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ABSTRACT

This thesis presents the application of plasma with atmospheric pressure in
normal weather condition to stimulate growth and removal of contaminated fungi in mung
bean seeds for sprouting. The high voltage was created at 15 kV using flyback converter
circuit with a silicon carbide MOSFET switching devices which controlled the voltage driving
signal at a frequency of 50 kHz; The voltage level was then released to both electrodes’
ends at a distance of 1 cm in order to obtain the voltage discharge at the sharp end of the
electrode for generating cool plasma.

In the experimental process, the nine sieve containers with a dimension of 9 x
11 x 5 cm (width x length x height) were prepared as containers to plant mung bean sprouts.
Then, 100 grams of mung bean seeds were equally added to the containers and soaked in
water for 3 hours. Finally, the seed containers were treated with three different experimental
models: for Model 1, the seeds were left in a normal cultivation of mung bean sprouts. In
Model 2, the seeds were plasma sprayed once per container with the voltage at 5 kV, 10
kV, and 15 kV, respectively, and Model 3 was plasma sprayed twice per container on the
first day of planting and the next day with the voltage at 5 kV, 10 kV, and 15 kV, respectively.

The results of studying the growth rate of mung bean sprout in each container in
four days showed the following: the condition with the maximum growth rate was plasma
sprayed twice with the voltage at 10 kV It was followed by using of plasma spray twice with
the voltage at 15 kV Then, the normal cultivation for three containers, plasma sprayed twice

with the voltage at 5 kV; and lastly, plasma sprayed once with the voltage at 5-15 kV.

Keywords: plasma, flyback converter, silicon carbide MOSFET
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9 Y

lalen D, Wiuduiulszy wazlnanduunasuaasiivaainyfensl a1unsailouaunisusasiu

Tomsaunsaaludl

sz =Vs +VLm (214)
Ni3b4 di
VLm 2 Lm ﬁ (215)
dt
& Lm diLM =Vo (216)
Nl dt

a 6 o

oA L, Asnsidsunlasvensvualniilugiaiainddnieas (A, )ua d, Asns
Waguuaswesailawiiu (1-D)-T dsludagUaunisi 2.16 Tnlldsesialudl
4 N, V.
Al =—L2(1-D)-T
Lm

L,off
N2

(2.17)

2.1.2 msaeszvnisinavesnseudlninlulsasnansnuanauiasines

ﬂz’it,mwzﬂuaﬂnzag’éf’ﬁqLi‘]uamazﬁmmﬂﬁuuaxmzLLﬁlWﬁﬂu’NﬁmﬂﬂUmm
Seuluselud

Lussiulrifiedennaseudumieaiwiiugud

2 nsvualniiedelvasiusafuussqiiavindugud

3. fuiuuszgbniadenlugiunn
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nsinszinislvavesnszudliinfintuluissansuunneunefinesluanyey
Faudseonldaesaninzaiunisivavesnseualnifilvaniudinmidsads L e a1z
aszualninlvadowios (CcM) wazaniznszualnihlvaliseidios (OCM) n53iasnzeily
anmeiinsvualiiilnaseidoadunsimseiiiniulunsalfidanumiioninsuvutual
Inductanc, L) ﬁmmmi‘mqjmnLﬁ'aﬁl,é‘ﬂmaﬁﬂﬁaﬁmﬁ&%LLas?meiasﬁgﬂﬂﬁuﬁmamiu

JUN 2.4 uavanunsansigvimausaiukaznszialiinluieasianssielull

Pl e et e e it L ¥ el I

N1(1-D) °

UM 2.4 JURRUTRTIRULaENSERalNivenRTAaEuUARUDSNES
2.1.3 ussiuuaznszualnifeendng

WeRasannsvihuvesaindiasiateuuanauiesines Tusuin 2.2 uay JUn 2.3
AussAUENRNRBRsITuNaNATaNTRaIn el Weegluan1izegdussiuliiliadenn

16



! v N o o b4 ' 3 1 v cou o A A (J !
Aseudvilendn vilikdmanwiiuaudaniu nguaduly sU 2.4 anunsofuiamien
wssrudeeRnn tanssialuil

V,DT +V, 4 (1-D)T =0 (2.18)
N2
V, :& D V, (2.19)
N1 (1-D)

Aatudlofansanaunisn 2.19 azwiulednan T99nsnsvineu D HA15Enane 0 89 1 fety
wsssulniadeiondnavensasiasuuansuesnesausaUsunssiulnfndunuuneu
LB UUNULTIL IaulRediuaansun- Yyanneuiasines wanaeiunsaiaA1usaduednnds
ISP é{ [ Y ! o 2/ v LY ) (% 1

fiAnduegivgnsdudiuiuseuremdentatii Adnsinisvereusenuliimviesnsdiu

mMsuwlawsenulnivenasiaiswuanoulasmasAulm s naunisaalul

Vv,

0

Vs

Db (2.20)
(1-D)

N,
Nl

Weuszuudinisgyidslurssudasiuiidinduaudladinalvinasdniindgeanain
wraanesasu A yintumaslnfdiasnain19asuUaIty AIUAILNTOAIUIUAIANTNS
msvenensewatninlansaunissalul

Vil =V, 1, (2.21)
1, _V, _N, (1-D) (2.22)
|, = L

N (-D), (2.23)

° N, D) °

2.1.4 szaanARUYBINTEUE WA
HasmaesnaneuuareuesmesimAumietsn L, wazaduiuuseqd
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1 LY

yuagjunitiianigniasiinuluanivegiinusadulniiadevesseaanaiufian

AsouMIMNEIUT AediAiiuaud wazwssnulniadednnziialiduegiunsewalvan

Y

FI9UNIU FatuaIuTallguaun1snszuatnilasasaludlunsdinssualnidluaneiles

= &

Ansealningandanvaansewalndrflraniuswmienti Fenfeeinsehaliineanisean

Y995£ANAAUANUIIMNLAAINALNTHD LUT

Ai,, (off )= Yo DT (2.24)

2.1.5 szaanAauvasInulniedne
= v v v N a ' 1= A o § ¥ i 1Y
Heseglrandmumuiiduiulsey vuelngievuueyTedinavintiawsaiului

Y

gontaganvatsrasnaauliAlosunlieissuiisuiuusnulniadeendne V, uasszan

pauvasnszuabnihluanulalenszlnadudniuiszaianualilnaniulvandifiumiu @n
a Y a v 1 I v (% EZJ (3 i ! o
seaenAduvesusIdubliddnvagldufeIfuiuIRsUn-yad er15zasnAfuYes
nszualwivilvivsggluiliindunduiuussquingu A, uagviliussdulnihinnasouss
< a X (Y v Ql' Ao & [J Y a
Wulssiinduiniy - AV, dsdunisivdsuwdasuesusegalihndunuussavilninszasn

| [y

r-ﬂl [y N ! A o 13 = A A
pauvasksiulniNanAseuAALYsEy Arveswdulnihuenissonvasszaanaduiinn

1 v [ Yo I
ATouRLALUTERENINSaAUIN AR LU

RN AL IAY DY (2.25)
C (€5 R C

AatiuINaNNsN 2.25 Iaglaunisindagleaunisasieluil

AV, DT (2.26)
VS hey

0

2.1.6 Mmifmuaniavasgunsallutasvatsuuanauasings

mamiiiavesdidnuselindadng nisfimuavunavedidnvselindaindassosiivun
NnAmesusaiuliiingeanfinnasouaindlurasiiainddniuaznszualniinndegeandiva
duaindlasniAdadoludfisausstulninvosdiinnsedndaing tuualidaigends
ussdulalihmnasondidnnseindaindluvasiiainddnieas efiarsan Juil 2.3 Wuanned
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fusenu ihanasenaan (V,, . ) Iawiiduessdulnihvesuvasdnsusadulniisuiu

SW,max

wssrulniihodnedetiunssiuliihanaseuaindgeaniaissialuil

v ooy 2Ny (2.27)

SwW,max
2

2.1.7 finanseualWirvasdidnnsatindadng

o v 1 1 1 d‘ 1 a & a & a 4 a é{
mvualidAgeanidnszualiihgegailvarudiannselindedng (1, ,,, ) Hiaduly
Aa & A & a &1 & Al | P | @
aneNdldnnsafindanednaiasiuanneinseualuifluaciuainddawindunsewa b
d‘ Qll 1 v} 1 44' % gj 1 a G4
wasRlnarulransuiuA18anTEannNAaUTBINsEka Wil fadunseualninlranuaisnd

geandlendiasialuil

| - V(T (2.28)
SW, max 0
' 2L Lm

N1IMVUIAVBIAAUTENIN
wisldlimwmileni fvualuginuaudidu vwnvesdumienihazivunainauin
Y = o oS & Ao o b4 o ! - o v
vosfamiledi  Mdnfaandawilinasinuluanignssualiihvadeliosrnamlaann
nsivualinseualniilwarusiantdendivngn 1, b WIun 2.4 dewiduaud e

Lm,min

Ansewdlninlyacudimienihmanduinmldainaunisnsluil

| — | - AILm (229)

Lm,min = “Lm
2

winsewalniedsnlvar uswdevirindunsewalniriluassnannunasanglidisaduain

aun1sin 2.29 aglaauniseanaluil

.. VD [N} 1V,DT (2.30)
Lm,min R(l_D)z le 2 I—m

(%
a [y & o

Wornuali 1, w, IAiniueue deiumuammendinieni dnanlanaunisseludl

| __ VD (N2} 1VsDT _, (2.31)

s R (1_ D)2 le E ILm,min
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1

| =
Lm,min Zf

ANSAIVLIAVDIRAAUYTEY

[

R(1-D)*( N} j (2.32)

N,’

Hosmneuswulniivesszaenaduiiadusgiunszualnihiilvaniudunulszqds

M lasase ki

fatuansarwIMnAIRLAUUsEglaRaunseelull

_D Vo
R, AV,

22019AUANAIBTYYINVUIALAN (Small-signal

current mode control)

(2.33)

(2.34)

model flyback converter with

lun1suansvessasivualilaloauaznisldaing asilulunugauad liAiaany

willgnhuazAranudunumiinsesynsuiiameumiiiu

Duty cycle

d

+1

Control v,

"N

Control v,

20
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JUN 2.5 1993PUANgEalulninnITlave R TiangluAnauesines

2.2.1 M3a5193UUUUTIARIVBNINATAAS

NFUT 2.5 uansrsasmuANgeanlulnansELaTe I THANBUUAADLIIDSIADS 1903
UENBUMEAIUINATNIAILAZIITAIVANNTELATBU Duty cycle 1098unA d AIATUANNIT
waweshmilehveanszuanasuuanouiodines wandusui 2.6 wwudiasedildiusam
M5YENY gain SrovUed R, Fudunanmsuusnsnsvens gain MsuinTEuaTe9RIAIY
MINANAIABEIYBINITAIUAL FanTELaziinnITunTafinLdeing 9 Lileliszuud]
@desan Tu Duty cycle mﬂmgmﬂﬂdﬁ 0.5 Lﬁal,ﬁmmma’mmﬂmauaﬂﬁmmﬁ 6 UIRNT
Tmuadndifiensmuguussiu v, ngamsiawiud Undlulvuavesnszuanisaiugs
pounDSme iy uvuadnmeduiddwihdudunasTnunmueunszua Tudiudas
DunsmUuANLUUAY L IIINLENY8INITHATBLUAABLLIBIINES @5197I8n135 [21,22] A3
musunsTiamedyyaadnlaoeanndnstuanieni 23] nssuamieninede i

! ~ ° o’ . a ! . a A =
Anszualeniiiman i nssawaslvaniiulalon i, waznszuadey drop filalen v,

NSATLIULAREEINIITUANIUUAADULIBSLADS

Iy =(1=d)in (2.35)
Vv
et (2 1)
Vy =d n Vo (2.36)
i, =di (2.37)

g

msUFunsiadevesArsunuveassiudunn ¥,  nszualalen i, seulwda d

LIaiuedne ¥, nIvuadune i, wavAinszuamilend i

Vd :Vd +\7d (2.38)
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Vy =V, +VY, (2.39)

i = I 2.40
iy =1, +1, (2.40)

k Average current

The waveform of inductor

—— dl, —»e— (1-d)T, —» current in primary side

=1, +1, (2.41)

d=D+d (2.42)

aun1sn1aanuItdunismalumeuves DC lagunuriaunisi (2.38) - (2.42) W lulu
] [ [ 1 Y o [y

quN159 (2.36) wag (2.37) Y1 vRIaan (WutarimuaAnIssunIu) vestswulaleonieas

SeanssiaaznsviadunnAnalagldifl

v, :[lv +VOJ6I+D—\7 +DV (2.43)

LAy
i, = 1,d+Di (2.44)
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Tdaunsit (2.43) uag (2.44) WemAmasudaaauinanludiuaisuuiagui 2.6

2.2.2 NM13918099IAUANINUANTEUA

Verghese et al. [23] successfully developed correct average model derivation.
Tymerski and Li [13] investigated mmé’mﬁuﬁ‘maam'ii‘umué’zgzgmmuthLa?{asuaqmwa
wilenth mﬂgﬂﬁ 2.6 LLammiL%LLaz%ﬁuﬁmaqmzLLaqqq@LﬁamuqummmmaqmzLLzﬂﬁ
ﬁé’mmwmﬁmﬁmmwluﬁmﬁ?u 9

Id flvg +v,|d Dy, pls
M n -
; O )
N N n
f"&
Re 2
B T

[ |
k

JUN 2.7 JULUUNIIAIUANGIEAF I ImaN IUIMUAN ST UA 1R THa 8L UARDULIDSIA DS

q

Ri, +m, d} —v, —MdT, (2.45)

nzuanigndyIILINENsUNILMATAIINANNTT

V0 :VO +\70 (246)
v, =V, 40, (2.47)
m, = Ml + I’ﬁl (2.48)
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m, = M, +m, (2.49)
nslineuaupweIHaaNS IR IR NENRUSTILTA ey UIALaN

Ri =V, —( M, +> (2.50)

[N
Nl
.

o>
|
N |-~
(W)
.
r—‘g)

A & LYY < a [ N o
N1TNIAIN Ri Wunsewadunaay m. 1WuUANaInaInn18uannIsiuadunsewaiie1un

C

Tur95EmInanNsadIns

v (2.51)
To g
m1 = _Ri

LM

ASMIANIALAIAVBINTELA U TANITAINTTS

LY (2.52)
my=—=LR;

LM

D™ —Drf, (2.53)

1
M.+ = [M, [T
( ¢ (2} ljSDRi AR _(MC+(1/2M1)TSD'nRi\7

Ri, =V + — LY - . (2.54)
M,+M, L, 2 °L, M, +M, L,
NSAUIUIMNATONTIEIUT Y IUTUIALEN
d =F, [V, +k,9, + k., - Ri, | (2.55)
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We F, MIamAlugaLne3vednsIniseey Grin

E I S (2.56)
m (Mc + Ml)TS

nEunsh (2.51) - (2.53) Tmaraunsially (2.55)

RI, =V_+| Kk, + DR, Vo +| k- nR,D v, (2.57)
Ly (M, +M,)F, Ly (M, +M,)F,

SIS HUIBUVDINISTULUUATILAZ U UNEUYRINTISUSUDRITINISVEN8UDY Gain AUEUNITA
(2.54) way (2.57)

kf . v) DTsRi (l_l Dj (258)
v 2

¢ _TRinD’ (2.59)
~ZANTR

INAUNTTN (2.55) WAAIAIUADAAGTDIVBITUARUNIIAUANTIATIATU FagUTN 2.6 UARIAIY
vienlaozunsuvainIsmuanluaunisi (2.58) wansnisteundunisuiuan k, Aviuduves

L,, anad

2.2.3 udenalaszunsauaznimaumasieidu

ns¥anlassad1avesnsenaasdygiaaniadn [12, 22] eg1alsdafiuiueuves
29IWABUUARDULIBdlAeS Tiauysalazuansisufentasnoueiinesldsunisneuauss
[15] fefudauilaginiaueiasiaisiuanounoiineisenitnsmuauuagodinaden sy
sumlesiladdusmengnszuaveanasverinl JUA 2.7 uansawing 9 veanszuanieluguaes

I,d+Di +7, =1 (2.60)
n
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MIMAFIMIWIAENE LTSN uavedlalon

o o 0

Iy =n[(l— D)I,—l,d] (2.61)
AIMAMIINULFNAIINF Y IV

V, =Z, (2.62)

| 5

y
v
I

-P~
A

5UN 2.8 UfoAlnazknTvINIAIUANAAIMLEANRYRRTIANELUARBULIBSINDS

o
bl®

1
2 = (R + <)/ IR (2.63)

WavmAL IR UANATENATUYFEN

D . (2.64)

wazwssiuaseUludumiedtr L, mamuugugi primary

nv, =2, (2.65)
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dlemen
z, =R, +sL, (2.66)

FINEUNTT (2.61), (2.64) waz (2.65), Weymaun1sivy dansdsiuvierditudagiuiazseu

A5y
V. +nV.)+n?Z (1-D)I .
i;:l:(g 0)2 c( . )I:|d :Fl(s)d
z,+n°z,(1-D) (2.67)
el
[ (v, +1V,)+n’Z, (1-D)1, | (2.68)
Fl(s): 2 2
z,+n°z,(1-D)
ANSWIAN ”agaujmmwgmasﬂmmmﬁ'mﬁﬂ anuaunsh (2.61) , (2.62) wa (2.67)
1-D|-| D/{n*(1-d )} |[Z, /R
e s L . T TR
L{}ZC
R (2.69)
dlemen
@-D]-[D/{n?(1-d}}|[Z /R]]. (2.70)
Fz(S):an[ o D( Bz )
1+{}ZC
R

(% '
YY) =

atupnannish (2.55), (2.68), (2.69) waz ¥, =0 vdonlaozinIuaINAIUAIUANTIAIY

3 s s o ~ v & a 3
Laqmwm%aﬂjﬂﬂiwaqEJLLUﬂﬂE]UL'JaiLWE]'i ﬂﬂLLaﬂﬂIugUV] 2.8 LLaﬂﬂIﬂLVTU')']ﬂWiLWNSUaQﬂ']ﬁ']uszj']

T (s)=F Fi(5) M. (5)R 211
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nmsmAszanalunsduilegslumsuumdnsn1sveneves Gain H, (s) wandlu [17]

2

S S 272
H. (s)=1+——+— (2.12)
a)an a)n
dleven
o= (2.73)
TS
ey
2
Q,=—< (2.74)

aetuilendunisaeleunisaunuludeinuerdnn T, (s) flasunandlugun 2.8

Ao(s) FmFl(s)Fz(s) (2.75)
(=376 TIT )k R (3R ) "

2.3 Fanauaslunuedinn (LaaEwn)

A5ATITH9RTVLNBURENR  (Uadwn Amplifier Analysis)
1995988 uENe (UadwWn amplifier) N1s3tATIzRINATTIEIedy alagldnIuTaInDS
Tulwans Fausenauly ¢me1995 3 BiaRe common emitter , collector waz base AIUSIRU
wardusunsuBanes weane A aunsaulseenldidu 3 vllauiu Ae

1) Common Source (CS) .

2) Common Drain (CD) .

3) Common Gate (CG) .

F9299579 3 wuull ansndesgvinuantivenssmailianludalnnse dulvan wazns
AUIUVNBNT IV IELAEA AN TUN AN UBUNALALLE AN
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K
—d +
AT -
F O e
Veso e -

[y

JUN 2.9 20svensuuuivasdeTiniidyyadnadudovivegiudygaling

5UN 2.10 ns1dulvanveeansuenswrasine N kansnaan UAn sueedyaaguaauled

Y

INFUN 2.9 wazguit 2.10 wuhddyaaleunn v, Bsvilidyaiunseua |

A A D

o

wazusaiy vy Wudygraledaiuldeg uiaingunuitussiuiits 6-S Useneulddoe

[

wsulmse Vg waednyaas v, 5uiu 8 v, getu AaeInlALIII Vg SANannTusag vin

A

e Q vensasuudulrandouiulusmuuuiiuseiu vy dawndu Adwilinszua iy
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1 qﬂf 1 [ [y v oA I Vo a1 & [ o L)

AININTUAIEY UAATLIIAY Vo, NaUTiAIanas abideyaia v; TAanduau (Dudyyraledn
au) W UIIiU vy, dranasauiindiniigaludalinss vilvign Q vesiavsuwduluan
douaslumuans vinlilseiu vy, da1anas nzud iy JA180a3 A28 WARILSIAUY vy, Naudl

AMNUTU
o v U a0 1 U
AAUAL WIIAU Vg HANINAY

Ves =Vaso Vi =Vaso Vs (2.76)

e vy Wuussiulinszuanss uas vy Judygalvnssuaadu

PNAUNIINTELAUDALNR
ip =K, (Vg5 —Viy )? (2.77)
iU anaunsT (2.76) aduaunsd (2.77) favls
oy = K [VaSQ+V,s Vi NT = K [(VsSQ-V;N) +Vv,s]’
NTELANNITIA

iD = Kn I:VGSQ _VTN ]2 2 2Kn (VGSQ = VTN )Vgs 1 Knvgsz (2‘78)

o

9nauns (2.78) Uszneulusmeansludinidsaesia 2 ¢ warlunsdld v (Judygale A
@ Vv
fl

gy ssu R YeRIiiauiey d1seensuliaieslutindAdesnan Adesinli

Vg << 2(VGSQ -V ) (2.79)

fatiy @un1sh (2.79) 3nduteulendinavinlieasveteiianuduldadu a1iualinsswa
i, Usznoulumeaussiulnnsuardyanadwaduazmanle

ip =lpe (DC)+ip (AC) (2.80)
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lngd 1o, Wuldnszuanss waz iy (ulwnssuaadu dusldavlamen Ky, Avili

asrUsznaulnnseuaadu Jandu

i = 2K, (Vaso Vi )V (2.81)

5UN 2.11 psmivesanududiiuls

NAUNIST (2.81) awnsathundeunsmianslanagui 2.11 uaganunsamaudy
Yaanslaannaunisaasia Ul

i,

GS

slop = Vs =Veso =2K;, (Veso —Van) (2.82)

AIINAITII “NutnouRALAUn” wio g veesuninduairnuilniveigessasild

YI9NAUNT
9, =2K, (VGSQ _VTN) (2.83)

NANFUNNST (2.78) harauni1sy (2.80) nunasrusenaulnnsewansedianvniy

lhe =K, (VGSQ —Viy )’ (2.84)
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wnuen g, Mnaun1si (2.83) adluaun1sd (2.89) Aaeld

On = 2K, g (2.85)

£ ' ' !
= ! fal 0 v A ' =

dufified1 g, wTuediudr K, war o, Fsdeilumndmeifdrdyiandmisves

2

19950818 URANATWIN AT TURATERS e e laensiasuA W way L

2.3.1 29asifisuvindysyrauvunaianvasuaann (Small signal equivalent uad

WA circuit)
"Lr D
0
+
+

G Vs

Ves " _

o O

JUN 2.12 (a) 2995UnALINgTINYDINRALYR

32



5UN 2.13 (b) 29siiiguinveseaLin

91n3UN 2.13 (b) WUl NV UARYeRsiguhdanyusvileuln9as 1Hed9nd
Tunaiioanlydvresddneuduluauiuyi e gl liliduiuaud vl nAgaunnauaIsaunNu

a5 Uneashe
I, D
G 0—O —¢—<—0
;C +
Vs GD §rﬂ Vps
g Wes -
@, a ¢ O

S

JUN 2.14 uannasifisuinlnaduvesseaaiusenaulumeanusiumueding

JUN 2.14 Tunsdinueauniinanssnuued Early effect Avgyiliiin A1ANAIUNIULIANG

Y

I, 11991107 drain-source 173933L8ULIN
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>

G 0—O * —O
+ L +
RO

o— @ +—1 0o
S

JUN 2.15 uannasifiguiinlnaduvesteamniiusenaulumeanuimumue i3 gaunud

JUN 2.15 4an9asiileuinlnaduiaasunaddinesin vee iuseneuluimeiondnnsdaunud

[, sievuIueLsIY

2.3.2 3995UEAYYINYDIAIIU (Common Source , C; amplifier)

5UN 2.16 2995venedynesasiuvse C; (NMOS Common Source circuit )
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_|_

o o o & . O

S
5UN 2.17 2995iiguvineasvenedayaageiasiuvse C (NMOS Common Source circuit )

930N 2.16 1 Hwiesveedygamesanuvie Cy saluinsvgsueamniiidnuvuzady

AUATVLIEDRMABDSIINVBINT1UTAW S bulnans JuRslA19nI1v818L5IAUNINATT 1 3
duiluaudmMBunawaziorng agluseiuliunans dmsumdnTvenenseua , A v893995d

wiAEINN LHosNnTTLadunn ¥999351 (i 2 0) flAterunng AsudnsvenenTvLd
Yansasiasiianioutluatiud (infinity)
91n3U7 2.17 drdmuali Vo ddndugud ud R waz R, Sanaludiunisvesdunnis

AAunLA
=3V (2.86)
° R+R,
Vin = Ves
INIITITNUN
Vo == Vos [T //Ro /IR ] (2.87)
azle
Av=\7—°=—gm [r. /IRy 1IR ] (2.88)

GS
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9 v a A s 1% a [ 1
FAMITUBUNLAUINNATUBDUNG | Zin 9992935 CS A

Zin = Rg (2.89)

WAL BUTLAUGVINIM WA |, Z, dewinfu

Zo = r0 //RD (2.90)

2.3.3 299598188 UATU3IN (Common Drain , CD amplifier)

VDD

e
Vi @ R, g R, Rl‘r'o

UM 2.18 1935vengdyaaiasusumse CD
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JUM 2.19 2995 UWINVBNRTVYLFYY1ATUTINNTE CD

NIMIAITNTIVENBLTIFIUSHAINANNITNNATUBIANS

Vo =0, Ves [, //Rs /IR,

Aeaun1smesudunalagldngussuvennesveniniwiuduns ala

Viy =Vgs Vo =V + 0 Vs [, //Rs /1R ]

Vi =Ves [ 1+ 0, (6, /1R /R |

[
CY IS L

ALUUDNTIVYNULITINUITLANNINY dUNISN (2.91)/(2.92) aziAWANU

V,  OnVes(//Rs/IR))

A”:ﬂ_ugm(ro//RS//RL)

dwiuduiiuauddune , Zin 9993995 CD Afldwiiuases CS dude

Zin = Rg
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NIMIBUAWAUGLIANS , Z, V0999350818 CS AA0IdNI99INIAIUBUNALALAD

&

WMAITIENAUDIANA 1AeYINITIATIER AIFUN 2.20

Y

¥ i
AN 1’ -
.'f'&'\., LY, GS I

i:Rl'l:Rl :iT |EmVas T r

JUN 2.20 29asBufiuaudiondnauazan Zg

IN3UN 2.20 Bufiwaudiondng , Z, ylaeinaunis

v (2.95)

Vv
[ 13

Tdngnszuavesmesvendl Nvaewinmazlai

—_7 (2.96)
%30
I, =V +i+l
« = Vx| On R T (2.97)

§18U19aUN15N (2.97)
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L g, + ! + L
" R, ro
(2.98)
sglgmvasduiiuaudiondng , Z, HAwiiv
s =—1IR /It
On (2.99)
~ =3 1 a = 4 I3 a 4;( (Y} 1 I~ 1 1
INAUNTTN (2.99) AwiuiBuiuaudiendnnilenduegiv — Wudlng

2.4 wa1dun (plasma) [11]

waau [uBnvidianiuzvesaans (@anuedl 4 vesaans) Jeife whaiiianmdulossuy
videufaiuszq lnewilel a.a. 1879 1wes Faiden Agnd (Sir William Crookes) Hniafiuaziin
fandvaange Winsnandeniueidifundusn uaglul e 1928 o3 waudles (rving
Langmuin) Yniaduazinildnduniows iy iWuauusniidendoiuzassadnsiiin naaun

D99 INIRNDINANEUVDLRDN

\[ 3 States of Mauer ; | |—| 4" State of Matter }—‘
© RN
000 Xy
©0 0  ¢® %%
oo @ 5 Pop
Solid Gas Plasma

¢_ Temperature/Energy —IIE>

JUN 2.21 anugvesaansihaswaaunanugi 4 [11]

msinlminegaIuznatau  wataunidnwariiawiutaulamszusewidedy

wsevtinlng (long range force) UagauNAvBINAIENIYNAINIEYIHORUNIAT LA TULAZ I
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a 1 [ a . . a n:glj = A PN
SendndungAnssusiu (collective behavior) weAnssuTINivNNgis MsipdouiveseynAly

wanaun Feluiiiseavduegiutoululuvinaiu 9 wintu widunalaesiuanwanaunaiulng

Y

unnIasduramnnnsyuiuveteunaieglndifesiu  Wewinsumalunatauiidaniue

= o v a ! d Y] ) PN Yo ° v
ﬂil@qaf\]gllﬂ'ﬁau@n'EJﬂ')']llﬂi:!\‘]ﬂ??ﬂ?qumUﬂqisﬁUﬂum@Q@wﬂqﬂ 2 M Vlagwlﬂaﬂu V]’]‘lf;ﬂ;fﬂﬁi‘m

=

1 < 1% o o A & = a a a Py
aunavdninianuduasduuiandunanamaliihieamgiias  FeBidnaseudasenlasu

Y

waanugglnisuivezaevetia  vilididnasouresevseuniavaaeenun  Fudu

v & . . . & A SN ad I3 = I3
ﬂi%U?Uﬂ’]iLL@ﬂﬁ’)LUUIE]E)@H (ionization) asmamaﬂLmaquymaaLaﬂm@mﬂ%uamwmu

v
v v = A

losou widedanunfunanauniues [8] duudsdeldimaraunduaaiusii 4 vesaens
losniignvaiunnesluanaausduegiedaey mnfersandraddoudnius veaude-
YBanal - 1% (solid - liquid - gas) 5%3%‘17@@@14@5] (M3efansnEIUIAtLNBYNIAYEY
fe) WurfesoluFonq 1w flv 20,000 aseiaaiu (K) fagldnaamvesimty Fauandlugy

712.28 (aunnienasniifle walusnalnnisvinliduleossuvestieg)

9 Y

®a:aauﬁnmmi‘m’laaau Trinou
+ | £e® @ » Lo @ _
V‘I‘ ‘@ e & 4
Hin[ 0P 0 O® @0 - O @

- v
v : .
ROIVQNNTEAY  aemauiitiunans

;nl‘ﬁ 2.22 miﬁwLﬁﬂwmamé’{wVLWﬂﬂngq [11]

2.4.1 USENYDINAELNN

wanananansautsoonidu nanau e usssneA (nature plasma) 19U A1Iw3e
interstellar matter LLazwmamﬁmmiaa%’mgﬁﬂmuﬁawﬁﬁaﬂ’l‘i (laboratory plasma) &4
wiseomUu 2 ngulug lawn wanaungamngiigansenanaunfadu (fusion plasma) way
Wmamqmmﬁﬁ?m%aﬁ”wﬁam%% (gas discharge) Inavialufountsfnefasseandu 2
UszLnvilvg) oiun wanaungauvinfigavdenatasndeu (hot plasma) Lagnaangumgiinuie
wanauwfu (cold plasma) et
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1. wanaun3au (hot plasma)

warAunTeu fie MeRaysanuunana LTE Idnwaen1suasUsequuuaisnfayisa
(arc discharge) Ssannnsiianszurunsaansatudiolinssualninundasidnlnse siilidas
mmﬁwaﬁﬂﬁsﬁuszij%’jﬁmﬂLLassﬁx’JaUﬁqmuﬂiséjuiﬁﬁwmqahuLﬁmﬂmmnﬁ”msm?w,m
nanerduuszquInuardidnasouiifinuruiuiiugs Sidnaseuazgaisesneaunullindie
Framiidaay wesedoufilusufvosneunieluianavosfnesemiuiguazsuuse \Aans
Uaneuszqludnvazuasauisa (spark) vesussquluduiany $ruauunn (filament) vilviAn
anugreswaAINTiiA L uLarNEILge Inewanaundoutiazgnatiafinuulndaudy
ussgneiennniitu Tlunsudenanainass vdelilunimvaey WWew uavdnlans

JUN 2.23 nMsdawmdndienanaunsou

2. wanaudu (cold plasma) [11]
wanau iU Ao (cool plasma) urangiavenildndanugwilavosaansdelsznou

ldnelosou Bidnnsou waz/Mseayya anuznatauudiuionnanIusvetuds vadman
way fe daudd B eSureiieamginaraundeginiigamgiwindouiisadniles Ae
Aay1sakuunaaul Non — LTE fdnwaenisvdesusyauuulnaifayisa (glow discharges)
Wunisadrsmanauniiauisnanwatauniey Wunsananusulunsiiananaunlvmias laeg
a d‘ [ a L% a1 5 CY ] U a v

AnUseana 10-3 - 10 ve3 lnggaumigivessunianiinasimmuazdnas ligaindngaumaiivies
widmsudianasourslionmgligunn  wszlgangivesignissluawiuudwaninilaing

)=

nmsddnaseuligaumalianiiifianisvuiuwuuliBangy  Jainnseuaunishavisadlel

9 Y

v
1Y a

nszualnihunagidninsaviliiinanudednaduseninsivinuasiauigeanasunseauli
fngunsduuanduaznanelulszquin  uarBldnaseuasgnissineawuliihfegdiamian

d' A LY = (2% [ Y a v S
au  wasdeuiilUruivesneuvseluanavesfity  viliAnnisnsedulasiandilulses

41



symafiegluaniznseuazUantaesssdesninuavasnogluaniusisnasnvilifnuas

a9 feuldlunuilddesnsanudou wu nsin (etching) wWionsvifiduuns (thin fitm) 1
fu  dhermilwesnmsinanugnanauilusssuite Usingmsaifihe wuinsngniseld
Tiuselomisofy Tnefinadeuindetluanaveswadity Vadanusnesuienalnldindheindy
anugnanavesoImAkagloth Anoyyasenledvadlulasiau (N0 udadlesaudiuleth
vidoputudunsalunin (HNOs) sthsdou neuazanazanlufudugUlumsm Wifivanunse
ilUldlunszuiunsiasadvlalavuiivazvauginerudmuinaniiznanauiduaunsona

q

BUIAYDIDBNTLIULDINAANAIUMIANAADINITOIMNTINYAT

Wumseen uag
RUNANAR

Ueluasnann
WA

imaandmisy
aan st

anfinu
wuniifonmiv

Atmospheric cold plasma
science and technology:
mgmnansuasmaluladuoa
vy
Suwalvladunasvadadis
Fnuawaunuviesanlu
NSEUIUMSHANBINERSUAL NS
dauszuuiildwdanulioy tesdl
anubavguri

ANYBEMIAY
WS

awalsd uay
myvaaalaunid
ot

yhawesiusas
And

Minuwas uay
welafiondu

JUN 2.24 wanauuiisuiesumelulaBinuesdleanaremsuaende [11]

waraundudunsliisauulnihfavsainasdondufvioleveunar auAndu
BUNIA YIOUYADATY mﬂﬁfuauyjawmam%mmsaLLwﬁwhuéhﬂmdlﬂv‘fngﬁ%mLﬂﬁ LU
mseendlad n153aad (Jusiu wsznidunssuiunsedildlunisgesas (decompose) 3
Hoyyalensenda (OH) Wundn waswanauBuamusoaisoyyasisinaununsliasiad

& a v & A P v a ° v & o a v
LLUU@QL@NVL@LUUEJEJ"IQ@ LLaaL‘W@i‘Viﬁzmﬂiumimammsuﬂiﬂ‘n\‘i’m @HHaWﬂWﬁNWLﬂu@JﬂNﬁWIW
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3 38Ae Aavsaniiainvaanal fAavnsalureural wazdavisaleveanal Tuntazveanaiiis
wnzmshanianieRaveanad wu ansazanedelunm visvewdeiiveswalsngeduy

R 1 LAaie 60 walil Wodnifnuwee AuTuuuRaml @a

T T TS
—

) PTCCCE F

U 225 msfavisawmilenivosval auyawataul 819 «OH Os NO. UwsTusuia
VBUNA?

Fhavsamiofavesvad faguil 2.25 9191438 1inmanaun fiavnsalelsun lnafisensn
wasfaysathuauiu (DBD) Tunisuanauya 017 agnaueendiau (O) lensenda («OH) Telwu
(05 lilasiausenled (NO) feufloyganarauimdriazunsfugindnuuuresvan udda
avaeludlevounar dwmiumalianatasn DBD Sewaneuyanatauindndde lensenda dad
pgdussiuuTiund  dosyyatunsBivisrnudnaiiduaniusnaan  azsundudu
oymAfiilongen el eyyalelasioueseenled Wuguluanaiedios wimdeuiiazyiins
sondladroansdunidld Medrddunalnnisiineuyadasziounnsuduaisazaionaian
fgtail

Swiseleth H,O + e* —  OH+H+e
JoonTausiy  O('D) + H,O —  'OH+ OH

Jlulssiausiy NLAZH +H,O0 — OH+ Ny + H
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&

auyalanseanda (-OH) AeUMdunans (neutral form) vadlansenlanlessu (OH-) lnseyya

vaslgnsondaiianuhilunisiinuiserduaisusenaudunidgaunn ( oxidation potential

2.8 V) lneflgninseusesanigesiu (F,) Jeenunsaihluldussloniliavanvatewu nisaane

o a a 61

a15U52NaUdUNIY NNSAIIARAUNIONBLIANIVBINTRAZENT Uselewd lun1ediinedians

3
1% [

v 1 o w 901 IS o YA A Y a a6 a a6 ] Y a
vangay 1wy n1sUidainde nMsvinlaiuial$eiunsd nsaaneluanaansduniduuileuded
vasn1sldeyyalansendare mnviuiisendvansiie wafiliasiduluanaansnlididuiiy wu
U1 Asueulneanlyd lalasiau v3e sendiau egelsiAvsunaeyyalansondaainnaiaun
Wundnfnanseloszive Fadianududuiininluaisazarslalasiauledenlen 3 % lu
Vioana1at iAo uniaiuin (3% H0, da1uidudy 0.88 luais) endleg1agigunin
g13aEa1eNaIaN1a1neInIa 1haa1 60 urd Al 45 e laaududulidifu 1 Jadly

s Y ada s o Jo a v v v a a ¢ =
a13 uimeIsRarSufeiuildaunsandnasavarslumsvladudu 6 fadluans Fwnwe

dusufividludeenisy 5 Jadluans

2.4.2 Fnenwlumsfindasnisivlnfiv/dns

nsas1eanznataNLduAUAUUTIEINIA (atmospheric cold plasma) fazudn
ayyalulasiauainfignsuazazane (dissolve) azauduvasnallumsmdudu Sun
nszUIuN1SEIN Msnsdlulnsiaudaeisnanaun (plasma-assisted nitrogen fixation) Inedi
oyyalulmsiavlunanaunifu Tinadwifiazarsegniesluveuvan 017 lumsy (NOy) uag Tu
lasvi (NO,) Beilmasionissenuaztasapivlnveasndadiy  muidelnihusefugeddvinaseis
aanAdoanuIuves Solly, E. Dr. Mainbray of Edinburgh Tuila.f.1746 lannassldesusyy
I lugedulyl myrtle masafiaunaIny NUINEAINITANTEAUNITEONABNLALNITLATYLAULA
vosRsfuldenufiutu 2-3 1 uenand Ssdlamiunisuszgndldaunuusimanlniitlugu
nsinenslavinmsanendausnidle a.a. 1930 Tng Savostin [10] lisesuietudnsnaves
aunnwhndndalisnsnsonvesnenituniiy dedag 4 Selainsdunuransenuly
wivINIEUINLIMAN 98 uanawes wazlulasin ansassnisiasylnannudndudidu
NIEAUNTLUILMIEINAIY NS WagnszurunsnslUsiuresiuiiy wasiauTunnvedaals
Waa (chlorophyll) 1Uusu
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JUN 2.26 ayyanaanoNa wnsduiuldenty Swasedaiveswadnieluluiin

2.5 dadea (Mungbean) [12] [13]

Fodudinlsiihdmvenndaultussloviluvatesu liesdunniuussno
o videvenu msuussliduiudu mamnzdudisen msthlunaueimsdnd s de
Jagtiufinisugnannluiiuiisine sisdadlsenuuussy deeendtsussina uaginandiming
uslan

5UN 2.27 dnwaglassasie Tu aen in vesaided
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2.5.1 ANWASNIINGNUANERAT
510 Sadenfisnduszuusnuda (Tap Root System) wileufudndos wasdl
UYL (lateral root) La3guAneaniNaNTINLTL Snvesdadeingadn uassnuvuiees
yldandendulalfisfuiianeiu vinasndnasnulureudouuaiidelslaidey
(Rizobiurn spp.) ¥iwthivaensalulngiau
Sofu dudendufivdugn fdnvardduiing unnfsfuduny misgmssiy
Ustand 30-150 wufiums Setuogifuiug sriudumass Sougeutnagy il dadeauisans
Wugordidnuardduden
Tuiiss (Cotyledon) Wulunsnudsnisaen @anlusiegusn (Unifoliate Leaves)
fift 2 v WulufiAeanludes delndnsvezanduluszneu 3 Tu (Trifloliate Leaves) A
aduuudu uarlunilanazuszneudsluges (Leaflet) $1uau 3 Tu Andlu (Petiole) U3ngu
fiylu (Stipule) 2 §u
non aonfidnuusdute (Inflorescence) Wntut3nasalufuuuuinaaissen ua
Aafu YenonUszneuseiiuaen (Peduncle) 817 2-13 wufling WurIgUdnanaUszana 1
wuRlns aeniadungu SuausenUssana 10-15 aen dnaniivated wu dndes dvn uas
GEUeN
in waziwdn Hndldnunignanen Aden Uanelfaeidnos Tnsangdudefgiu duw
gfdilnaznss wardunidaudeifiofu doudazidhmasuividmueny uasiuegi
HnaefadaUszan 10-15 whn 100 whn wiiinuUszana 2-8 n3u Tuoeifusiug

=)}

b
U

e St
2N

5UN 2.28 dnuwagiinenilen
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2.5.2 ¥finvasdnderlulszmdlneg
yiavosdnderlulsamalng ulwmnudnvasdondu 4 via e
1. Sdpndaiu Judidonifidnvaswdedifondiiuim dndleunszdnuas
3 28 owanewus Ae Wusgnos dnfidd warWugiuifiosiineta dniidvraula
2. fuBursssua wiedudenudasu Jududeafiddider fdnvarudasu

o

3. DEIANDY TdnuwazedefuduTeINITU LazanTITISUAT WALLAATE

€

IS A a v v < v [ Y
EYYIDULNADY UYNANWUSLIUARATU LA tlandlu

|
v A a o

G U oA dAao < Y o oA o o

4. @y Uunideniflidnuaziinndeiunidedsssunt uireangs
Weasssumfe dvuiinsaialvg wazunnieiiuuinndl visiugenalidnuuzeenidosiuiu
Tunun drdulivudnegu dnvaeulu waginuuinid aeneendlyleunies dndeudunin

waaiidmawinuiunans eginuielugag 80-90 Tu
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uni 3
A5n15a 1 HUIIUIY

TURBUNITANBINITIBLT09 N15as1anataundud S uUszendluaununsnssy

(Cool Plasma Generation for Agriculture Applications) 15338 Tuassillanvundvunelag
LUINSANRUIUAIENITODALUVIIAY MATLAB/Simulink  Iaeiiigasaesalud
3.1 2995NANULUARBUNBSADS

3.2 MseankuulunsITenndeulAIBINaE

Sufu

AnwdeyauazaIfeNifeides asaEuUARDUIDTNBS

WRTEIRTWRAI  199TATINdy I PWM  asasmuaudoundu

v
ONLUVIIATAE MATLAB/SIimulink

v v q v v
s s a a v o o
WAITNANYUUAADULIDILNDT 29258RTIUDEALNH WATAIEAY Y18 PWM awsmuqumiﬂauﬂau

* * ‘ A +

msviauduluany NO
g — 5| udl
VDULYANNINAUA

YES ¢

ivteyauasUuiinua

v

A7UNaNITITBUALINILNIHAIY

5UM 3.1 urulan1saniiunisive




Flvback

V. i . : 3
in § Converter T E%‘

A v
R, Control v,
ML AVAYA
d Control v_
Duty cycle
444
>iTshe-

JUN 3.2 JupeunsviuTenRTIaNgLUARBULIBIIN DS

3.1 29957aN8LUAABULIBSLABS
3.1.1 1AS9a5 19N H191U999935Na8LUABULIBSIABS 1A8di1935n1508nIULY
Fastoluil
1. 2995NaLMBS LAY 9IS HINTLUA
2. 1995NAUUUARBULIDSIADS
3. 19958 3nTaean
4, 'gqi}ﬁa%qﬁmfymﬁaé%ﬁua@Laéfj"u
5. 3935AUANNsUaUNEU
3.1.2 M590NUUUINRIHE MATLAB/Simulink  Inefhsasniseonuuusaselui
1. 19SNALLUAADULIDILADS
2. 19958 3nTaeamn
3, Nﬁ]iﬁ%’wé’ﬁymmﬁm@gﬂmﬁaé%ﬁua@Laﬁfi"u
4. 19395PUANNsUBUNAY
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3.1.3 TUROULALIENTNAdBU
1. NS9NLUVIATHAUUUAADULIOTADS

[

mg‘dﬁ 3.3

Discrete i--—'*

5UM 3.3 NM1509NKUVIRTHITNAIBUUAADULIBSINDT Ag MATLAB/Simulink

2. MUUAAINITLN 5L oUadl1995 MATLAB/SImulink  #a9m157199 3.1
waz3UN 3.4

WTmasvdanUas ATNI510L0 D5

nominal power and frequency [ Pn(VA) fn(Hz) [250e6 1e6]

winding 1 parameter [ V1 (Vrms) R1(Ohm) L1(H) | [7.35e+05 4.3218 0.00027513]

winding 2 parameter [ V2 (Vrms) R2(Ohm) L2(H) 3.1e+05 0.7938 5.0535e-0.5]

[
Magnetizationresistance and inductance [1.0815e+06 1.7196]
Rm(Ohm) Lm(H)

ﬂl 1 a o L4
A15199 3.1 AEweslunIsAIrUARRNLUURLBLUAY

14



E] Block Parameters: Linear Transformer X

_— Linear Transformer (mask) (link)
2 2B Implements a three windings linear transformer.
powergui

Click the Apply or the OK button after a change to the Units
popup to confirm the conversion of parameters.

— Parameters :@'

Units |SI G

Nominal power and frequency [Pn(VA) fn(Hz)]:
(12506 166 ] B
Winding 1 parameters [V1{Vrms) R1{ohm) L1(H)]:

([7.35¢+05 4.3218 0.00027513)] [
Winding 2 parameters [V2(Vrms) R2(ohm) L2(H)]:
¢ ([3.15¢+05 0.7938 5.0535¢-05)]

»{(] O Three windings transformer

Lingar Transformer

W‘\ " Winding 3 parameters [V3(Vims) R3(ohm) L3(H)]:
< [3.15e+05 0.7938 5.0535-05) li
7] Magnetization resistance and inductance [Rm(ohm) Lm(H)J:
@  [[1.0805+06 1.7196] I
Measurements | Winding voltages ¥

| ok || Concel || Hep || Apply |

Uil 3.4 fvundiine svsiouuadlunsas MATLAB /Simulink

3. fsuaen block parameter Naaiiln 13995 MATLAB /Simulink #3pn5191 3.2 uag
U7 3.5

block parameter da&#Hnn A1 block parameter uagnn
FET Resistance Ron (Ohms) [0.1]
Internal Diode Inductance Lon(H) [0]
Internal Diode Resistance Rd (Ohms) [0.01]
Internal Diode forward Voltage Vf(V) [0]
snupper Resistanc Rs (Ohms) [1e5]
snubber Capacitance Cs (F) [inf]

A19199 3.2 AINITIEWOIIUNITAIUADDNLUY block parameter uadLWn

15



E} Block Parameters: Mosfet X

Mosfet (mask) (link) ~
Discrete MOSFET and internal diode in parallel with a series RC }H n
i Beths snubber circuit. When a gate signal is applied the MOSFET B
powergui conducts and acts as a resistance (Ron) in both directions. If

the gate signal falls to zero when current is negative, current
is transferred to the antiparallel diode.

For most applications, Lon should be set to zero.

Parameters
FET resistance Ron (Ghms) :
-
S 0.1 B
Internal diode inductance Lon (H) :

T o B
Mosfet { é} Internal diode resistance Rd (Ohms) :
= 001 B

Internal diode forward voltage Vf (V) :

A E

Initial current Ic (A) :
0

@ Snubber resistance Rs (Qhms) :
[1es B

Snubber capacitance Cs (F) :
|inf @ v

[ ok H Cancel H Help ‘ Apply

5Ufi 3.5 fmunen block parameter upawin Tuasas MATLAB /Simulink

4. AvuaA’ block parameter repeating Sequce 12935 MATLAB /Simulink ¢4
M15N9 3.3 Waggun 3.6

block parameter repeating Sequce | A1 block parameter repeating Sequce

Time values [0/8e3 4/8e3 8/8e3]

output value [010]

A9199 3.3 AT IUNTAIUADDAKUU block parameter repeating Sequce

16



Discrete
v 5055
2

powergui

E] Block Parameters: Repeating Sequencel X

Repeating table (mask) (link)
]
~

Output a repeating sequence of numbers specified in a table of time-
value pairs. Values of time should be monotonically increasing.

Parameters

i Time values:
[ B

Output values:
10 B

epealing
Sequencel

Q [ ok | cancel |[ Help || Apply

gilﬁ 3.6 MnuAA1 block parameter repeating Sequce 111995 MATLAB /Simulink

5. AMuuAAT block parameter constant 112925 MATLAB /Simulink Famn519i 3.4
waggui 3.7

w1578nas block parameter constant A1 block parameter constant
Constant value [0.8]
Interpret vector parameters as 1-D [inf]
Sample time

A1919% 3.4 ANAWSIUNITANUARENLUY block parameter constant

17



vp 5e05s.
2

powergui

. .

[E] Block Parameters: Constant X
Constant

cetay Qutput the constant specified by the 'Constant value' parameter. If

‘Constant value' is a vector and 'Interpret vector parameters as 1-D'is
on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.

Oclave

Main | Signal Attributes

Constant value:

b [

Interpret vector parameters as 1-D

CGonstant

Sample time:

[inf Bl

Q‘

| 0K H Cancel H Help ‘7 Apply

gilﬁ 3.7 mMuunA1 block parameter constant 1142935 MATLAB /Simulink

6. fmuaen block parameter Mean 113435 MATLAB /Simulink famns1efl 3.5 wae

U7 3.8

w158nas block parameter Mean

Ablock parameter Mean

Accmulator Data type

Inherit: Same as input

Output Inherit: Same as accum
Minimum N/A , [0]
Maximum N/A -, [O]

‘:I U a o
A15197 3.5 Asdnesiun1sirunesnkuy

18
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., Be05 5.
2

‘powergui

@ Block Parameters: Mean

Mean (mask) (link)

Compute the mean value along the specified dimension of the input or across time (running mean).

Main | Data Types
Fixed-point operational parameters

Rounding mode: ‘Fluor " [ Saturate on integer overflow

Floating-point inheritance takes precedence over the settings in the 'Data Type' column below. When the block input is

floating point, all block data types match the input.

Octave Filter

[

Data Type Minimum Maximum
Accumulator: ‘ Inherit: Same as input V| ‘ >> ‘ N/A N/A
Output: ‘Inherit: Same as accum V| ‘ >> ‘ ‘[] @ |[]
[ Lock data type settings against changes by the fixed-point tools
0 0K | ‘ Cancel ‘ ‘ Help Apply

gilﬁ 3.8 AmunAT block parameter Mean 112935 MATLAB /Simulink

7. fuaen block parameter: Octave Filter 113995 MATLAB /Simulink §asn157147

3.6 LLazgﬂﬁ 3.9

w1578nas block parameter: Octave Filter

A1 block parameter: Octave Filter

Fliter specifications , Order

6

Bands per octave dy
Frequency unit Hz

Center frequency 1000

Input sample rate 48000
Algorrithm

Design method: Betterworth

Fliter implementation

Structure:

Direct-from Il SOS

Direct-from Il SOS

Columns as channel (frame based)

A1319% 3.6 AR SluNITAMUARENILUU block parameter: Octave Filter
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[El Block Parameters: Octave Filter X
QOctave Filter
Design an octave filter.

View Filter Response

Filter specifications

Order:

Bands per octave:

Frequency units: @ Input sample rate:
Center frequency:

Algorithm
Design method: ‘Butterwurm "
Scale SOS filter coefficients to reduce chance of overflow

Octave

Filter implementation Octave Filter

Structure: \Direct-form 11505 G \

[ Use basic elements to enable filter customization

[ Optimize for unit scale values

Input processing: ‘Columns as channels (frame based)

[ Use symbolic names for coefficients

| 0K H Cancel H Help HJPE',Y7|

;s‘l.lﬁ 3.9 mwuuaAl block parameter: Octave Filter Tu2935 MATLAB /Simulink

3.2 nseanuuulun1siTenadauLATaIwaENT
3.2.1 Tumpueaniuuingunsalnigluuazuendniuay

5Uii 3.10 {uauooniau 30 L/mim
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JUT 3.14 mysieaelvidiunasnlyiantuzuavaing 1Wa/Un
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5UT 3.18 Lasesnialniiwanan
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91NN15ANYINITINY 1309 Nsadanananndudmsudssgndluaunensnssy (Cool
Plasma Generation for Agriculture Applications ) @13130UAAIHANITITEUALIATIZVTRYA
1A 2 uuu 1. wan1s91a9sasiasuUanoulasines  Aaelusunsy  MATLAB / Simulink

2. NMSUNATBINLLANANANN wwaamﬂa%’aﬂummmwaﬂqﬂLﬁuﬁaaaﬂImsﬂﬁé’fm?mﬁ%ﬁm

wanau iy wuluwdndudeinarmeseaunserune o 3 ssAumsnsdananisiasydule

4.1 NANNIIYINRBIIATNANRUARBULIDSHADS PelUshkNTL MATLAB / Simulink
4.1.1 2asWansuuanulesines ( Fly back Converter )

Discrete
B4 Se05s,
a

Octave

m‘ 5 i J P

-
9

JUN 4.1 MIDINKUUINATHITNAGLUAABULIDSADT A3g MATLAB/Simulink
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4.1.2 nan1331a03faabnind1ue i nn 1 sNaeLUARBULID SN S

5UN 4.2 supduvesmaslnihvesuieinnlnsiangiuaneuliesines

4.1.3 dygaanuvaeiiveainaiadinvitegiaty (PWM : Pulse width Modulation)

Tunsihlulgluisaswansuuaneutesines ( Fly back Converter )

1.2

AR
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9n3UT 4.3 Idraarnnsfivunn block parameter constant 112995 MATLAB /Simulink #is

AN 4.1 warsun 3.7

Y

w1578nas block parameter constant A1 block parameter constant
Constant value [0.8
Interpret vector parameters as 1-D Sample time [inf]

A19199 4.1 AT s IUNTAMUADDNKUY block parameter constant

4.1.4 dyaaguaduamasuieduainddaean

JU 4.4 dyqraugundudmdeniieiduaindduwene

113U 4.4 arvune block parameter waaln 1u3sas MATLAB /Simulink fastaluil

block parameter uadLnn A1 block parameter ud&LNn
FET Resistance Ron (Ohms) [0.1]
Internal Diode Inductance Lon(H) [0]
Internal Diode Resistance Rd (Ohms) [0.01]
Internal Diode forward Voltage Vf(V) [0]
snupper Resistanc Rs (Ohms) [1e5]
snubber Capacitance Cs (F) [inf]

A19199 4.2 ANTIEW O3 IUNITAIUADDNLUU block parameter uadLWn

14



4.1.5 wsssiulnimaiuuaaianisgivemisudadhinamatsuuanouiesnes

5UN 4.5 ussiulnihmnissuvaainyisgivemdoudadluiasiatsuunnouiesines

v

n3UN 4.5 sUAduaINMsAmuad1divesvioudatluiens MATLAB /Simulink fadl

w1sTmasudanUag AMNNSaLN S

nominal power and frequency [ Pn(VA) fn(Hz) [250e6 1e6]

winding 1 parameter [ V1 (Vrms) R1(Ohm) L1(H)  |+05 4.3218 0.00027513]
winding 2 parameter [ V2 (Vrms) R2(Ohm) L2(H) | [3.1e+05 0.7938 5.0535e-0.5]
magnetizationresistance and inductance [1.0815e+06 1.7196]
Rm(Ohm) Lm(H)

dl U a o L4
A157197 4.3 AHNesiuN1SNIYUABBNLUUMLBLUAT

4.2 Yayaanuan1sILAUUTEENEA N
mavegeuLasenlaliiwatanniu 91nnsvaaesnsnszduasyiulnres

a ) v W a Y I3 %
Wenlunswiziludwen suduusnmIsunisuslun1snza 19N dunzinsuun N9 9
WURIAT 817 11 lwufmes g9 5 wudwes 31w 9 luwiagluagldwdngudes dmin 100
nfuin iy neuntseassazltwandudedluhsiuiudunat 3 Falus Fmsvnaseay

1 13 1 = @ O a 1 PN
wiseanilu 3 WU uiaskuuIsdnyuzusIuandlietedar 3Ty wuuil 1) nsine
A299NLUUUNR  WUUT 2) Wumadaln 97uu 1 assdentenivug e seauusssuliivuie

5 Alalief SEAuLsIeu 10 Alalias warls Nlaas 3) WUWAIAL1 3NUIU 2 ASIADNTY
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Alaliad waz1s Alaliad ANUAINU SIUNITNAADY 4 U

4.3 YUNBUAWIUNITIY

4.3.1 AnLdanUAnITgiaLnIeunN1sITe

JUN 4.6 WwandLTgniien1InadeUIve

4.3.2 FauminduTea91uau 100 nFu W1 9 A

P < 3 o & o a
;J‘U‘VI 4.7 MIVUINUNVDIUIAN LYY
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4.3.3 U9 TIIUN 91U 3 Tl

JUT 4.8 udthdudendnuau 3 9alus

4.3.4 vy59i@adlunzunsa $1uau 9 Tu wieunslinanammusneiu 3 35 lnefieuly
el

1. 357 1 pzunsed 1- 3 Junmmeasamizdademuuung

2. 357 2 mzunsed 4 - 6 WunmsmeaeumzdnTeuuuldnandun Wy sauau
1 ﬂ%y’qdaul,wwﬂgﬂ el mzunsad 4 Wudeusesu 5 Alaload Azunsed 5 Wudleusesy 10
Alalad wazazunssil 6 NufBusssy 15 Alalias muay

3,539 3 mzunsed 7 - 9 Wumsneaeamzdadsnuuldnanaun wu 1w
2 ﬂ%y’qdaul,wwﬂgﬂ $10u 1 A%t uazRdly 1 %u iuwanaandn 1 ad feilnsunsed 7 vy
Frousau 5 Alalias nzunsedl 8 Wusewsady 10 Alalaas warazunssil 9 NuFBusIdy 15
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Tvpe 1 is narmal bean sprouts cultivation.

1

2

Type 2 is to spray the plasma | time per container

(AKX XX J o0 Q000
o0 o 0% o0 o 0%
900 "o 900 o
000 0¢g O 000 0g ©
4 5
sk 10 kv

Type 3 sprays the plasma 2 times per container

s B
X XYL X XYL
7 g
Skv 10 kv
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4.4 Nan1IAIUNITINY
HANIINAABUIY TrAUANRTYIAUIAYIdenTuA YU LAAZAZILATY 21NATS

NAaasNIEUan WU 4 Ju Sewudiuananuasyivlnungalulesgafie dudu 1
ASHUNAEUIDIUIU 2 ATINIELIIPUINTAT 10 Alalas dufU 2 NSWUNAIALT 2 AT Ane
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NN IN35U (Cool Plasma Generation for Agriculture Applications) nsvelundedl ﬁ:\]ﬁﬂm
Tinquszasdvesaideifofnymussavinmvssniosidanaaisngasnatsiuaney
nefinefifisudnanenisdiansiielusunsy MATLAB / Simulink 1ileadisuseiugeily
Andanarauiwvuidu nssudanataundunnuauusseinie (cold/low-atmospheric
oressure plasmas) fio WanaufiansanantulunufuUsseIne (1 atm) wazilgaumngilves
WA o mmsﬁé’uﬁaﬁ’uﬁuﬁﬂm Tneanizin®nim Tddu 40 °C [11] Wiondnidesdunsie
fiinanaufou nswdanaraunduilunsufiivililagldauuliiingBidnasoulnd
nEugeunneuaziitrueznounielutanavesingudinlifmivariiAinnisunnd
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’NQ'iWﬂ']EJLL'UﬂﬂE]‘LIL'JE]SWIE]'iﬁ']‘Vl'i‘Uﬂ']’iﬂ’i%EJﬂﬂ‘I‘ULW'e]ﬂ']’iLﬂ‘Uﬂ'i LWEJﬁﬂ‘H']'NEJGL‘Llﬂ'ﬁ

a «

Allawanau saelinusedngaa (high voltage) seninatndidninga 2 93 fedadianinan
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Ao streamer discharge way spark discharge [14,151@an15Aau15adilanwealglanizhio il



WWanszualinuesnishayisa (discharge current) vu1aIAnNIT 0.1 wonuUsluanduann 9
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Design of Flyback Converter for
Agriculture Applications using Digital Control

Sidtha Rattanakam and Krischonme Bhumkittipich®
Power and Energy Research Unit Department of Electrical Engineering Faculty of Engineering
Rajamangala University of Technology Thanyaburi, Pathum Thani, Thailand
e-mail: sidtha_r@en.rmutt.ac.th and krischonme.b@en.rmutt.ac.th”

Abstract— This paper presents the flyback converter design for farming applications using digital control to
eliminate mold-contaminate fungus in green beans. It was excited by using plasma treatment. By using closed loop
voltage control at the MOSFET silicon carbide switching frequency of about 20 kHz, the flyback converter can
generate the maximum voltage of more than 15 kV. In order to generate the plasma, the voltage discharge emission
occurs at the electrode end. To generate the voltage discharge emission for plasma generation, the flyback converter
is selected. The proposed control method for controlling the output voltage is the closed loop voltage control. The
Experimental method can be stimulated as follows: first, researcher prepares the container to plant the bean sprouts
as a sieve. The size of sieve is 9 cm wide, 11 cm long, 5 cm tall, 9 pieces. Each sieve is going to weigh 100 grams of
green beans. The green bean seeds had been soaked in water for 3 hours before the test. The experiment’s three methods
per form has three green beans as follows: Form 1 is natural cultivation of bean sprouts. Type 2 is to spray the plasma
1 time per 5 kV, 10 kV and 15 kV voltage container. Type 3 sprays the plasma twice per bottle on the first day of
breeding and the next day, respectively, at a voltage range of 5 kV, 10 kV and 15 kV. The experimental results showed
that in each container the growth level of bean sprouts to compare the growth up level. In the first-place container, the
one-time plasma spraying with 15 kV was sprayed, the one-time 10 kV plasma spraying was sprayed in the second-
place container. The two-time 5 kV plasma spraying was sprayed in the third-place tank, fourth-place standard three
seeds. Finally, in the fifth-place bowl, the two-time plasma spraying from 10 kV to 15 kV was sprayed. Thus, through

the experimental results, the correctness and validity of the proposed method is verified.

Keywords: Plasma, fly back Converter, agriculture Applications

1. Introduction

Plasma technology is widely used in different
branches nowadays. Due to its clean and zero impact on
the environment, increasing application in numerous
industries leads to a reduction in large chemical use. In
addition to being non-hazardousto manufacturing and
cost-saving. Large-scale industries, such as computer
manufacturing use plasma to clean component parts
plated with thin film and for resurfacing, can be found in
plasma engineering. It is used as nanotechnology fabric
products for the weaving industry, which can be easily
washed and proof of water absorption. It is also used to
improve and enhance ink painting on fabrics because of
its fire retardant and increased water absorption. In
addition, this technology is used by the packaging
industry for fabrics, fibers, polymers and other film
forms. There is an increase in plasma technology in the
medical industry for medical device defection, treatment,
rejuvenation, and resurfacing. Plasma technology, used in
everyday life, is used, for example, for steel cutting, and
air conditioner sanitizing goods.

Food industry is greatly affected by the drastic decline
in planting areas in the present, food shortages for
consumption, and animal husbandry. In order to solve the
above problems, plant breeding is crucial. In addition to
natural selection technology, the use of chemicals and
radiation to improve and develop new species. Recently,
a new technique has been developed to enhance botanical
species, such as the technique of ion beams to manipulate
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plant breeds, which will become a treat to enhance plant
species. While the technique is ideal, it is expensive and
requires a vacuum to operate. Therefore, it resulted in a
variety of limitations; for example, seed propagates most
of the plants used in this technique, and the experiment
must be carried out in a vacuum or drying process in
advance. Compared to other techniques, it is not
expensive, and the experiment can be carried out in a
vacuum without complex parts preparation and drying
process. Therefore, for part planning, it can save time and
expense, at the time, increase germination rate and plant
survival.

The plasma technology is therefore applied during
seed handling in agriculture and defection, increasing the
nutrient content of seeds for consumption, germination,
and plant survival including body, trunk, petals, and fruit.
It can also preserve freshness, minimize the use of the
widely used pesticide when washing agricultural
products, and save time for long-distance transport
containing a number of frequently hindered vegetables
and fruits. This paper focuses on bean sprout growth
through direct gas plasma production at electrodes to
accelerate seed growth and defection. Compared to
traditionally planted bean sprouts regulated by various
control factors, the bean sprouts grown by plasma to
accelerate growth.

The rest of this paper is organized as follows: section
2 presents the small signal model of flyback converter
with current mode control. The block diagram and



transfer functions are expressed in section 3. Section 4
presents the design of flyback power converter and
simulation results. The experiment results are presented
in section 5. Finally, the conclusion and discussion are
given in section 6.

2. Small-signal model of flyback power
converter with current mode control

The converter diode and switch are supposed to be
ideal in this derivation, and each inductor and condenser
has an equivalent series resistor.

Control v,

Control v,

Duty cycle

d

1444

—>{Tshe—

Fig. 1 Fly back converter with peak current mode control

2.1 Power stage modelling

Fig. 1 Displays a PCMC flyback circuit diagram
Converter. The figure shows the circuit consists of a
power stage and a regulator of the current mode. Duty

cycle input d controls the converter and the inductor
current feedback are shown in Fig. 2. This is modelled

using simple gain term, Ri which is the current-sensing

gain of the circuit. With no external ramp added to the
gate, at the switching frequency, the current in the circuit
can oscillate. The additional ramp is added to ensure
system stability even though the service cycles are greater
than 0.5. When the fix-frequency clock is used to turn on

the power switch, control voltage, V., terminates its on

time instant. The current mode controller small-signal
system usually consists of a power stage and a current
mode controller. This section introduces a small-signal
power stage design that is produced using the typical
circuit process [21, 22]. The current small-signal mode
controller model is designed by applying the current

average inductor concept [23]. Average input current ig ,

average magnetizing inductor current , I, , average

current flowing through diode I, and average voltage
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drop at diode V, in each fly back converter switching
cycle are calculated using

iy =(1-d)in (1)
v

Vy =d(—g+v0] @
n

i, =di @)

9

Perturbation average variable of input voltage \7g ,

diode current I, , duty cycle d , output voltage V,

input current, I, and inductor current | are

represented by the following symbols

Vy =V, +V, (4)
v, =V, +\7g (%)
iy =1, +1g (6)

LY Average current

& The waveformaf inductor

currentin primary side

—> . (1-4)T; —»

b T
Fig. 2 Signal waveform at the modulator

L= 1 +]

()

®)

where the capitalized equation right variables are the DC
terms. By replacing (4)—(8) with (2) and (3), the diode
rectifier voltage and the input current are determined
using the small signal (i.e., disturbance terms)

vy :(Evg Jrvc,]ciJrDlvg +Dv, 9)
n n
and

i, = 1,d+Dj (10)

Equations (9) and (10) are used to obtain the power stage
small-signal model; this is shown in the top half of Fig. 3



2.2 Current mode controller modelling

Verghese et al. [23] established the right average
model derivation successfully. Tymerski and Li[13]
investigated the disturbance of the control and the
average (programmed) current of the inductor. Image.
Fig. 2 Shows that when the programmed current peak is
equal to the control signal value plus the ramp stability
value at that point, the instant turn off occurs.

(O

Fig. 3 Small-signal model with peak current mode control

dT v —m.dT,
2

Ri +m, (11)

The method of disturbance is used to extract the small-
signal design of the current mode controller.

v, =V, +V, (12)
V=V, +9, (13)
m =M, +m, (14)
m, = M, +, (15)

Ignoring steady state and term products results in the
following small-signal relationship:

1

R, =V —( M +2|\/|1st a_% DT, rh, (16)

where R, is the sensed current and M. is the external

ramp. The inductor current ramp during switching on is
calculated using

R (17)

Small-signal current flows through the diode rectifier
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(18)

Output voltage is expressed in the form of small signal
as

: D™ —Dr
d=——"1 (19)
M, + M,
Using (17), (18), and (19), (16) is rewritten as
[M°+@)M1JTS DR 1 R
Ri, =V, + L_ZDT, 1 |y,
M, +M, L, 2 L,

(M. +(L/2M,)T.D' 1R,
M+M, L, °

(20)

The duty ratio small signal is calculated using

d=F, [V +k U, +k¥%-Ri | @)
where F_ is the modulator gain
F :—1 (22)

= (MC+M1)TS

Equations (17)—(19) are used to produce a new equation
in (21)

N\ DR, .
RV Sk v,
Ly (M, +M,)F,

Equations (20) and (23) are compared to derive the feed
forward and the feedback gains

k, =— DT.R (1—1 Dj (24)
Ly, 2
T.RND’
k =——"— (25)
2L,



According to (21), the lower half of Fig. 3 shows the
current mode controller block diagram. Equation (24)

shows that feedforward gain K, increases when L,,
decreases.

3. Block diagram and transfer functions

Ridley built the small-signal model of the current
converter mode [12, 22]. Nevertheless, there has never
been a proposal for an exact and complete fly-back block
diagram [15]. Each section describes a PCMC fly-back
block diagram and the transition function control-to-
output. By applying the current law of Kirchhoff, as
shown in Fig. 3. The current loop is expressed as

|,a+D.j+%i;:f, 26)

Small-signal current flows through the diode rectifier

i, =n[(1-D)i - 1,d| (27)

V, =2, (28)

Fig.4 Block diagram of control to output for the PCMC
fly back converter with peak current mode control

where

zC:(RC+iCJ /IR 29)
S

Voltage drop on the secondary side is calculated using

v, =(1vg+vojdA—\7 +Dv +2\7 (30)
n

0 0
n g

and voltage drop on inductor L, on the primary side is
calculated using

n, =Z,, (31)

where
z, =R, +sL, (32)

Combining (27), (30) and (31), produces a new equation

: [(v, +nV,)+1°Z (1-D)1, |

1= 2 2 d= Fl(s)a (33)
z,+n°z,(1-D)

where

(v, +nV,)+n’Z (1-D)],
Fl(s):[ z,+n’z (1—(D)2 | ] (34

Equation (27), (28) and (33) are used to calculate the
control signal and inductor current

, [(1—D]—[D/{n2(1—d)}][z,/R]]_A

v, =n I

14{2} Z,

| (35)

[a- D]_[D/{nZ(l_d)}][z, IRI] (36)
D
1+[R} Z,

Thus, according to (21), (34), (35) and \79 =0 the
control-to-output block diagram for the PCMC flyback
converter is obtained as shown in Fig. 4.

Fig. 4 shows that the current loop gain can be expressed
as

T.(s)=F,F(s)H.(s)R (37)

Approximate sampling gain He(s) is represented in [17]
as
2

S S
H(s)=1+—+— 38
)= <o
where
w =2 (39)
n TS
and QZ=—E (40)
/4



Therefore control-to-output transfer function T (S)
derived, as shown in Fig. 4 and represented by

() _  FRR(G)R(0)
(s) 1+Ti(s)—krFmF1(s)F2((s;)1)

T.(s)

= VO
VC

4. Flyback Converter Design

The design of flyback power converter had design at
0-15 kV and 20 kHz. The MOSFET is selected as the
switching device of flyback power converter. The current
mode control uses the closed-loop Pl controller by
linearization from the small signal model of proposed
converter design. Fig. 5 shows the simulation circuit of
flyback converter using MATLAB/Simulink program
environment.

|
i
L

Lk ] (]

=

Fig.5 Fly back converter circuit

Fig.6 shows the output power of flyback converter
that had varied every duty cycle. Fig. 7 is the gate drive
signal of MOSFET power switch using PWM DC-
triangle method. Fig. 8 show the drop voltage at switching
device and Fig. 9 shows the output voltage of transformer
at secondary side.

Fig.6 Output Power of Fly back converter

Fig.7 PWM generator signal voltage
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Fig.8 Voltage switching for MOSFET

Fig.9 Output voltage of transformer

5. Experiment Method

The experimental results showed the following: First
of all, the nine sieve containers with a length of 9 x 11 x
5 cm (wide x long x tall) were prepared as containers for
the sprouts of mung bean. The containers were also
attached to the 100 grams of mung bean seeds and soaked
in water for 3 hours. The experimental methods were
divided into three models: Model 1 was a standard
cultivation of mung bean sprout, Model 2 was plasma
spray once per container with voltage of 5 kV, 10 kV, and
15 kV respectively, and Model 3 was plasma spray twice
per container on the first day of planting and the next day
with voltage of 5 kV, 10 kV, and 15 kV respectively.

Type 1 is normal bean sprouts cuitivation.

o0 Q000 o0 Q000 o0 0000
o0 o & o0 o ) LI ) ]
000 %° DO 4 DO, 34
000 0¢g © 000 0g O 000 0g ©
1 2 3
Type 2 is to spray the plasma | time per container
o0 Q000 o0 0000 o0 0000
00 900 00 90 0 00 90 0
DO 34 DO 34 DOORS 34
000 0g © 000 0g O 000 0g ©
3 3 6
Skv 10 kv 15k
Type 3 sprays the plasma 2 times per container
o0 Q000 o0 Q000 00000
o0 900 00 o0 o 00 ¢0. 0
DOCAS 34 DOOAS 34 DOOAS 34
e000g ® e000g ® 00 0g O

g 9
Sk 10kv

Fig.10 Experiment 3 method



Fig.12 Type 2: spray the plasma 1 time per container
with a voltage level of 5 kV, 10 kV, and 15 kV

Fig.13 Type 3: spray the plasma 2 times per container on
the first day of breeding and the next day with a voltage
level of 5 kV, 10 kV, and 15 kV, respectively.

6. Conclusion

The results of testing the growth rate of mung bean
sprout in each container showed as follows: plasma spray
with the voltage at 10 kV was the situation with the
maximum growth rate twice. Then, the plasma spray with
the voltage at 15 kV was used twice. After that, for three
bottles, standard planting, twice plasma spray with 5 kV
voltage, and lastly plasma spray once with the voltage at
5-15 kV.

6/9

[1]

(2]

[3]

[4]

[5]

6]

[7]
8]

[9]

[10]

[11]

[12]

[13]

[14]

Reference

Erickson, R.W., Maksimovic, D.: ‘Fundamentals
of power electronics’(Kluwer  Academic
Publishers, 2001, 2nd edn.), pp. 459-471.

Gacio, D., Alonso, J.M., Calleja, A.J., Garcia, J.,
Rico-Secades, M.: ‘Auniversal-input single-
stag2e high-power-factor power supply for HB-
LEDs based on integrated buck—flyback
converter’, IEEE Trans.Ind. Electron., 2011, 58,
(2), pp. 589-599.

Lai, Y.-S., Yeh, C.-A.: ‘Predictive digital-
controlled converter with peakcurrent-mode
control and leading-edge modulation’, IEEE
Trans. Ind.Electron., 2009, 56, (6), pp. 1854-
1863.

Yao, K., Ruan, X., Mao, X., Ye, Z.: ‘Variable-
duty-cycle control to achieve high input power
factor for DCM Boost PFC converter’,IEEE
Trans. Ind. Electron., 2011, 58, (5), pp. 1856—
1865.

Huber, L., Jang, Y. Jovanovic, M.M.
‘Performance evaluation of bridgeless PFC boost
rectifiers’, IEEE Trans. Power Electron., 2008, 23,
(3), pp. 1381-1390.

Wang, C.-M.: ‘A novel ZCS-PWM power-factor
preregulator with reduced conduction losses’,
IEEE Trans. Ind. Electron., 2005, 52, (3),pp. 689—
700.

Maniktala, S.: ‘Switching power supply design &
optimization’(Mcgraw-Hill, 2004).

Kondrath, N., Kazimierczuk, M.K.: ‘Control-to-
output transfer function of peak currentmode
controlled  pulse-width  modulated  dc—dc
buckconverter in continuous conduction mode’,
IET Power Electron.,2012, 5, (5), pp. 582-590.
Pang, H.M., Bryan, P.M.H.: ‘A stability issue with
current mode control flyback converter driving
LEDs’. IEEE IPEMC, 2009, pp. 1402-1406.
Middlebrook, R.D.: ‘Topics in multiple-loop
regulators andcurrent-mode programming’, IEEE
Trans. Power Electron., 1987, PE-2, (2), pp. 109—
124,

Tan, F.D., Middlebrook, R.D.: ‘A unified model
for current-programmed converters’, IEEE Trans.
Power Electron., 1995,10, (4), pp. 397-408.
Ridley, R.B.: ‘A new, continuous-time model for
current-mode control[power convertors]’, IEEE
Trans. Power Electron., 1991, 6, (2),pp. 271-280.
Tymerski, R, Li, D.: ‘State-space models for
current programmed pulse-width modulated
converters’, IEEE Trans. Power Electron.,1993, 8,
(3), pp. 271-278.

Chen, S.-Y., Chen, J.-J.: ‘Study of the effect and
design criteria of the input filter for buck
converters with peak current-mode control using a
novel system block diagram’, IEEE Trans. Ind.
Electron., 2008, 55,(8), pp. 3159-3166.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Lee, M.-C., Lio, J.-B.: ‘Small-signal modeling of
multiple-output flyback converters in continuous
conduction mode with weighted feedback’, IEEE
Trans. Ind. Electron., 1998, 45, (2), pp. 236-247.
Pang, H.M., Bryan, P.M.H.: ‘A stability issue with
current mode control flyback converter driving
LEDs’. IEEE IPEMC, 2009, pp. 1402-1406.
Ridley, R.B.: ‘A new small-signal model for
current-mode control’. PhD. dissertation, Virginia
Polytechnic Institute and State University, 1990
Vorperian, V.: ‘Simplified analysis of PWM
converters using model of PWM switch. II.
Continuous conduction mode’, IEEE Trans.
Aerosp. Electron. Syst., 1990, 26, (3), pp. 490-
496.

Vorperian, V.: ‘Simplified analysis of PWM
converters using model of PWM switch. II.
Discontinuous conduction mode’, IEEE Trans.
Aerosp. Electron. Syst., 1990, 26, (3), pp. 497—
505.

Kazimierczuk, M.K.: ‘Transfer function of current
modulator in PWM converters with current-mode
control’, IEEE Trans. Circuits Syst. [,Fundam.
Theory Appl., 2000, 47, (9), pp. 1407-1412.
Kazimierczuk, M.K., Czarkowski, D.:
‘Application of the principle of energy
conservation to modeling the PWM converters’.
Proc. Second IEEE Conf. Control Applications,
1993.

Czarkowski, D., Kazimierczuk, M.K.: ‘A new and
systematic method of modeling PWM DC-DC
Converters’. Proc. IEEE Int. Conf. Systems
Engineering, 17-19 September 1992, pp. 628-
631.

Verghese, G.C., Bruzos, C.A., Mahabir, K.N.:
‘Averaged and sampled-data models for PCM
control: a reexamination’. Proc. IEEE Power
Electronics Specialist Conf. Record, 1989, pp. 3—
13 [1] Di Vapor Company, P.0. BOX 6496,
Solihull, West Midlands, B91 2NY, United
Kingdom, URL.: http://www.divapor.com, access
on 24/04/2011.

7/9


http://www.divapor./

j ¥ 0 P wpr t s 1/, H 1oms¢ V#
./ SPU DPUsicsis I S Zaaiiili ol e Ny
s ! ) snmaroe mm— smuRNpry

@m@ AOL

The 2™ Hamgmﬁo:w— Oosmm-.munm on Applied Science,

Engineering and Interdisciplinary Studies 2019 and

The 4™ Prachachuen Research Network National and International Conference
(2" ASEIS & 4"PRN-CON 2019)
Present to

Sidtha Rattanakam, Krischonme Bhumkittipich
For the paper entitled,
Design Of Flyback Converter For Agriculture Applications Using Discrete P1 Controller

/P

(Mr.Virach Hotravaisaya)

Acting President of Rajamangala University of Technology Thanyaburi



ISFT-201g Sercirresingagreesm
Certificate of Attendance|

Mr.Sidtha Rattanakam

Rajamangala University
of Technology

"has atiended ISFT - 2019

(the 7"International Symposium on Frontier Technology)
held at Ambassador Jomtien Hotel, Pattaya, Thailand from August 24" to 25" 2019.

’ Phisarn Sudwili Wimol San-Um
AGV @Z&l~ General Conference Chairman Mﬁ.v :hr.ow\. Secretary Conference Chairman
' ISPT-2019 , ISPT-2019



BRR é, ® ® @ & Q@

) P cusit thani SIAMH]R[]

JNIVE

ASEIS EDIS
«~ PRIT-COMN

The 2" International Conference on
Applied Science, Engineering and Interdisciplinary Studies
and The 4* Prachachuen Research Network National
and International Conference

4 -5 July 2019
at Rajamangala University of Technology Thanyaburi,
Pathum thani, Thailand




@ BRLBAT G BaIncs nEs

ISFT - 2011

The 7" International Symposium
on Frontier Technology

24 -25™ Aygust 2019
Ambassador City Jomtien, Pattaya, Thailand



lSFT-ZU'B The 70 International Symposium on Frontier Technology

: Advisory Committees
E}’ (1) Assoc, Prof. Dr, Bandhit Rojarayanont President of THI, Thailand
4 rITIL : () Prof. Dr. Masahiko Isobe President of KUT, Japan
' * 5 (3)  Assoc. Prof, Dr, Pichit Sukchareonpog Dean of Graduate School, THI, Thailand
j, ‘ (@  Assoc, Prof. Dr. Choompol Antarasena Dean of Engineering Faculty, TNI, Thailand
L ‘ Conference Committees
' " s 1. KUT Alumni Association, Thai Branch

rh__ (1) ‘ MPhntsarn Sudwilai. TNI : General Chair

3 A ;_ﬂﬁ:‘_ﬁﬂmpm,lumhom,ml %‘ Financial Chair
~® OrPanon Latcharote, TU | Publication Chair
r (@ ~Asst. Prof Dr. Wimol San-Um, TNI 5 General Secretary

s e, B 3R
- (5 D Chatchai Wannaboon, TNI

~(6) Dr. Saratchai Ongprasert, TEAM GROUP
. L@&Iﬁ ngsak Suttinon, CU

® Uraiwong, Mekong River Com
Prof. Dr.Khanit Matra, SWU ‘).’ﬁ__('-“%g‘

VISA Application Chair

prsi f Technology
lery f'Pests and
mmunication, Jilin University
7

versity of Technology



lsF‘l‘_Z["B The 7" International Symposium on Frontier Technology

Welcome Note

On behalf of the committee of the 7th The International Symposium on Frontie
T

9 which will take place from 24th to 25th of August 2019 in Pattaya, Thailand

~ ISFT-2019 is an international conference in the field of System Engineering

tal Science and Engineering, Information Technology and Economic ang
e i )
“l‘l‘\

i I
; T g_‘u,ld‘ like to thank you your enthusiastic participation and relentless

[ |

ISFT-2019 committees



ISFT-2013

The 7" International Symposium on Frontier Technology

a5

“Structure Control of Nanocarbon Metamaterials”
Hiroshi Furuta, Adam Pander, Hiroki Miyaji, Sachio Hayashi,
Masaki Komori, Fumiya Nagamine, Junthorn Udorn and

Akimitsu Hatta

60

46

“Design and Characterization of a Microchannel Splitter
for Optical Fiber Communication Fabricated by 3D
Printing Technology”

Md. Mehedi Hasan, Md. Muzammal Hoque and M. Hasnat
Kabir

61

a7

“Optimal Placement of Solar Farm and EV-Charging
Station using Metaheuristic Optimization Technique”
Kulsomsap Yenchamchalit, Yuttana Kongjeen and

Krischonme Bhumikittipich

62

a8

“Impact of Battery Energy Storage System Integrated

Distributed Generation based on Standalone Renewable

Energy System”

Prakasit Prabpal, Yuttana Kongjeen and Krischonme

Bhumkittipich

63

49

“Energy Demand Reduction of Power System with PV

Grid-Connected Inverter using Predictive Current Control

Technique”
Samart Janghirun, Nathabhat Phankong and Krischonme

Bhumkittipich

64

50

“Design of Flyback Converter for Agriculture

Applications using Digital Control”
Sidtha Rattanakam and Krischonme Bhumkittipich

65

51

“Design of Load Frequency Control in Two-Area
Interconnected Power System under Solar Farm

Installation”

Sontaya Manmai and Krischonme Bhumkittipich

66

55

“A Design and Development of Low-Cost Electrical
Dynamometer for Electrical Machines Laboratory”

Phaisarn SUDWILAI

67

16




ISFT-ZD'B The 7" International Symposium on Frontier Technology

Design of Flyback Converter for Agriculture
Applications using Digital Control

Sidtha Rattanakam and Krischonme Bhumkittipich
Power and Energy Research Unit Department of Electrical Engineering Faculty of Engineering
Rajamangala University of Technology Thanyaburi, Pathumthani, Thailand sidtha_r@mail.rmutt.ac.th and
krischonme.b@en.rmutt.ac.th

Abstract

This paper presents the design of the flyback converter for agriculture applications
using digital control to eliminate the fungus mold-contaminate in green beans. It was
excited by using plasma treatment. By the way, the flyback converter can be generated
the maximum voltage more than 15,000 volts by using closed-loop voltage control at
the MOSFET switching frequency about 20 kHz. The voltage discharge emission
occurs at the electrode pole to generate the plasma. The flyback converter is selected
to generate the voltage discharge emission for plasma generation. The closed-loop
voltage control is the proposed control method to control the output voltage. The
Experimental process can be stimulated as follows: First, the researcher prepares the
container to plant the bean sprouts as a sieve. The size of the sieve is 9 cm wide, 11
cm long, 5 cm tall, 9 pieces. Each sieve will put 100 grams of green beans by weight.
Before the experiment, the green bean seeds were soaked in water for 3 hours. The
three methods of the experiment each type have 3 green beans as follows: Type 1 is
normal bean sprouts cultivation. Type 2 is to spray the plasma 1 time per container
with a voltage level of 5 kV, 10 kV, and 15 kV. Type 3 sprays the plasma 2 times per
container on the first day of breeding and the next day with a voltage level of 5 kV,
10kV, and 15 kV, respectively. Attempt 4 days. The experimental results showed that
the growth level of bean sprouts in each container in order to compare the growth up
to a level. The one-time plasma spraying with 15 kV was sprayed at first place
container, The one-time plasma spraying with 10 kV was sprayed at second place
container, The two-time plasma spraying with 5 kV was sprayed at third place
container, the normal three seedings are fourth place. Finally, the two-time plasma
spraying from 10 kV to 15 kV was sprayed at fifth place container. Therefore the
correctness and validity of the proposed method are verified through the experimental

results.

Keywords: Plasma, Fly back Converter, Agriculture Applications
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Design of Flyback Converter for Agriculture Applications
using Discrete PI Controller

Sidtha Rattanakam and Krischonme Bhumkittipich
Department of Electrical Engineering, Faculty of Engineering, Rajamangala
University of Technology Thanyaburi, Pathumthani, Thailand
*E-Mail: krischonme.b@en.rmutt.ac.th

Abstract

This paper presents the design of the flyback converter for agriculture
applications using digital control to eliminate the fungus mold-contaminate in
green beans. It was excited by using plasma treatment. By the way, the flyback
converter can be generated the maximum voltage more than 15,000 volts by
using closed-loop voltage control at the MOSFET switching frequency about 20
kHz. The voltage discharge emission occurs at the electrode pole to generate the
plasma. The flyback converter is selected to generate the voltage discharge
emission for plasma generation. The closed-loop voltage control is the proposed
control method to control the output voltage. The Experimental process can be
stimulated as follows: First, the researcher prepares the container to plant the
bean sprouts as a sieve. The size of the sieve is 9 cm wide, 11 cm long, 5 cm
tall, 9 pieces. Each sieve will put 100 grams of green beans by weight. Before
the experiment, the green bean seeds were soaked in water for 3 hours. The three
methods of the experiment each type have 3 green beans as follows: Type 1 is
normal bean sprouts cultivation. Type 2 is to spray the plasma | time per
container with a voltage level of 5 kV, 10 kV, and 15 kV. Type 3 sprays the
plasma 2 times per container on the first day of breeding and the next day with
a voltage level of 5 kV, 10 kV, and 15 kV, respectively. Attempt 4 days. The
experimental results showed that the growth level of bean sprouts in each
container in order to compare the growth up to a level. The one—ti.me plasma
spraying with 15 kV was sprayed at first place container, the one-tl.me plasma
spraying with 10 kV was sprayed at second place container, the two-time plasma
spraying with 5 kV was sprayed at third place container, The normal three
seedings are fourth place. Finally, the two-time plasma spraying from 10 kV to
15 kV was sprayed at fifth place container. Therefore the_correctness and
validity of the proposed method are verified through the experimental results.

Keyword: Plasma, Fly back Converter, Agriculture Applications
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