 2.45 d sy ¥ laleanyaiam or =7
v0(7r+a)= Vme—(n'+xl2—1r12)!wRC — Vme-xmeC (2.23)

@ a v W o 4 { - ]
usspusiiladmivaiGvanszuauuu@ugladuniinsnsewnnldduivlszyausan

&9

AV, =V, (1-e7'*) (224)

o

J ¢ o = Y
wonnntifansudn Twuudvaluaums 2.24 annsodszunaldaail

-l wRC T
e ]l —-— 2.25
@RC a2

msunumdansuen Imuwdvalunisdszunasyida voa - vea fio

v V.
AV, n -2 = _—m (2.26)
@RC ~ 2fRC

& v a - @ o A o A
Fausaauilila voa-vea NgnisznaudimivaaGvanszuauuuanglatuiu

4 A =] é ﬂ'
ATIHHIVDINUTINIEUTUVUATINAU



16

= vV s L A o
24 mﬂuﬂmsmsasnawmmwmumaqmu

v v

2.4.1 mnﬁnﬁs‘n’mﬁaqsé‘uuvu‘lmﬁ (Sinusoidal Pulse Width Modulation : SPWM)
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:  mv o d | &
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o o’: @ o o o a 9 v o

cycle symmetry) ASHUMAAT T IAUZTIUADINYSENOVEITUBTINA (odd harmonics) MY

4 o a o % .
Fadulszdnsvosoynsuyisus (fourier coefficients)izannsonldnin

a, = 0 (2.30)
T,
4 /2

b, = — [f(¢)sinmerder (2.31)
T 9

a A du a g w . | [ u‘:
auyaNnvagUnduiduagoudnail r()=* aniu

4
b =— 1-?-2(—icos.n(9!‘r +cosna2 —...+cosn(lk )]
nll

4 ¢ "
=-—(l +23 (—]) cosna*) (2.32)
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NNANMS 232 aunsaimuayy o 19k Swau an @, i @, wddah o
MY & ﬁymmm}nmm‘f’;agagm 1 yu finde & yuazgniihlmiaesueding
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T

[ o a o o 4
03AszNOVETUBLNOUALT 5 : b, =—(1—2cos5a, +2cos50L, — 2cos7Qx, )=0 (2.34)
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Taoia Tudaguadun ludlugdaaulaniifinnudiFam ouanaldsi

£l = F+th(r = —a0+2{a,,cos(ha)t)+b sin (hat )}

— s (2.36)
ilo F, =%a0 Wummde Tuaunsi 2.36
a, =% f”f(t)cos(hwl)d(a)t) B=10,...4% 2.37)
uay
=i f”f(r)sin (hot)d(at)  h=1,.,0 (2.38)
NN 2.36 ua 2.38 AUREE At @ = 27007
Fy=1a f" f(t)d(ar) f f(7) (2.39)

Tuaumsii 2.36 urazdrusznouvesniiud [/, ()=a, cos(ha)f)+b,, sin(hot) | iy

wmaes lugilvesaorfiduen
F, = F, e (2.40)

A‘ =) -y
Wwovuialseanina

2 2
F =____Va"\/“2:bh (2.41)

waza @, Amuanin
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tan(g,) =2

h
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- 1/2
F= (F02+Z F,,ZJ (2.43)

h=1
a A 4
2.6 ﬂ')‘l‘uﬂﬂlﬂﬂu‘lli’)\igilﬂﬁuﬂizllﬂ

a - . 4 a da o = fo o aAa d’
1137 2.17 naasgiadunszua i, Fufanngunsaidiannsetdndmdendaiion
A ' aAa qy d’ 1 Y a = d’ o [ o
vngdaauland nszuahAaimouiiaunsode ldifanisiamon luussiudae udednlsnanm
o v W - d a ¢ A v ' 3/ ] aq ¥ Y
msaamouluusauneziivuiadn lunmsimizmiwe Idvaenisr lavsaunalius sy

* ¥ ' 1.4 [
sunadiundu lsiiviniu Annudiugm dsaunmsi 2.44 (0= @uaz f,=1)
v, = \/5 V. sinw,t (2.44)
-~
nseud i Ao

i,(0)=i,()+ iy, (t) (2.45)

h=l

A '
e i, iWudlsznouyagiu
X ﬂ ' & 4 ¢ = 4 & v 4
i, Wudmlszneunanudesueini £, (=) ¥dmlsznovvoanszuamariinang

AITUNITN 2.45 AD

i(t)= \/515, sin(w,t-g, ) (2.46)

v

" ¥ »
51U 2.17 msAaougladuveanszua

- 1 o a A oo a ° 1
e @ Wuyulasyriaussiuduyagiadulsdd v, du i aansodnnuma

< d ¥ ~
DT IDUDAVDINTILU £ nlﬂ‘ﬂ'lﬂﬂllﬂﬁ‘n 2.47

(L,
I= [-f f: d:) (2.47)
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unuadansluaunisn 2.47 o218

(1 112
I = (? f i’ (:)dr) (2.48)
lilo T =1/f,=2nlo,

\ J ] = =) A L i
NANNITN 2.28 'ﬁ"ll]'liﬂ'ﬂ’lﬂ'lﬂiSll’dﬂ‘izﬁﬂﬁﬂﬂ1ﬁﬂﬂllﬂﬂﬂu0ﬂiﬁnﬂ1iﬁ 249

1/2
I = (Ifl + Z Ich (2.49)

h=l

o - " A wa ' P v Aada '
mswmwuuiuuﬂﬂumagﬂﬂaunszumﬂuﬂmﬁuum1nﬂ‘|mau1mqmmmsum1
¥
MsAANYUYDI813101IN TAUSIN Total harmonic distortion (THD)  UazdIusenouveans

S 1 . = Yo 1 F 4
HALWOU i, UYDINIZUAINAUNITN (2.45) uﬂﬁq"lﬂﬁ\‘ﬁllﬂ.liﬂﬂllﬂu

e (0)=1,0) =i, ()= D0, (0) (2.50)

h=l

= 1 o o [ d’
1nTugUi 2.17 uansmvesersioued 1adall

1/2
I =l2=12]" = [fo,,] 251)

hzl

uazi THD Tunszuagadmualiiily

%THD, = 100><i (2.52)
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L
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Wenwea 7, veagundu i, Tugdil 217 misdavvesnszuadss@ninaianua 7, fio

s,peak

DAI1AIU crest factor AIAUNITN (2.53)

Is,pmk

Crest factor = (2.53)
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1 o w o a 4 o 4 a 1
WAIHAADAIAITENOUAIAY (Power factor H30 PF) W10 5uNAINGS 719 8ATIAINVDY
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msdmuafmdalaonds lugdil 2.17 e
1 @ 1 @
P=— - j
T f ple)dt T f v, (0);, (e )t (2.54)

o149 v, sinaun1si (2.44) waz i, Mnaumsh 2.46) 12 183
1 @ ) .
P= Ff Jch sin a’lt'ﬁl.ﬂ Sm(“’lt - ¢ )dt =V, cosg (2.55)
1

o [N} ﬂ. ai o =Y [] = o q'
mndunasznuNaulsenavvenszuananudesuein ' ldiduludmdunde
s 4 o o - P Y a ¢ d
nnussauland v, Teoddadsing s Ainudluwaii 1dnnussduersidueaves v, oz

NITUAITIDNIOAVD I, AIAUN3

S=VI (2.56)

o o Ao W o o [ :
Taswesurmnes (PF) lidnuuzlndifvai laysesdanuaaslddsluaunsh

(2.57)
P
PF=— 2.57
S (2.57)
¥ 1 ]
Auiunnaums 2.55) e (2.57) iussduidlugiadaulaniudnszua laiidugal land

awgU 2.17 92147

_Vdycosd I,
i, 1

5

PF cos g, (2.58)

o S A P — o a @ o o a
LW'IL'JE]'iLlﬂﬂlﬂﬂ'iﬂLﬂﬁﬂUﬂ (DPF mﬂuﬁnymzmumuﬂumum’mﬂﬂmaﬂmwnm

Y A oa W o o L4
dudaiiusesdn uaznszualaysovda) gnimuaiiulnlmiveayy ¢,

DPF = cos¢, (2.59)

¥
e e

wiwmeiuameivesnszuai hildgundulsd fo

PF = %DPF (2.60)
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¥ L it
MINAuMIA (2.51) wrdunamuiimsaafiouvesgUnaunseuadawalugives 7,1

o '3 - " e
AN UNANDTVBITUNT (2.52) uag (2.60) UAUNNL
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Power Analyzer (YAKOGAWA)
PZ4000

Wide Measurement Bandwidth
(DC to 2 MHz)
Accurately Sampling 5 MS/s
Harmonic Analysis

(up to 500" Orden)
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HanAMN
'
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PRLGETGIG

Digital Oscilloscope (YOKOGAWA)
DL1520/L (4 Channel)
150 MHz bandwidth

200 MS/s sampling rate

on one channel

or 100 MS/s on two channels
(DL1520/L)
8 bit vertical resolution
DC to 30 MHz, 850V (DC + AC peak)
2% DC accuracy,

Internal low pass filter

swazidun

Current Probe (CHAUVIN ARNOUX)
E3N

Current Probe

10 — 100 Ampere / 1 Volt

Input 100 A Peak Max

Frequency: DC to 100 kHz. (@ 3 db)
Output 10 mV/A, 100 mV/A CAT III
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#  Multi Meter (Hewleti Packard)

973A

51082100 True RMS 20 kHz Accuracy = 0.1%

Vac or Vde : 0 to 1000 Volts.
lac or Idc : 0 to 10 Amperes.
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”n Band Differential Probe

700924

jwazidun 100 Mz

A Probe Lets You Make Wide-Band

Differential Input Measurements
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Abstract

This paper proposes analysis and design of 3 phase rectifier with
improved current waveshape for SPWM inverter drives. The principle
of circuit operation used in the test is also presented. In addition, the
comparison of simulation results using PSpice program and
experimental results has been made. The results appear satisfactory.
Finally, the implementation of inverter system using conventional
rectifier, inverter system proposed method with additional series filter

reactor passive and the proposed system are compared in this paper.
Keywords: Current waveshape, SPWM, Power factor correction
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