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ABSTRACT

This thesis proposes the design and analysis of 1- ¢ delta modulated PWM voltage source
inverter with 1kVA rating and maximum switching frequency of 10kHz based on PWM output voltage
feedback in order to compensate for ripple effects of dc link voltage due to low value of capacitor. This
technique acts as a preregulator applying for AC power supplies. Additionally, this causes increased
displacement power factor (DPF), increased input power factor (PF), and decreased total harmonic
distortion of both input and output current (THD)). As a result, the stability is improved. In the initial
stage, the principal operation of delta modulator as well as various characteristic operation are studied
and analyzed for main power circuit design and operated control system construction. The simulation
of designed cireuit is included. In this paper, the PI controller is also included to compensate load
output voltage, to improve system performance for both input and output side, output voltage

regulation, system response and inverter efficiency are also investigated.
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4 ,
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2H

B KE(I Lo, cos(w,t)) (4.15)
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Vi ot out Vi in P, UszdnTam
V) (A) (W) V) (A) (W)

)
220 0.5 110 196 1.54 225 48.9
220 1.19 261.8 200 2.32 400 65.5
220 2:1 462 220 3.51 600 41
220 3.13 688.6 225 3.92 850 81
220 4.27 939.4 230 5.84 1120 83.9
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Vou Lo B Vi in P, Usziniam
V) (A) (W) V) (A) (W) %)
220 0.5 110 250 1.57 210 524
220 1.19 261.8 258 1.99 380 68.9
220 2.1 462 261 2.40 570 81.1
220 3.13 688.6 270 3.32 780 88.3
220 4.27 9394 286 3.81 1000 93.9
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Vom qut Pout vin ]in Pin ﬂi:ﬁﬂ %ﬂ M
V) (A) (W) V) (A) (W)
(%)
220 0.96 211.2 192 3.03 460 459
220 1.8 396 210 4.2 710 55.8
220 2.64 580.8 217 5.04 850 68.3
220 3.5 770 223 623 1110 69.4
220 4.41 970.2 232 6.59 1280 75.8
wamInanosvoumaliamaddonifimstloundunssuiiduuandumeiync, = 330 uF

VOul Iout Pou! vin Iin Pin 1]53’{?7] iﬂ‘]“
V) (A) (W) V) (A) (W) )
220 0.97 213.4 254 2.31 450 47.4
220 1.83 402.6 258 3:05 650 61.9
220 2.7 594 260 4.03 820 72.4
220 3.7 814 274 4.4 1000 31.4
220 4.5 990 283 4.93 1170 84.6
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Vo Lo R Vin in P, Uszaniniw
V) (A) (W) (V) (A) (W) %)
220 0.5 110 189 1.45 230 47.8
220 1.19 261.8 198 23 410 63.9
220 21 462 208 3.3 640 722
220 3.13 688.6 220 4 845 81.5
220 4.27 939.4 227 5.4 1100 85.4
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Vou out P L in P Uszingam
V) (A) (W) V) (A) (W)

(%)
220 0.5 110 250 1.13 205 53.7
220 1.19 261.8 258 1.67 379 69.1
220 2i 462 261 2.94 590 783
220 3.13 688.6 270 3.24 786 87.6
220 427 939.4 286 3.97 1034 90.9
wamsnaaesveumAilnmadiioad lifimstloundu c,= 5000 uF
Vi Lot out Wi L, P, UszaAntam
V) (A) (W) V) (A) (W) -
220 0.93 204.6 184 3.02 450 455
220 1.8 396 191 3.92 660 60
220 2.64 580.8 199 4.89 820 70.8
220 3.57 785.4 205 5.97 1100 714
220 4.41 970.2 208 6.7 1270 76.4
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L - Fou Vi in P, Uszangnm
(V) (A) (W) (V) (A) (W)

%)
220 0.98 215.6 242 2.4 460 46.9
220 1.82 400.4 249 3.21 630 63.6
220 2.66 585.2 252 3.94 820 71.4
220 3.65 803 256 473 1010 79.5
220 4.43 974.6 264 5.33 1180 82.6
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wamstiansvounaiiamadiioni hiimstloundu c,= 330 uF

out out out Vi in P, dszdnsam

(V) (A) (W) (V) (A) (W)

(%)
220 0.6 112 230 1.37 264 42.4
220 1.8 317 240 3 614 61.4
220 2.3 483 257 3.8 722 66.9
220 3.4 726 270 4.6 932 479
220 4.4 880 286 5.6 1022 86.1
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Vou Lo Fous Vi in P, Uszdngam
V) (A) (W) (V) (A) (W)

%)
220 0.6 100 250 13 230 522
220 1.8 380 258 2.98 554 68.6
220 23 494 261 3.36 669 73.8
220 3.4 710 270 4 843 84.2
220 4.4 920 286 4.1 1000 92
wamsnaassveumaiamadiiond lifimstloundy c, = 330 uF
Vst out Poi Vin in Pa Uszininn
V) (A) (W) V) (A) (W)

(%)
220 0.96 180 190 3.6 530 34
220 175 370 197 438 690 53.6
220 2.59 540 206 5.36 910 59.3
220 3.37 700 212 6.16 1020 68.6
220 4.16 840 224 6.2 1150 73

a 9 o P a -5 a 4 '
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Veu ot P Vi in N Uszdngam
(V) (A) (W) 4% (A) (W)

9
220 0.96 200 228 2.95 470 42.6
220 1.78 380 232 3.74 670 57.6
220 2.58 550 259 4.5 800 68.8
220 3.34 720 265 494 950 75.9
220 4.20 910 285 5.99 1090 83.5
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Vo out P Vi in P Uszdntnm
V) (A) (W) V) (A) (W)

(%)
220 0.6 112 205 1.74 250 44.8
220 1.8 368 220 347 611 60.2
220 23 483 230 395 745 64.8 .
220 34 715 238 535 950 19,3
220 4.28 871 250 5.63 1035 84.2
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Vo " it ¥ in P, Uszdniam
(V) (A) (W) (V) (A) (W)

)
220 0.6 126 200 1.54 263 47.9
220 1.8 386 220 3.39 590 65.4
220 2.3 495 240 3.84 690 71.7
220 3.4 734 251 4.36 874 84
220 428 909 258 5.1 1009 90.1
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Ve out P s Vi in P, Uszdninm
V) (A) (W) (V) (A) (W)
(%)
220 0.96 180 200 3.1 490 36.7
220 1.76 360 212 4 680 52.9
220 2.58 550 221 5.1 900 61.1
220 3.4 710 232 5.9 1050 67.6
220 4.2 870 245 6.71 1190 73.1
wam'smaawmmﬂﬁﬂmaﬁﬁaﬂﬁﬁmsﬂaunﬁ’umaﬁuﬁﬁwﬁm%nLmﬁwﬂ C,= 5000 pF
Vi out L W L, P, Usedniam
V) (A) (W) (V) (A) (W)
(%)
220 0.95 200 198 3.02 480 417
220 1.77 380 213 3.97 670 56.7
220 2.56 550 238 4.48 830 66.3
220 3.35 730 243 51 990 73.7
220 4.18 900 249 5.7 1100 81.8
1%tbﬁcjency (%)
80
60
40 ~*— Delamodulate Simulation
™ Closed Loop Delamodulate Simulation
20 —— Deltamodulate Expirement

™ Closed Loop Deltamodulate Experiment

2
Load Curren

4

5

3 0 a A - o o
U1 7.23 nnwlkamsiiaeaunzranisnaasalsedninmvesdunefines

#11MaA RL (C,= 5000 pF)




126

[ =] 1 a  a a o
il’IﬂNﬂﬂﬁﬂTﬁfNuiwNﬂﬂWS“ﬂﬂﬂﬂx‘ﬁ]ﬁ’.l'ﬂuVlﬁ}’l’]‘ll32’-'(1'1‘1ﬁﬂ']W“llE)\‘l'iif‘]JU'E)‘HL’JE){!.G]E]ﬁﬂ‘I%

a Y o o o v oA a o d a1 a 1 a o o
mﬂ‘l.lﬂl,ﬂaﬂ'lllﬂﬂ‘ﬂllﬂﬁ‘ﬁ’E)uﬂﬁ'U!.!.‘Nﬂuﬂﬂ‘]J‘Uﬁ’)L’ElllLE]TVW!'VIMﬂ'Iﬂﬂ’)‘lﬁs‘i'lJ‘]Ji)u!.’)Eiilﬂi’]‘i‘l.lﬂQ

] ]
I= = _ ~

= =1 ' a v o 1 "
matiamadioan hilimsfloundvszny 18 wamsirasalinnlszansamiiganimanis

¥
< 9

4 = " = Ja =) S a
NARDIlBIININAVRIMINs YA oveegnsalaiannsodndnifatulosuinuaznwa
= c:'u 9 s o = qy o c; ar
nsznunnsdilaiii Museawemwnaamion lawwamsiiaeaaznamsnaaesdi 7.4 &9
Usenouf1ds PF=(1/41+THD? )x DPF asznu'ldaiuiionaaousilnan R n5eTvan RL

a 9 d o = dy = A 9/ =Y Y o - e
ﬂsxuﬁuazmaﬂu‘nNmmmmm%xmﬂmmwﬂmﬂu"lﬂmﬂmm:uahmﬂumﬂamuﬂﬂﬂuu

3

ar Y o o e e ] Yo w g/ '
msfeunduilimdnlsznoumidaliviasdimaldmas ifhmsdeniynanasmmuas

a A & A e 9/ a a a d s =Y v o 1 a o o et
Wai)ﬂﬁ\‘lﬁuﬁﬂﬂﬂﬂ'ﬂ'i?iff‘ﬂ‘ﬁﬂ'l‘wﬂlﬂdﬂutﬁﬂilﬂﬂﬁﬂquﬂﬂﬁﬂ’Ouﬂﬁ‘ljﬂ'lﬂ’J'IEl'HL’JBimE]iTIlIﬂ’]‘i

@ a 4

a = o o { a a H i a
Hounduuseiuiidundudueniym Ao AnudainFaannisnaasad 7.3 uaz 7.5 el
v A A o 5}.3 4 ar ] L a a a & o LY
vowssauABen loanniIiiledadyneddawa b aindeanasiai limsqade
a L=l Y o dyd 3 ) 3
vnmsaIndiimanasllde snwamsiaswazmanisnanesiiseagyldiunainnad
(=1 “ ey ) = a a o' 1 =Y 3 o 4t as v A w a
toain hiimsdeundueziilss@ninmdnimaianadiienniiinstleunduuseduiisuuan

= o
LOUDINHN



UNM 8
YV
unagluazvatauonuz

aw e = ' a wa a Y a o a = o
QWHU%UHI’lﬁ?Lﬂ573”!lﬂ3ﬂ3$!ﬂ”ﬂm ﬁuummmﬂuﬂmamnaﬂ@m‘uu‘nuﬂﬂ:mﬂﬂmﬁ

o a v a Y & Ay ra o A Y ‘ﬁ v
T 3 NAUA ﬂﬁ'zﬂ@ﬂﬂgﬂ lﬂﬂuﬂlﬂﬁﬂ’lﬂ@ﬂﬂllllﬂﬂ'ﬁﬂﬂuﬂaﬁﬂﬂ"lﬂ’.ﬂl HHNIFAANTUDALLUDY

'
=

o = Y o = @ v AW a o a a Y d e
‘I’I'J"]]l']J mﬂuﬂ!ﬂE’Iﬂ111'Elﬂ°flilﬂ'liﬁﬂuﬂﬁUlli\iﬂuWﬂU']Jﬁ'JLEHJLE]'i‘l’l“f!ﬂllﬂﬁlﬂﬂuﬂlﬂaﬁ']llE)ﬂ“l"IJJ

@ a d

[y -1 'S ' @ 4 o o @
msflounduuseiuiauududueniynimfunsarunuuuuilo mewmnlszgnaldiu

[18

a a

a o o Y (O (Y § a o
aunasmamuuﬁﬂuummwummmmﬂmaﬂu "‘ﬁﬂi]']ﬂﬂ']ﬁﬁﬂ’k!'lll.ﬁg’)!‘ﬂ‘i'lz'}:ifﬂﬁﬂ'li"lﬂﬂﬂﬂ

=1 @

mymavvesmatamadioagasuale IsunsuMATLABI oo NUUULAITNTAT IO
Mumsnaaersalisumeudiunsiiaosdina saenu e laianydeandeefuauua

ady Ve ny a oo o ' a o w o P
§1ullﬁ$ﬂqygﬂ1ﬂﬂ\313 IﬂUn‘lﬂuﬂ'VIu1lﬁuﬂuﬂ3611331uﬂ135ﬂy1§$ﬂnlﬁ\3ﬂul@~lﬂwﬂﬂjﬁﬂﬂ

o’ o

Tinsnazaaransenusiitlavewsiduddidon Toafinavindanhdmes nila 19 1ianse

¥ ¥
= & 1

'3 s ‘; N d‘i a ; ° Yy - ==
ﬂixllﬂ'tﬂWﬂﬂﬂMﬂ'IN'Iﬂ‘lJHB‘ML‘HEN?J’liﬂﬂﬂ'IﬁLWJJ‘U'H"Uﬂdiﬁ'ﬁﬂ‘ﬂﬁ'ﬂ‘iﬂlﬂﬁﬂlﬂﬂﬂluuu gy

La

1 1
YUAIY FI9EAINANTENUADAUTTOUZNNAIUTUNN LATHANTENUN 1AM W NN VDA

= 3 4 dyu =1 o ] ar a P=1 A ]
DUIIDTINDT u@ﬂi]’lﬂuEl\‘l?l]ﬂ'l‘i‘l‘]'N'mi'JBJﬂ‘Uﬂ'ﬁﬂﬂuﬂ'ﬁUlLl]‘U'Y‘l]lﬂcl"HQﬂﬂﬂﬂlﬂﬂ‘ﬁ?ﬂﬂﬂi:ﬁﬂ&’

¥
= Y

8 o a ; @ 1 ar LY w '3 -~ e
namsdganndn s SnnadagislumsSouseduusadueinni nanlinem
g/ A a 4 v oaa A Ao o Y 5 ‘3 & a1 o
aguaziiioanhdinesvesduddiyen Toalia1d virlvia1 DPF gadiuuaz THD, lifn1d1as

S »
deralitan PF gelui Ifnszuauazusafundnsewiynilugaauland uffzifasUida

v A A <
ﬂjﬂﬂlliﬂﬂuﬂ%’l‘b’ﬂuiﬂdﬂﬂ'm

8.1 ajUwamsnaaes

aw ; Y2 = L4 = a Y o = 1 @ & =t
mi’mﬂu"lﬂﬁnmuamm'ﬂz?mqyg‘ummﬂuﬂmamnaﬂn"lmjmﬁﬂf)unam‘wmﬂsau

’
= o ) a o

o == Y @ AW a d =Y
dvuradumaiamadiiioaniinstleunduuseduiiduuanduemiynuaziumainnad

o o

a ) v oA w a o ' 1 ) - { ¥
toanimsfounduussduiiduuaudueninnswsumsauguuuyd lof ldeonuuuiy

M a =] wa J =Y Y o = 3 o o Y o
!‘W'ﬂ’JLﬂi'ISHEN?]EHﬁﬂUﬂﬁJBdLlﬂﬁtLﬂﬂuﬂTﬂUulﬂu"lmﬂuﬂ!ﬂaﬂ'lllilﬂﬂiJﬂ'l‘iﬂ@uﬂﬁU&LNﬂu

@ a 4

a = = o o oo a =
vudeuemMynyHaoz g lnswau ldiuuvasse Iaszuaaduudaiinsasivaeuna

e =)

o = a o Wi 4 YV ¥ @

awmstavauazminanesiiims/asunihdinesuaz Tnaamanq s linaaeandeiu

a P a wa a < 1y Y

auuAgIuAzng RN AN Iinzd 13 Tasannsoaglpuauidveanaiinnafiioni'ld
id
oAl

A A Y M a ' = a1 =

8.1.1 MnwaniTnaasaiiogladunamiioaguiulasunlasmiuaimniinesaag i

' I ] ) ¥ 1
alaou g lumsdsunlGougiladunadiioaiusir lddudivaddsudsusminimes



128

' " : 1 ar 4 =) 1 oer A =1 1
atnlaedunianTonarwodansouqiudaziinadedvilunamsiinagannsonadants

1J@su Base frequency ATUHAMTNARDINI LD

8.1.2 vinHanIInAaouNolIeufisun) DPF, THD, uaz PF nd1udunniiinig

a ) d 1 3 9 a 3 o e @ v oA e
uJaau;aﬂadmﬂwmaimmmuuﬂzwu"lﬂ’n mﬂuﬂlﬂﬁﬂ’ll!ﬂﬂﬂllﬂﬁ“ﬂBuﬂﬂU!LiQﬂuWﬂU

a d o 3 3 = i a
uaudueinm 9211981 DPF gadiuuay THD, fiAdias dewalial PF nedmdunmas

L] W

v o 2

3 1 a d1 o 4 1 3 as

Tuiamhdineiaiig Fasdawafaenszuauazuswunadue NI WBIANTTaUTVDA
] =3 Y o P 14 s & 9/ 9 a S

szuulasuand wanmaiinmadiiionn hifinsfloundu Fadesldandinesniimgauay

vinaIngimie lildiAanansenuvessUillaiuseduadiven Toauaz vz danaionoaussous

U=V

kY a

8.1.3 MIANaNINAaDuHeIsuIfivuA1 DPF, THD, naz PF namudunniiiiman/aey
o

(R 1 =) Y o Ao ar @ A a 4
Elﬂﬁﬂiﬂaﬂﬂ"lﬂ"N‘] ﬂﬁ']ﬂ;]')‘llﬂﬂuﬂlﬁﬁﬂ?llﬂﬂﬂllﬂ’]'j'ﬂ@uﬂaUlLSQﬂu’WﬂUUﬁQLf‘JﬂJLQ'WIH3’}?3

¥
<2 3/

¥ '
gy l4a1 DPF gaduuag THD, Timdas danalie PEMsdmdunngady ud Tnanss

a u

a 3 =1 1 1 ar o
!.‘WMﬁtjuﬂ‘iﬂlfuﬁz"l]5?(4Nfla'ﬁlﬂﬂ‘i3LLETLI.E’I3Ll‘iﬁﬂu‘i’lNﬁ.']‘LIL'E)’l‘l’Wj'ﬂiﬁnﬁdﬁuiiﬂuz‘ﬂ@ﬁz‘ﬂﬁ

o { ~ o o = =3
8.1.4 vinmaniIsiiaedaznanIInaaeIiilSousudyyraiauududunad

]
o]

' a =1 | 1y v w a =1 w ar
wimynvounatamadioan hifimsiloundutumailnmadiioaniimstlounduusasu

a o

S o s = o ' =3 o e or @
HAvvausUEWINN T Inaadninuszny ladunailnmadieanimstlounduns sdu

o

S w a d s = Y g w a1 [ A a 7Y a &
Wﬂ‘]J’UEl'JL‘EJmE)"ITW!T]i]glfﬂ’li“llﬂ’lﬂﬂ'J’Uﬂﬂluﬂﬂﬁf’f’i)ﬂﬂ‘b’ﬂmulW’E}Lﬂ'lxﬂﬂﬁﬂl'm'lﬂlvl‘]ﬂ«!'l’JNEN Y

o o

@ @ P4 Y Ad a a v oA d
wilumsinuwssdueniynyag i liaiidenasiTavewsiuadiden Toa nazlunia
o 9 A _B{d AN 1A ar (=1 a gwu’d’l a a o
asanudmatnmadifonh luimsiloundue iimsvnedveailewadiiioasydlan
or 4 = a y
THussdweninnyaguanasnusiavewssduididonToq

=Y Y d Aa ar v Ao a o o
8.1.5 mnmamiﬂﬂaaamﬂuﬂmamuaﬂmm‘sﬂﬂunauuﬁmuwmummmmmwmzaﬂ

q

o o

o a a v oA A a & J a S 1
HansznunanIdilaveussaudddon Toe dwiloanannmanhdmesnimsinauay
a r_g & kY = Y a PR a - =
MINNINVRINTEUE [Man deainnams lHimalinmadileaniimstlounduusaduiisuua,
= o o q ¥ ' a { o i ° 4 @
wueMmNN M lvaunsoasdazvuiandmeshuseduddiron Toalid1aqld e su
o a 3 o ar y a
Ugeaussoug lumshanivesszuuldfgaiunazi nscumuazusaduidugdaau laniau
HANITIN0ILAZHANITNATDA
o 9 a v o Py a
8.1.6 1INMANITTIADUAZHNANIINAABIIZ WY 1A matamaideaninistloundy
o AW a o o Y] [ @ '3 Yy 1 a 3 o — [
UIIAUNALUANDMDINHNITANNTDTNYITZAVUTIAUDIN NN IAGNIInAtinmaditiond 1
= @ & oA == 4 J A & a 3y o e
imsfloundudgadedndulssnfuames ud lufniians iesnnmaiinmadifionfiting
VoW a oo s [ o] ] w (Y s ::i Y
flouussduiiduududumeninnedronilamessa immnsosnuussfueninni Tnaa 1w
= ' A A o ' o Y = o 3/ a o a o =
293 ualelimsiamswiumseunduuuuii leszsi l¥mssamszduusadueniyni

kY e ) ' '
TnaalWavuuazwanszoznamud IS 1@ luvasitmsnldounas Tmasuuusuway



129

1 ¥
817 i]"lﬂNﬂﬂ'I‘iTlﬂﬁﬂdlﬁBlﬂiEf‘UL‘ﬁEJ‘]Jﬂ'Iﬂ’)‘!&mﬂlﬁFJ‘IJ,‘i'JJHlﬂ-iﬂSSLLﬁ(THD) LAZATNIY
= ‘:qy w 9 o A = 1 = o 9P =)
HANYUIINUBIUTIAU(THD) NIAUMKnninsnldeundasmanhdmeswy laiumaiin
a' r ar ar =Y o v = ¥
maﬁ’nﬁaﬂwﬁmsﬂauﬂamﬁmuﬁﬂuumsﬁmm‘nvg‘nmmiaaﬂmmmwmﬁﬂummm

o v s Yt 1+ o ) Va1 a Y o AN ret v o q ¥
ﬂ55llﬂllﬂzlﬁQﬂuﬂ’]\iﬂﬂ|uia‘]ﬂw‘W1W3Jﬂ1ﬂ1llﬂﬂﬂquwﬂuﬂlﬂaﬁ—lnﬂﬂﬂuluﬂﬂ1iﬂﬂuﬂﬂ']_}ﬂ-ltl'ﬂ
o ¥ s A P Y a si 1 o d 9 Y
ﬂ'jgHfﬂlazuiq@uﬂ]@ﬂ_lula—ln?!ﬂﬂﬂuzﬂﬂau]lc]fu llufﬂgﬂlﬁhﬂ'lﬂ’]"ﬂiﬂﬂi‘nﬂﬂ']ﬂ—]ﬂﬂ1:““?]11’7”?\
=] o o s [ [
“’TNauﬂUﬂ1ﬂ‘]cﬁlﬂaiﬂﬂJﬂ1quﬂuﬂu

1 a a a o o =1 1 a
8.1.8 ‘ﬂ']ﬂWflﬂ']'i'ﬂﬂﬁﬂ']J'}’T']ﬂ'l“ljigﬁﬂ'ﬁﬂ']'ﬂﬂif]\?i?ﬁ‘l.]’]J?Junﬂilﬂ@ﬁllﬁﬂdrlﬁlﬁujuﬂﬂu‘ﬂ

'
<] = = ' o

3 S ar o A o = = ' 3 a o -
Lﬁ’ﬂﬁl']llE)ﬂ‘i"lllﬂ'lﬁ‘ﬂﬂuﬂﬁlluidﬂuWﬂ‘IJ'iJﬂ’Jlﬂm'a']‘i"l‘V!‘Vlilzsl‘ﬂﬂTﬂizﬁ‘ﬂ‘ﬁﬂ’m“ﬂﬂﬂ’ﬂmﬂuﬂ

’
[~ o = °

wagniioah hiimstloundui Tnaaanuduniuazanudunudesynsuiufamiioni

F
Y =2

A~ P 1 a S A = a ar s 3 o
memnﬂaﬂuuﬂmmmﬂwmas maqmﬂumssnmnﬂmmmmammamvmﬂlﬁﬁwu

a

= dy w o o 9/ = - o
LHazuNITveationa s Tlﬂljﬂﬂ’ﬁqmulﬁﬂinﬂﬂ']iﬁjﬂcﬁaﬂﬁﬂ

a v
8.2 YaymluanuIdeuazderaueims
a Y o o v Yo s oA ds A o
1. mauamamdeaguaiuasdladifamesniivuia vy iiosinnavesars ludiind
BUAVA
Y o @ o Vet et 4 o
2. 2TmamieagaruiaL Ida Tuunz idanuadi
3. nadyaasunuluszuuih Iimshnuanaadawalisessidufannudeme
= o o da A [ S a A = = o
HBI9INMTAANITTIvMEIRUAEINUYeIgUnsalaInFaTenasiinistlesduuazaanou
¥
Fyanusunuvai
a <y a v _d = Y v A a e P
4. M3dnsziveyamaliamadeaniinseunduuseduidauuaiduermnnaisi
miTnsetlugluvaumsadamaniinelFlumswande Ty
5. awavede Tdadsiimsiannitmsaiugualsisrsaiugunisasaeaie I rants

¥

o = = =:A=h=!
NNIUUBINITULADYTNINNAUY

= ar ) 4 [ a w Ao A a'. a 1 ::.
6. ANYIANUTUAUTTEH IS Y aveanssauddaen Teadanasdumsyawe lugiun

=Y 3 o P ) o A W a o s
ﬂﬂvhJﬂﬂQLﬂﬂuﬂLﬂﬂﬂ']ﬂJﬂﬂﬂllﬂ'ﬁ'ﬂ@uﬂaﬂlliﬁﬂuﬂﬂﬁﬂﬁﬁlﬂulﬂ’lﬂﬂ“ﬂ



(1]

[2]

(3]

[4]

[5]

(6]

[7]
(8]

[10]
[11]

[12]

[13]

Y a 130
PNA139 1904

M.A. Rahman, J.E Quicoe and M.A Choundhury, “A Comparative Study of Delta and Sine
Pulse Width Modulated Inverters.” Pro.EPE., vol.1, Oct. 1985. pp. 1.163-1.167.

M.H. Kheraluwala and D.M. Divan, “Delta Modulation Strategies for Resonant Link
Inverter.” IEEE Trans on Power Electronics, vol. 5, no.2, April 1990.

N. Abdel-Rahim and J.E. Quaicoe. “A Single-Phase Delta-Modulated Inverter for UPS
Application.”IEEE Trans. on Ind.Electron., vol. 40, no. 3, June 1993. pp. 347-354.

P.Jain, D.Vincenti and H. Jin, “An Optimized Single-Phase AC Power Supply with DC
Synchronizations.” in Conf. Rec. IEEE APEC’96, Mar. 1996. pp. 981-910.

audu AR, 305 Aause. “nMseenuuuLaz Nz 1 wlmeadieagaaiisuudi
By Bunedineiiiimsnsmuseduoninn” Smasaianszds auzimnssumand
aofumaTuladwszeounddgaunmsmanszda T4 19, atufl 1, Tuay 2545.
1111 83-88.

S. Sae-Sue, V Kinnares, K. Sirichanpong and K. Kleebbua, “Design and Anaysis of Delta
Modulated PWM Inverter with Regulated Output Voltage for 1-¢ Induction Motor Drives.”
Proc. IPEC'01, May 2001. pp. 661-666.

E |

Tanu o1300. Bidnnsefindmas 1-2. nqumwumuns U5 $18a gadu Hitacuma).
M.H. Rashid. Power Electronics Circuits, Devices and Applications. 2nd Ed. New Jersy :
Prentice-Hall, Inc. 1988.

M.H. TM. Undeland, W.P. Robbins. Power Electronics Converter, Applications
and Design. 2nd Ed. Canada : John Wiley & Sons, Inc. 1995.

D.W. Hart. Introduction to Power Electronics. London : Prentice-Hall, Inc. 1997.

0193 ouainn. ssuumddliihderios (giien) tazindenaunumamn i,
n3amnuMINAs : dninfuiuSindulouda $1ia
(naudrnssueenuuuuazlSnuunseanauas Iihne : MECT). 2543.

B.K.Bose. Power Electronics and AC Drives. New Jersey : Prentice-Hall, Inc pp. 37-40,
140-152. . 1986.

mty%ﬁgﬁ?uma. “msInziuazlsziinquauidvoanainnadiiieagady
ﬁﬁmauwm%‘mﬁm{?%ﬁuuudwqﬁm%’nﬁunaﬁmaé’ﬁﬁﬁﬂﬁhmmﬁu.” NGNS IR
nssuenaasumada, aviimnssylih Susaineds, aoniumalulad

wzvauNdudInUNMITAIANTEI. 2544,



[14]

[15]

[16]

[17]

[18]

[23]

[24]

Y A Y 131
19NN39139949 (AD)

M.A. Rahman, J.E Quicoe and M.A Choundhury, “Harmonic Minimization in Delta
Modulation Inverters using Tuned Filters.” IEEE PESC’88 Record, April 1988. pp. 462-468.

J. F.B. “Calculating Delta Modulator Performance.” IEEE Trans on Audio Electracon, 1968.
pp. 121-129.

A.L. Maswood, “Delta Modulation Technique with PI Controller for Voltage Source Inverter

A Superior Alternate,” IPEC’99, Vol. 2, pp. 555-559, May 1999.

J. F.B. “Calculating DeltaModulator Performance.” IEEE Trans on Audio Electracon, 1968.
pp- 121-129.

M.A. Rahman, J.E. Quicoe and M.A Choundhury, “Performance Analysis of Delta
Modulated PWM Inverters.” IEEE Trans on Power Electron., vol. PE-2, no.3, July 1987.

pp- 227-233.

M.H. Kheraluwala and D.M. Divan, “Delta Modulation Strategies for Resonant Link
Inverter.” IEEE Trans on Power Electronics, vol. 5, no.2, April 1990.

C.A. Karybakas, “A DC to AC inverter based on the delta modulation principle,”
INT.J.ELECTRONIC, Vol. 49, No.6, pp. 56-66, 1980.

P.D. Ziogas, “The Delta Modulation Techniques in Static PWM Inverters.” IEEE Trans. on Ind.,
Appl., vol. IA-17, no.2. Mar./Apr. 1981. pp. 199-204.

ey Ausd. gumanadiiioageaiiduuiutudunesmesdmsudunaounemes
wilenir, Inoiwuimnssumansumadia  awdmnsse i Tudeineds,
ao1uma luTagnszeeundudgunmsaansyafa. 2534,

S. Sae-Sue, Ch. Charumit, V. Kinnares and S. Potevejkul “Design and Evaluation of an
Adaptive Hysteresis band Delta Modulator for VSL.” Proc. IPEC’99, Singapore, May, 1999.
pp. 661-666.

S. Sae-Sue V. Kinnares, Ch. Tangsiriworakul, and S. Potivejkul, “Comparative Performance
Evaluation of Fixed and Adaptive Hysteresis Band Delta Modulation Technique for UPS.”
IEEE Proc. Power Electronics and Drive System Conf., vol.2, Hongkong, July 1999.pp. 956-
960.

C.F. Christiansen, M.I. Valla, and C.H. Rivetta, “ A Synchronization Technique for Static delta
PWM Inverter,” IEEE Trans. Ind. on Electron., vol.35, no.4, Nov.1988. pp. 502-507.

C.F. Christiansen, M.I. Valla, and C.H. Rivetta, “Spectral Analysis of a Synchronized Delta

Modulated PWM Inverter,” Int.J.Electronics, Vol.63, No.3, pp. 409-418, 1987.



[27]

(28]

[29]

[30]

[31]

[32]

[33]

132

Y U
1BNE13591994 (79)

M.A. Rahman, J.E. Quaicoe and M.A. Bows and E.S. Lai, “Investigation into optimising high
switching frequency regular sampled PWM control for drives and static power converters.”
IEEE Trans on PE., vol. 143, no. 4, July 1996.

P.Jain, “Performance of a Single — Stage UPS System for Single-Phase Trapezoidal-Shaped
AC-Voltage Supplies.” IEEE , Trans. on Power Electron., vol.13, no. 5, September 1998.
Abdel-Rahim and J.E. Quaicoe. “Analysis and Design of a Multiple Feedback Loop Control
Strategy for Single-Phase Voltage-Source UPS Inverters.” IEEE Trans. on Power Electron.,
vol. 11, no. 4, July 1996. pp. 532-541.

M.Pande, H.Jin, “Output Voltage Integral Control Technique for Compensating Nonideal DC
Buses in Voltage Source Inverter. " IEEE Trans. on Ind. Electron., vol. 12, no.2,March 1997.
M.Pande, H. Jin, “Modulated integral Control Technique for Compensating Switch Delays and
Nonideal DC Buses in Voltage Source Inverters.” IEEE Trans on Ind. Electron., vol. 44, no. 2
April 1997.

C.L.Philipe, R.D. Harbor. Feedback Control Systems. International Editions. New Jersy :
Prentice-Hall, Inc. 1988.

K. Ogata. Modern Control Engineering. India : Practice Hall, Inc. 1978.



MANUIN N

::.:. Vo =% d
UNANUN IS UM SANUN



——

<F-

RTINS TR R LT e

ISSN 0125-1 724

| LADKRABANG EVGIVEZRING JOURNAL

"
=T

719 avun 1

AN 2545

€ ST

o

s

w

(2]

o

w

18

19.

Uningmsalanuamudauiuumuanmeusiautugdeaulalonsiia n-i-al injection gate

PAM ITIONNY  ANAYSA AMAY
msdauansiguannhidihaniduwssiaduniugedieis H-emination

Waxyd Fusiad  Iqnd §ajusav
‘J\‘Iﬁl‘ima»lﬁailI.la.,’N‘i}‘iﬂiJﬂ‘SWnﬂHDQtﬂﬂ‘lmlHaQQ’lﬂlﬂLaENGI’l

dggiend @na  navde wowy 08 uwd
NITNTIUFABUANLAUGAaEE TN BuMLUY 153 1) 158

e udd  dndwed soardod
NesnTBIATINALUVYBRERTLoUANNBAudnaean 60 Hy Tagldnemaudaoudniaad

wue3 Awiv  pavdy womy  Flaws lavdow  Fwn nawdaduny

Na;?ﬁuaaaaﬂuam_lﬂumrmuéﬂaumnumwﬁmmmuumqaumea.,LmﬂwwﬂUgumwuuu Rail - 1o Rail

guza dasumiwg  naudy memy
2935 ¢, ~C duiinamasinadunnnsziune Bulk yaanaansiuganas

wupi Al naudy weINNY  owR AUNANE  Tue nawdaduns
MIANnaaNIMILWINIENERaveaInsaIMalulasanieiuardey

nﬂﬂl'NF? H‘i‘?.fﬁ'.‘.'Uﬁ'ﬂJlJ' LI a'ﬂr.uuﬂmﬂn
maUssnadanmsantadude Wind Profiler lughuami UHF

Aage TAwdAs  deded awysalan  0m dasd wsd munsal
MFUTUUT line code 2B1Q 'l'um‘swn‘matwamuﬂi,ﬁwﬁmwmﬁuem;aua

2@ daanmans  naufy eEwIy  Wigg 2NNIA
nmsmdnnmaanszuainga luszuulihne lvalesldlasshedszamdiow

Ny wdars  awnd $3imns ad usiwdes

mﬁmswvn’mmumnviws-'m'wn‘mmﬁu%'ﬁua voarusamiswlaimenisulawidawuuauming
insevlns Aadrsned  aniuniand aanns  Ad usswias
mﬂms1~11-ua~nﬂaunasmasnﬂaummmmuvéam
auwisssd wmgy  Fer wgiusy
ﬂ"l?'\]'?aBaniﬂTLIﬂNlLsi'UWTQEIE'N?JDQNDLF\H?[HUH?UTHWNLTJH
BNETY YMYT  Awa Assunswed  33@s Aausa .
mMsganuuULaElA Tl 1 (d wadilsagaaiauudndndunasinasninsaimusiduianinn
Auay nadulr  Fias Aausa

3-tWa Widuuaudw -8 waindaaunaiwashunasademansuaznmsuaanumnelumalfua

lya Dinasdr 3502 Wwgdndy
yauasaenabvivuialanaunussuuihusén
Yszmy Iwsgassan  @ias Mg

nmswensailasmaiamamanimingassyauaazaim 1 fuuazmaiansbideuwuuanivuuudaa

ugua Fufigseszpa  qua §33mns
N3ATIIWURUMEBNNTEAUASHAUNLUY

nyas Aidudduans  nuaia nasee
msihsnysininminelasiEmsfiamuiiamamsiniauizandulasiia

Uy @nd  iuwa nevauAs  msede Iszning
MswisnuwuusmInnminuusanlssnasannu PYM

1 suef ussee Uesiw
msuuam'aa:uauaamsnn'sviau'uumsammumwummwuﬁaum

noude weny  @oiey vanduns  uins asmdey dnswa adier
mﬂli:qnmlﬁﬂulﬂmnauTmmaa‘s'uum‘*}a'ziw

g9y Junime  paudy ey giud Jusiinywed "
maaammutumnsmwalmauw’nmaswnwwmannm-,vauamuaua LIIMIAMUANTTUVDAETUNTTY

nizy @@ naudy ey asswans nadd

wr
[#5)

w
(=]



a 4 Y
nIvenuuULazInTIzH 1wl inamsieagian

a a = a é d H ] a
NAUURUBHBNIDIIADINUNITAIA WIIGTHIDINIY

Design and Analysis of 1-¢ Delta Modulated PWNM
Inverter with Regulated Output Voltage

Audu navudn  33AT NousA

- - - < ~ T T_- o
madrrimnssu it auzdmnssumoas aotuma luTadnszssunduiinunmisaanszy

UNAn
Tuunanuil Aduausmatamsatuamaad Weadsuuanduilnisdounduussdufidsuuaniy
a Ed

/ & a ¥ o a_ & ° Y a2 o & '
wmwndmiuurdeie nszuaady  laonadatdssimindulSisnAuames (Preregulator) #a3zy uanna

aa ) 9 ow

ns:ﬂu'?ilﬁﬂaWﬂEﬂtﬁaﬂlmuﬂﬁuﬁ%rﬁauIuaé’ulﬁmmmnﬁwhﬁuﬂ's:qwnmmnmta:tn*sn??'u*f;u‘uaqﬂiz::rﬂnaﬂ
ﬁ?ﬁ'ﬁtﬁuﬂi:qua:usqﬁuﬁiﬁanTuaﬁﬁaﬂﬂ:ﬁmaHthPF(DispIacement Power Factor), PF(Power Factar)
“mqﬁmﬁu?mqq't‘jvuua:ﬂ:\mfhmmﬁmﬁvuus'nmadﬂ‘.‘:uﬁﬁuﬂﬂ(ﬂ-ﬂ);) anas nwans [natadiiuauetias
ﬁﬂﬁmsmﬁwammﬁumﬁwnﬁfu:m:mmaunuam‘m"1ﬂu1ﬁﬂ1ﬂaqmﬂﬂmﬂ§fuuuﬂaaTwaﬂadwiuwﬁuﬁﬁu
A0 uanﬂ1ﬂﬂy’lu5:uui;’aﬁmﬂﬁmaﬁ;iﬂauﬂﬁmmuﬁ'laﬁmi"uﬂ13ﬂ'mﬂuqﬂuanr?w'du’luﬂﬁﬂqﬁumﬁuuazaﬂ

S w v 7 - w ° 3 Vaa o a <w oya
5:3:17a11uﬂ1fﬁu‘3\1ﬂ‘|¢5\ 1“1311’1?!7“”a‘lJ'J'Uﬂ:QﬁHTTﬂuz:luﬂTﬁﬂ‘N‘l'Ll'UENTz'UU IMagIuH  IUUNAINY LAUNTT

ATINADUAUITTOUTYDITTUUNU NTUBBI9EDUA

Abstract

This paper presents a control technigue of I—(b delta modulated PWM inverter having PWM
output voltage feedback for ac power supplies. This technique is used as a preregulator which
compensates for effect of dc link voltage ripple on output voltage due 1o a finite capacitor and an increase
in load currents. Low value of dc link capacitor causes increased displacement power factor (DPF) and
increased input power factor (PF), and decreased total harmonic distortion of input current (THD). As a
result. output voltage regulation is improved.” Dynamic response due to a step load change is aiso

improved. Furthermore Pl controller is included for outer loop control for system performance

improvement. [n this paper, the performance investigation of the proposed system is fully given.
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Design and Analysis of Delta Modulated PWM Inverter with regulated output
voltage for 1-¢ Induction Motor Drives

S. Sae-Sue, Student Member, IEEE
Dept. of Electrical Enginecring, Faculty of Engincering, Mahanakom
University of Technology, Nhongchok, Bangkok, 10530, Thailand.

Abstract: This paper proposes the analysis and design of a delta
modulated PWM voltage source inverter having feedback output
voltage for 1-¢ induction motor drives. This technique offers good
advantages over a conventional delta modulated PWM technique in
terms of remaining output voltage fairly constant under variations in
load conditions and reducing capacitor value of a dc link filter. DC
link ripple is inevitable, especially for finite LC or C filters at heavy
load conditions. Consequently, output voltage is reduced thus,
decreasing fundamental flux level in induction motors. The
proposed technique can overcome such problems. The practical
performance evaluation has been made over a wide range of
operating conditions.

Keywords: Delta Modulated PWM, Induction Motors, regulated
output voltage source inverter.

[. INTRODUCTION

Static voltage source inverters (VSI) employ various PWM
techniques to improve the quality of the load voltage [1]. This
has led directly to a reduction in the size and weight of the
filter components for UPS applications and a reduction in
machine losses and other undesirable effects such as torque
ripple for drive applications. Although these techniques have
been successfully implemented for a wide range of
applications, they suffer from complex control circuitry and
moderate voltage utilization ratio. Delta meodulation has
become an established alternative to sine PWM in inverter
application for offering a sinusoidal output with low harmonic
contents and ease of control of inverter output voltage [2]-[6].
The synchronised delta modulation technique having fixed
switching frequency can be found in [7]. This allows the
solution to the unbalanced voltages in a three phase system.
However, the circuitry is very complex and difficult.
Recently, an adaptive hysteresis band delta modulator has
been proposed for improving performance, especially load
current ripple [8]. However, there are few papers focusing on
regulating fundamental output voltage and applying to
induction motor drives. Therefore, this paper contributes this
intensive subject.

II. THEORY

Analysis of a conventional delta modulation technique

The principle of operation of the traditional delta °

modulation can be described with the aid of the block
diagram shown in Fig. 1. A reference signal v, is compared
with a feedback signal or a carrier signal v, obtained by
integrating the modulator output signal (low pass filtering
process), to produce an error signal e. According to the sign

0-7803-6338-8/00/$10.00(c)2000 IEEE

V. Kinnares K. Sirichanpong and K. Kleebbua
Dept. of Electrical Engineering, Faculty of Engineering, King Mongkut's -
institute of Technology Ladkrabang, Bangkok, 10520, Thailand

and predetermined magnitude of e, the output of the
modulator has two possible levels +E, whereas the time
duration between two successive levels is determined by the
slope of the reference signal.

sopetmemor [ |
- we 2 (T
| APy

D_l__.-$¢ :rT‘ voluge (v ) . —

E A I"
i |

Fig. | Block diagram of a simple modulator for PWM VS]

Fig. 2 shows the waveforms at various nodes in the
modulator block diagram. It can be seen that the feedback
signal tracks the reference signal within the upper and lower
boundary levels £H. From the modulator-operating principle,
it can be observed that the output signal is decoded by the
integrator in the feedback path.

(a)

NAAAAA A AAANND D
TNV YV VYT YN

+H

(c)

Fig. 2 Delta modulation technique
(a) reference voltage and feedback voltage
(b) PWM signal with the wvariation of switching
frequency
(c) error signal with fixed hysteresis band £H

ry level

Fig 3 Extended delta modulation wave forms

317



The mathematical expressions for a parametric mode! can be
Zerived. The more detail of the analysis can be found in [7].
From Fig. 3, the positive pulse time is:

2H
Aty = V.w, cos(w,t) t
Ny O s . a3
KE

Where
H : Fixed hysteresis band
K :Integrator time constant
E :Supply voltage
V., : Amplitude of reference signal

: Reference angular frequency

E

Similarly, the negative pulse time is:
2H
8= @)

- KE[1 + Vew, cos(m,r)]
KE

Then, the switching period is:
4H
2
- (Vrmr cos(cur.'))
(KE)?

Aty +AI. =

KEl

Generally, a delta modulation technique employs feedback
signal from internal gating pattern. This is fairly simple to
control. However in order to compensate for effects of dc link
voltage ripple, the PWM output voltage will be used in stead
of such feedback signal of conventional delta moduiation.

[TI. System Configuration and Operation

T TT T
v, SNQ T H
T " :EH:_': ™ POWER DRIVE
T,

Hyttresis Lacksut Time

g Comparster

L

Integrater

Fig. 4 Block diagram of a control and main power circuit

Fig. 4 illusrates an overall proposed approach. Output
voltage is sensed via an isolator with a reduced suitable gain

|
( o ). This feedback signal takes effects of output voltage
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levels and ripple into account. This signal emulates internal
gating pattern for a conventional deita modulaticn technique.
The feedback signal is fed through the integrator to tack the
reference signal. From (1) and (2), E is a parameter affecting
pulse time. When E is sensed from output voltage which is
varied with dc link voltage level and ripple, pulse time will
adapt in order to obtain feedback signal tracking the reference

signal.

Design Example

System parameters are as follows.

Maximum switching frequency = IkHz, Modulation index =
0.8 , Peak reference voltage = 10 V, Integrator time constant
(K) = 400 (R = 25kQ, C=0.1pF ), Ripple voitage = 90 V;.,
Vde=300V,G=30

[V. Experimental Results

[EEaEY &
bc 0

T

v

Fig. 5 Output voltage waveform: Cde = 220 pF. (convenuional
delta modulation)

2000/06/7% 913T4
2ma jare
(2rren /v )
WORILSDACS /3

Stopped

Fig. 6 Output voltage waveform: Cdc = 220 pF. (Proposed delta
modulation)

As shown in Fig. 5 and Fig. 6 clearly, in contrast, at the same
load condition, delta modulation with feedback output voltage
will adapt pulse width particularly at the trough of ripple
voltage for keeping the fundamental output voltage constant
in order to compensate for effects of ripple. The increased
puise width can be clearly considered from (1). The
decreased output voltage results in an increase in pulse time
due to a decrease in E levels. [ncreasing pulse width will be
adapted automatically in order to keep output of the integrator
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(v to track the reference signal. By this way, the o
fundamental output voltage will remain fairly constant. Fig. 7, ‘i
Fig. 8 and Fig. 9 show a change in output voltage spectra -
during various load conditions and fundamental frequency of o~

50 Hz. It can be seen that at a heavy load condition, harmonic
sidebands move closer to the fundamental component.
Moreover at increased load, lower order harmonics will
appear. These confirm that when increasing load level, pulse o
width is increased for compensating for decreased output @ ‘
voltage and ripple. Fig. 10 and Fig. 11 illustrate how the wr ,‘_AKLM

proposed technique keep fundamental output voltage fairly i L4t MW"WW
constant as varying loads, compared with a conventional delta o 50 100 150 200 25

. S A . Harmonic order
modulation technique. The proposed technique provides
better voltage regulation over a conventional technique for a Fig.9 Spectra of output voltage: Cdc = 220 uF, heavy

120

100

80

Vaoltage (v)

"
o

a

lower value of capacitors. This confirms the capability of the condition
proposed technique in terms of compensation for ripple of
output voltage and reducing value of a dc link capacitor. Fig.
12 shows motor voltage and current waveforms at 50Hz. i r—
Another advantage of a reduction in capacitor size is dynamic pE—
response improvement. The further work will investigate T — e
motor performance in terms of dynamics response, torque- 3 @ - Wi O
speed characteristics, etc. &
5 O-
g
250 =1
g 5
o]
0 0+ : T T
- 0 1 2 3 4 5 6 7 ¢
g Leed amet(A)
Q
gm Fig.10 Fundamental output voltage with a variation of
g ’1 n current; Cdc = 220 pF
AL
. WL ey \”r_.'vf“"me)“J\,Mﬁ,»rmn
0 ) 100 150 0 20 & 5
Hamonic order o ——
i ¥ -ty
@ !
Fig. 7 Spectra of output voltage: Cdc = 220 pF, light load E 0 q
diti °
condition ; 1CUJ‘
g ! B Deta modutated
20 ©] EDJ} @ Proposed
|
0 ‘ T T T T T T T
200
= 0 1 2 3 4 5 5 7
& o
5 load current(A)
o |
> i
100
i L\ Fig |1 Fundamental output voltage with a variation o
ol ! | {E ‘ current, Cde = 4700 pF
[ )
WA R
R RN ﬂ
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00 %0

100 | 150
Harmonic order

Fig 8 Spectra of output voltage: Cdc = 220 pF, medium load
condition
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Fig.12 Motor voltage and current waveforms

V. CONCLUSIONS

This paper has dealt with the analysis and design of a
control technique for a single phase delta modulated PWM
inverter fed induction motor having feedback output voltage
in order to compensate for effects of dc link voltage ripple on
output voltage. As a result, some performances have been
improved such as output voltage regulation. This helps to
reduce the size of the dc link capacitor. Experimental results
have proved effective for the proposed approach.
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%

%%% Calculation program of parameter of delta modulation technique
% %%
%

%%% Input parameter of delta modulation technique

%
kk=input(k=");
fce=input('fc=");
vrr=input('Vr=");
fre=input('f=");
ee=13.6;

ww1=2*pji*fre;

%
potl=kk*ee/(4*fcc);
pot2=(0.5*vrr"2*ww1"2)/(4*fcc*kk*ee);

pot3=potl-pot2

%
potd4=pot3-pot2;
pot5=pot3+pot2;

poté=pot5-pot4;

0,

()

%%% Parameter of adaptive band

%
forintf("** DC = %e **\n' pot3)

forintf("** Amplitude(-)=%e  **\n',pot2)

%o

%% % Parameter of sine band

%o
fprintf('** DC = %e **\n',pot4)

forintf('** Amplitude(-)= %e **\n',pot6)

%
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%%% Calculation program of quality index of PWM technique

Yo
st=input(’ Input voltage data ");
st1=abs(fft(st(1:length(st)))/round((length(st)/2)));

st2=st1(2:round((length(st)/2)));

%o
inn=input(’ Input current data ' );
innl=abs(fft(inn(1:length(inn)))/round((length(inn)/2)));

in=inn1(2:round((length(inn)/2)));

%o
zer=0;
for i=1:length(st);
if st(i)>0;
sw(i)=200;
else
sw(i)=0;
end

end

%
%%% Calculation program of pulse number

%o

num=0;
for r=1:length(sw)-1
if sw(r)~=sw(r+1)
num=num-+1;

end

%
v11=st2(1)/sqrt(2);

forintf(" ** Virms = %e *\n'vil)

%o

%



hhh=st2;
hh1=160;

hh2=hhh(2:hh1);
bbb=sqrt(sum(hh2.”2));
thds=(bbb/hhh(1))*100;

forintf(' ** THDv = %e *¥\n' thds)

%
hhhl=in;
hh22=hhh1(2:hhl);

bbb l=sqrt(sum(hh22.”2));
thdsi=(bbb1/hhh1(1))*100;

fprintfC ** THDI = %e **\n',thdsi)

%
athd1=st2;

athd1=rot90(athd1);
athdd=athd1(2:hh1);

annn=(2:hhl);
aml1=sgrt(sum((athdd./annn).”2));
am22=(100/athd1(1))*am11;

fprintf(" ** DF1 = %e **\n''am22)

0

o

bthdl=st2;

bthd1=rot90(bthd1);
bthdd=bthd1(2:hh1);

bnnn=(2:hh1).”~2:
bm11=sgrt(sum((bthdd./bnnn).”2));
bm22=(100/bthd1(1))*bm11;

forintf(" ** DF2 = %e *¥\n',bm22)

%
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1) Portable Digital Oscilloscopes

Type
Maximum sampling Rate
Analog bandwidth

Vertical resolution

31" A.1 Digital Oscilloscope 8170 YOKOGAWA, 8 bits 200M/s , 150 MHz

Yokogawa DL1540C/DL1540CL
200 MS/s
150 MHz

8 bit
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2) Digital Multimeter

Type
Voltage Range
Current Range

Frequency Range

H A at =Q l=l
7N a2 nTeslednTan-usudldudunn 8o Hewlett Packard 973A

Hewlet Packard 973A
AC/DC 0-1000V
AC/DC 0-10A

20 kHz
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3) I'luke 41B Power Quality Meter

Type Hewlet Packard 973 A
Voltage 5.0 V-600V rms
Current 1.00 - 1000A
Watts/Volt-Amps 0.0W(VA) — 600 kW
Frequency 6.0 Hz-99.9 Hz

FLAIKEY 4180
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International

TSR Rectifier
INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features

* Non Punch Through IGBT Technology.

» Low Diode VF.

* 10us Short Circuit Capability.

+ Square RBSOA.

« Ultrasoft Diode Reverse Recovery Characteristics.
« Positive VCE (on) Temperature Coefficient.
+ Super-247 Package.

Benefits
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PD- 94240

IRGPS40B120UD

UltraFast Co-Pack IGBT

: Vees = 1200V
VcE(on) typ. = 3.12V

@ Vge = 15V,
N—chanEne! Ice = 40A, Tj=25°C

* Benchmark Efficiency for Motor Control.

* Rugged Transient Performance.

* Low EML.

« Significantly Less Snubber Required

* Excellent Current Sharing in Parallel Operation.

Absolute Maximum Ratings

Super-247™

Parameter Max. Units
Vces Collector-to-Emitter Voltage 1200 \)
lc @ T =25°C Continuous Collector Current 80
lc @ Te = 100°C | Continuous Collector Current 40
lem Pulsed Collector Current 160 A
ILm Clamped Inductive Load Current 160
Ie@ Tc = 25°C Diode Continuous Forward Current 80
IF @ Tc = 100°C | Diode Continuous Forward Current 40
IEM Diode Maximum Forward Current 160
Vae Gate-to-Emitter Voltage + 20 \'
|Po @ Tc =25°C | Maximum Power Dissipation 595 W
Pp @ Tg = 100°C | Maximum Power Dissipation 238
Ty Operating Junction and -55 to +150
Tste Storage Temperature Range c
Soldering Temperature, for 10 sec. 300 (0.083 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rosc Junction-to-Case - IGBT —s —_ 0.20
Raoyc Junction-to-Case - Diode _— — 0.83 °CIW
Rocs Case-to-Sink, flat, greased surface — 0.24 —_—
RoJa Junction-to-Ambient, typical socket mount — — 40
Recommended Clip Force 20 (2) — e N(kgf)
Wt Weight _ 6.0 (0.21) — g (07)
Le Internal Emitter Inductance (5mm from package) —_— 13 —_— nH
www.irf.com 1

01/17/02
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. |Max. [Units Conditions Rel.Fig,
V(BRICES Collector-to-Emitter Breakdown Voltage [1200| — | — | V| Vge = OV, Ic = 500pA
AV@Rrces/ATy| Temperature Coeff. of Breakdown Voltage | — [0.40 | — |V/°C | Vae = OV, Ic = 1.0mA, (25°C-125°C)
VCE(on) Collector-to-Emitter Saturation Voltage |— |3.12 | 3.40 I = 40A Vge = 15V 56
— 13391370 | V Ic = 50A 79
— 13.88 14.30 lc = 40A, Ty = 125°C 10
— [4.24 | 4.70 Ic = 50A, Ty = 125°C 11
VGE(th) Gate Threshold Voltage 40 | 50 | 6.0 Vce = VaE, Ic = 250pA 9,10
AVgenh/ATy | Temperature Coeff. of Threshold Voltage | — | -12 | — mV/°C| Vce = Vae, Ic = 1.0mA, (25°C-125°C) | 11,12
Ofe Forward Transconductance — |305 | — s Vee = 50V, Ic = 40A, PW=80us
lces Zero Gate Voltage Collector Current — | — 1 500 | pA | Vee = 0V, Vcg = 1200V
— | 420 | 1200 Ve = OV, Vce = 1200V, Ty = 125°C
VEM Diode Forward Voltage Drop — 12.03]2.40 I = 40A
— |2.17]2.60 | V |lc=50A 8
— |2.26]2.68 lg=40A, T)=125°C
— 12.46 12,95 Ic = 50A, Ty = 125°C
lces Gate-to-Emitter Leakage Current — | — %100 | nA | Vg = £20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions Ref Fig.
Qg Total Gate Charge (turn-on) — | 340 | 510 Ic = 40A 23
Qge Gate - Emitter Charge (turn-on) — | 40 | 60 nC | Vgc = 600V CT1
Qqc Gate - Collector Charge (turn-on) — | 165 | 248 Vee = 15V
Eon Turn-On Switching Loss — | 1400|1750 | pJ | lg = 40A, Vee = 600V CT4
Eoif Tumn-Off Switching Loss — | 1650 {2050 Vie = 16V,.Rg = 4.7Q, L =200pH WF1
Efol Total Switching Loss —— | 3050 | 3800 Ls = 150nH Ty=25'C | WF2
Eon Tum-On Switching Loss — 119502300 Ty=125°C 13,15
Eoff Turn-Off Switching Loss — [2200)2950 | pJ | Energy losses include "tail" and
Etot Total Switching Loss — | 4150 | 5250 diode reverse recovery.
td(on) Turn-On Delay Time —1 76 | 99 Ic = 40A, Vce = 600V 14, 16
t, Rise Time -— 39 | 55 Vee = 15V, Rg = 4.7Q2 L =200uH CT4
tatofn Tumn-Off Delay Time — 332|365 | ns |Ls=150nH, T,=125°C WF1
ty Fall Time —] 25 | 33 WF2
Cies Input Capacitance — 14300 — Vge = OV
Coss Output Capacitance — | 330 | — | pF | Vge =30V 22
Cres Reverse Transfer Capacitance — ] 160 | — f=1.0MHz
Ty =150°C, Ig = 160A, Vp =1200V 4
RBSOA Reverse Bias Safe Operting Area FULL SQUARE Vee = 1000V, Vge = +15V to OV o7
Rg = 4.7Q2
o ) Ty,=150°C, Vp =1200V CT3
SCSOA Short Circuit Safe Operting Area 10 — | — Bs | Ve = 900V, Ve = +15V to OV, WF4
R =4.70Q
Erec Reverse Recovery energy of the diode | — [3346 | — | pJ | Ty=125°C 17,18,19
tr Diode Reverse Recovery lime — | 180 |— | ns | Vgg = 600V, I = 60A, L =200pH 20,21
Ier Diode Peak Reverse Recovery Current | —] 50 | — A | Vgg = 15V,Rg=4.7Q, Ls = 150nH CT4WF3
2 www.irf.com
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Fig. 1 - Maximum DC Collector Current vs. Fig. 2 - Power Dissipation vs. Case
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Fig. 3 - Forward SOA Fig. 4 - Reverse Bias SOA
Ta =25°C; T g 150°C T =1560°C; Vge =15V
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Fig. 5 - Typ. IGBT Output Characteristics
Ty =-40°C; tp = 80us
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Fig. 7 - Typ. IGBT Output Characteristics
Ty =125°C; tp = 80ys
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Fig. 6 - Typ. IGBT Output Characteristics
T,=25°C; tp =80ps
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Fig. 8 - Typ. Diode Forward Characteristics

tp = 80us
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Fig. 12 - Typ. Transfer Characteristics
Veg =50V, tp = 10us
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Fig. 13 - Typ. Energy Loss vs. I
Ty =125°C; L=200uH; Veg= 600V
RG= 479, VGE= 15V

80

5000
4500 i
4000 EOFF //
y. e il
3500 =
S 3000 / -
= P ON
Z 2500
b
& 2000
1500
1000
500
0
0 5 10 15 20 25
Rg (@)

Fig. 15 - Typ. Energy Loss vs. Rg
TJ =125°C; L=200|JH; VCE= 600V
lCE= 4OA, V(_;Ez 15V
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Fig. 14 - Typ. Switching Time vs. I
Ty =125°C; L=200pH; Vcg= 600V
RG= 479, VGE'_' 15V
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Fig. 16 - Typ. Switching Time vs. Rg
Ty =125°C; L=200pH; V= 600V
lce= 40A; Vgg= 15V
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Fig. 17 - Typical Diode Igg vs. I¢ Fig. 18 - Typical Diode Igr vs. Rg
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Fig. 19- Typical Diode Igrg vs. dig/dt Fig. 20 - Typical Diode Qggr
VCC= 600V; VGE= 15V, VCC= 800V, VGE= 15V;TJ =125°C

lce= 40A; T, =125°C
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Fig. 22- Typ. Capacitance vs. Vg
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VGE: OV; f=1MHz

lce = 40A; L = 600pH
www.irf.com
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Fig. WF.1 - Typ. Turn-off Loss Waveform
@ Tj=125°C using Fig. CT.4
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Waveform
@Tj=125°C using Fig. CT.4
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Fig. WF.2 - Typ. Turn-on Loss Waveform
@ Tj=125C using Fig. CT.4
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Super-247™ Package Outline
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= B@ NOTES e MOSFET IGBT

1. DIMENSICNING AND TCLERANCING PER ASME Y14.50M1994,

1. GATE 1-GATE
2. DINENSIONS ARE SHOWN IN MLLIMETERS [INCHES) 2. DRAIN 2 - COLLECTOR
3. CONTROLLING DIMENSION: MLLIMETER 3. SCURCE 3.EMITER
4. OUTLINE CONFORMS TOJEDEC CUTLINE TO 27444 4 - DRAIN 4 - COLLECTOR

Data and specifications subject to change without notice.
This product has been designed and qualified for the industrial market.
Qualification Standards can be found on IR’s Web site.

International
ISR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.01/02
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