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ABSTRACT

This thesis presents the design and construction of half-bridge dc/dc converter for
supping a plasma cutting machine. To improve and increase the performance of a plasma cutting
machine, the technique of high frequency and high voltage is used all wide range operations. Due
to the former plasma cutting machine using a low frequency transformer that is heavy and a large
size including a low frequency, this thesis designs a half-bridge dc/dc converter to solve this
problem including the design of technique of high frequency and high voltage converter to ignite
from the beginning to the end of operation. This is a unique of the research. That can provide the
low voltage for cutting metal. The process, mentioned above, is designed at 2 kW using a half-
bridge dc/dc converter. The switches of this converter use IGBT and the switching frequency is
20 kHz. The converter can cut the metal at 1 mm thickness. The results of cutting metal from this
machine, which is in the market, at 2.2 kW rated. They can be found that the efficacy of cutting
metal are quite the same, but the designed cutting machine has a rated power, air pressure, and

weight lower than the market machine. It is convenient to carry and use easily.
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ciimioev . Ciamv . MaB [ . 2us/av
DC 1001 DC 10M1 1 1R /V : (20us/av)
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aTracals Rms 252.1V “'? 2521y :
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4 o [ o 4
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V: 5V/div
T ; 200us/div
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o Super Air Plasma (No-load)
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CHi=100V CH2wSV .
pcC 1WE1 : DG W1 .

I 44—ﬂ e

Voo G5
1: 5A/Miv: : :
T : 10ms/div

I SN SN S |

1 4.20 FyeausafunaznszuadudivesganouIeiinosinseafanatay

U110 Super Air Plasma (Load 5 A)

I A T 7 T 1oms/dv
DCI0E) © . DC 1Y - : : : (10mg/div)
: : : 4 i, NORM:100kS /s

e
Vo 100VAdiv- . : ; :

.... **SMN ' rere - ey ) T L Ty Y
T:_TlOmsldiv ¢

31 4.21 dyapaussiunaznszuadudvesyaneuesinosinseaianad

o Super Air Plasma (Load 10 A)



39

CHI=100V @ CH2=5V $ : T 10ms/div
DC 0X1 DG 1 - : : © (10ms/div)
: : : ... NORMIOOKS /8

[ @ a o
g 4.22 dyanaussdunaznszug fhnszuans imednaganouneiines

4 o A
YDAATBINANAINUTUHE Super Air Plasma (Load 10 A)

CHI=SV : 3 ] "~ 500us/div
oG 1001 - : : ; : © (500us/div)

---V‘:ESVldiv:- AR, 7. 3 ] .....
T::SUOuS/div g {

o

U7 4.23 dynaussduduaing lodifmdiganeunesinesveuniosdanaidin

i) Super Air Plasma (Load 10 A)

1INNINATBUANDUIIBTIABT YBAUATBIRANAIAUTEND Super Air Plasma Tuvai
#fin1z Inandien szuihdgsussdunaznszuamednudivosganounniined oz
IMAUAYAYYIVUTIAULAENS :uamw’fmaamﬁnwm'nﬂi‘uawﬂﬂaunm’mns”m?mﬁ'ﬂ
WA T9Y e Super Air Plasma AOVLIUALT2993 Rz zuARAANTIE10 A e iiusady
medodnamaeyszinm 210 Vde fagalit 4.22 Tavanszuaiiiuiuitosi Tiaus idud
'lﬁ’fﬁfimﬂaeé’mﬁmmmnﬁuieﬁumaﬁaumﬂs'auﬂg"lummﬁmmmmwna1ﬂﬁ"«ﬁmﬂguqﬁ

L S 2
wagnavgiivendenasuazannionduniionilulsesnseamediiueensauiwaves



60

userumurudivesvandalgugiiveanteulasanasvaziinise Inaanaduviseniial
J 4 o L. o e & v a ° 9 o o
mnvuFadudnyuzuRnnuiuinIssdaneenuuuaiaih iussdun ldnednuerdina
fifanas daulugili 4.23 Wudyapaussiudvaiag loidiiddweunsosdanmaunode
Super Air Plasma N1in13¢ 1nan 10 A Taol¥anudaiadi 1 kbz uazligrsmahinszuaves
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4.3.5 dyanaussdunaznszua lihvazdalanzve unsesianarasngtio Super
Air Plasma
L (] 1]
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. ¥ o o o o o ' o =
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; ool el NORMEE
1 : A : :
o MR 7
= ] ;
b7 / :
g (R i
¥[=Trace x ey 1 ; AT : :
=Tracez= Mak 35;2o0v Fqu 1.031kHz ° Duly 36;1%

o SO L 40 S R

b
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=Tracel= Max 212.0V |
=Trace2= Max 35,20V Fr
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=Math= = Rms 3.318kY' i = Av :
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YD IUAT DIRANA 1Y Super Air Plasma
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CHIm100V & CHzZ=2O0V : : : : S00us/div
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IN5 DINANAITUIUND Super Air Plasma YUZARTANZHUT 1 mm

d‘ F s A ' S A o ar
vngi 4.26 (Wudgygraussduuaznszia Iffinnnsouledtiivuziimsda
A 1 o @ o a d& = = L\
Tanz Fezmiuhdyapausssuiudyaunszuaszmidouiuneddsi Tommianing
= g = 1’15! 4 o ¥ a o 4 ot ; ] q’
qaudoluaradngla gadeawarilidlseansnimvesganouieiines ima e daugunu

ldvimsdadiuing oaana®atne Super Air Plasma TAuame131ugalf 4.29

4.4 MmyinnzvRamsiSeuifisuveunsesdanaain

VINHAMSYIATBLININ DAFANMETIre T alENMs Sins ooy
2 daudaoiude dausnsilumsinneianlssAnsmnwuoanassomdvouniesdana
aoanuy uazludnfineszihinsdineinanisas lansyiaiRorruveunssdanara

d‘. o o o - q. - ar J
nlavinmsdanSounouiu Tavey ldosmumudndsde 11T

4.4.1 myanNzvnlSeumsumydszansnmveamasnienas
v b 4
TudutiszitlumsinsieiramsfSsumoumsesansnmueaumasiofidans

v ¥ o 9 o

- . - | °
aoanuun lamsnaaey Tuda auniaden 4.2.2 uaziiden 4.3.2 awdiay ¥aldiins

'
- a e @ o o

naaeuiuns: Inaamnnudumuiniaaieg sutesinamas 2kw Tavansoagl1das

it 427



63

100 p————————Pesigned-Plasma Cuttimg Machine

dsz@ngnn (%)

200 400 600 800 1000 1200 1400 1600 1800 2000
wfiafdsTuaa (W)

" 1 ¥
U 4.27 namliSuieniseanimmedniasdanmauisaeauuy

- =1 1 c;nw 0. o el ar 4'. [ t:i Y o
1IN71N 427 muTmniafauRsINLASasRana N Idvinseenuuuadie
o & o e a.oa { et ' 4 o =
Awrvaulasiu s e-Tdassruufwsesiilss Ansnmnaniuaiesdanarauidie Super

v o e

o 4 I o ﬂ' A = I
Air Plasma DUIDINN3 1imassehidsuuyadadedsiiniagandoludundouras

[l o

o v 4 .

oA ) ' - — ° et A o ° 0] o P
uazgUniniou deondumasnemasniinloulawnnuddisiuegi liyaneunosinesi
ponuuUai I szAnTnmgumAsiniiganennefinoTveunToIRANa1aBRe Super

JdE 7 W .
Air Plasma A31ugav9sulasfiuIase-Ilassuunnsviasnmon 4 siinnuminzanly

4 o ! @ J
s ldnuweliug aussauzvoanosdanaangaiu 18

a ¢ T
4.4.2 myimnzrnSeudisunamsdaduau
1 ar = o I é s 4' ¥ o
Tuauvasmisnaneunisda lanzufsuimouiusen N uasesdanaraui 14
M3PONUUUAI NN IATBIRANAIANUIVDY Super. Air Plasma HINNA 2.2 Aladtad 1huda
= - a o 5 s = o a o 4 4 o
Tanzyiadvanu TaslansMitmdaumannauaiuensu 1 Tadwas Funsesda
warauneanuuuaiaezldnuramaninadIadn duty cycle 35% NANURAIAT 20 kHz
uazdfunssaueimalitszanm 1.5 kgem’ d21AT09AANAI1A1IY09 Super Air Plasma 719
o o o — 2 4 o = o -
wmsuSeuien ldlSuussiuemalin 3 kgem’ dawamsdanSouiion lduansdagali 4.28

1AL 4.29 MUAIAY



31 4.29 s00ARTLOUAINIATDIAANAIAIN Super Air Plasma

v ¥ ¥ " ¥

1317 4.28 ilusesdaduaiui Tanziinnumi 1 mm davinTesdanarauniim

v J -& =1 " @ =t -t = - = ar
MIvanUUVAINAY FavzimuiuuisesdaneenisouiesauaziinnulndiRsaiuuay
aunsoda langildnadevvinesnsindu ldmiloutuiuniosdanarauives Super Air
] [ ¥
Plasma 113171 4.29 udszdunariudinsiaunievnumsinuveuniosdawaauma

" @ ]

aovazuandniuagusduaui Idesuie ludniu Tasmwizus suoimeai 14 lunsda

=t 1 o o i a o o & o Aa
i)zllﬂ'.l'li.lltﬂﬂﬂ'Nﬂu!.!.flzuiﬂﬂ‘L!vl.ﬂﬁ']'UEI\'Iﬁ'?Hﬂ'ﬁmﬂﬂ“l'iﬂWﬁ']ﬂﬂ"lﬁﬁﬂﬂ]ﬂ\ﬂﬂﬁﬂ%ﬂﬂﬂuﬂ'ﬂﬂ



65

Ay nanAenmsdadiuniosdanmaunesnuuuaiieez 1dusdueimaegssum 1-1.5
2 d w g W ¥ a A o | ¥
kg/em’ neunsnaa langh ldmaaon 18 TuvaziinTosdana1au1ves Super Air Plasma @94
a ' 1 2 P 1 1 s 4 a
Tdussduerniregizning 3-5 kgem’ Favzmunmsldussduoinmmuoaniosdanarauives
Super Air Plasma A0419ussauniniaiuinnteezannsodalanyinldmaneveenun 14
Indifoadu uazdivvesussdunldnuveuniosdanoonuuuaiavanoudassil
useau Ivhnszuansalszanm 150 Vde @aunioadana1au1vos Super Air Plasma 923
Y o c:‘ - ot o' ) =1 1 9
ussugalszim 252 vde asiudailumsoiniegnigunsel lumsadaziinaaoudis

qaNzIneTuus R UgeAIna N 14

= 4 = = Vv

4.5 WnnzvinfSeumeunalnssaiianisuen
- o 1 c;‘ 3 =) & as
myannzinaluaul dlumsnSouion Tassaiumouonyouniosdanaraun

Hy ¥ y 4 o 4w = ) o A qud 2 g '
i lAvenuuuaiuuiunTowanaaIniivisnwioaaiani 1 e liiuisdouandie

= s -::‘ - ¥ - o/ = 4 cg o A a -
TININUNNVOITBoAATUIMN ITRTDIRanmmIReBNIIYA 1T UADIAG DIdANA AT
Hwweyluilagiiv

- = ¥ 1 A ar ~ Y o
nnmalsouneylassaiianisuenssninans osaawarau1n laninisg
r; ar y o H 1 i

PONULY A HUUAUIATOIAANAINIIYDY Super Air Plasma NHM0MURDIAAIANDIUATOI
ar - ;. T 3 =1 o : ey " A ‘]:_‘l adq ¥
dganaraini lddimseeniyyiuiivuia@miminaind duiluwauioinnslszgna 14

. a a e o =t = o A '
wasne i uwuadagoiligunsanldivinadnasildausanaouiin ldhoazan
' o 3 4 3 =t ' @
aoms 1Fnuuaznanmsnareunfioniisusesda lavzyesnide uniesninnuuana1aiu
3/ @ @ 3 = o ciydg 1 e o o Ya v e W
UoBNIN (AIHI1971 4.4.2) vialnvuegnumssuussausmalinanuminzauiuiade

3
warauuay Tangiiug Adu uaadegy)

£y Z0 S

UM 4.30 nTesdanamnoonuuuad1a (A udne) uazinTesdanatan

WD Super Air Plasma NUNNA 2.2 kW (gﬁuqyn)



66

4.6 aql

Tudauvesunii 4 18msnagemaiessanarmni ldhmsesnuuuadieiu
emsnfSoufoufunieafana1dnves Super Air Plasma RINA 2.2 kW iitonaaeug
Uszdniwavounioedaii Ideonuuy Faamnsaagnansmanousoniiudiug daiine
druvesmanageunlSoudivuasz@ninmyesyanounesinosvaziidehild 14y
inapsralanznuiunissdanaraui Idvnsesnuuuadiadavasesuasiu lase-Teass
LuuasuiatiilssansnmaaniuniessanmaniinnSouion @aiadedt 4.4.1) dowu
msnagounSoufsurnansda Tanzsia@enuuasiul 1 mm IMINUNDIITO0NTAAL
anuGoudoouaziinnulndifoatuuin udnisiinuveuniosdaszinnuuand ey
ndAonIsammImoonuuyad e 1 g rmsiednd i duty cycle 35% finand
A30%4 20 kHz naz1Funsaduemmlszana 15 keem’ dIUIA309AANAITINVDS Super Air
Plasma 7119 msnfSsuisudealiusssueinia 13 3 kgem’ Sa9z 1dkansaa Tangdanan
FEaiatoft 4.42) tra lsiamaaaliiiuiuniosdanmmniioonuunadiesdivasesuras
i Trasa-Iassudusasanns e lfiludumifveuniomaram 1iluedsfuns

a a :: - - o o’ o P
YszanSnmgandountivieidnaunziminuidndy



YN 5

Y
agUwauazvelauauu:

o . 4
nnnseenuuuaiiunissdanarau Taoldasesuasdiu Inase-Massuuuns
a oA o ° 4 o by @
Visaelulgsaussougmainauveunsssdanarmn Idmansada lans ldauveuiva
c‘. J ! 3 o o 5 o { o
il Faludugaroil Idhmsagdmainuveaniesdanmmnildimsosnuuy
uazesnsznovveaniadiua1eg wiouderarusunziion lugnisldanungndeuns
VasasoundlFam Baadauiiuuuamalumsianuazidvde ludw Tanznssumamainld
=1 & ar = 9 o; " o '
finmwivadisuazinnumainvatslums1Faumnuae 1y Taveaansoimsaglludiu

¥
a199 wodavy) 1Adadl

- A o

5.1 msmanuuasaulszneuvenIoIRANMITI
[l = s 4 a o A o

Tudnvesrasnwulasiud e I se- IWas wuunIusTatvoans osdanatau
o o J 4’ { ° LY . = Ba M
#1Reenuuusisniuiaunsanezi 1y 148a Tangnun 1dlszu 1-2 daduas ieann
el e i~ o ddd\ams | [t ¥ gt e A e & EEIE
fifafdsveanissiadaiivinaidng nanannsofiveiimaiaude Ininfadidagaula

-

9 or oo J " d - o - Y d-! K"
e 19 Tanzhiinnumumnniu edi lsnawmsiaenldiniesdalansivuegivuuaves
v

@ o o A e :;
Fuanuihundnuazanudnngveadl¥din Tasmsmamveaniosdanaaunildsonuuy

¥ ] »
v ldimsagldnnlsznensieg fdifity Aswie T

5.1.1 unassomdave unIesdanaan

Tudruvosindeswddsi Wudauvessiduenszuaiin fhnszuansaite
Houdraesuasiu ass-Inadunuunsuiad Tao1d5uus asdu I A uduna
Assuaady 1 e v1na 220 120 + 10% Awd 5018509 Mnunassiomas Ifhunims
Goanszuauuuiunay (Rl bridge rectifier) Iau192a93 la Toadeuvuuiad iner iy
wsad I fhnssuaaseRfivinadssna 310 Taad mimiuszinesnsosiiszneudauda
DuszyuuIa 5,440 uF WevmhitaamsnszifouvesuseduIifhnszuaassiildon

299315 9N ITTUE

ar t-i Y ¢
5.1.2 2995uasu s 1vasa tuunawiag
M ¢ 1 o o "] a
e liihnszuanse 310 Thad dasesuasiu Ias— Idaduuuunansas (Half
o 9/1 o cid a 1 o P ° 1
bridge Inverter) noz 18 Ifhnszuaaduiiinnmduazdrsmainumuidmua oz

wieuasnnudgandougaissanszuanrwiguitenaaiiu Inihnszuaass Taveonuuy



68

WiRnasadmenn 2 kw 19 led iR uda3ad innudain¥e 20 kHz 199uh duty cycle
A @ J -y ¥ d' o ir-1 - r
359 F92995ut)asi Ias - Iasauunsusativasigs luiinse Inansztius s Inih
&2 a ' 4 a o
nszuansadueendszuia 150 1had sufvanessnis laume 1inaesa nanauman
e ar

o J ~ o o o
Aisusadenldresuasiuwase-Triassunaiasinlddmivlivlgaaussouzves

"
-~ G o~

o é - s 1 y
napadanataun inaninaesuasiu Ias - Iasauwunusatidve lanS oy awe lil
o ar P - Jd
D usadu Ifhnszuaasimedueenvearsesudasdu Inase-Iaswuunansas
=B - | 1 3/ A Y a 4 [ o A a W = 4
finufsanedens lFauie Iiifao i anaraumanlunisda lanzilelinszqumsinaeiin
USIAUINNUDFINADATNNTINY
v o ¥ ') 3/ =Y - J 4 1
2) usaduiianaseuvantavesnioutaimednlgugiisziinniiunianilsvess
voaveus iy Ihnssuaasanad it feluifu = 155 Toad uazdeanisvaalanediu
v
YguqiliioavaiRuuriniv
e ; N\ dgiaes )

3) ia% i 19 unsuuunysateg 19ifons anilavee299510Y Full Bridge
= o ' = o e e ¥ o -
uazilussduanasouainsmzngminizua hidurweavesnssau Inthnszuaasenilou

" a o o ] e
maduvnd fe'laifiu 310 Taaa uozdaaunsonandesilymms hiauswnsvoardnglu

unuiles lsaveantiomlasldsndae

5.1.3 nifeuosnnudgadwrnumdsiuenn

Tusmfides 1 FinanszumimeMagen W uUNNMUNITeN Lz saa lans
wuimdeuasiissinnldeedestidnumzauainiaiiyu Drooping Characteristic Na1770 1o
= J o 5 “ 1 e 0 da aray
fiTnaamaduveemnniuusidn fhmadneenizdesiiidiag o6 lsiagueunia
[ 1 : = :; ] ara [ ¥ n’: 4: A‘ ci 3/
fananiivziiadusgudd lavnuaudavesdmdeuases natiiiosnnvurinioula
3 9 o -; o Y a =) = J o Vv 3
ez 1d5unise naaundussi Idinansggidomavu ludmdeutassauia

a a o & o a o '
wisndfimeininsdesfuvananlundeulasnezihidfinausduanniouvaninvue
o a & 2 v -

wifeudaa1dsunse Tnaamududanari Iiussdumediueeniiadiing

lumalfiamseenuvundeudasmnuigaaziidags ineonuuulivania
wifoudasmed i gugiiil 1 va uazvaadamadunAugiil 2 va Tavdefunyiiyasdens

o 3 1 o 4 "
A9 (Center Tap) AdHIIINNALBENIsznoY 1A 0 A TondonuuANAAUIAZAD
v W a o ] & v ¥ Ve
oynsufudumrionimedueenieaanmsnszimonvesnszua lvviovasuaz 1viay
aotiipandouilugaidonTosvoanausadiuganauiiqe Coupling Inductor tHOAIHINBIIN
i o e e A' o = o :id = =Y J 1

anudge lldaiadanmaun e Idiiaorfanmmnisiadosnmuazidainldedis

VA
ADIUDY



69

5.1.4 uvasiudaussiu Ivhusagaazanugs
¥ ' ' ¥
Tudauiinmshsgi Mandouaomsiiunarauiaidiu Sulludesld
' e A o = L ] ¥ a o ' 1 4 &
unasduiiaussdu Iihgaunzanudgudishone inaniserinedereriios Fuiu
Usingmsaiveamalaonn il Temmiaoiinaasia lddedio 185 uussdugenaud
¥ " ¥ [
g9 imiuszerdomsigon Tosus i T s sqenaudgaru Coupling Inductor 1oAY
[ - o e o & 9y = 4 J a v w A
o1 annui g lduidanmauuieidamsorianaaununiadanaoanal eenn
e s ar l" d. - J o @ o 4
p1iANIMINHANIzABIDIHIeIT AR WU gIRA gAYy T dawnaau i
=u o _ @ { ot 4 e
umaduldfumafaesammannani 1dvnaesudasiuIiase-Tasauunauiad
A a o o ' - ' o £y [ ' dy AN a '3
defaeiandnsouresiiiiumehuveammmnmaudr ludnvanisuiisztoh ldifaeiin

o a W : o A o 1
wmﬁu‘manmﬂmaumti‘lu a1 amaaﬂmmah’flumi ﬁﬂiﬁﬂ:ﬂﬂ’lﬂ

ar  as

5.1.5 Hananaan
" s

Fagndou1Hiud Wi lududufaerianaraanil 3 sia fie Mamau newns

4 = o 3 : - a o
uazns1 iy mudlsnAezldfemauiiudaaunasmeuasiiudouan maition 19 ieaauiiv
¥
ar £ = arey “a ] ‘i o &
921 meimauiiguaniaidoidnaseulddiuiio 18Fun 21850 u (Thermionic

¥
- r . a = A o o
emission) aziiyanaeudags daunewasiutoyldiilesnmimamiounaziir Wi 144
0 v
foiduvoansauasio Jyanaoudadi (1083 ssrmumadoa) n1s l9nesaauia IrihSadesdl
Y = o n’: & ¥ o o & A 9_ o -

msszvoanuouldifvane dsiulumsidenldiadanarauinitinnndiguazaisiaen
Wiianummgauiuaunlean @anianuin v.)

Tunuidedi @16 danne 30 uowi TasmuisonldsudadianInsalans
vamauuazneuad Iasadaniuneldomemiiudaszuiganufounas ladeandsn

d’ - L] o 3 ' LY E A Vv = 4 aa
wiounnuiuieg lumedneonisneunaznaimsidamane Inmisinaeriawarauiiniina

auyyseliazutaeigns 1Fanvenidad

v v & a9 Voo s ot s
8.2 ﬁiﬂﬂ')""laq‘iﬂiQﬂi]‘“ﬂiﬂ\“ﬂﬂﬂﬂ]ﬁu17ﬂﬂﬂ1ﬂ‘lsﬂﬁﬂllu“ﬁ'f]\““ﬂUﬂUIﬂiﬂQ

AANAIANIVDI Supper Air Plasma

Tudauil 1dimsnSouiionTaseadraveunissdanaraniildminiseonuuy
foufuInToaRANa ALY Super Air Plasma (Ram131371 5.1) FavziudunTosdanaraani
oonuuuadinvgiivinafidnnd dminwinh Tasihmiinfigsfuminideannininios
AANAIAUIVD Super Air Plasma R1meulasnnuid lumsdeiusidaaudaiimin

L} 4 4 @ " o 4 J
winnagiivinalng Tuvazimisadai ldinmseonuuy ldldmioudasnnudgedaiiving



70

¥ " '
@nuazihmininiuazyszaniamiuvasdalangnur 1 mm g 97.6 % (wriaden

' ¥
4.2.5) Tavannsoaguinaniee 1ademisian 5.1 dail

M 5.1 agdduveslnssadraunissdanaiaui ldvnsesnuuy

Specification Designed Plasma Cutting| Super Air Plasma
Input Voltage 220 VAC 220 VAC
Frequency 50 Hz 50 Hz
No Load Voltage 150V 230V
Air Pressure 1-1.5 kg/em’ 3-5 kg/em’
Case Dimension 230x450x240 mm 260x400x310 mm
weight 15kg 27 kg
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m1af -1 Yoyaununles 5@ (EE)

Magnatic paramiter . .
Shape code - : 1 Ac(mm) | A (mm’)
C/(mm) | A(mm’) | I(mm) | V (mm)
EE22/20 1.9594 26.1 1.2 1340 24.4 102
EE25/19A 1.2387 39.8 49.2 1960 41.1 85.6
EE25/19Z 1.1970 40.2 48.1 1940 40.3 81.0
EE25/20 1.1561 42.6 493 2100 41.0 80.5
EE30/26K 0.5275 110 57.9 6360 114 75.8
EE30/30 1.1538 515 66.1 3790 47.6 134
EE34/28A 0.8515 82.1 69.9 5750 85.9 164
EE40/34B 0.5438 142 7.5 11000 137 167
EE40/34K 0.6078 127 77.4 9860 114 178
EE40/35A 0.5256 149 78.1 11600 355 178
EE40/44 0.6691 145 97:2 14100 137 248
EE43/34 0.4778 | 165 78.7 13000 159 171
EE47/39A 0.3854 232 89.5 20800 243 206
EE50/42K 0.4267 226 96.3 21700 213 261
EES5/55A 0.3498 853 124 43700 352 | 400
EE56/47A 03159 339 107 36400 362 292
EEB0/76 0.4913 7R 185 69700 392 1480

Note: A ; Center lag area. A ; Window area
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SEMICONDUCTOR®

Data Sheet

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diodes

The HGTG30N60C3D is a MOS gated high voltage
switching device combining the best {eatures of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-slate conduction
loss of a bipolar transistor. The much lower on-siate vollage
drop varies only moderately between 25°C and 150°C. The
IGBT used is the development type TA49051. The diode
used in anti-parallel with the IGBT is the development type
TA49053.

The IGBT is ideal for many high voltage switehing applications

operating at moderate frequencies whers low conduction

December 2001

Features

+ B3A, 60OV at Tg = 25°C
+ Typical Fall Time

+ Short Circuit Rating

* Low Conduction Loss

+ Hyperfasi Anti-Parallel Diode

Packaging
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HGTG30N60C3D

230ns at Ty = 150°C

JEDEC STYLE TO-247

C
losses are essential. G
Formertly Developmental Type TA49014.
Ordering Information ;‘
PART NUMBER PACKAGE BRAND

HGTG3ONGCC3D | TO-247 GIONGICID
NOTE: When ordering, use the entire part number,
Symbol

c

G

-

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS
4,364,073 4,417,385 4,430,792 4,443,921 4,466,176 4516143 4,532,534 4,587,713
4,598 461 4,605,948 4620211 4,631,564 4,639,754 4,620,762 4,641,162 4,644 637
4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 4,794,432 4,801,906
4,803,532 4,809,045 4,800,047 4,810,665 4823176 4,837,608 4,880,080 4,883.767
4,888,627 4,850,143 4,901,127 4,904,600 4,933,740 4.963.951 4,969,027
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HGTG30N60C3D
Absolute Maximum Ratings Tg = 25°C, Unless Otherwise Specified
HGTG3ONSOC3ID UNITS

SR R T A T TR R e S e S St S BVces 600 ¥
Collector Current Continuous

R P iR R e S SRR B RS les 83 A

[ D e e R R e S el e R R 140 0 A
Average Diode Forward Cumentat 110°C. .. .........oooovieiiiiiinn e ave 5 A
Collector Current Pulsed (Note 1) .. .. ... cooviitiiiiniiiennnns 252 A
Gate 10 Emifter Voltage Continuous +20 v
Gate 1o Emitter Voltbos Pulsed .o . . .o ciovainismnastmiaiivnia snevs e s i VGEM 130 v
Svitching Safe Operating Aréa at Ty=150%C. ......oovviineieiieeainniennn. SSOA B0A a1 EOOV
Power Dissipation Total at Te = 25%C ... ....oveeiiineiiinineiininns iy s Pp 208 w
Power Dissipation Derating Te > 25%C ... .. ou e iiniiniiee e 167 wPoc
Operating and Storage Junction Temperature Range .. ...................... T4 TsTa 4010 150 %G
Maximumn Lead Temperaturefor Soldering .. .........ooo i iiiiiiiiiiiiiinn, Ti 260 %
Short Circuit Withstand Tima iNote 2) at VGE = 15V .. ... .ouieee e een . tsc 4 ps
Short Circuit Withstand Time (Note 2} at Vge =10V ... .. . conesiiiiiiisnna.. .. tsc 15 ns

CAUTION: Sresses abowe MDse Isied i "Abscitte Maumum RAINCS” may cause parmanent damage 10 Me evice. This 1§ & sress only ralng and operation of e
aevice al Mase O ATy OMer CONGRONS aboVe NDSe TGRS In he ODemEMNE saChans of s spacifcation & not impled.

NOTES:
1. Repetitive Rating: Pulze width limited by maximum junction temperature,
2. VeEipK) = 360V, T) = 125°C. Rg = 250

Electrical Specifications Tc =25°C. Unlksss Othervise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector 1o Emitter Breakdown Voliags BVees | lo = 2500A Vg = 600 ] 3 v
Eminer o Collector Braakdown Votags BVgcs | lo = 10mA, Ve = OV 15 25 : v
Collector to Emitter Laakage Curtent Ices Vce =BVYgEs To=25%C - - 230 HA
Vee =BYees Te=150°C - - 3.0 mA
Collector to Emitter Saturation Voltage Vopant, A/ISEAY Rk To= 25 . 15 1.8 v
L B To = 150°C : 17 20 v
Gate 10 Emitter Threshald Voltoge VGETH) Ig; = 250uA, Tg=25%C 3.0 52 6.0 v
Vee = Vae
Gate 1o Emitter Leaknge Current laes Vo =220V . 3 190 | na
Switching SOA SS0A Ty=150°C, Veepky = 480V 20 - - A
:ge_-;:"- Vg Py =600V 50 : A
L= 100uH
Gate 1o Eminter Platsau Voltage Veep g =ley1o- Vo= 0.5 BVces - 2.1 v
On-Stats Gats Change Qaion) fle=lcr1or Ve = 15V z 162 189 nG
V¥ 0.3 SVels VoE =20V : 218 250 nC
Current Tuin-On Dalay Time tyoml Ty=150°C, - 10 - no
Current Riss Time l.| '\?CEE"PL"":"(-,B BVees. . 15 . ne
Current Tum-Off Dlay Time taorry | YoE =13V - 320 400 ns
Current Fall Time U f‘f?&l“ . 230 | 275 | ne
Turn-On Ensigy Eon - 1050 - w
Turn-Off Engigy iNote 3) Eorr - 2500 - w
Diods Forward Volage Vec lgg = 30A - 175 22 v




86

HGTG30N60C3D
Electrical Specifications T =25°C. Unlsas Otherwiss Spacified
PARAMETER SYMBOL TEST CONDITIONS MIN TP MAX | UNITS
Diode Rewerse Recovery Time | 5 lge = 30A, digy/dt = 100AUS - 52 60 ns
lgc = 1.0A digc/dt = 100Aus - 42 3 ns
Thermal Resistonce Rec I1GBT - - 0.6 A
Dicde - - 1.3 °CAN

NOTE:

3, Tum-Oft Energy Loss (Eqpp) Is defined as the integral of the instantansous povied oss starting at the trailing edge of the input pulss and ending
at ne point where the collector current squals 210 (lgg = 04). The HGTGAONSDCAD was wsted per JEDEC standard Ne. 241 Methad for
Measurement of Power Device Tum-Off Switching Loss. This test mehod produces the tiue wtal Tum-Off Ensrgy Loss. Tum-On losses include
dode lesses.

Typical Performance Curves

=150 . . PULSE DURATION = 250us. DUTY CYCLE <0.5%.Tg = 26°C
= PULSE DURATION = 250us /7 X 0 et 4
DUTY CYCLE <0.5%. Vg = 10V I i 10,
E it CE = Vg = 150V ﬂzw j =
g§'® >
s : I/ =
E « 100 =
E [T1e=150°c E /
2 o - e 9.0V
B Te= 259 \. o ]
T g g " /4 8.5V
e T = 0°C~] § 50
& b 70V
! 2 A ; - N\ 8.0V
8 é/ 2 - L
-
" > T e — ]
et . [ 10 12 2y z 4 [} 8 10
VCE GATE TO ERITTER VOLTAGE (V) Veg. COLLECTOR TO ENITTER VOLTAGE (V)
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS
150 I 1589 . x
PULSE DURKTION'S 2603a Te = -40°C PULSE DURATION = 260y / / /
6%, =10V «0.5%
e GE B DUTY CYCLE «0.5% / Va

) AL St
44 Te = -40°C B r; w280
/

7
// Te=28%C

V Te=150°C
L~

g

Icg COLLECTOR TO EMITTER CURRENT (4)
-~
n

I £ COLLECTORTO ENITTER CURRENT (A)
-4

50 50
25 25
0 0 2%
0 1 2 3 4 5 L} 1 2 3 4 s
V¢E. COLLECTOR TO EINITTER VOLTAGE (V) VcE: COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 3. COLLECTOR TO EMITTER ON-STATE VOLTAGE FIGURE 4, COLLECTORTO EMITTER ON-STATE VOLTAGE
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Icg. DC COLLECTOR CURRENT (A)

Typical Performance Curves (continusd)

"
by

8

-
"

e &8 & & & 3
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o

18¢. SHORT CIRCUIT WITHSTAND TIME g 5}

T T T 500
VCE = OV, Rg = 2502 Ty = 125%C o
e
w0 &
\ Isc L~ 2
s %05
A\ T g
Y g
N 20 &
5 ,mg
\‘SC 150 &
\mg

VGE= 16V
\\\
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25 50 75 109 125 150

Tc.CASE TEMPERATURE (°C)

FIGURE 5. MAX. DC COLLECTOR CURRENT vs CASE

1d(ONj . TURN-ON DELAY TILE (ns)

TEMPERATURE
prr—p———pegi}
T =150°C, R = X0 L= 100uH. VCE(pK) = 480V
-
YoE= 10V
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20 £ n 0 €@

g COLLECTOR TO EMITTER CURRENT (A}

FIGURE 7. TURN-ON DELAYTIME v¢ COLLECTORTO

EMITTER CURRENT
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% e
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FIGURE 6. SHORT CIRCUIT WITHSTAND TIME

4 0FF . TURN-OFF DELAY TIME (ns)

?;- IiOaCﬁc = Il.'l.u 10H, VeEipK) = 460V
1
VGE= 15V
VGE = 1OV
20 0 50 0

ICE. COLLECTORTO EMITTER CURRENT (A)

FIGURE 8. TURN-OFF DELAY TIME vs COLLECTORTO
EMITTER CURRENT
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Typical Performance Curves (continusd)

IEC. FORWARD CURRENT (A)

¥ga. FORWARD VOLTAGE (V)

FIGURE 18. DIODE FORWARD CURRENTY vs FORWARD

VOLTAGE DROP

Test Circuit and Waveforms

L= 100pH

|  RHRP3060

Rg =30 {

5l
|

Vpp = 3890V

FIGURE 20. INDUCTIVE SWITCHINGTEST CIRCUIT

igc. FORWARD CURRENT (A)
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FIGURE 17. IGBT NORMALIZED TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE
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FIGURE 19. RECOVERY TIMES vs FORWARD CURRENT
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FIGURE 21. SVATCHING TEST WAVEFORMS
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HGTG30N60C3D

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are suscaptible to gate-
insulation damage by the electrostatlc dischargs of ensrgy
through the devices. When handling these devices, care
shoukd be exerclsed to assure that the static charge built in the
handisr's body capacitance Is not discharged through the
device. With proper handling and application procedures.
however, IGBTS are cumently being extensively used in
production by numerous equipment manufacturers in miltary,
industrial and consumer applications, with virtualty no damage
problems due to electrostatic discharge. IGBTs can be
handiad safely if the following basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as "ECCOSORBD™ LD26" or equivalent.

2. When davicas are removed by hand from their camiers,
the hand belng usad should be grounded by any sultable
means - for exampie. with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never he Inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Ve Exceeding the rated Vg can result In
permanent damage 1o the axide layer in the gate region.

8. Gate Termination - The gates of these devices are

essentially capacitors. Circuits that leave the gate

open-circuited or floating should be avolled Thase
conditions can resultin turn-on of the device due to voltaga
bulidup on the input capacitor dug 10 leakage curents of
pickup.

Gate Protection - Thesa devices do not have an intemal

monolithic zener diode from gate to emitter. If gate

o4

Operating Frequency Information

Operating frequency information for a typical device (Figure 133
Is presented as a guids for estimating device performance
for a specific application. Other typical frequency vs collector
current {lgg) pkts are possibie using the information shown
for a typical unk in Figures 4. 7. 8, 11 and 12. The operating
frequency plot{Figure 13} of a typical device shows fpgaxq Of
fiaxe whichever is smaller at each point. The information is
hased on measurements of a typical device and Is bounded
by the maximum rated junction temperature.

fuaxy is defined by fyaxy = 0.05{tovorr: + tDioNy-
Deadtime {the denominatori has been arbitranity held 1o 10°,
of the on-state time for a 50% duty factor. Other definitions
are possibke. InyorFy and tpyony are defined in Figure 21.

Device turn-off delay can establish an additional frequency
limiting condtion for an appication other than T . tvorr;
is important when controling output ripple under a lightly
loaded condition.

Tiiaxs Is defined by fyaa v = iPp - Po)iEqpr + Eo). The
allwable dissipation (Pp) s defined by Pp = (T gy - TeVRyue.
The sum of device switching and conduction losses must
not exceed Pry. A 50% duty factor was usad iFigure 13)
and the conduction losses (Pg) are approximated by

Pc =(Vog x lgp)i2:

Epnn and Eppg are defingd in the switching waveforms
shown in Figuns 21. Eqyy I8 the integral of the Instantaneous
power loss {leg % Veg) during turn-on and Eqeg IS the
integral of the nstantan=ous power loss during urn-off. All
tail lsses are Included In the calculation for Egpg: I.6. the
collectorcurrent equals zero ilcg =05



TRADEMARKS

The "olowing are ragisteres and unreg sterad Tacemars 31¢1ic Semiconsuctor owns of is authorized ¢ use and is
not intenced 10 e an exhaustve list of al such tracemarks.

ACEx™ FAST = OPTOLOGIC™ SMART START™  VCX™
Bottomless™ FASTI™ OPTOPLANAR™ STAR'POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™

CROSSVOLT™ GlobalOptoisclator™ POP™ SuperSCT™-3
DenseTrench™ GTo™ Power247™ SuperSOT™-6

DOME™ HiSeC™ PowerTrench® SuperSCT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™

E:CMOS™ LitleFET™ Q5™ TinyLogic™

EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™

FACT™ MicroPak ™ Quiet Senes™ UHC™ o

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER ®  UtraFET =

STAR'POAER ie used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES '‘WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TOMPROVE RELIABILITY, FUNCTION OR 2ESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN: NEITHER DOZS IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHzZRS

LIFE SUPPORT POLICY

FAIRCHILD'S FRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMNENTS IN LIFE SUPPORT
DEVICES ORSYSTEMS WITHOUT THE EXPRESS WRTTEN APER O AL OF FAIRC HILD SEMICCHDUCTCR CORPORATICH..
As used nerein

1. Li'e suocort deyices or systen's are devices of
systems which, {a) are intenced for surgical imp ant nio
the body, or (b} support or sustain life or [c) whose
failure 10 perform when properly used in accorgance
with instractions for use provided in the labeing. <an te
reasonably excected o result i signifeant injury 0 the

2 A cnbcai comzonant s any ccmponernt of a life
support device o system whose Sllure 10 perform can
be reasonably espected to cause the falure of the life
$4opon cevice or system or o affect its sa'ety or

effacliveness.

user.
PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet Identification Product Status Definition
Advance Irformation Formative of This datasheet contains the desgn specficaticns for
'n Design oroduct develgpment. Specificarors may change n
any nannér withodt notics.
Preliminary First Producron This catasheet contains prefimirary cata, anc

suoplementary daa will te pabished at a 'aler cate,
Fairchild Semiconcucior resenes the right 12 make
changes ot ary dme without notice in order 1o improve
design.

Fu'l Progucton This datasheet containg final specifcaticns. Fairchild
Semiccnductor reserves the nght to mase changes at

any time wathout nctice n orcer 10 Impreve design

No lgentifcation Mesded

This datasheet containe soec ficauons on a proguct
that nas g22n discontinued by Fairchild semicenductor,
The datasheet 5 onnted for reference infermation on'y.

Cisolste et In Procuction
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Data Sheet

15A, 400V - 600V Uhrafast Dual Diodes

MUR3040PT, RURK 1540CC, MUR3060PT. and
RURH1560CC are ulrafast dual diodes (ly < 551s) wilth
soft recovery characterstics, They have a low foraard
voltage drop and are of planar, silicon nitride passivated,
on-implanted, epitaxial construction.

These cevices are intended for use as energy
steering/clamping d:odes and rectifiers in a varely of
swilching power supplies and other power swilching
applications. Their lov: stored charge and ultrafast recovery
with soft recovery charactenstics minimizes ringing and
electrical noise in many power swiltching circuits thus

reducing power 10ss in the swilching transistor.

Formerty developmental type TADS905.

Ordering Information

PART NUMBER PACKAGE BRAND
MUR3040PT TO-218AC MUR3MOPT
RURH1540CC TO-218AC RURH1540C
MUR(E0PT TO-218AC MURSJ50PT
RURH1560CC TO-218AC RURH1560C

NOTE: When orderng. use the entire parl number

Symbol
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MUR3040PT, RURH1540CC, MUR3060PT,

RURH1560CC

File Number 2774.4

~January 2000

Features

+ Ultrafast vath Soft Recovery . . . .. A .<58ns
- Operaing Temperature ; 175°C
« Reverse\oltageUpto......... R A W L

+ Avalanche Energy Rated
» Planar Construction

Applications
+ Swilchng Power Supply

« Power Switching Circuits

» General Purpose

Packaging
JEDEC TO-218AC
AMNODE 1

CATHODE
ANCOE 2

Absolute Maximum Ratings (Per Leg) T = 25°C, Unless Otharwise Specified

MUR3040PT MUR3060PT
RURH1540CC RURH1560CC UNITS
Peak Repetitive Reverse Voltage . Vaaw 400 800 v
Working Peak Reverse Vo lage <o Vaww 400 600 v
DC Biocking Voltage Y 400 600 v
Average Reciified Forward Current Aegayy 15 15 A
(Tc = 14500)
Repetitve Peak Surge Curent T 42 30 A
(Square YWave 20k-z)
i Peak Surge Current R T 200 200 A
{Ha®save 1 Phase 60Hz)
Maximum Power Dissipaton . Pe 100 100 W
Avalancne Energy (See Figures 7 and 8} Eaa 20 20 mJ
Operating and Storage Temperature Tsra. T -5510 175 5510 175 °C

T

1-332.INTERSIL or 321-722-7143

Copyright & miersil Carporaton 2220



MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Electrical Specifications (PerLeg) Tc = 25°C, Unless Otherwise Specified

MUR3040PT, RURH1540CC MUR3060PT, RURH1560CC
SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX UNITS
VE iF=15A - - 1.25 - - 15 v
‘e = 15A, Tg = 150°C - - 1.12 - - 12 v
Ir Vg = 400V - - 100 - ¥ F nA
Vg = 600V - - - - - 100 )
Vg = 400V, T¢ = 150°C - - £00 - - - uA
Vg = 800V, Te = 160°C - - - - - 300 uA
ey Ie = 1A, digict = 100A‘s - - 55 - - 55 ns
Ir = 15A, dIg/t = 100AMs - - 60 - - 80 ns
1 = = 15A, dlgict = 100A%us - 30 - - 30 - ns
t £ = 18A, dipict = 100A/us - 7 - - 2 - ns
Rege . - 15 - - 15 oCW

DEFINITIONS

Vg = Instantanecus forward voltage (pw =200us, D = 2%}

Ig = Instantanecus reverse current.

tr = Reverse recovery time at dig/dt = 100A/us (See Figure 5) summatonaf g + 1y,

ty = Time 1o reach peak reverse curent at digiat = 100A4Ls (See Figure 6)

1, = Time from peak Iy to projected zero crossing of Igy, based on a straight line from peak Igyy through 25% of Igyy (See Figure 6)

Rauc = Thermal resistance junction 1o case.

pw = pulse width.

D = duty cydle

Typical Performance Curves

m }
1 )
z ]
= 777 -
o« ,/ b3
§ 10 175°C ./ . §
a e w
- i w
y S &
é 7 l‘ﬂ:im'c ul
= & T e
* [ [ [ £
///] =
' o001 L 1 I 1 1 1 1
0 0.5 10 15 20 0 100 200 300 400 500 800
V. FORWARD VOLTAGE (V) VR, REVERSE VOLTAGE (V)

FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE
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MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Typical Performance Curves
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FIGURE 3. ty, ty AND t, CURVES vs FORWARD CURRENT
Test Circuits and Waveforms

Ve AMPLITUDE AND
Rg CONTROL dig/dt
ty Anp 12 CONTROL I

DUT -~ CURRENT
SENSE

.

b
— Vpp
.

FIGURE 5. t; TEST CIRCUIT
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R< 010
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CURRENT
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J
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE
WAVEFORMS

All Intersil semiconductor products are manuactured, assembled and tested under 1ISO8000 quality systems certification.
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Mild Steel
30 Amps - Oxygen Plasma / Oxygen Shield

Shieid Cap Nozzle Elzctrode
217145 M M
i 5w Ring Torch Main Body
240 277000
Imperial
Materal T sl | Brattow | AT fTrevel | Cuting | Pisrce | Motion | Kerd
Thickness Telow | PasgeZRn | Postion vokage | Sceed-| Height | Haght | Delay | With
iga) fini ipsi {si) ipsi} iy (| {volts) | lioan fimi i | imsec) | (i)
2 0% 120 gs 060 -
% 0 R A
® 080 125 78 112 0
4 07 k5] 23 ) 8 126 £ 105 00 -
e 08 12X, 8
1 & ¥ 129 50 070
3 ‘ - 202 1%

0 A3 13 4]

Metric

Materal , 2 Post] Are | Travel ) Cuttng | Pierce | Motion |  Kerf
Thickness QUoRSG Some | ey vokage | Sosed | Height | Heght | Delay | With
imm) {psil (£l fosi} i {volts] | mevmy [ imat) | 4mm) | {mseci [ {mm)
120 V2615 20 15
15 2 : R4 T 220 26 2 : 7
2 ki 85 B 82 1615 0
126 27
25 1455
13
3 126 | 1288 28 A
Marking
Matzria il ; — Trave: Marking Inifal | Motion
hckness Prefow | Plasma | Shield | Postow Voltage Spesd Heght ~eicht | Delay
o8 fny ey | (osi) ) sl | (osil | (voltsi | dom (mewminif (n) fmen) | din)  (mm) | msec)
£J Thicknessss Nik 3 b5 KA 45 | 250 E3% |77 45 [0 25| O

1. Revisegon 71207
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Stainless Steel
30 Amps - Air Plasma / Air Shield

Shield Cap
244

Retainng Cap Swir Ring Toreh Mein Sody
7110 MK 277000
Imperial
Materal 2 e \ At | Trewel | Clming.| Pisrce | Mobion | Kerf
Toness | ok | Plasma f Sheld | POStOR | you | cosen | Heiatt | Heght | Doy | Wb
gl | (s | dpsi | ips) ) ipsh | dvells)f b f - din) i | imsee) [ dind
N 0% X0 20
e i 055
B 04 2 A €5 | )
— % Vel w — s 0| 0 =
6 60 74 b 053
W0 i o 02 H)

Metric

Materal " N i A | Travel | Cutting | Perce | Motion | Kerf
Thciness | TeroN | Plasma | Sheld | Postom | e | soced | Feigt | Heght | Doy | wah
imm} ipsh | st | fos) | dpsih | ivelts) | mevmi | demi | fmm) | imsec) | mm)
il #5106
K| 30 A 0 13 0 17
15 5 (K k-t R 11

Marking

Jatzna . | At Travel Marking ridal | Metior
Fow Anry g Fow | : < :
e R A B ‘otage | Spesd Heght | =sight | Delay

foal i imm) | (psi) () iosi) | (osit | wotsd [ ot tvowmind| (nd Dol | dnd o iom) [ imsec

J 25 0

=
e
“n

Al Thicknessss | A 2 3 NA | M5 | 280 &30 |IT

T

’. RB‘!'TSBG O'R T




Aluminum
30 Amps - Air Plasma ! Nitrogen Shield

Shield Cap Nz Electrode
207143 N a3

Outer Cap Retainng Cap Swir Ring Toveh Mein Sody
a1 7183

a7i4 277000

Imperial

Metenal 4L | o ol A | Travet | Cudng | Pisce | Motion | Ked
Thekness Peiow | Plnd. —Sne Postow Yokage | So meight | Heght | Delay | et
in) sl | dpsih o Aps) L tpsih ) (vots) | dom) o dink | e | msecl [ (i
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I X % il e ot K\ T TS )
83 | 168 mn
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Materal ¢ W | A ) Travel | Cuming | Pere | Mobn | Ked
Tidgess | 0| FiSna || POtk | | areed | rmght | e | Doy | Wet
imm sl | fesi ] “icsib 4 dpsit | volls) | v
T

1.5 % | X0 | 21

et & 13

et | iy [ e | i

Marking

Katena i B % ol Trave| Marking | Irig2 | otion
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& Thicknesses | WA 3 28171 ] N - o 149070 280,300 AT 45 1005 26111140
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A Half-Bridge DC/DC Converter for
Plasma Cutting Machine

N. Sanajit and A. Jangwanitlert
Faculty of Engineering , King Mangkut' s Institute Technology Ladkrabang

Bangkok Thailand , Tel./ Fax. (662) 326-4550
Email: kjanuwat@kmitl.ac.th

Abstract-This paper presents the design and construction of a
plasma cutting machine by using a half-bridge dc/dc
converter for negative direct current power supply and
initial exciting arc by a high voltage high frequency circuit.
When the gas passes a torch electrode, it will explode to be
plasma arc and transfer to the work piece. This process has
been designed for an output power of plasma cutting
machine at 2 kW by employing Isolate Gate Bipolar
Transistors (IGBTs) as switches. The switching frequency is
20 kHz. The plasma cutting machine can cut 1 mm of steel.
When compared with a linear transformer plasma cutting
machine, the designed plasma cutting machine has an
efficiency quite similar. In addition, the plasma cutting
machine is small, light, and compatible.

Index Terms- Plasma cutting machine, Half-bridge

. INTRODUCTION

Equipment for cutting — metals is  developed
continuously. From Saw, gas to electric arc, technicians
widely use electric cutting machine more than others.
Because it is light, fast, and smooth for cutting metals,
electric cutting machine can divide into two types. One is
linear power supply electric cutting machine, the other one
is switching power supply electric cutting machine. Linear
power supply and switching power supply electric cutting
machine, operating to cut metals, can achieve similarly
good cutting quality. The arc jet between torch and
workpiece is called “ plasma jet”. Plasma jet is very hot
and can be utilized for cutting metals [1]. In the past, there
are a few paper [2-3] mentions the construction of plasma
cutting machine. Therefore, this paper presents the design
and construction of dc switching power supply using a
half-bridge inverter to provide ac high frequency voltage.
The ac high frequency voltage is transferred to the high
frequency center-tap transformer and then to the ultra-fast
recovery diodes in order to rectify the voltage. The
rectified voltage provides the negative dc voltage for main
arc. The other part is connected with the coupling filter
inductor. This part, creating high voltage high frequency
(HV-HF), comes from Flyback converter of Television set
in order to energize the molecules of gases at the torch
electrode. Then, the molecules are separated in order to
get plasma jet as shown in Fig. 1 [4]. The air flow rate is

controlled appropriately in the designed plasma cutting
machine. This machine can be a prototype for high power
applications in the future.

II. PLASMA ARC CUTTING

Plasma arc cutting is plasma occurred by heat together
with electric arc. In this paper, the electric arc, occurred
by providing an HV-HF, helps the discharge easily. In
case of anode and cathode being not contacted for arc, the
dc generator is provided as shown in Fig. 2. Arc, occurred
by HV-HF, has two types: transferred and non transferred
method as shown in Fig. 3.° Transferred arc uses
workpiece at anode electrode in order to provide plasma
jet. The non-transferred arc does not use workpiece as
anode electrode like transferred arc [5]. In this paper,
non-transferred arc is used.

ELECT RIC A
CH AR GE
-)

TORCH

CUTTING ELECTR 0D E
GAS SHIELDING
G
PLASA A
FEYIRK, KX

Fig. 1 Principle of torch electrode.

Electrode
Plasma gas

Source

Fig. 2 Main Arc occurred by HV-HF.
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Transferred Non -Transferred

Fig. 3 Types of plasma arc using HV-HF.

III. PROTOTYPE DESIGN

From the above principle, the design of de/dc half-
bridge converter used as a switching power supply for
plasma cutting machine [6] as shown in Fig. 4.

The output voltage (Vo) of de/dc half-bridge converter
is given by (1)

N, !
Vo = ANV /2~ VoguYor2 -V, )
P

T/2)

Where:

Np is the turn of primary winding of transformer,
Ns is the turn of secondary winding of transformer,
Ve is the voltage across collector and emitter,
Too/T is the duty cycle of IGBT,

Vp is the voltage across diode D, or D5,

Vin is the dc input voltage.

The center-tap transformer reduces the ultra-fast diodes for
rectifying. The specifications are given as follows:

Output power (P,) 2000 W
Primary voltage (V) 150+5% V'
Output voltage (V) 150 V

Switching frequency (f,) 20 kHz
Turn ratio of transformer (Ratio) 1:1

. | HV- HF
*Vn? : Converter |
m;F_ L+
c1 Y,
R1
200pF | + .
v 3 o
c2 __Q@ R
e PWM
° N, LI Pattern

e, g o
Sy e
e Y

Fig. 4 DC/DC half -bridge converter.
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Table I

Air Classifier [7]
Air Nitrogen | Oxygen | Arkon f!:iz:)rxbiz?:

(NZ) (02) (Al' ) (COz)
0,
% by 7808 | 2095 | 093 | 003
volume
by 7553 | 2304 | 128 | 005
weight

In this research, air is used as plasma gases. Gases are
composed of nitrogen, oxygen, and inert gas. In this case,
it is suitable for plasma jet.

Control Circuit for Plasma cutting Machine

Control circuit is defined for operating in the dc/dc
half-bridge converter. In this case, the timing diagram
shown in Fig. 5 is used to control air control valve for
activating arc by an HV-HF method. Furthermore, the
overall control circuitry is shown in Fig. 6. This figure
includes the dc/dc half-bridge converter. The HV-HF
circuit in dash line provides the arc from the beginning to
the end cutting process. The HV-HF is built from flyback
converter of Television set. The HV-HF signal is
transferred by the coupling transformer used as a coupling
inductor as well.

IV. TEST AND EVALUATION

The test is divided into two parts. One is testing for
half-bridge dc/dc switching converter at various loads.
The other test is for cutting metals at various parameters.

e Half-bridge de/dc switching converter performance

The output power is tested from 200 W at light output
power to 2 kKW at rated output power by adjusting duty
cycle from 34 % to 44 %. The efficiency and output
current are shown in Figs. 7 and 8, where switching
frequency is fixed at 20 kHz.

ON OFF
| 1 | i
] ) i 1
1 1
Torch : :
I |
Switch '
1
| 1
Gas : :
] i
Valve ] ]
' : DR
| |
Main Arc T} i
I 1
(Vo) ! __e_
1 I
1 I
HV-HF | ll
]
k T T—
Flyback e :
1 1 L 1

Fig. 5 Timing diagram of plasma cutting process.
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Fig. 6 shows the principle of a half-bridge dc-dc Y
& PIH : <
converter for plasma cutting machine. It can be briefly =
described as follows: when the control circuit drives a @
half-bridge dc-dc converter, power flows from the center- o

tap transformer passing to the bridge rectifiers. In order to
provide the negative polarity for plasma jet, the power
supply is from the HV-HF circuit using Flyback converter.
This converter is connected with the coupling with output
inductor in order to activate the initial plasma jet.

100
95
§ 90
585
_5 80 Duty 34 % -—¥t-—-Duty 36 %
O 75 ——Duty 38 % —@—Duty 40 %
E g Dty 42 % Duty 44 %
70 Duty 46 %
65

60
0 10 20 30 40 50 60 70 80 90 100
% Output Power

Fig. 7 Efficiency vs. output power while adjusting duty
cycle at frequency of 20 kHz

0 10 20 30 40 50 60 70 80 90 100
% Output Power

Fig.. 8 Current vs. output power while adjusting duty
cycle at frequency of 20 kHz

From Figs. 7 and 8, when the duty cycle is increased, the
efficiency of system is also increased. However, the
output current is decreased due to the fact that time
interval of conduction is increased. While the average
voltage is increased, the same load current is decreased
and dropped voltage is decreased as well.

Fig. 9 shows the efficiency vs. output power while
adjusting switching frequency at the duty cycle of 35%.
The trend of all curves is quite similar. When the output
power is high, the efficiency is low, and vice versa.

Test for cutting metals

The test of the plasma cutting machine, which effects
to cutting metals, is evaluated. The parameters for cutting
are changed. The analyses are considered on the
workpiece.
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Fig. 9 Efficiency vs. output power while adjusting
switching frequencies at duty cycle of 35%.

Fig. 10 shows the experimental result that mentions
the output inverter voltage and primary current as cutting
carbon steel at duty cycle of 35% and switching frequency
of 20 kHz. The result provides the Zero-Voltage
Switching (ZVS) condition as a soft switching technique
due to the fact that the primary current lags the output
inverter voltage. That means the voltage across switch
goes to be zero before turning on switch.

1) Test of cutting carbon steel : Consider duty cycle

The results from workpieces are analyzed. The air
pressure is kept at 1.5 kg/em® and the frequency is 20 kHz.
However, the duty cycle is adjusted. It is found that at the
duty cycle of 40%, the indentation or trail from cutting is
continuous due to the period of switch conduction is
longer than using the duty cycle of 20%. Also, it is found
that the carbon steel cannot be cut at the duty cycle of
20% because the ion plasma is not completely occurred
and period of the switch conduction is not enough. It
makes the trail discontinuously as shown in Fig. 11.

2) Test of cutting carbon steel : Consider at air pressure
The results from workpieces are analyzed. The duty
cycle is kept at 35% and the frequency is fixed at 20 kHz.
However, the air pressure is adjusted. It is found that air
pressure at 1 kg/cm’ have the indentation from cutting
better than using air pressure at 3 kg/cnt because the air

CHI=100V
oC 1001

.

----- Chl-+100V/div-
..... Ch2 : 100V/div |

Horizonta) : 10 us/di

Fig. 10 Output inverter voltage and primary current as
cutting carbon steel at duty cycle of 35%,
frequency of 20 kHz.
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Fig. 11 Comparison of the trail on cutting carbon steel
between duty cycle at 20 % and 40%.

Fig. 12 Comparison of the trail on cutting carbon steel
between air pressure at | kg/em? and 3 kg/cm?,

pressure at | kg/cm” has the absolute ion at the electrode
that can provide heat higher.

Therefore, the period of switch conduction and air
pressure has the effect on cutting the metals. In order to
achieve high efficiency, the parameters should be selected
appropriately. The results are shown in Fig. 12.

3) Consider on cutting stainless steel plate

The results from the cutting stainless steel plate at duty
cycle of 35 % and switching frequency of 20 kHz and air
pressure of 1.5 kg/em® are analyzed. It is observed that the
indentation is ‘quite well as shown in Fig. 13. When
compared between the carbon steel and stainless steel at
the same as switching frequency of 20 kHz and duty cycle
of 35%, the indentation are quite similar; where cutting
the carbon steel uses the air pressure at 1 kg/cm’, whereas
cuttin% the stainless. steel uses the air pressure on 1.5
kg/em”.. The reason is-that the structure of stainless steel
has a toughness more than that of carbon steel.

4) Comparison of the advantage between constructed
prototype and the market type.

The physical structure and trail between constructed
prototype and market type are compared.

The comparison results indicate that the plasma cutting
prototype, which is built, is smaller and lighter than the
market type because of the plasma cutting prototype
applied from switching power supply as shown in Fig. 14.
That can help the technician use and move this prototype
easily. In addition, the trails between both types are not
quite different significantly because the trail is based on
air pressure.



Fig. 13 The trail on stainless steel plate at 1.5 kg/cm?,
duty cycle of 35%, and frequency of 20 kHz.

Fig. 14 Comparison of the structure and frail between
constructed prototype and the market type. : market type
(right Top), Plasma cutting prototype (right bottom).

V. CONCLUSION

From the experimental results, the plasma cutting
machine is based on the de/dc half-bridge converter. The
rated power is 2 kW. It can cut metals following the
design and construction. The plasma cutting machine is
developed for the education or commercial system. It is
made from switching power supply which is light, small.
Also, the workpiece quality after cutting is better than the
one from gas cutting process. The indentation or trail of
cutting is small. It does not waste steel very much and the

sparkle is less.
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Abstract

This paper presents the design and construction of a plasma
cutting machine by using a three level dc/dc converter which has a
negative dc power supply for main arc and using initial exciting arc
from a high voltage high frequency circuit. When the gas passes a torch
electrode, it will explode to be plasma arc and transfer to the work
piece. This process has been designed for a power output of plasma
cutting machine at 2 kW by employing MOSFETs. The switching
frequency is 20 kHz. The plasma cutting machine can cut | mm of steel
thickness. When compared with a commercial plasma cutting machine,
the designed plasma cutting machine has nearly the same quality. The

three-level dc/dc converter has a rated efficiency of 92%.

Keywords: Three -level dc/dc converter, Plasma cutting machine,

Phase-shift PWM control
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