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ABSTRACT

The thesis presents the improvement of the switching frequency for the delta
modulation inverter in order.to drive three phase induction motor. The inverter generated
control signal in voltage — frequency (V/F) method that the frequency from 0-50 Hz in the
PWM operating mode and more than 50 Hz in the square wave operating mode. This
technique is used to achieve improved switching frequency to be automatically adaptive
hysteresis band by means of introducing a constant frequency triangular signal at the
summing point to produce new reference signal, (Vi+AVm),in order to replace the
reference signal (Vi) . From this technique, low-order Harmonics, mechanical vibration
and acoustic noise can be reduced to drive three phase induction motor property
because of the balanced phase voltage and the low THD. In addition, the operating
mode can be also changed continuously and smoothly from PWM mode to constant

voltage mode.
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P
Rotor power ratio = "I'fc" =1-§ (2.21)
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Va = Vm sin ot (2.26)
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Vb = Vm sin(wf —120)
V =V sin(wt -240)
c m
=l g o 0‘ -~ « a | A o' o Al?
ménnwjLﬁ‘ﬂs“nmLLi\'lmuMamumawmunﬁaumumLﬂumu

V =V sinot+V_ sinSot+V. sinTot+...
a Im Sm Tm

Vb = Vlm sin(wt —120) + Vsm sin S(wt —120) + VM sin7(wt —=120) +...

V. =V, sin(@r-240)+V, sinS(at-240)+V, sin7(ar—240)+..

o~

ANNTTN 2.30 WAL 2.31 amnsadauliluisen

v, =V, sin(ar—120)+¥, sin(Sor+120)+¥, sin(7ar—120)+..

V. =V, sin(or+120)+V, sin(Sor-120)+V, sin(7ot+120)+...

WeliAmmiianzinentesadflssnauyagy
V =V sinwt
a lm
Vb =V, _sin(wf-120)
V =V sin(wt-240)
c lm

Juiflug1su ABC iladnmmiianisinangasaniueiindgm 5 asld

V =V sinSwt
as 5m

Vbs = VSm sin(Sat +120)

Vcs = VSm sin(Sawt —120)
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(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

wudufludndy ABC viTa CBA Tearunnaduzesesflszneuyagiuasifondt svduay

tJ = T [ ¥ = dl
UAZINDATIZMIRNIZINaNTRNaNTualindh 7
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Va7 = V7m sin(7mt) (2.40)
V&7 = V7m sin(7at +120) (2.41)
VC7 = V7m sin(7awt —-120) (2.42)

wudnfludndu ABC FemserudrdurasasflsznouyagiudaFands drduan
apllddnanfueiindsdiuil K =(6n+1) azinfia mmf wyulufianadaaiy

aunwimdnudn susfisfuelinddidd K =(6n—-1)azindia mmf uyulufianng

ArafudnfuaueimEnan douafusindddudl K = (6n—3)aglidudia mmf 1o

X
auludasanna
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Henawmafinalnaldimssanefilildlng nrsugideussfuiammaefarmnsoiinme
fauasflsznavyagiuuasaynsuafualindla EliAAnsBumresindnueneday
Aarraunldduiugdnsaliiaduusrauisaiieindnnisaaanisnaten (Super position)
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aA a a
2.5.1 aasanyadadiadnaling

annasanyaTssnamefiniiaoiuudnluglii 2.10 (n) alé

Sl =(1/ n, )(nl —n) (2.43)

a ga (h a o a
aafsenauanfuelind® k" Wnszuaa azndnadulndanfueling mmf wyuninvie

A - - -~
AAUNNNANMUGTY kn, adLlredlnmefluiiAmeaunnanfuelinduyuninacisiiy

S, =/ kn Y(kn, ~ n) (2.44)

wazaunafuatinduyunouacla
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S, =(1/kn )(kn +1) (2.45)
soudeudugiiallaz

S, =(/kn)(kn +n) (2.46)

4' ‘I' %, 0 - '3 =Y [] [ d‘ 'S - [ -
GHawsaanuraaudniuanfuatindasuuonuasiAraenniaafuelinday anfuating

a8l Sk azidaulunanaas S; TReuWnuA n QINENNTA 2.46 AlE
S, =(/k)(k+1)£S, (2.47)
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= © o < -
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S, e Aeddiianaiyagu
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auns# 2.47
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2 2 2 2 2 1/2
Ihar -[Is +17 +1]1 +113 +...+1k +...)

= [i 1:]”2 (2.51)
k=1
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2.12.3.3 Tanaifangiadu (m,>1.0)
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Tnindtyqrnnszusuazussdundaiufingafudyondugilaes Ascll FILE udatialyl
Awmsimallansuansuetindlauandauannag Fast Fourier Tranform (FFT) Faflusda
1 MATLAB mndumeufiedinaudalwiadefiinuan snnimaseuun3inasuazsy
mmﬁaﬂﬂgqmﬁufﬁuﬁqLme'lumiwﬁ 5.3 uananLae linasaLs AT ANTTLALATITIFY
WenBoufeunanuauaaiaradunefinefitassya nnmaaevlfinenaildan
Seulafitmualuiaded 5.1 AEMANANARTEUIIA LaTNTIUAURATINAF TR ZIA A
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5.2.1 138N EUARUDINTSHALTIAUNAZANLTITRLTRIBULIDSLNDS

M5199 5.1 UAAINANIFNARDLAILNAY NTLUA LAZAIINIFITAL TDUNATALARGN
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flangiadunuulasaiiugiu

AND | wseAu | useAl | wsedy | nszud | nszud | nstud | Anmanda
(Hz) (Va-b) (Va-c) (Vb-c) (la) (Ib) (lc) 58U(rpm)
5 40 43 40 2.8 2.8 2.8 120
10 83 84 82 37 37 3.9 281
15 125 127 124 3.8 3.9 4.1 411
20 165 167 164 4.1 39 3.9 599
25 201 200 203 3.9 4.0 3.9 710
30 235 236 234 39 4.1 3.9 853
35 275 277 275 4.1 3.9 3.9 1038
40 324 326 325 3.9 4.1 42 1160
45 362 361 364 3.9 4.1 4.3 1.247
50 375 377 376 39 4. 43 1429
55 385 383 383 35 3.7 35 1577
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fanguadunuulasainiugiu (ve)

ANT | WS | WSIAU | WIeAU | nsTud | nsEud | nsrua | AN

Hz) | (vab) | (vac) | (vbo) | (@) | (i) (tc) | sau(rpm)
60 388 389 389 2.7 3.1 27 1759
65 387 387 385 25 2.3 2.3 1855
70 388 387 385 2.3 2.4 25 1998
75 383 385 382 1.9 1.9 2.1 2121
80 385 387 387 1.9 2.1 1.9 2291
85 393 390 392 18 1.6 1.6 2410
90 392 389 388 1.7 1.5 1.5 2674
95 382 385 384 1.5 1.7 1.5 2736
100 386 387 388 15 15 16 2873

<l ' [ < ~
A9 5.2 UAANANITNAKBUATUNAY NTEUA WRTAINNLTITEY 1R UNARALARSN

feagadunuudiiprnnnaindie

ANd | useou | wsesu | useiu | nstus | nszud | nszud | AAnaga
(Hz) (Va-b) | (Va-c) | (Vb-c) (la) (Ib) (Ic) FaU(rpm)
5 40 41 40 2.8 2.8 2.8 121
10 84 84 85 36 36 37 284
15 125 125 126 38 3.9 3.8 422
20 162 162 162 3.8 3.8 3.9 594
25 204 205 204 39 3.9 38 705
30 239 239 239 3.8 3.8 3.8 843
35 279 279 279 3.9 3.9 3.8 1009
40 328 328 228 4 4.1 4.1 1147
45 360 360 361 4 4 4.1 1258
50 389 390 389 4.1 4 4.1 1418
55 389 390 389 2.8 2.7 2.7 1592
60 390 390 390 26 26 26 1761
65 391 390 390 2.4 2.4 2.4 1845
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AN WFINU 39AY | wsamu | nssud nIvud NIvLd HQ']NI.?J'J
(H2) (Va-b) | (va-c) | (Vb-c) (1a) (Ib) (Ie) 5aU(rpm)
70 390 390 391 2.3 2.3 2.4 2074
75 389 389 391 2.1 2.1 2.1 2108
80 391 391 391 1.8 1.8 1.9 2287
85 391 390 390 1.7 1.7 1.6 2401
90 392 391 391 1.6 1.6 1.6 2687
a5 390 391 380 1.6 1.5 1.5 2724
100 391 391 392 1.4 1.4 1.4 2885
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5.2.3 NNITNAAAUAINNA szmm%u’ﬂunﬁﬂzﬂ HFINUAILAITRY G‘l’ulul‘l_l'i.l

a ¢ o vy & a o a a oo
Auafinafuuulassaireiuguussimatianuuuliutlsernudsindds

- . - - - &
A9 5.3 WFBUfinunaed THDY uat THDI 1a98uefinafuuulasafiaiugiu

AumAlALLLLFILIRAMNDAIATT

ATALARATLLLLAN mallamamminaua
AND (Hz) % THDv % THDi % THDv % THDi

5 63.78 48.64 43.93 31.92
10 60.39 43.79 41.08 27.64
15 54.66 41.44 37.65 21.48
20 49.78 38.93 30.74 20.94
25 47.92 36.58 26.93 16.48
30 44.65 33.74 24.01 14.28
35 46.78 30.78 22.15 15.32
40 34.62 28.93 18.09 14.64
45 30.95 25.06 156.72 12.06
50 27.8 24.64 12.75 11.78
55 24.65 23.98 11.98 9.45
60 22.78 21.39 10.84 8.74
65 19.22 23.48 10.95 9.78
70 20.58 22.72 12.68 10.61
75 21.61 20.48 13.87 8.73
80 22.94 19.84 11.61 10.33
85 19.72 20.66 11.92 11.46
90 19.84 21.64 12.94 12.90
95 20.88 22.93 10.48 9.78
100 21.53 21.59 10.59 10.51
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a ¢ & o -] o’ %
5.3 W“l"lim"lﬂﬂLﬂﬂik‘ﬁuﬂﬂﬂﬁﬂﬁ:kﬂ@}l‘ﬂﬂqLl.isﬂﬂﬂl. ﬂNTﬂQﬂizklﬂﬂ%\ﬂ
« a « l‘dl d” o Y a A 1 4

uaAINLBENIUNITIAR AW AR U eTAe gL v TR IRANIsnssIRaNNI9A Y
wraswianleand (DC  link) TagldimaasuduiAsassivuuudune finafiiansgn uaz
AmualiussduTenteanssuansaliAIAei 538 VDC anmiuiinsiininaniffanames
wazausussAunszuansanlaauly laeldwanefNinefMinAaaiiia YOGOKAWA fu
WT 130 ausdeafiulsiinimassulssudsusnasiafulsrq A ufsuulaslfe
4700 pF , 3300 pF, 2200 pF AAAWSNAE 600 V waztiuNnuadty o reusasudanle

nrzuansaiaFaunautalsuanslifesalul

d o 1 [ y -
AN5199 5.4 AITNHANITNAZBLARIINITNILNONTDIUI muﬁ@uimm‘:ua ATIVINAUA

wasdanguadunuulasiairuuunugau

a1thBwmas 4700 pF | a1t 3wead 3300 pF A Tiaas 2200 pF

ANE vdc vdc Vdc

Tod | No | oOn % No | On % No | On %
Load | Load | ripple | Load | Load | ripple | Load | Load | ripple

10 537 532 | 0.939 | 537 529 1512 537 526 | 2.0912

20 537 531 1.129 | 537 527 1.897 537 524 2.480

30 537 532 | 0.939 | 537 525 | 2.285 | 537 521 3.071

40 537 528 | 1.704 | 537 520 | 2.676 537 514 | 3.667

50 537 526 | 2.091 537 520 | 3.269 537 514 | 4.474

60 537 525 | 2.285 | 537 514 | 4.0697 | 53

~

511 5.088

70 537 523 | 2676 | 537 513 | 4.678 537 508 | 5.708

80 537 521 3.071 537 511 5.088 537 504 6.547

90 537 520 | 3.269 | 537 509 | 5500 | 537 501 7.185

100 537 518 | 3.667 | 537 506 6.126 537 497 8.04
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A1l13umas 4700 pF a1r@mas 3300 pF Aanh@mas 2200 pF
AT vdc vdc Vdc

T No On % No On % No On %
Load | Load | ripple | Load | Load | ripple | Load | Load | ripple
10 537 534 0.561 537 532 0.939 537 531 1.124
20 537 533 0.750 537 531 1.129 537 530 | 1.320
30 537 531 1.129 537 530 1.320 537 528 | 1.704
40 537 529 1.512 537 528 1.704 537 526 | 2.091
50 537 527 1.897 537 526 2.091 537 525 | 2.285
60 537 526 2.09 537 525 2.285 537 521 3.071
70 537 525 2.285 537 523 2.676 537 517 | 3.868
80 537 524 2.480 537 521 3.071 537 515 | 4.271
90 537 524 2.480 537 520 3.269 537 513 | 4.678
100 537 522 2.873 537 518 3.667 537 512 | 4.882




110

° |
5 ; —z— —o— anhdead
! el 4700 yF
0 * el | =
=3 |
a2 3 ‘// - | —%— anhfead
X, ,k£¥**¥ 3300 pF
/A/%
1 ~—F:¢:, et ANNGLADE
- . 2200 yF
0 i
10 20 30 40 50 60 70 80 90 100
arutl ()

gﬂ'}’l 5.28 ﬂi"\'NNﬂﬂ’\i“/lﬁﬂ’ﬂUﬂ[ﬂi"\ﬂ’\i‘ﬂi‘:tW’r]N‘B'ENLLNﬂul‘ﬂﬂNTﬂ\iﬂi‘:tlﬂﬂi\i‘ﬂﬂ\i WAUA

v G olf ell o d' 3 cﬂh‘
wasdeagatuwuiFininanunadag

anldined 4700 uF

U

- e m | —=— % ripple Toetii
. i P waflaaenn
3 : . T i
0t R ‘)/’:/ ] uagratuuuy
2 > T Tasoasvital
‘B j
£ 15 - ,p —eo— % ripple Taatd
1 —::/4 waflataani
0.5 , uagatuuuud
o] : t Unsua

10 20 30 40 S50 60 70 80 90 100

Al (f)

<} o ' o 1 0
51 5.29 A NLAAIN T LT LS ATINITNT LN ANTBUSIAUITDN L NTLUARTITENINY
- 3 (-3 o'/ v =’l’ o’ ar d' - ﬂh’
waliamadidisagiadunuuiaseaireiugiu Auuuuliulgiannunadadi

ausAsATIEeTIUA 4700 pF

aFtaog 3300 pF

7 e e e w4
—u— % ripple Tanld
6 e s b
wiaflaiaadi
5 /?X uagtatuuny
L 3
% 4 e -1t Tasemiovih
S 3 i = e S
4 Lo+ —o— % ripple 1
2 - > I A R I pple Tnold
; T arivsesil wiaflmaads
e I B uagatuusuvi
0 +— e e Unaua

10 20 30 40 50 60 70 80 90 100

i o

< o ] o ‘
517 5.30 nemuasantsuauifisudnsnisnssitentasusssiudenlag nszuanseszudng
o < ../ J o [ { - i"
madanaidenguaduuunianainiiugn Auuunlfinipanadaindi

anszsaa1lFimasaunm 3300 uF



111

nnl¥inef 2200 pF
9
% ripple Tanld
8 g | 89— nTPp
7 b - waflanadn
6 ,r/ uagafuuuy
%5 e Lo Tasoaivirll
T 4 .t N
R =g 2 .
3 L= o —a— % ripple 1anld
2 R @ tmadalaadid
1 o2 vaquafuuvud
0 Usua
10 20 30 40 50 60 70 80 90 100
A

d o { o : )
519 5.31 nsuasenisuBauiisudnmnisnsziienesussuiioniaenssuansasendn

=3 < ." g [ a : - .
wallamasirfiangaduuuuiasiaireiug duwuudiulgannnadndie

gazsendinaiaunn 2200 pF

Stopped 3 2005704001 182608
s T
; ;
=
SRRSO SRS N
i
. N t - : H H i H . .
(n) aeue5nan (1) 2euzduivan

- 1Y - a o -1 S
91U 5.32 unsdulnfnszuansssaanainmasiiangiaduiuulazeafrenugui

ANl 50 Hz A Bmesaunm 4700 pF

L L v wm e
(n) 1045 Inan (@) 2szduivan

d o - ] ." o H - . i
917 5.33 undulianszuanseeanalinmadinfieageduuuiliulanunaindion

ANl 50 Hz AU B wesauns 4700 pF



M!MQ' sy

H /av
© {md/av)

Stopped 3 2005/04/81 190608
iz H T 1me/dy
oc w1 H i (1omt/@v}

: ; HOPMETIOS /8
T e

(n) 10uz1Fvan

(1) a0z duIvan

112

I~ o = o < & i i
1% 5.34 undulvifianszusnssresnatiavasdongaduiiniassiriugrunanudlod

50 Hz MUY TImafuIA 3300 pF

2005/84/01 17523y
——ieardv ]

3 2005/94/01 175598

T iemg/dv CHiwsaV - ' T 10 /0ty
i (10mesdv) oG ot . (10mesdiv)
o eemgemes

d o - ﬁ'l o~ i -
51 5.35 usaiulfnssuanseasamatinmasidansaduuinn finlsacutain

(n) 11 van

(1) aouzduivan

AT ITIfN984 50 Hz AtFrefsunm 3300 pF

Sto

Stopped _
CHIwSV
DC, 101

2005/04/01 140618

Stopped
CHINGAV

oc 1)

(n) aouz1Fvan

(1) 20uzTuivan

-l
W

= o PN o < & i i
319 5.36 unssiuliinszugnneaameiianasnfieaguwiununlasainiugiunacnading

81989 50 Hz Athdwmafauim 2200 pF



113

Stopped __2008/84/B1 IEBETS  Ste) 2605/94 /91 169608
= T H T Vomaid CHWGI  © T E T 1Bme/a
oc 101 : : ;. (1mt/di) et

(n) 2euFuan (1) veuzduivan

'
o=

A s b < 0'1 [ i < i
519 5.37 undulifnssuansaseanafiavasidiaaguaduuunnfniganauteinddon

AN LIE1984 50 Hz AT maFauna 2200 pF

msnaaauluiadeiiiunisuaaimansenuduinanFuInueaInssua Mana1smm

am - o a3 v o a = S |
NUATY ']NLﬂuﬁﬂﬂ’lluLLNﬂuLﬁ]ﬂNTﬂQﬂTZLtﬂﬂNLﬂﬁm’]i‘ﬂi‘zm’ﬂuﬂ’]@‘\ﬂlu ntin1snaaayL

]
- o o g

TinagauuLLusAuAIaudAfiluaniasiaainanAiaudadndy (yrniusasiudunm
Aﬂ' ] [ -3 ] o ° € g (¥ d' [ d‘
fimnasausaiuLlszqaunamiaiy uasAwnmlefiduinenssitensuaaslilumsed

5.4 uax 5.5 Tnad@auanduiusasdilefifuinimsaienfinunasiaufiulszqsineg fs

«

wamlunsvlaauduius 51 5.27 - 5.31 wudamaianislfullgepnniaindden

U

Ll @ : o« o i J

'LnLﬂuﬂﬂ’m’]i‘ﬂﬂﬂﬂﬁli‘ﬁﬂ’li‘ﬂi‘:lﬁﬂﬂ‘ﬂﬂiLLNﬂuﬂi‘le.ﬂﬁlN nn9 mmmmmn?mﬁtﬂaﬂu‘lﬂ
] Q’ d' v o = < o L% 4’ o ] X ﬂj

TatannzadnafislusnsisiufudssaiinnadnamininisnsaiNenninAngeau uazsli

5.32 - 5.37 uamdrycyruidausaiudanlaanszuansaisaiulszqansiinan uazaoe

o i A - i i o :“ o«

Futnanfinonud 50 Hz iansnssifianannige faiuanuansasauanzatuduls
} 4

- d' ) o v d' -y ; dl o o -l' -
anusen1Tuiegn mﬂuﬂm?ﬂ?uﬂgqﬂfmunmm'ﬁwmmuﬂmmmmqmamnmmn

- F
W ﬂuﬂuuuTﬂNﬂ%‘qug’lu'lﬁ



114

a a . & a ° <l v a 4 o
5.4 RANTUINATDIUTTANEAW AUNANNNFUNATRIAULLLBUIDSTIAAS
$ ar
Wgrulvan
Taedsnsmeaaui wua Al e nddallAnaeiiin 2 kHz Fruayraslnignggen 50 Hz
a J i :’; [ ¥ [ 3 g ) - AJ ]
wazdriinsnegianiiApsi antuldinneifivesuuudndaiaiife YOKOGAWA  §u
WT130 dadtycyrnuasinnduneiined uarlifanealineiive YOKOGAWA fu 73294
Aty nBUNANSTUARSY NI FUTIEUNANINARBLIIBAATEIS ULLLB WA S IRB T ades
galudalss@nsnan nsviraudam lildnalifulvasuamadiniantiigauma Jenanis

nagaulan tysieluil

=] a ° - [y o s o -]
AI91N 5.6 ‘Llﬁ‘zaﬂﬁfﬂwﬂ']?‘/l’]\ﬂuﬁlﬂﬁLﬂi"ENﬂullﬂUﬂul’)ﬂi‘mﬂi‘LmUTﬂ‘Nﬂi"NWus']u

Load

(N-m) | Vdc (V) | Idc (A) | Pin (W) [Vout (V)| lout (A) PF  |Pout (W)| %n
0 525 1.48 777 392 2.21 0.61 528.4 68
2 528 1.73 913.4 393 2.57 0.64 646.4 70.7
4 532 2.21 11756.7 392 3.14 0.72 886.2 75.3
6 536 2.69 1441.8 393 3.73 0.76 1114 77.2
8 537 3.02 1621.7 393 4.15 0.79 1288.4 79.4
10 539 3.48 1875.2 394 4.68 0.84 1548.8 82.5
12 544 4.01 21814 392 5.39 0.89 1880.4 86.2
14 547 4.26 2330.2 393 5.71 0.91 2042 87.6
16 548 4.38 2400.2 393 5.83 0.93 2130.8 88.7
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Abstract

This paper presents the EMC improvement
on three phase inverter for delta modulation technique
with  variable switching frequency over the
fundamental period for the modulation signal. This case
more sub-harmonic and higher load current ripple. The
technique used to achieve improved switching frequency
is automatically adaptive hysteresis band by means of
introducing a constant frequency triangular signal at the
summing point to produce new reference signal

(V; +AV,) in order to replace the reference signal )

when comparing to fixed PWM switching. The proposed
technique is used to generate control signal in variable
voltage variable frequency inverter (vvvf). The
advantages of proposed technique are compared with
conventional technique ,Jow-order harmonic, low THD; ,
THD, vibration, acoustic noise and decreased EMC
problems.

Keyword : delta modulation, harmonic

1. Introduction

At presents, to develop technology in driving
motor has* developed and being applied spreadly.
However,new  research of technique and improvement
become move effective for development. Thus, this
paper presents pulse width modulation control signal
technique of delta  modulation [DM-PWM)] for power
inverter circuit. The aim of proposed technique are
sinusoidal waveform to output voltage, and low harmonic
constructed from pulse width modulation. The delta
modulation technique [DM] [1] , [2] has proper
qualification in controlling voltage per frequency control
[V/f] and reduce harmonic components in low value,
which is used with single phase induction motor and three
phase motor [2] , [3]. However, such technique has
limited of scope, hysteresis constant, and switch that has
inconstant value because of modulate in pulse width
modulate and frequency which will occur during high
index and load current high which will have problem with
dc link voltage and such problem caused by the frequency
of inconstant switch. In [5], it focuses on the scope of
hysteresis that can adjust to solve such problems to
synchronize of signal of PWM inverter. This method is

used to feed signal of back ward point of delta modulation
of former to synchronize signal. However, it is
complicated and complex in design cycle, and problem in
moving working condition to become high and reduce
basic voltage size. This paper presents easy technique to
solve problems of switching frequency inconstant by

feeding constant valve to be triangle (av,,) including
refered sinusoidal signal (V) to control carrie signal,

follow new reference signal (V; +4V,,) which is

presented in this paper.

2. Basic Theory

The block diagram of delta modulation by
structure of former scheme is shown in Fig 1 (a). Two
basic components of the modulator are the hysteresis
which occurs pulse signal and the filter of feedback signal
with output V). So, it can compare between reference
signal and feedback signal. The error will be the input of
switching signal for the inverter. Fig 1 (b) shows the
conventional technique of delta modulation designed. The
block diagram of the new scheme is shown in Fig 2 (a)
and Fig 2 (b). It shows the proposed technique of delta
modulation. The problem of variable switching frequency
is solved by introducing a triangular carrier, inserted into
the conventional block diagram of the DM. To control
the switching frequency constant, the proposed modulator
operates by forcing the carrier signal (av,,) to follow a
reference sinusoidal signal with a superimposed carrier
(v; +AV,,) .Switching angles are obtained by intersecting
the reference signal consisting of a sinusoidal signal with
superimposed  triangular carrier (V; +4V,,) and of a
carrier signal, representing the estimated load current. As
a result, the PWM switching frequency to be constant for
all PWM pulses as shown Fig. 3. (a),(b). Therefore, the
modulator operates in 2 manner comparable to hysteresis
control with the hysteresis band imposed (av,,) .
However, the switching frequency is also fixed by the
frequency of (av,), the lead to constant switching

frequency operation, which is unlike the hysteresis bang-
bang control.

2C-1
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Adaptive Switching Frequency in Delta Modulation Inverter for
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Phone 660 -3732-2625, Fax 660-3732-2605, E-mail: chalong@swu.ac.th
Topic/Area: Motion Control, Power Electronic, Electrical Drives

Abstract -This paper proposes a new technique for
generating control signal pattern to driving a single
phase induction motor by mean of improving the
switching frequency of inverter employed Delta pulse
Width Modulation control .The technique can be
used to solving problem due to unstable switching
frequency and harmonics when applying the normal
Delta-modulation technique, and also, having simple
circuit structure. Results from implementations
shown that such technique could provide the
switching frequency stable and reduce accumulated
harmonic of current and Voltage, in addition, the
voltage could be controlled through the modulation
parameter resulting to decrement of lower order
harmonic. Experiments results were compared to
ordinary technique for verification.

Keyword : Delta-modulation, Single phase
induction motor.

L INTRODUCTION

Presently, driving technology for electrical
motor have been developed continuously and
implemented wide spreadly. However, searching for
novel technique and improving efficiency of existing
technique is one of development method. Therefore, This paper
proposes  technique for generating delta pulse-width modulate
control signal as similar as sine wave and minimum accumulated
harmonics, in order to be used as gate driving signal for
inverter’s power circuit. Generally, there are various methods for
generating pulse-width modulate signal and one of technique
which provide the signal similar to the sine wave is Delta
Modulate technique (DM) [1],[2]. Such technique is suitable for
vary voltage vary frequency (V/F) inverter, and also, reduces
lower order harmonics component. This principle is
implemented to drive the 1 phase motor and 3 phase induction
motor [2],(3]. However, the technique has limited of constant
hysteresis boundary resulting to unstable switching due to
combination of pulse width and frequency modulation which
usually occurs when modulation index is increased. As load
current increases, de-voltage would fluctuate,

In order to solving the problem, previous researches had
designed adjustable hysteresis boundary for providing
synchronization of the signal in PWM inverter [S]. By
supplying pulse signal at the nominal modulation
structure’s  feedback signal point causing of

synchronization between the feedback signal and
constant value. However, processes are difficult and
complicate substantially, and also, there are problem of
changing discontinuous working band during the
modulation index is increased, resulting to decrease of
fundamental Voltage. This paper offers a simple
technique for solving the unstable switching frequency
problem occurring in the conventional technique by

supplying constant triangle signal (av,,) simultaneously
to reference sine-wave (V;) which can conduct carrier
signal vy) to follow new reference signal (v; +av,,).

The principle and experimental results are demonstrated
in this paper.

II. BASIC THEORY

The block diagram of delta modulation by
structure of former scheme is shown in Fig 1 (a). Two
basic components of the modulator are the hysteresis
which occurs pulse signal and the filter of feedback signal

with output V). So, it can compare between reference

signal and feedback signal. The error will be the input of
switching signal for the inverter. Fig 1 (b) shows the
conventional technique of delta modulation designed. The
block diagram of new scheme is shown in Fig 2 (a) and
Fig 2 (b). It shows the proposed technique of delta
modulation. The problem of variable switching frequency
is solved by introducing a triangular carrier, inserted into
the conventional block diagram of the DM. To control the
switching frequency constant, the proposed modulator

operates by forcing the carrier signal (av,,) to follow a
reference sinusoidal signal with a superimposed carrier
V; + AV,,) .Switching angles are obtained by intersecting
the reference signal consisting of a sinusoidal signal with
superimposed triangular carrier (v; + Av,,) and of a carrier

signal, representing the estimated load current. As a result,
the PWM switching frequency to be constant for all PWM
pulses as shown Fig. 3. (a),(b). Therefore, the modulator
operates in a manner comparable to hysteresis control with

the hysteresis band imposed (av,,) . However, the
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