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ABSTRACT

This project proposes the topology and operating structure of single phase
grid connected using vector control. technigque for 2 dc source. The study of single
phase converter control system that is able to transfer power to grid is given. The
control of .the power flow is implemented on a Digital Signal Controllers (DSCs)
TMS320F28335 using vector control technique. The experiment showed that the
operation of the system is able to control a single phase converter to be guidance to
develop control systermn for real using and highest efficiency.
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1. mMsmuANLUUdangU (Proportional Control)
2. MIMUANKUUBUTINIE (Integral Control)
3. MIATUALLUVBYNS (Derivative Control)
4. MSMUANLUVERGIUYINBUNNTS (Proportional plus Integral Control)
5. mimuAukuuddUINduinTavIne s (Proportional plus Integral
plus-Derivative Control)

2.2.1 M3muANLUYdadIu (Proportional control, P-control)

msmuaussuusuulaunaulasldfimuruiuudndautu dyanmeuaniu) iy
dndau Inonssiuardyaiunuinnain (e) fiiasadiesenineaidyyio 198ty
U WINNYDY TEUUTIRBINTIMUAN LU MUEnTeIIRIuALULARd AR AR
Ui 2.4

Saf) e

E() 2 5 K a2 LE)

U7 2.4 fauAuluudndiy
u(t) =K e(t) (2.1)

dio K, wiludrdnsmwenerawiamunuiideaudunitnudadiu
Usrlyvivesiimunuisuudndiu (proportional Controller) AoanAtANY
RANAIAYDITTUU Ineannsanavaussiuadyuauianainagwiuiiviule

2.2.2 M3IAUANKUUBUNNTA (Integral Control)
MIMIVANLULBUANTA HjUnuvaums u(t) = K, I e(t)dt o \le K, Ao Annsil

YoIAIUAN WUUBUTIna ununuABNTRwIAIUANLULBUTInTauanisgUR 2.5



Ki

BlsfTmeam  —= e il

A a“ = = ar
JUN 2.5 MMUALLUUBUNINGG

mﬂgﬂuwm'imur-muuuﬁuﬁns"aﬁavLﬁu'jwﬁ’rgmmmum u(t) avﬁﬁhmn
Tnefidyeuiianan et fandugudlunmondationainliudfin fdfmaes
Idyyrumsauaulunsfives msﬂ'mﬂmmuauwnsau'uuagnumluamm (past value) Tl
mﬁauﬁ’umﬂmﬂuuwammuéwvwaqﬂum{]aquu

Usrlynivasinmuauuuuduiiniafiiefisnmanmanuianaaluanius
ogi luvuidniuarmuiiaiesnweesssuufssantosasiumsnivauuuuduiiniail
wllunisiudusiv Wiussuuresiss wu Tunsdissuudususuiivi seudlelddmunu

wuuUduinga (Integral Controller) maasruuteunduselisusuitiuaes

2.2.3 MIMIUANKUVAYWUS (Derivative Control)
NIMUANLUVBYITLS digUuuauns Ao
=K, &8
dt

o K fediasvivesiimuamtuuayiLs druuinudaeyldiauruiniueuisy
wu Wihuiumaveuuuudediu da3ends Mauauuuudadiuviniueyiususe (PD-
controllen immuauwuudaduly SuufuBuiiniafsuiendndimuauwuldadauuiniu
duiindavie (Pl-controller) wazdldmimuay wuudndrusunUdmmuausuuduiiniauay
fmuANLUUBYAUS Fandt (PID-controller)

Meu AL UsYUSdazeiuAImIINLY (damping) TifussuLidasnisey
AuAN tuda ilisruniiafis sawiingy Twideiuasituidyyoewiwniloansn
ﬁaﬂwﬂuawuauﬂ’uéﬁ Lﬂuﬁ’tymﬁmﬁtﬁmmﬂmimauﬁ’uﬁ‘waqéftgfmmmmﬁﬂwmm Farun
dygruanuianataiiidygin sunaunn ammmmmwmanmmnmmmuuuv
aqwuﬁmwﬂiumau (fluctuate) Aot aun (Hawandiaaidy (slope) vadEyeuIUINS
Wasuulasreudrann) feasvinlvssuumunimaasidiiatiosnmls

(2.2)

2.2.4 Mimuaukuunle (Pl controller)
fmuAuilTuNsTINAIAIVANLLUY P wazuuy |

o KP !
U@ =K,e(t) +—= [e()dt (2.3)

Jugki i)

wiadsududsidudrelouls
U(s)
E(s)

1
= Kp(l+Ti—S) (2.9)



Tae K, Wudnsveredadiu T ¥98uiinga (integral time) A1 K, waz T,10uA1d
Uiuenle daunduvedsn T, 13900 Reset rate Favuneila 1uauniwounfividnnimniuny
= 1 at A
fieudu 2 v vaenlaesunsumsniuaudalugui 2.6

E(s)

} Kp(1+TiS)(s) ) U (S)

Tis(s)

[l

JUN 2.6 vienlaazunsunisaauauwuuiile

2.2.5 msauanuuviiled (PID controller)
WsansTuuAIuANLULle

Controller Plant
R(s) / =L _E(s) | UGs) Cs)
G5 ST 7R\ ) >
ALY e
U 2.7 vdanloezunsunismunuuuuilen
PID controller Usznausig 3 wia fe Proportion, Integral wag Derivative
N ;) =Ko e(t) + Kije(t)dt +K, dz(t) (2.5)
e(t) = r(t)—c(t) (2.6)
uwlasavaw 9ele ; U(s)= (K, + T K, s)E(s) (2.7)
S
: K)s® #Kfs + K
Gc(s)zU—(ﬂ=(K +5+KDs)= = i, (2.8)
E(s) SV S

2.3 wann15ve9dueiinei[1]

Sunefweiildlumsuadumdilvihainnssuansaluidunssuaady laely
Sunefmeiulaunasinouseiu (Voltage Source Inverter : VSI) wisnzdmiuluawiild
delniliganntdn  TumsilasauilléBunefweiuvuitdudensdy  (Pulse  Width
Modulation Inverter : PWM) iloudnideanisifineriuedindusiuang

2.3.1 MmadIndanvviiduilagdy (PWM)

NMIMUANNIFINGUBINITBUNLIWeIMIlUNfensdygauseiulugunduley
Brrsmuaumsainduuuiduilagiduduifenldiu IneldiBnsadsdyarneuaugy
asd
5

lod dhwnFeuisuiudygyinguaduaumasy Fduisidielunisadruvdsdie



uwssdulwinszuaadu nsadaduuuidudagiduuysoanidu 2 wuv Ao wuvlulnais
(Bipolar Voltage Switching) uaziuugiilnas (Unipolar Voltage Switching)

2.3.1.1 msadaduuululnans

nmsadndussiuuuululnanienismuauliaiaduvuyauiadvinunioy
frudugeesuil 2.8 mevnuwesaing S, iy S, wavaind S, vieusaiy S; e
Fyaaumuaugulsdiidunnnindyanguatuanimasy alad S, uay Siaviinsvua
VUIARTIAULDINT V, AU V. a.wié’n;zgmmmugulfaﬂﬁﬁwﬁaan’hé’m"mwmgﬂmﬁu
aumABy @309 S, ey Sy INTYAE TWIRSITLEWIWN V, Sifuviniy -V, nmsaiaduuy
Tulwaniuanadiagy 2.9

Sl 52\
V?_C___* 4 7 \Y
= V, =
S\ X3

JUN 2.8 2asyavindaouiiedines

Aafisey dumsaiaguuuluinats fe dnisaindeniuseiussning@iy (v 3o

Vag) mmwwm‘%aﬁamﬂﬁuau ANAvRsE R adilvaninAuA1uhYe
Auvdsy

{
Aeyeyed

@

(Carrier) (Reference)
@

“INOO0 0L LT
ST TOOaat

(b)
JU# 2.9 msaiadussdunuululnans

|
|
|
: Ti Vsine
|
|
|




2.3.1.2 nmsadaduvugiilnans

Jounnaneseninnsainduseduliiuuuluinaisiveiina s fe wuuyll
Tnaninsmuauaindlufs A fufa B (5U 2.8) aznundygumuauesnIIniy Ao aing
Tufla A QNAIUANIINTYYIU Veontrol Lﬁauﬁ’ué’mmmgﬂmumﬁﬂu Vi UeeTiaindlune B N
AAUANIINFEYYIN - Veontrol Lﬁauﬁ’ué’zgcgwmgﬂmum%’au Vi Msaindiideulused

610 Voot > Ver @309 Sy nsshd Vay =
10 Viowot < Vin @399 S; U0l Vay =
ain
ain

b
< Ol=

w

B8 Veontrot > Vi @ Qj Sz Unseua Van =
Lﬁﬁ Veontrot < Vi @ sﬁ Sq mﬂ'ﬁ“‘lska VAN o)

ATV LA LIS SERIea (Vo W0 Van) Junswasuudas
useduagseningudludannieausiudaay libidanswasussauussiuanadindas
Wy nstlueslulwais

yoAuvpginans ﬁ'amsLﬁcﬂmmﬁé’waaﬂﬁﬂ'a"m?{vﬁuaauﬁﬂfuaqmmﬁ
a3nd navose el MlFnsesntuUNeInInsaLE dn 98 asUsende

mfyjmmmam«mmuguiwmsuam’lugw 2.10

V.
Vo sne sine

$UN 2.10 maaindussiuwuugiinans



InMsEindussusuulunansuasuuugiinas Wewiouiivuded deide
woImMsAIndsaeInUY FatoRveswuululvanife n1seavaumsainddu annsaviildie
nuuvgiingns uilifedensinisnsesemdgelifviiuuuugiinens eswsnnsaing
wougilwandilenuiilunisaindganinitlsinsesnnuilldieiu dmaliguasaiiinesanud
(Fmioniwasduivusey) fvundnanieninnisaindlasldniuige dwmaliiia
dalwihgrydoilaindgetumy viliussaniamusnase uargunsalaindidomeld
Woufdmdanan Ssaseduneiweslaeldisnisslewuudifiotefiuyszaninmves
2993t

2.3.2 wavaunalnissusisuluidrursenvedulresines

TuneURUR adnduunasiaanifesliinszuanioutt dnfuisiosnisdiaaaii
Adndiagmgminnruansuilaindesdouanuy ietlasiunisdnismsyning dauaniy
Yaau treaartndonii walml (Dead Time) nanaalvisiFindIasdesmnzay mndid
vesiiuldanvibifllomeadaiasladieviedmnuaniduluanmeeilvussdulnidue
sonvesduneswesfiaiouly alednduipamassiinalmidosq Yssann 122 Lilasdund
FaualvsiorTusgifustiavasquasaiaindefidontd

dafl Ao imihiidesiumsdnisassewisiavaniudaay

Toidy o mmealnliniulusvdmadouswulwindiueioonvesduieines
Tneduagitianmsivavenszualvan nisdeasueinafinrmtsaudianaudnenud

P a el a o (& ' 1 a e ¢
ANT u.a3Lﬂﬂﬁ'§7uﬂﬁﬁﬂl‘gu'ﬂu7\ﬁau¢qum’]‘1 %qa\ﬂ’-\laﬂaﬁui‘iﬂﬂﬁiwmaqaunaiLﬁ@i

2.4 vanmiuaznquinmisieduliasinedidnniunia

nandnnslunquiildnanuiuds fustaseadeussiulnianssuaadui
awnsaUFuruaRsITulii Ugumanasy Surnud e wfanansofeeiiliuseulii
nssuaad Misradsduinl flumsarvaumslvaresrdaliihduldammiisidoanasld
laeld nguinisnaugunisiioidslninseninalaaesvadusisramisadensesy
duneiweiitniunsiiureanin lelasagiiteimunanmisynis A

- YPUIALTINUYINNY

- sy

- JuaL s UIAY
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msmuAuNIRemaElnihsenindaaenia

JU# 211 mymaginasivagesindelnih

Tumshasgvinisivnavesiiddndlasiinanienisivaronssuauas
Madlwiesguiaduiuladinesunsumussuuddnisewinada 1 AU a2 wasiirduR
& 1 b ! = | [} i at 8 i @i a £ ar | J

waugnREIsaniy Z = R+jX vosgaswintavivasy Suimmislunslinsisndwoluil

Siy=B, +1Q; =V1(I‘) (2.9)
S, =Ry +iQ,, #N () (2.10)
Yo (2.11)
]
el

Siz e fidalnisanitlyasintia 1 luva 2

P, fie Masliaesadiluaninve 1 Tuda 2

Py flo MdsliheSeilwasinta 2 s 1

Qu  #o mdslniaiioudtlnainta 1 1uva 2

Qu o fdalwiadeuiilvasinta 2 Wia 1

Vi Vo Ao usedulniniia 1 wazda 2 mudaey

| Ao nsvualiitlwasnta 1 1Uva 2

a Ao ABuRLANTYRIAES

) fio yammuiesueuiia (Power Angle) Faduyusnafy

SeWInusIRu LA ae



V]| ~[V,[sin &
p, = L2
X
1 2
Q. = (M - eoso)
P, =“|\.§|r\/2 sind
5 X

Qu = (W Ve[ cos)

11

(2.12)

(2.13)

(2.14)

(2.15)

WeRasanaunis wlammdslniiasudsauyunniiesuenda (Power
Angle) Tnansasiiussiulniiivaneasiwasdiuunnnesweniadus 0 fls 180 asrn
. o ¥ o ar @ @t L. ~ s¥ - {
Fagyilidalwiluwasinda 1 Tda 2 Taeddsliihania@uden uasesgegaiiyum

weiuauiaiiu 90 8 warsranausaylagunnaesueniannndt 90 o

A > - o ar v s 1] &
M5199 2.1 wdnnslumsiatsanisinavenidsluhlaanaisissselul

NI

ARG

La998
E

e

o P llu + : 9remaslnfes
Py - Sufadluihese
Q W +: Pemddlwinaiiou
Q Wy - Sumdslwihatiou

VRS
E

o

dlo Pl + : Srerhaslniiess
Py - Juidslnihaie
Q Wy« Pefiadluiadiou
QW -: SumdslWiaiiou

n1smuAuitdluiteaniud-2 11 musiddoesady (v) Huussiuiieanan
Bunefmei ua (v,) Wuussiuveanin Adsliihiidatuszuysiunuuigs 8) ndnie
duidatuvinvieyuvlavesduneiines (V) dmdwswiuvainina (V) mddlviihaglna
nnialugduneined widuiddianduauvieyuaveussiuiidunesinesimi
wseiuaenia Mdtlwihnegluanndunesweslugnia
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2.5 grsuailinluszuuluia (Harmonic)
2.5.1 Aiienu

gsuatin ﬁa Fyarougulauveanssua wie usadiu (Sinusoidal) Aifiaanud
Wudwau mumwaamﬁunuamu (Fundamental Frequency) luszuulwh (50 tasm)
wu a1sueiin esnYsvnevil 3 avummmu}u 150 183019 uavamﬂs‘vnauw 5 eiiAudiy
250 \§s9  wWuau wa'ummiuaunLuasauﬂun'ummnuamumumwmﬂ (Amplitude)
wazysuna (Phase Angle) uaww‘lvammmwmmummmnJauu'l.ﬂuavumwuulUmn'i'dﬂau
Tow Tnevialuuas mstiasievensuaiiniu a.,mm-smwam'ﬂ,umsuaunmnﬂmn‘[wamﬁlu
wWuduaulay linquiyideslumsseyesauseneutazunnvesensueiin faumsi 2.16

tj+bn sin(ZJmt J] (2.15)
T

- 2
x(t)=a,+ Z[an cos[ ko
n=1

Tnei Aadyua x(t)

a, /Ao

a, o duussavsuospynsuyites
b, - fie duuszdviveteynsuyiies
n fia lavdnudnuaniag

T Ao ATUNEIYa AN X(t)

< o - o o
Faaslalarwomure uasauiia daunsit 2.16 uay 217 A ey

A= Jal+b (2.16)
¢, = tan™ (5‘-) @17
an

logdt A fe wuravesdyiu

b

d, fie yuilavesdean

252 m’mﬁmﬁ’uuﬂﬁuaﬁn (Harmonic Distortion)
aufinilougnsusiin (Harmonic Distortion) #i® mnﬂasuuﬂawaﬁﬂﬂau
wmlwwwlﬂmnsx]ﬂaul‘au Tﬂmnﬂmnmisaunwaammmnuamuua vANAveIEITLein
93AUTENOUAN 9 Imlefiu ‘ﬂaqulmazyfg'lmiwmaanmmgdsumﬂmaulﬂmﬂmu
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2.5.3 panuiiniieugnsuaiinga (Total Harmonic Distortion ; THD)
AuAaiisueiueiingau (Total Harmonic Distortion ; THD) g A1EM31
AUTTMNMIINTIADHATINAEIADIYIAIAINUTENOUEITHDTNKUY rms (Harmonic
Component) fumauUsyneumLEvENyawUY ms ifsuusesar faunsi 2.18

_ RMS sum of all Harmonic
Fundamental Frequency

(2.18)

AIAURAANEUNTEUATTUBUNTIN (Total Harmonic Current Distortion : THDI) Asaunis
af
219

N 2
I SN
THD.(%) === %100 (2.19)

1(rms)

—

loeit 1., AoA1rms vednssuaiisnsuedni h

- < o @
1 Ad A1 rms ﬂaﬁﬂi%uaﬂﬂ’nuﬂ“aﬂi&ﬂ

1{rms)

ANAMNHALNS UL SITUTTTUATNSIN  (Total Harmonic Current Distortion ; THDV) faa@uns

-
1 2.20
\,th_(rms)
THD, (%) = 222 ——x100 (2.20)
1(rms)
Wefl Ve A8 AT IMs vaaussiufiaisuesing h
Viem, A8 A1TMs YoMRAUAANUANInYS

2.5.4 wansynuvssafueiiniinadagunsniluszuulni
JoymensuelniviWiRanansenusegunsailuszuulniheendu 2 nsdlite
- hiviguasallusruuiin1svinuRanaIamsRaTaIAILs LKA N SELAB N8
ﬁnﬁﬁmmﬂu.azg‘dﬂﬁuﬁmmmlﬂﬁﬁﬁmﬁau"l.ﬂ
- vibigunsallusvuuiiongnislinutiesaneiianstigadems e
fn rms vewsesiuvensruageuiiinandeniuetin vielinsunneveusaunaznssua
griueinfiinanensuetinislvuund
Jaymensueiinfidsmansenusegunsailusyuunihdaiide
1. navesenuedinisTouvudifatulunsdiimuiisTouuudvasssuulunss
fuanudgnsuetniiliAnmsverevunvessiunasnszuassuniin Wunailigunsel
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Tasumudemedosnlifunssuanazusduiuiie

2. wavasnszuaesuaiindiluseglussuuimieuasansdnidliiindinas
gudluaonniy siliUssansammsasdieanas lesnnsvuaeuedniilien rms
VOINTHUAUATAMF TUNILTDIAFTY

3. wavaensEuasnsuelin Triplen ( §1AUi3,6,9.) dnaglunduitiidnduidiu
Aud (Zero Sequence) Tuszuy 3 wia 4 ae enfuedinnauiiasstutulvasglumein-
n3oa o1 ansimseavidawionUandovnalivinliinsesnuuuusesiuly

4. wavaansvuasiuelini imasgedsvaisiiivanuarmasgudeansonand
(Stray Flux Loss) vessfawdasiidniiadu wazrinlduszansnmmslusulvanvemsiouas
anasly (derating) wavesuswiuansuelinvihlviiindegaudenseualvau (Eddy Current
Loss) uagrnasgoyidedamps®e (Hysteresis -Loss) Wty

5. navednszuassuatinvi iifinauioukasauriualadiannin (Dielectric
Stress) fUAIAMATNDT waza IV lMRIdYaIdIA Bw oI vIeden 1IN SIEOUUNR Haves
wswiusineliniidneiidsgadelunvidined waswavinamsslosuudgiivnang
weiiliAnveenseuauavuseus e invunlug A woeitasefelunisldny
amhdmadietannsonuernszianasissfussuein Adimesiieenuuuadiean
HWAR A VUAA N TAIEI [EEE Std. 18-1992

6. uapanssuassuainilviAneT Seulusindidsiy vlrsnvas e
nszua (Time-Current Characteristic) vasiduasuly. nsdifiiimeadssaudnintuizdoy
yedevlutaiimun | wislunsdifiindvelasluisuaiveeiummnnesuoinly
nstiAnnassTounudlfguiy

7. wovsseninpiniilvinisyhure iadiamandsivegivanaainisihe
vowlinitad msvhauwesiiagyiin Electromagnetic TuatfuAInsruauasisil ms da
M5YNUTRIagviin Digital ﬁuagjﬁuﬁmwﬁuaaﬂﬂé‘u {Crest-Voltage) 91nN13 Sampling
KaTATIIA Zero Crossing Ansviavidousanuiigue Tnsdnvazivhliadvnuionan
il

- liadinsiouiias vievhanusme (Pickup Valués)fige Tneundfiadas
WauegesnE Ay e Gy
- nsdiifinseuasfionn Triplenwawesnyiilinsnasiadvnuianan (False

Trip)

Ll

- yhlWSiadsyegna (Distance Relay) Yinufianann fMenavesnsyuassueiini
vilisuuaudiistudianAduuaudiviin s uiininga

- yMlsadainuuuauia (Static Underfrequency Relay) finaulaninund 919
mian1snIvianan

- MWSladnszuauarusnuiiu (Overcurrent and Overvoltage Relay) Y1414
AewanenuAmaNTRTiRglS

- bimusilumsinuvesSiaduliananing (Differential Relay) ¥ianuthas

8. uaveInsruaasuatininansenusenNuauIsaly nsaanseud  ( Current
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L4

Interruption Capacity ) vesuasalaindified Aevinlviuwnvesdnsimnssuaiisuiu
e dizdt iangdluvariinssuatidndugud  WuwavinbiiwesAmusaineshiannsodin
nszualdidefionsuoin Sellymilandniugunsaidugillidansualfiduiu

9. wavessuetnmilviinesinArlwiln ( Watt - Hour Meter ) Faudufimesusvinm
Mumiiend1 (Induction Disk) vnsaaRawaiald Sslasuniinisysuudsdinefiiuasyi
msﬂ%’uuviq'?im‘mﬁné’ﬂaga

10 waveseiuaiindainiosdnslviinilifdgyddiviu Wunavhliadosins
Fountnd vilviuewmasmileni ammmﬁmﬂsmgmsdﬁanﬁva (Cogging) Apliianunsn
amivuewesld nnsiinnuewesininnudiddasia wasvldiianisesadian
manaveusissdnsinidinadoussaviamuazuseavenioadng

11. navaseniuaiinvinlfinndyanasuniu (Noise) lussuudeans wu lusyuy

Tnsdin

2.6 edatsznauiaslviia (Power factor)
2.6.1 maslnirluaeas
29a5linsuiasduiindalaih 3 «fin (3 wihe) Un@egAwnianisaun 8
SwasiBunmil
2.6.1.1 masiwiusing (Apparent Power)
Andalwihusng (8) evinsasiumanineivesidelnifingety
sl Suenfindivusdu va
2.6.1.2 Mmaslniiuaniin (Reactive Power)
fdalvishiiueniin (@ Weaminenwisniuasiufivdszaiimio
\Ju VAR
2.6.1.3 MaslWia3e (Active Power)
Méaalwihass (P) tinanvandidumiulivtaeiidu watt

P =Vl cos® (2.21)
Q=VIsiné& (2.22)

S:\/P2+Q2 =VI (2.23)

2.6.2 AmnaUsznaumasinii

oo lugunsallwihsineg  Tueimsudelsamuiudosdoiaidsiniheds  (Real
Power) waradlni3uoain (Reactive Power) iiloldlunisviau adadiuvesidaliin
visaeaiadinanvsuenisrdasneuidslnih (Power Facton vasgunsallwiusay
giavesermvielssnulnesin aundnnAdusenouidalnih (Power Factor) fiAen
goumneanuin fdalviihsan (Total or Apparent Power) fifngstiu suiilosnainnisiil
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madlridueaiivgduy  luvasimdsdwihaldineliifanulidwviniy - ussnouids
anad  nszualwidangadu)  Fdeldinduniugydevesssuuiglnihdeduiudegui
2,12

P:Real Power

>
0
PF=COS6
S
%
%,
7y
%
‘0
> %%
Q:Reactive Power ®.
WV
cos @ = il
Vi

U 2,12 aadguriadaliiy

2.6.3 anwaznimzasivasiiudadunazlidudadu
naniifinadensirlussunaznsvnaludnvasimivon s ame 3
wila A Fgunu o dafusey wanseo Ui
2.6.3.1 WAALUURWIUNIY
Inannuuiamuuagl Al s mus huuasnseuaays
wlansaiuuananegy 2.13

N
-—Voltage(V)

_——=Current(l)

<l ar o
FUN 2.13 nemussauLaznssLaansany (| in phase V)
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2.6.3.2 maauuuiaiulsyy
Inaanuudiivysequeliimdsininiueniindnseuasziiwi
) 'l o =
WINAUDYVINL 6 Uanngun 2.14

Voltage(V)

Current(l)

I

4

v

- o 1% w
JUN 2.14 aswinssiaimungiay (1 lead V)
2.6.3.3 Waauuudmiieni

aaiuumwiis e lvmad Wi LanindenTtLagsamas
wsIuayvaL 0 Uanwiajun 2.15

- K-\Voltage({V)

< Current(l)

WV

= o @
JUN 2.15 naminseuanumaawseiu (1 lag V)
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2.6.4 M3UFuussAysznaumaelnit (Power factor correction)

mMsUdulgeiiilsznoumdsiniilvsiandilng 1 dsfdonisansunmues
Var vitel¥ VA Suunelndifiesiu watt gaanguit 2.16 esornlunmsuiiudsivandanilng
audulvannasszwing R #u L w30 induction load Gwirlvinszuanumdsuseiu fafy var
fiwulussuuidu L forsanlasnmsaiatou ormsuaslssnusmefld var ves L unurtady
vidlszuunmaiiadsenoumdsliing msluihdadonifuaduseneumadiniiy
Aldlniunelng Ailedausznaufdsinig Tnafuduiunsd var ves Livindy

Fafumsuiulpaiusznauindcinh Tneviluudraunsavinlalaonisld
C vuniulvanvidoundssne figuit 2,16 iieli Var wea L ¥indrsifu var 1es C udavilving
wos VA anasangUidield Var1os C = Q.= Qi- Q; 1ievnansfiu. VAR vea L () vinlvlvar
lussuuanaaniie @, Was VA 99355 UUIvanaIIn Sy ey S wWunalwnszuaanadain
I} WiRoLu I,

I
SRAs
e b |k
VN s = o
) g Load
\
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S =W,
5, =W,
},l-g Qc’QI_QI
A4

AJ 1 o 1 s 9 @
3U# 2.16 msren1sUTulsImRIUsEnaumaIlni
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unin 3
ANsRNLUULAZNISUSENAUEASIS

3.1 nsuvasszuulni 1 aluiduaennnesuuuny (a. 8) uazunu (D.Q) [2]
Tuszuulwih 1 idaeefidyaaegifivad 1 wnu Sadnludesaddynin

ganilu 2 unudaiiyumamaniueg 90 asenlaglddygnduniniu Ineiidya aiiduney

Judyaauuunu auasé’cymﬂmﬁtﬁauLﬂa%d’}uﬁfymmuuuﬂu B ﬁmam‘lugﬂﬁ 31

V(t) » Va (t)

SN N\ i VB (t)

degree

U 3.1 msuvawiny 1 tiglusan (a. f)

nsulasaislnmeiuuiny (a, #) Waguuimi d,q) finrufiyegiu 50 Hz

lnggmnnaed NTehalaEUs UMY e o o Aomanuindnyagulumiog rad/s 11
anninWouannsnsidadiieglugUanmsiumsndlassaunsi (3.1)

d cosl@t) | sin(eat) a
15 52l ; (3.1)
9 —sin(@t) ‘costart) ) \ B
nsudanu (d,g) nduliiBuaennmestosuunu(a; 8) lensgausiie
¢ Feannsatandlujuiamindasanunsf (3.2)

(24 cos{@t) —sin(@t) d
p “snten T costan) q (3.2)
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o = 4 d ' -
3.2 WUUIIaIRMnfaRsTaInRuLRT RS nluNaausansa [2,3,4]

-l
-_

lin lcon

Bl

L 4

A

Vdc

S C

v JH} .

JUH 3.2 WAIMARIEUDIAR LIRS RES

e |

-—

Veon Vs l

3.2.1 AUNMINNALAAIENS
9INNATAAVDINUIRID TN IIMANN TSR Veon Tldlunsaauaundseing

IGBT #9il

My R, +L$+Vm (3.3)
dt

Auel  AVEV, Vo uniiadluainagi (3.3)

di :

L—=Av-R 3.4
m (3.4)

naumsii (3.9) wadludauny (a, ) ladsil

e g (3.5)
dt
di, |

L—==Av,-Ri, (3.6)

dt
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wasdoyeyins AV nuny (e, B)wegluunu (d,q) szl

AV, = Av, cos(@t)+ Av, sin (ot) (3.7)
AV, = =Av, sin (ot )+ Av, cos (ot ) (3.8)

wUasnseua 1, Tegluunu (d,q) ladedl

i, =1, cos(mt)+i;sin(at) (3.9)
i,, =i, sin(@t) +i,cos(ot) (3.10)

a g o 2 ¥ J
WIDYNUSYIENNTST (3.9) uag (3:10) Waue1 L aaunase sxlagsl

. . d' )

%siz_ma sin(an)+Lf:-1'“—cos((at)+Lmi cos(@t)+ L—(;—t’isin((ot) (3.11)
di_ di di

—'CE‘="'LL‘)1 cos(at) - L—d—sm(a)t) Lai sm(a)t)+L—d-£—cos((0t) (3.12)

Vaun1s#(3.11) way (3.12) unuasluaminasi (3.7) way (3.8) wld

AV, = L%cos(mt) +Ri,, cos(at) + L—:ftﬁsm (at)+Riy, sin(ot) (3.13)

Av, :—Ldlw

di
sin{ot) = Ri_ sin(ot)+ L dtﬂ cos(@t)+ R, cos(wt) (3.1a)
Jnguaunsil (3.13) tag (3.19) axlddail

dls

Av, = LEi-cll’;t—“cos(cot)-i- dﬂsm(art)+R1 (3.15)

q

i di
Av, = - det sm(a)t)+LTcos(aJt)+Risq (3.16)



Waunisi (3.15) uae (3.16) unuasdluaunisi (3.11) uag (3.12) aglasad

di : ]
d—f["zLansq+Avd —Ri,,
di : .
L— =—Loi, +Av, —Ri
dt S q sq

Wy AV, = Vg -Vogng Uas AV = Voom Voo Tiaunasyl (3:47) wax (3.18) vsla

o\

cond d t

SR A4 La)isiq + Ve

STy
VAL R B e

ig v dt
WV, =V, cos(at) wld V,, =V, sin(ot) uwanluwnu (d,q) avld

Vsd :Vm L5y \/5 0

o\

wnuaunas (3.21) adluaunisd (3.19) uas (3.20) agld

AR T E“‘—-— Ly + Lo, +V,
i~ :
Vase=~L o 7N Lai 4

&

idslwii (P, ) MAntuiasesudawiufiegluuny (d,q) #s

P = \[sdisd
con = "
nazua I, 1., Vi wildan
[ = Boon _ 1uVa
= Vdc 2Vdc
I, =L =1
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(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)
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1
vdc = E I Icapdt (3.27)

wasaunisan waumsi (3.22), (3.23), (3.25), (3.26) way (3.27)

ond =~y (Ls +R)+@Li, +V, (3.28)
\/couq = _isq (LS = » R) = wLisd (3.29)
I St 1-s.c:i\/sd = isdvm

con zvdc 2\{dc (330)

L=t — 1% (3.31)
1

V:ic T -ST:‘ Icap (3.32)

Waun 59 (3.28) i1 (3:32) MaiNuuuiaemiatinaansvasnauneimeseylafegui 3.3

Visd fcon =¥ jean 1 Ve
2Vdc p Cs

1
Ls+R

-

P ° a s ¢ ¢
Eﬂ“ 3.3 LWUUIFDINNAUAFAENTTDIAULIDIRDT
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3.3 M3ANUUUAIAIUAN

I

|

I Vsd
| ¢ .

B 5 lsd | Vsd

Controller 2NVdc

Vder = P icap

% Controller

Isg*=0

Cantroller
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NNUD 3.4 asildindusiudausenine Vo, waz Vo Jeililiananse

cong
MRS UGled 118aszIeninigde . oliy, way oL dlulussuuidiedida
wseiudonsa Wevinlinsmunuussiunddvadululseddastlaensevan V., uas
Vig AR INNSENE 2 dou e i, arliilinasioussiulnnss Seeaunulidugud uas iy

Ci

Faiinasan1saiuisanuiness IuihnsaiuausssimuaLLUURte
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3.4 UABNlABLLNSUNISMNIUYBINDULIDS NS

x [ e | $1,52,53,54
23,54 +— SPWM
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: - ey 1
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¥ I | 53 —_JK ‘ S4 t = zm';‘g Phase
- h i crossi :
! N Wi i Vea | shift90
thi fsa* Vg e Veond
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* Controller . Controller ap ap
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Y

PI
Controller

- a ¢ § i fo
UM 3.5 viianlnosunsuniniuiuysireuliesneiidensensa

nsANALIENIIMUANARL A A destussuuTagluunumuoand
Balasifa . KuiuidessihmmunsilVidausiasiodduiliuaiinuuesdyf stationary
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3.4.1 MsnaninouIRsinesidouransadmiuuvassnelnnse

mng‘d'ﬁ“ 3.6 \uszuulaesuveanisidousoninve wnddolrnselagldaeunedines
fifinnsmauquasitusuunnaes ddudiuvenansnouneimesesldnisaauaudin
Lilnsmoulnsaed Taslunissrassnmsiaueesssuuamualdlusunsy MATLAB/Simulink
Lﬁaﬁﬂmmiﬁmu‘umiwuu,aﬁms'lzﬁwamiﬁwaaa'iw'uLﬁﬂﬁizuuamwsaﬁuwﬁmuéswu
nslvAle

Utility
Grid

converter

J 1 1 L3 § d -
3U0 3.6 aashelvpssiunsuesinesivonnonia

3.4.2 MyAnssinansagsszuuRsunineSifiausaniafiinsrauauLuUINNGS

pisdraasmelusunsureuRumasidutunounishassiildoentuul ety
dunuulumnugniesaylinaluluaumauiinasaunfgiitor rouiilvadwnasesnuuuiite
annavasa e eiazgURmalalae Ry quinusientild donldlusunsy MATLAB/Simulink
Tunsdraes 9N 3.7 Uay 3.8 AruanensTaspIRaelusunsa MATLAB/SImulink (iefnw
ASINUYessTUUABLNDne flenatun 15T 1 e 220 Taad Anud 50 Hz Tneildn
Wit Rs = 001 Q, Ls= 12.mH , Vdc = 200 V a1udieingda 5 kHz delunisnaaouse
nagaululnuasanszuarectifying) wasluluun inverting
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Voltage Control @aiminfilunismunuusstuiiagalinad
Current control Yanthiiraununsruauasaoune fne indalnsadradoyauaiuny
Tiiudas e dayey o PWM

Zero Crossing vimihfinsindusufiusssuniaiiedsdelsifuudennisuuasuny
Alpha/Beta to DQ viwihiluasunuddsegiuiiduwnunyusoauiddasta
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SPwWM siwhiiunumuieadiddasiaduunuindey

o
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Id_ref

Discrete
PI Controller1

Vdc_sensor

= 3
3UN-3.9 wuudiassuden Voltage Control
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Iq ref
o o
JUM 3.10 wuudaesviion Current Control
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piz cos
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‘gﬂﬁ 3.15 Fyoadlulwiin rectifying useduddio (50¥/div) waznseuadtin@u (1v/div)
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3.5 M3BRNUUUNAsEIRg IMuanouLIadnefuiaa
lududandnfednuurlniaisssuumuauuarinsidwesnouneinedifouds
n3nlasyannaesiildainiuuvsyneusinisesasadunssuauazuseiy 2993AIUANNANT
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3.5.2 N159ANUUVNTTTULNA
wesuinaiimihinuaunsdaiavedledti Tasdoulmidssnnuvdsag i
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FUN 3.26 99995 TUINAVOAATDIRULYY

3.5.4 aniuusealnpse
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3.5.5 aRueIUn
Tlumsidesesinnsdeurensunadmasuiiavadussuulni  Feeldluns
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s

U 3.30 YAR T2 UERE N TERATOUATDIRULUY

3.6.2 2933A5IVTUUST U

3.6.2.1 299305993 UL SO ULWINSEUaN TS

Nesillumsnseduessiunisianswantasmumnivesldlofueedmy
uontam (Isolation Amplifiers) kad 150124 LﬁaﬁﬁmiLwﬂn‘md'swsﬁwa"aﬁ'mwsmmm a1
11Jaﬂmsnﬁ%mﬁwﬂmmﬁgumL'é'hq'le%'umaﬁm%’uu.'aﬂ‘[mmlﬁl,mwxﬁmmwmﬁuwmqqqmaala%
veredmiunenlanfiannsoiulfiaeiisngsaaiiu 10 had dsusdaldnisanseiuusiulag
Tgnusuyundudrnuimeansaiu (Voltage Divider) wiolfsefuusswuiiommnsanudiazan
ﬁwmiﬂ'%’uLtiaﬁuﬁmmzauLLamzﬁf‘a’jLuaﬂﬂiamﬁaﬂmﬁ’mmﬁuLﬁmLf’hL%’ﬂ@ﬂﬂﬂiﬂau‘[mal,aa%
saly

Adj. gain
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| 2 A ~ To Microcontroller
gt ot s - >
1SO 124 Zener
& : 3 i D!Ode -_-L--

JUM 3.31 299305299UUsWLNTZUAR S
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3.6.2.2 29939929k seau WA nssuaad Y
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" . To Microcontroller
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JUN 3.34 yaasae udygnansiuinadvrennie iyl

3.7 iAruAudygIufdnea

eaimahmasiulalaseeulnsaiaesuavdiannsafinduavanudoimsldnunisdn
audigalunissunananisadamans dwadnisimutlilaseeulnsatas isenind
muAndynInidaea (Disital Signal Controtler :DSC ) tioidurasiamuAldyy mATIneads
A IVRINIIIN N NAGAA AR T war HaA Ty MSiTNuLLUAIUsSTIaNad A TN
(Digital Signal Controller :DSC) swﬁaﬁﬂqﬁ%’uiugaﬁmv‘lﬂéﬂ*ﬁ”mulﬁaa’masmn o7
muaNdyyafinealdluanidodentd €2000 ﬂqtﬁumxgaluiﬁmauimama% 32 9m 9
Texas Instruments Inc. énﬁm DSP:, Microcontroller zLas"La%’vhqq Tt Texas Instruments 161
vundenszpaasiniumeniseetliulasaeulnsaias futt Real time control’ 41 C2000 s
gndalvilu Digital Signal Controller (DSC) waniifumsenaduillaily C20004%u C5000 u3e
C6000 szgninliogluass Qe Disital Sighat Processor (05O Miiuldaurseulanadyyn
adnealudnlng iy Uszananaifle wasiireuiomes (ud

AuauURnulngsI1Yee C2000 W3 TMS320F28335

® High-Performance Static CMOS Technology

Up to 150 MHz (6.67-ns Cycle Time)
1.9-V/1.8-V Core, 3.3-V I/O Design

® High-Performance 32-Bit CPU (TMS320C28x)
Single-Precision Floating-Point Unit (FPU)
16 x 16 and 32 x 32 MAC Operations

16 x 16 Dual MAC
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Fast Interrupt Response and Processing

Code-Efficient (in ¢/C++ and Assembly)

® Six-Channel DMA Controller (for ADC, McBSP, ePWM, XINTF, and SARAM)
® 16-Bit or 32-Bit External Interface (XINTF)

Over 2M x 16 Address Reach
® On-Chip Memory

256K x 16 Flash, 34K x16 SARAM

1K x 16 OTP ROM

® Boot ROM (8K x 16)
With Software Boot Modes (via SCI, SPI, CAN, [2C, McBSP, XINTF, and Parallel 1/0)

Standard Math Tables

®  GPIO63 Pins

® Peripheral Interrupt Expansion (PIE) Block That Supports All-58 Peripheral
Interrupts

® [Enhanced Control Peripherals
Up to 18 PWM Outputs
Up to 6 HRPWM Qutputs With 150 ps MEP Resolution
Up to 6 Event Capture Inputs
Up to 2 Quadrature Encoder Interfaces
Up to 8 32-Bit-Timers (6. for eCAPs and 2 for eQEPs)
Up to 9 16-Bit Timers (6 for ePWMs and 3 XINTCTRs)

® Three 32-Bit CPU Timers

® Serial Port Peripherals
Up to 2 CAN Modules
Up to 3 SCI (UART) Modules
Up to 2 McBSP Medules (Configurable as SPI)

One SPI Module
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One Inter-Integrated-Circuit (12C) Bus

® 12-Bit ADC, 16 Channels
80-ns Conversion Rate
2 x 8 Channel Input Multiplexer
Two Sample-and-Hold
Single/Simultaneous Conversions
Internal or External Reference

3.7.1 ganwasdmsunuuilulasreulngiaad C2000
mawaszuuliirsreulnsarasdodltiendaiifuaseonund uazdmiunisnaaest
srnurtihwenwililunsivsunsusaialanaslululilasaeulysieo suarTusinsunoxlnass
Faillusunsy 2¢ Ao
1. Code Composer Studio 41¢CSa8) Fuduranuwasiusunsy wavhorimaoinund
2. MATLAB/Simulink iWhulUsinsunaulmaeivaoniaazunsy

&}' Code Composer™ Studio v4

3 -
S A e p
Fr % = & Tem -
5 **; - - .’-.‘:--J L& " i .&?“.

* II XAS
INSTRUMENTS

R2014ex

R2014a (2 1.0.59%
£ 70t {wantt

Fabrus v 182044
Licermgibgnler. 2

JUM 3.36 TUsuns3 MATLAB/Simulink
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e
=3 Corverter T
J
[t — S S0 1 s AAA
| s it Pdc
| ssvumalidh, |
I - o
| (Grid) : - T € :E
Lo __ﬂﬁ AL ! Varia Variac
1l -0 YT E i W Yoo Y\ 1 T
| WIATININEPAA UL : : KETIWIANTIE | | WeTinusiuliea 'm q
I o 11 "
| (Zero crossing circuit) : : (Current sensor) | | {(Voltage sensor) : |
S 2 B . e RS e BEEEEEE R N S 1
L = £ rret -2 1
fiiSne Wove t lerid t Vdc I ghw _ |
f r | WYMSULEIRS |
= 4 LD SN 1 ! | I
I I | | (Converter} |
g "SI o, h, SR 4 . B o o e i s e iilenligeis |
1
S
=" 4 =
|
4 . "V aIa: P & <
i i hilmspoulysmasd | | FLYUIRY !
| [ > ! <
| | (Microcontroller). | j-{Dnive circuit)
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4.1 HANITNAADY
4.1.1 NMINNARINITABUIID T OLABNSA
4.1.1.1 2995Aauaswafinaululnunvasnasiseenssua

nMmaaesilifumsvadeunsinnurenesreunedneddeudett
n3amsluidivinendulmevensesideensvua Tagldinsmeaounsinussivusadulnasa
Aseiuane lagldlvaavasn sy 4 uaz. 6 viaoe- wazldivasdiduniuliuald e
naaeuiidslisedureiusruusmennsofnwseduisdtlinssliesdils it

nswAnUefidudatfiaieuTIngaensend (%THDY) LarUssavEn mYani9snauesnas

P Converter

= % tF L =

-0

5

bC

Variac

o - ' o o =
UM 4.2 maveasnasrsuneimefidoudonsafivirnululninrenesGenseua

- - - a
AN5199 4.1 HaNIIAE I lUIMNATIRSE LIS LUaN LS I Vac = 50V, Vdgref =100V

U
yaenin Is(rms) | THDI Ps PF. D.P.F Vde Pdc | Efficiency
(Viaon) (A) (%) (W) V) (W) (%)
2 0.44 15.6 19 0.96 0.98 Q3.7 18.4 96.84
4 0.85 9.4 42 0.97 0.99 98.8 40.7 96.90
6 1.12 6.8 86 0.99 0.99 100.4 63.5 73.83
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STOP 5.000ms Wk - - AR £ B8 S4onv
-
&
B
EREEET -
MIREE 2oy

| o - '3
"i,ﬂ‘ﬂ 4.3 E‘ULL‘UUfYI‘Sﬂ’](ﬂ‘iiLLUUQUIWﬁTS

5.000ms N ot

TN A A F 8- 224nV

Urms=" 226U Freq=50,0Hz

Uruns=-496nY
CH L=* lasgy SRR | .06y

JUN 4.4 pdunsiunasnsvaadiodelvaavanal 2 viaen i Vdcref = 100V

HARMONHICS
156 %°
044>
84 wr

HOLD <Z

al
%
50
3

L]

1 5 9 13172125293337414549

JUT 4.5 Andeditudiauiiniionsnuensyua(e THDY) veslvanvaonal 2 viaon

i Vdc ref = 100V
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Urms=_2235\ Fre4=50.6Hz Vrimg=-92 1m)

CHi= 12y [EREE 1 .50U

] - @ A -t
JUM 4.6 PauLssiuLaenseuadiodelanviaoali 4 waen 9 Vde ref = 100V

U

|
i

HARMOHNICS

an I
1 5 9 1317212529 3337414549

4.7 AUBSIBUAANMURAMNENTILTDINTZUE (%THDI) veslvasrassl 4 wase

"71; Vdc,ref = 100V
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Urms= 2250 Frea=50 .0Hz Urms= 1.40U

CHi= {96y zpE=. 200U

< - Y = ] =
E‘UW 4.8 AFULIWULAEATEUAL R U anvaea N 6 iaea 7 Vdc,ref= 100V

HARMONICS

0" f: 9 1317 2125293337 4145 49

JUN 4.9 Andedidudmnuilaiieusinvenssua (%THDI) vedlvannasnln 6 naon

il Vdc ref = 100V
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A15199 4.2 nan 15vaae UL E BINTEUATILT IR Vac = 50V, Vdc,ref = 150V

47

91U Efficiency
naoal Is(rms) | THDi Ps P.F. D.P.F Vdc Pdc (%)
(viaan) (A) (%) (W) (V) (W)
2 0.81 9.8 41 0.96 0.96 149.1 30T 91.95
q 1.72 5.9 81 0.99 0.96 148.2 15 92.59
6 235 5 125 0.98 1 150 114.1 91.28

Yrms= 225U
CHI1= 1880

Ve’

Fres=58,0Hz
Mg 2 pay

- - w A =
JUT 4.10 AduLsYiukaznTzuallonaivanvaoal 2 viaan i Vdc ref = 150V

HARMOHICS

THD

B, e
g81s™

HOLD <
14

50.03“2
080a
995 %

Oe

lasy
15 8 13172125293337414549

3UM 4.11 AwesitudanuRaiisusiuveinssua (%THDI) voslvasvanin 2 vaen

17|" Vdc,ref = 150V
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k \ [ f
el \._/I L%,
Urms=_22%U Frea=50 .BHz Mrms=ul, T

CHI= 188U [MgE@m 7.@oU

- o o al v - 1
3UN 4.12 Aduusmulasnszuadiesielvaanasaln 4 vasn 7 Vderef = 150V

HARMONICS HOLD <

15 9131721252933374145 49

JUM 4.13 AweiidudamnufimiousIiuaInsyua (% THD) vaslnanvaonlv 4 vaen

#i Vdc ref = 150V
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Urms= 225U Fres=50.8Hz BeU
CHi= 198U, “WaEs 5. 66l
]
UN
v

4.14 AAuuswuarnszuadiodlvannasaln 6 viaon 7 Vde,ref = 150V

HARMOHICS

HOLD ~CF

14>
5[100 Hz
232a
93.9 %r
Oe

JUN 4.15 AdesifuinnuRaNguTINVRINTEUA(% THDI) vasluannasaln 6 wasn

ﬁVdc,ref = 150V
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A19199 4.3 wan1IeaedlulnunwISoansELatiusaiu Vac = 50V, Vdc ref = 200V

50

U
vaoalW | Istms) | THDI Ps P.F. DPF Vdc Pdc | Efficiency
(vaon) (A) (%) (W) (V) (W) (%)

2 1.29 6.9 60 0.95 0.98 102.5 56.8 94.66

4 25 5.1 130 0.99 0.99 1975 | 115.2 89.39

6 3.67 4.5 215 0.99 1 201.1 | 1782 82.89

IF 5.000ms (e . ,_', £ D zo.ep
v
L /' A

7,11\ P~

{ | \ \
i / { }
N\ Bros o,
I | i \ ]
4 f \ Jr' ! f
\ j '.‘ ‘.
. .../‘J ‘ ‘\../ A -u;(

Urms=, 226U Frea=5a.0Hz Urng= 1230

MEE 180U | CHzo 5,000

=] -l as T of
JUN 4.16 AuLIULAYNSELaliaalvanasal 2 waen 7 Vdc, ref = 200V

HARMONICS

=i ' ¢ « - ad
UM 4.17 Fwdedidudruiiaiieusiuvesnszua (%THD) veslwasvaenlvl 2 viaen

i Vdc,ref = 200V
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5.000ms (- ) F B 224mU
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{ ' r by
\ | \ f Ir
‘—.,"‘ y__,". Y .._//
Urms=

Urms=.2250 Frea=42 .2Hz

ICH 1 gaete1=] CHZ=- S, B8l
4.18 AAunsIRUMAEASELAdlod 18 Vanvaaaln -4 was 7 Vdc ref = 200V

5Uil
v

HABMOHICS

U 4.19 Anvasidudnnuiaieousiuvanssua (%THDI) vedlvanvasal 4 viaon

2
#i Vdc,ref = 200V
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.80

<4 - o O o
JUM 4.20 Adusunarnszuaiiedsluannasaln 6 vidoa i Vdc,ref = 200V

HARMONICS

HOLD

]

UM

4.21 Aesidudanuiaiisusiuvoinseua (%THD) veslvanvasslv 6 vaan

i Vdc ref = 200V
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M15299 4.4 wan1svaaodlulruma9siduanssualnanAuEIuNIL Vac = 50V, Vdc,ref = 100V

Ps Is,rms Vdc Pdc THDi Efficiency
(W) (A) (V) (w) P.F. D.P.F (%) (%)
101 217 99 98.4 0.99 1 94 97.42
215 4.42 89 190.8 0.99 1 5.6 88.74
315 6.31 96.9 298.8 0.99 1 39 94.85
S .000ms -k Fa d
v

i b
4N & \] N Y

58y B

Urms= 2281 Frea=42,84z Urmg=

CH1= 188U g S .agu

Jr ‘} ’ | |
TN 78 PN
B““‘k/f/ )l‘\- _A_//f’ q'A J ]
y / ". /
\ ] |

UM 4.22 Aduussusagnstuaiiodreinana iR Vac = 50V, Vdcref = 100V, 100W

HARMDHICS
THD 14
E ?’? E.::s SQDU Hz

217a

20 kr 998 %r
0o

S s B72IswBIAI BN

gﬂﬁ 4.23 AnUasifumuiaiousIureInTERa(% THON) Y0IMARAMUFIUNIUT Vac=50V,
Vdc,ref=100V, 100W
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Urms=" 225U Fres=50 ,0Hz
CH1= 188U LH .

3. BaU

g\h‘ﬂ‘ 4.24 pRuusuLanseuadleseiviane uF UMY Vac = 50V , Vdc,ref.='100V , 200W

HARMONICS

Jun

4.25 ANUBIBUAAMURANEUTINYDINTZLE (9% THDI) vaslvanaIud Uy

Vac = 50V , Vdc,ref = 100V , 200W
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B.‘ J‘H { Ill ":, HJ / '.II'n
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5 '] 1 1
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| /)
/ \ / f
, f
Noed b= s -
Urms=_224V Frea=58.8Hz rms= Gug2U
CHi= 188U L H. S oL

UM

4.26 AfuuswunaznIsuadion slnanaudumL Vac = 50V Vdc,ref =100V, 300W

HARMONICS

1.5 9 1317212529 3337 41 45 49

= | cad o Pt § ’ v
gﬂw 4.27 AU HUARIINARIEUSINTBINTELA (%THDI) TalManAINLA LN

Vac = 50V, Vdc,ref = 100V, 300W
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!

"\
Urms= 224U

,‘/ \ A a\
\{,f \/ \/

A19199 4.5 NaN15RaIlulnuA99TITBINTELATMEAAIUATUNIY Vac =100V, Vdc ref = 200V
Ps Is,rms Vdc Pdc THDi Efficiency

(W) (A) v) (W) P.F. DP.F (%) (%)

365 3.77 170 324.6 0.99 1 4.5 88.93
449 453 1927 412.6 0.99 1 q 91.89

5.000ms (== S
v
~ =

Frea=58.8Hz Urmnss
CH1=" 189U MREE S .60U

UM 4.28 paulsafuLanssuadodns mananun uvnIuy Vac = 100V, Vde ref = 200V, 450W
HARMONICS

1 5 9 1317212529 3337414549

UM 4.29 anvaitdunmNRaNE LS INYINTELE (%THDI) v@lvanAuA1UNIY

1 Vac = 100V, Vdc,ref = 200V, 450W
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vnguransmeaessmitulihsruamsinwussiulasdlireld  Taugueduves
usshumarnszuasiiyuaiodiy  wandliiuinessrauneiwesiimsdaidalvivhainnialy
dalnaaliesnmaiinlulmunvenesiieanseua

4.1.1.2 2935aauadwasimaululvusvesdunasinad

msmegasiifiunismaasunisimuge nseounefineddousoniai
nlulnunvesduiiesines waraanmsvageululuunrensSeanssuaudmuinseuy
aunsndnwussiuliaselinedlld - Sahasssedddlwihndudugnia ssuliihnszuaadu)
dlarfiuusedulbinnszuansiligmiussiulninsvusnsefidnds  asildsasrounedines
waduindsliihanmeinseuansinduiugnia - sindurinmswdudosiuanuindion
TIWVDINTEUA (%THDI) WAzl sEANSAWIRINeIABUNIESADS

Pdc
————
Converter Ps
R 35 B
e Y Y ey
L
Variac ¥ Variac

CII L8 £ J ' - J 3 ] =3 & I3
3U% 4.30 Mivmgenwpsuneimesideudeniainnululmeteduneiines

o o ¢ - ¢ ¢ e
A9190 4.6 Naﬂ"ﬁ‘ﬂﬂﬁE]Uﬂ']i'ﬂ"l\‘l']ﬂ'ﬂ@%ﬂauna3lﬂaﬂu1ﬂuﬂaut’3@5tﬁaiﬂ Vac=50V,Vdc=100V

Pdc(input) | lac,rms Vdc Pac(output) THDi | Efficiency
(W) (A) (V) (W) P D.P.F (%) (%)
94.5 1.647 97.2 78 0.99 1 6.2 82.54

203.9 3.412 98.2 170 1 1 4.4 83.37
308.5 517 103.9 275 1 1 3.2 §9.14
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5.000ms =y |

¥ 224my

Urms= 228U FreasSa.8Hz Urms= 1,42y
WEFEE 168U - CHZe S5, 08U

UM 4.31 AduuseRuLasnseualulmInDuB MO 50 Vac, Vdcref-= 100V, 100W

HARMONICS HOLD <F

nl 5 9 13172125293337414549

31117'1' 4.32 AndosudanuiaieusIuvenseua (%THDI) 7 50 Vac, Vdc,ref = 100V, 100W
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Urns= 2291 Fres=49.8Hz
JCH 1S lalsls] CH2 L

gﬂﬁ 4.33 pauusitusaznszualulnundunofnesii so Vac, Vdc,ref =100V, 200W

HARMOHICS

HOLD

~<F

JUn

4.34 Anveiifudanuliaiiiousanveenssua (%THDI) 7 50 Vac, vdc,ref = 100V, 200W
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S.000ms (-— P £F B 224nV
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U7 4.35 Ahuussiuaynsualulyindunadwadil 50 Vac, Vdcref.= 100V, 300w

HARMOHICS HOLD <F

s 159 13 17 21 25 29 33 37 41 45 49

—h

Ui 4.36 FesidudnnuRnifiousiumesnseua (%THDI) 7 50 Vac, Vdc ref = 100V, 300W
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-l ° s a ¢ ¢
A919N 4.7 HaNITVAFUNITN UV INITADULIDSLA aﬂuiﬁuﬂau LIRnRg

#i Vac = 100V, Vdc = 200V

Pdc(input) | lac,rms Vdc Pac(output) THDi | Efficiency
(W) (A) (V) (W) PF. D.P.F (%) (%)
155.1 1366 | 196.1 129 0.97 1 73 83.17
206.5 172 | 1940 186 098 | 099 6.7 90.07
311.9 3002 | 1935 275 098] 0.99 5.5 88.17
445 5 3945 | 1929 415 1 1 5.1 93.15
511.5 4.79 197.4 495 | 1 43 96.77

+ @ 224mU

Mrms= 226l Frea=58 ,0Hz ’
CH1=  1aBu [ H e

3V 4,37 piuissiuuaynssiglulvmduiofinesil 100 Vac, Vdc ref = 200V, 100W

HARMOHNICS

UOLTS

3Ui 4.38 AwedidudmuRnifeusanuesnszaa (%THDI) 7 100 Vac , Ve ref = 200V, 100W
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F B 224mv

2EM Fraas90.0Hz

Urms= 22
LH - S

lgsy

Lgel

guﬁ 4.39 pduussiusaznssialulniedunofaesit 100 Vac, Vdc,ref = 200V, 200W

HOLD <

HARMONICS

”h--
1 5 9 1317212529 33 37 41 45 49

- ' A Pty 3 3 e
gﬂw 4.40 ALUBIYIUAAUEANEUIINYDINTEUE (% THDI) A 100 Vac, Vdc ref = 200V, 200W
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trn

F@a 22

Freas50 .8Hz

Jrms=
186t [LH. S

CH 1=
41 aduuswuvaznszualulnueduesined 100 Vac , Vdc,ref = 200V , 300W

Uil 4

L

HARMONICS HOLD <r
5 14
3 50.03 Hz

29944
999 %
Do

JUM 4.42 Adasiduimuiiniiisusinvenseua (%THDI) 9 100 Vac,

Vdc,ref = 200V, 300W
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Fi
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I|
4

|
B\
N/
Fres=5d .0Hz Urms=

2TV
227
5 .20

LH

Urms=

CH1x= 188V

U7 4.43 Aduussiusasnszualulmnduneinesan 100 Vac, Vderef = 200V, 400W

HOLD <

HARMOHNICS

A —.
1 5 9 1317212529 3337414549

4.44 AnosidusiauRNEUTINTBINTEIE (9 THDI) 71 100 Vac, Vdc,ref = 200V, 400W
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Urme= 2281} Frea=56 .0Hz
CH1=' 168l LH2 =]

¥/
riEs. 4 .9
5.60Y

31]17:" 4.45 paunsanulaznszealuivuedunem s 100 Vac, Vdc,ref =200V, 500W

HARMONICS

HOLD <E

15 9 13172125293337 414549

WATTS

E'Uﬁ 4.46 AUTLTUAAIURMREUTINTBINTEUE (%THDI) i 100Vac, Vdc.ref = 200V. 500W
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Vac = 50V, Vdc,ref = 100V
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3U 4.48 UszdvEnmuesagunefineslulminBuiiosines Vac = 100V, Vdc = 200v
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GRID CONNECTED CONVERTER USING VECTOR CONTROL TECHNIQUE

FOR A DC SOURCE
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Abstract

This preject proposes the formation and operating structure of
single phase grid connected using vector conltrol technique for a de
source. The research of single phase converter control system that is able
to transfer power (o grid. The control of the power flow has been used by
vector uses a Controllers  (DSCs)

Digital.  Signal

TMS320F28335. The experiment showed that the operation of the

technique

system able (o control a single phase converter to be guidance Lo develop

control system for real using and highest efficiency.
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A : Digital Oscilloscope
e :RIGOL
3 : DS12048
FwasLdun : 200 MHz Bandwidth
8 bits Vertical Resolution

4 channels + external trigger

nanAY : Differential Probe

fe 1 YOKOGAWA

u : 700925

T18audYa : Bandwidth - OC to 15MHz(-3dB)
Switch between 1/10,1/100
+,- 500V(DC+AC Peak)
Or 350 Virms(1/10,1/100)

NARALY . Power Quality Analyzer

80 : FLUKE

U 1 438

3188889, TRUE RMS
1250V (DC+AC Max.)
1250 kA (DC+AC Max.)
Power : W, VA, VAR, PF, DPF
Harmonics : Volts, Amps, Watt
Fundamental to 51" Harmonic
Phase, THD
Scope : Dual Channel
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Nansue : Multimeter

%o - FLUKE

U L 730

50aziden : TRUE RMS
600 V (DC + AC Max.)
10 A (DC + AC Max.)

o

NAR UM Power Meter

?jﬁa : Metrix

U +PX110

318820880 < 1kHz Bandwidth
TRUE RMS

500mV.~ 600 V RMS
LOmA ~ 2A ,2A - 10A RMS

NARAUN: Microcontroller

@Fﬁa : Texas Instrurments

U : TMS320F28335

TWazien : High-Performance 32-Bit CPU
High-Performance Static
CMOS Technology
Six-Channel DMA Controller
On-Chip Memory
12-Bit ADC, 16 Channels
Low-Power Modes and
Power Savings
Boot ROM (8K x 16)
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Diode Bridge Rectifier

WA Current Sensor
wasdua - 1WA
55 A Max.
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13 TEXAS
INSTRUMENTS

TMS320F28335, TMS320F28334, TMS320F28332
TMS320F28235, TMS320F28234, TMS320F28232

SPRS439M - JUNE 2007 -REVISED AUGUST 2012 www ti.com

Digital Signal Controllers (DSCs)

Check for Samples: TMS320F28335, TMS320F 28334, TMS320F 28332, TMS320F 28235, TMS320F 28234, TMS320F 28232

TMS320F2833x, TMS320F2823x DSCs

Features

High-Performance Static CMOS Technology

- Up to 150 MHz (6.67-ns Cycle Time)

- 1.9-V/1.8-V Core, 3.3-V I/O Design

High-Performance 32-Bit CPU (TMS320C28x)

— |IEEE-754 Single-Precision Floating-Point
Unit (FPU) (F2833x only)

- 16 x 16 and 32 x 32 MAC Operations

— 16 x 16 Dual MAC

— Harvard Bus Architecture

— Fast Interrupt Response and Processing

— Unified Memory Programming Model
Code-Efficient (in C/C++ and Assembly)

Six-Channel DMA Controller (for ADC, McBSP,
ePWM, XINTF, and SARAM)

16-Bit or 32-Bit External Interface (XINTF)
— Over 2M x 16 Address Reach
On-Chip Memory

— F28335, F28235:
256K x 16 Flash, 34K x 16 SARAM

- F28334, F28234:
128K x 16 Flash, 34K x 16 SARAM

— F28332, F28232:
64K x 16 Flash, 26K x 16 SARAM

- 1K x 16 OTP ROM
Boot ROM (8K x 16)

— With Software Boot Modes (via SCI, SPI,
CAN, 12C, McBSP, XINTF, and Parallel 1/Q)

— Standard Math Tables

Clock and System Control

— Dynamic PLL Ratio Changes Supported
— On-Chip Oscillator

— Watchdog Timer Module

GPIOO0 to GPIOB63 Pins Can Be Connected to
One of the Eight External Core Interrupts

Peripheral Interrupt Expansion (PIE) Block That
Supports All 58 Peripheral Interrupts

128-Bit Security Key/Lock
— Protects Flash/OTP/RAM Blocks
— Prevents Firmware Reverse Engineering

A

Enhanced Control Peripherals
- Up to 18 PWM Outputs

- Up to 6 HRPWM Outputs With 150 ps MEP
Resolution

— Up to 6 Event Capture Inputs
~ Up to 2 Quadrature Encoder Interfaces
~ Up to 8 32-Bit Timers

(6 for eCAPs and 2 for eQEPs)
= Up to 9 16-Bit Timers

(6 for ePWMs and 3 XINTCTRs)
Three 32-Bit CPU Timers
Serial Port Peripherals
Up to 2 CAN Modules
Up to 3 SCI (UART) Modules
— Up to 2 McBSP Modules (Configurable as
SPI)
One SPI Module
— One Inter-Integrated-Circuit (12C) Bus
12-Bit ADC, 16 Channels
— 80-ns Conversion Rate
= 2 x 8 Channel Input Multiplexer
- Two Sample-and-Hold
Single/Simultaneous Conversions
Internal or External Reference

Up to 88 Individually Programmable,
Multiplexed GPIO Pins With Input Filtering

JTAG Boundary Scan Support ()
Advanced Emulation Features

— Analysis and Breakpoint Functions

— Real-Time Debug via Hardware
Development Support Includes

— ANSI C/C++ Compiler/Assembler/Linker
= Code Composer Studio™ IDE
DSP/BIOS™

— Digital Motor Control and Digital Power
Software Libraries

1

I

(1) |EEE Standard 1149.1-1990 Standard Test Access Port and

Boundary Scan Architecture

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

MicroStar BGA, Code Composer Studio, DSP/BIOS, TMS320C28x, Delfino, PowerPAD, TMS320C54x, TMS320C55x, C28x
are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Products conform to
specifications per the terms of the Texas Instruments standard warranty. Production
pr g does not ily include testing of all parameters.

Copyright © 2007-2012, Texas Instruments Incorporated




TOSHIBA

82

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

HIGH POWER SWITCHING APPLICATIONS

= Fourth generation IGBT

= FRD included between emitter and collector

* Enhancement mode type

e High speed IgBT :tf=0.25ps (TYP)
FRD trr=0.7ps (TYP)

« Low saturation voltage

Unit: mm

il

s

15
Fi |
20

* VCE (sa) = 2. 1VATYP)) vol8is
5454045 5454015
MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Collector-Emitter Voltage VcEs 200 v
i 1. GATE
Gate-Emitter Voltage VGES +25 Vv 2. COLLECTOR (HEAT SINK)
DC Ie 60 3. EMITTER
Collector Current A
ims Icp 120 JEDEC -
Emitter-Collector DC lECF 15 A JEITA —
Foward Current o B 120 TOSHIBA. 2-21F2C
Collector Power Dissipation B 170 W Y s o
(Tc = 25°C) g
Junction Temperature Tj 150 )
Storage Temperature Range Tstg ~55~150 . &
Screw Torque — 0.8 N-m
EQUIVALENT CIRCUIT MARKING

o Collector

Gate o—’K

O Emitter

D o O & CV Part No. (or abbreviation code)

TOSHIBA
D GT60M303
= Lot No.
JAPAN ™
O [ A line indicates

lead (Pb)-free package or
lead (Pb)-free finish



TOSHIBA

ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Gate Leakage Current Iges VGE = £25V, Vce=0 —_ —_ +500 nA
Collector Cut-off Current Ices Vce =900V, Vge =0 — — 1.0 mA
Gate—-Emitter Cut-off Voltage VGe (0FF) |lc = 80mA, Vcg = 5V 30 — 8.0 \%
Collector-Emitter Saturation Voltage VCE (sat) (1) |lc = 10A, Vg = 15V — 1.6 22
Collector-Emitter Saturation Voltage VCE (sat) (2) |lc = 60A, VGE = 15V — 21 27 v
Input Capacitance Cies Vce =10V, Vge = 0, f = 1MHz — 3800 — pF
Rise Time tr — 0.35 0.60
e Turn-On Time i 15V .510) , g — | 046 | o7s o
Fall Time ts 0 g — | 025 | 040
Turn-Off Time toff 600V — | 060 | 070
Emitter-Collector Forward Voltage VEGE lec = 15A, Vge=0 -_ 15 20 \'4
Reverse Recovery Time i 1; ;Jiﬂ:&ffp‘z - 0.7 25 s
Thermal Resistance Rin (j-¢) IGBT - - 074 |°C/W

Thermal Resistance Rih (j-¢) Diode — - 40 |°C/W
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter
Inverter For Air Conditionor

H Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive oo
Ei
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a L _‘i

integrated photodetector. -11-
This unit is 8-lead DIP package.
TLP250 is suitable for gate driving circuit of IGBT orpower MOS FET.

e Input threshold current: [F=5mA(max.)
e Supply current (Ic): 11mA(max.)

s Supply voltage (Voo): 10-35V

* Output current (I0): £1.5A (max.}

* Switching time (tpLH/tpH1): 1.5us(max.)

e Isolation voltage: 2500V yms(min.)
¢ UL recognized: UL1577, file No.E67349

1IeCa
¢ Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VpPK Weight: 0.54 g
Highest permissible over voltage: 4000VpK
(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
¢ Creepage distance: 6.:4mm(min.)
Clearance: 6. 4mm(min.)
Schmatic Pin Configuration (top view)
lcc
% ’ o Vee 1 [ s
8
EF (Tr 1)
i 2[] 17
2+ e =3 Vo =
VE } =5 4 3 [ 6
5 . g V)
b9 4 15
T (Tr2)
* e o
5 e 1:N.C.
A 0.1pF bypass capcitor must be 2 : Anode
connecied between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5: GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
Tr1 Tr2
Input On On Off
LED off off On

2004-06-25
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TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
D | Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 Vv
Junction temperature Tj 125 A
“H’peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopH -1.5
“L"peak output current (Pyy s 2.5ps,f < 15kHz) (Note 2) lopL +15
Output voltage Ak i Vo = \'
- (Ta=85°C) 24
8 (Tas 70°C) 35
= Supply voltage ‘. Vee V
(Ta =85°C) 24
Output voltage derating (Ta 2 70°C) AV ! ATa -0.73 VI°G
Supply voltage derating (Ta = 70°C) AVee/ ATa -0.73 gt
Junction temperature Tj 125 e
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tsig —=55~126 °C
Lead soldering femperature (10 s) (Note 4) Tsol 260 C
Isolation voltage (AC, 1 min., R.H.s 60%) (Note 5) BVs 2500 Vims

Exporenential wavefom, lopH < =1.0A( 5 2.5us), lopL < +1.0A( < 2.5ps)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

Note 1:  Pulse width Pyy < 1us, 300pps
Note 2:  Exporenential wavefom
Note 3:
Note 4:  Itis 2 mm or more from a lead root.
Note 5:

together.
Note 6:

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(oNy 7 8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 \'
Supply voltage Vece 15 _ 30 20 \
Peak output current lopH/lopL = — +0.5 A
Operating temperature Topr =20 25 70 85 i &

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25
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Vg L78xx, L78xxC
N4 L78xXAB, L78xxAC

Positive voltage regulator ICs

Datasheet — production data

Features

m Output currentupto 1.5 A

Output voltages of 5; 6; 8; 8.5; 9; 12; 15; 18;
24V

Thermal overload protection

Short circuit protection
Output transition SOA protection

TO-220FP

2 % output voltage tolerance (A version)

Guaranteed in extended temperature range
(A version)

Description

The L78xx series of three-terminal positive TO-3 DPAK D2PAK
regulators is available in TO-220, TO-220FP, TO-
3, D?PAK and DPAK packages and several fixed

output voltages, making it useful in a wide range
of applications.

These regulators can provide local on-card
regulation, eliminating the distribution problems
associated with single point regulation. Each type
employs internal current limiting, thermal shut-
down and safe area protection, making it
essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1 A output
current. Although designed primarily as fixed
voltage regulators, these devices can be used
with external components to obtain adjustable
voltage and currents.

Table 1. Device summary

Part numbers

L7805 L7806AC L7809AB L7815AB
L7805C L7808C L7809AC L7815AC
L7805AB L7808AB L7812C L7818C
L7805AC L7808AC L7812AB L7824C
L7806C L.7885C L7812AC L7824AB
L7806AB L7809C L7815C L7824AC

May 2012 Doc ID 2143 Rev 29
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sy L79xxC

~1s

Negative voltage regulators

Datasheet — production data

Features

Output currentup to 1.5 A
Output voltages of - 5; - 8; - 12; - 15 V
Thermal overload protection

Short circuit protection
Output transition SOA protection

TO-220FP

Description

The L79xxC series of three-terminal negative
regulators is available in TO-220, TO-220FP and
D?PAK packages and several fixed output
voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution D*PAK
problems associated with single point regulation;
furthermore, having the same voltage option as
the L78xx positive standard serigs, they are
particularly suited for split power supplies. If
adequate heat sinking is provided, they can
deliver over 1.5 A output current. Although
designed primarily as fixed voltage regulators,
these devices can be used with external
components to obtain adjustable voltages and
currents.

Table 1. Device summary

Order codes Output

TO-220 D?PAK TO-220FP voltages

Part numbers

L7905C L7905CV L7905CV-DG (1) L7905CD2T-TR L7905CP -5V
L7908C L7908CV L7908CV-DG (1) -8V
L7912C L7912CV L7912CV-DG (1) L7912CD2T-TR L7912CP -12V
L7915C L7915CV L7915CV-DG (V) L7915CD2T-TR L7915CP -15V

1. TO-220 Dual Gauge frame.

May 2012 Doc ID 2149 Rev 21 1/24
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Maximum ratings

2

Maximum ratings

Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
forVo=-5t0- 18V -35
V| DC input voltage 1
forVo=-20to-24V -40
lo Output current Internally limited
Pp Power dissipation Internally limited
Tsta Storage temperature range -65 to 150 °C
Top Operating junction temperature fange Oto 150 °C
Note: Absolute maximum ratings are those values beyond which damage to the device may occur.
Functional operation under these condition is not implied.
Table 3. Thermal data
Symbol Parame;er D?PAK TO-220 TO-220FP Unit
Rinoc | Thermal resistance junction-case al, ] 5 5 °C/W
Ringa | Thermal resistance junction-ambient 62.5 50 60 °C/w

3
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L79xxC Electrical characteristics
4 Electrical characteristics
Refer to the test circuits, T; = 0to 125 °C, V,=-10V, |5 = 500 mA, Ci=22uF Co=1pF
unless otherwise specified.
Table 4. Electrical characteristics of L7905C
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage T,=25°C -4.8 -5 -5.2 Vv
Io='5mAt0‘1 A,P0515W
Vo Output voltage V,=-810-20 V -4.75 5 -5.25 v
Vi=-71025V, T, = 25°C 100
MAVo!" | Line regulation mv
Vi=-8t0-12V, Ty =25°C 50
lo=5mAt015A, T;=25°C 100
aVp!" | Load regulation mV
lo=25010 750 mA, T, =25°C 50
lg Quiescent current T =§5°€ 3 mA
lo=5mAto1 A 05
Aly Quiescent current change mA
Vi=-8t0-25V 1.3
AV/AT | Output voltage drift lo =5 mA -0.4 mv/°C
eN Output noise voltage B = 10Hz to 100kHz, T, = 25°C 100 Hv
SVR | Supply voltage rejection AV =10V, f= 120Hz 54 60 dB
Vg Dropout voltage lo=1A,T;,=25°C, AVy = 100 mV 1.4
lsc Short circuit current 2

1. Load and line regulation are specified at constant

taken into account separately. Pulse testing with low duty cycle is used.

S
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L79xxC

Refer to the test circuits, T; = 0to 125 °C, V| = -23 V, Io = 500 mA, C, = 2.2 uF, Co=1yF
unless otherwise specified.

Table 5. Electrical characteristics of L7915C
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage T, =25°C -144 | -15 -15.6 Vv
lo=-5mAto-1A, Po<15W
Vo Output voltage V,=-18.510 -30 V 14.3 15 15.7 v
Vi=-17.5t0-30 V, T, = 25°C 300
aVp!" | Line regulation mv
Vi=-2010-26 V, T, = 25°C 150
I0=5mA10 1.5A, TJ=25°C 300
AV | Load regulation mv
lg = 250 to 750 mA, T, = 25°C 150
lg Quiescent current T, =25C 3 mA
lo=5mAto1A 0.5
Aly Quiescent current change mA
V,=+185t0-30V 1
AVo/AT | Output voltage drift lo =5mA 0.9 mV/°C
eN Qutput noise voltage B = 10Hz to 100kHz, T, = 25°C 250 Y
SVR | Supply voltage rejection AV =10V, f= 120Hz 54 60 dB
Vq Dropout voltage lo=1A, T ;=25°C, AVp = 100 mV 1.1
= Short circuit current 1.3

1. Load and line regulation are specified at constant junction tem

taken into account separately. Pulse testing with low duty cycle is used.

Doc ID 2149 Rev 21
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Current Transducer LA 25-NP I, = 5-6-8-12-25 At

For the electronic measurement of currents: DC, AC, pulsed...,
with galvanic isolation between the primary circuit and the secondary

C€ c M us

16080

Features
Electrical data
e Closed loop (compensated)

by Primary nominal current rms 25 At current transducer using the Hall
L Primary current, measuring range 0.+£36 At effect
R, Measuring resistance @ T,=70°C T,=85C * Isolated plastic case recognized
R | Ruie P according to UL 94-VO0.
with £ 15 V @+ 25At,,, 100 ‘320 (100 315 Q
@+36At,, 100 190 [100 185 - Q Advantages
I Secondgry nominal current rms 25 mA e Excellent accuracy
K, Conversion ratio 1-2-3-4-5 - 1000 « Very good linearity
Ve Supply voltage (+ 5 %) 36 v o Low temperature drift
I Current consumption 10+ 1, mA e Optimized response time
= No insertion losses
X Accuracy @ I,,,, T, =25°C +05 % e High immunity to external
€, Linearity error <02 % interference
Typ |[Max e Current overload capability.
I Offset current "@ 1, = 0, T, = 25°C +0.05|x0.15 mA T
IZM Magnetic offset current 2 @ I, = 0 and specified R, Appllcatlons
after an overload of 3 x IPN +0.05/+£0.15 mA e AC variable speed drives and
I(JT Temperature variation of |O 0°Ca\t 25°C + 0.06|+ 0.25 mA servo motor drives
+25°C . +70°C | £0.10{+ 0.35  mA e Static converters for DC motor
-25°C... +85°C + 0.5 mA drives
-40°C...+ 855G £ mA ¢ Battery supplied applications
t Response time ¥ to 90 % of I step <1 Hs * Uninterruptible Power Supplies
di/dt  di/dt accurately followed > 50 Alus (UPS)
BW Frequency bandwidth (- 1 dB) DC .. 150 kHz e Switched Mode Power Supplies
(SMPS)
T Ambient operating temperature -40..+85 <o applications.
g 5 Ambient storage temperature -45..+ 90 *C Application domain
" Primary coil resistance perturn @ T, = 25°C <1.25 me
R, Secondary coil resistance @T,=70°C 110 Q ® Industrial.
@T,=85C 115 Q
R, Isolation resistance @ 500 V, T, = 25°C > 1500 MQ
m Mass 22 g
Standards EN 50178: 1997
Notes: " Measurement carried out after 15 mn functioning

“ The result of the coercive field of the magnetic circuit
¥ With a di/dt of 100 Alps.

9November2011/version 14 LEM reserves the right to carry out medifications on its transducers, in order to improve them, without prior notice www.lem.com
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Current Transducer LA 25-NP

Isolation characteristics

Vv, Rms voltage for AC insulation test, 50 Hz, 1 min 25 kV

v, Impulse withstand voltage 1.2/50 ps 9 kV
Min

dCp Creepage distance 10.63 mm

dCl Clearance 10.63 mm

CTI Comparative Tracking Index (group llla) 175

Applications examples

According to EN 50178 and IEC 61010-1 standards and following conditions:

* Over voltage category OV 3
e Pollution degree PD2
e Non-uniform field

EN 50178 IEC 61010-1
dCp, dCl, V Rated insulation voltage Nominal voltage
Basic insulation 1700V 1700 V
Reinforced insulation 600V 600 V

Safety

A\

This transducer must be used in electric/electronic equipment with respect
to applicable standards and safety requirements in accordance with the
manufacturer’s operating instructions.

A\

Caution, risk of electrical shock

When operating the transducer, certain parts of the module can carry hazardous
voltage (eg. primary busbar, power supply).

Ignoring this warning can lead to injury and/or cause serious damage.

This transducer is a build-in device, whose conducting parts must be inaccessible
after installation.

A protective housing or additional shield could be used.

Main supply must be able to be disconnected.

9November2011/version 14 LEM reserves the right to carry out modifications on its transducers, in order to improve them, without prior notice
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Dimensions LA 25-NP (in mm)

=10.96 =
2.54)(!.

!
| i \ i
| ,*i“{ E Lgediy o1 LEM®
| | 1 |ACe
" - V‘O/ % ml
b | 3
Rl s : 8103 it RS
, L b | | B
| - + M_~ | | | Z777) SP rumber + Dale code
o) ® P @& {  Hall cell position f/ ?—L'_
[ b\"“ ] | ::EI M
| 762 | 762 _;_Q.g |
=524 | 165 |
Connection
‘ " T 12348
.J | E'a Rep] | oQ dacp
55] \ Clearance | Creepage
| A-B| 10.63mm 10.63mm
il ] V] 1 |1
i wraze
Number of Primary current . Nominal Tums ratio | Primary | Primary insertion Recommended
primary turns nominal | maximum.| outPut current K, resistance inductance connections
I, [A] 1, [A] e [MA] R, [m€] L, [uH]
ge3 21 IN
0—-0—0—0—0
1 25 36 25 1/:1000 0.3 0.023
o000
Uty 87 8 9 10
5 4 3.2 14 IN
o—0—0
2 12 18 24 271000 1.1 0.09 o—o\
OUT 6 7T 8 9 10
& %321 IN
1 2 /1000 o, g
3 8 2 & <l 2.8 021 o
QUT 6 7 8 9 10
5 4 3 21 IN
(o]
4 6 9 24 4/1000 4.4 0.37 Q\ \o\b
OUT - 8.7 88 10
& 4.3 2 1 IN
o
5 5 7 25 5/1000 6.3 0.58 :\;\Z\:\o
outr 6 7 8 9 10
Mechanical characteristics Remarks
e General tolerance +0.2 mm | is positive when I flows from terminals 1, 2, 3, 4, 5 to

L]
L
L]

Fastening & connection of primary
Fastening & connection of secondary

Recommended PCB hole

1.2 mm

10 pins 0.7 x 0.6 mm
3 pins @ 1 mm

terminals 10, 9, 8, 7, 6.
¢ This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),
please contact us.

9November2011/version 14
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INSTRUMENTS ISO124
SBOS074D -SEPTEMBER 1997 -REVISED JANUARY 2015
ISO124 Precision Lowest-Cost Isolation Amplifier
Features 3 Description

100% Tested for High-Voltage Breakdown
Rated 1500 Vrms

High IMR: 140 dB at 60 Hz

0.010% Maximum Nonlinearity

Bipolar Operation: Vo = 10 V

DIP-16 and SO-28

Ease of Use: Fixed Unity Gain Configuration
+4.5-V to 18-V Supply Range

Applications
Industrial Process Contral:

— Transducer Isolator, Isolator for
Thermocouples, RTDs, Pressure Bridges, and
Flow Meters, 4-mA to 20-mA Loop Isolation

Ground Loop Elimination
Motor and SCR Control
Power Monitoring
PC-Based Data Acquisition
Test Equipment

Simplified Schematic

Vin.O—

+V,

Vg,
Gnd 1
Vs,

The 1SO124 is a precision isolation amplifier
incorporating a novel duty cycle modulation-
demodulation technique. The signal is transmitted
digitally across a 2-pF differential capacitive barrier.
With digital modulation, the barrier characteristics do
not affect signal integrity, thus resulting in excellent
reliability and good high-frequency transient immunity
across the barrier. Both barrier capacitors are
imbedded in the plastic body of the package.

The 1SO124 is easy to use. No external components
are required for operation. The key specifications are
0.010% ~maximum nonlinearity, 50-kHz signal
bandwidth, and 200-uV/°C Vg drift. A power supply
range of 4.5V to £18 V and quiescent currents of +5
mA-on Vg, and +5.5 mA on Vs, make the 1SO124
ideal for a wide range of applications.

The 1SO124 is available in PDIP-16 and SOIC-28
plastic surface-mount packages.

Device Inform

on!"

500 sizE o
17.90 mm x 7.50 mm
20.01 mm x 6,61 mm

ati

PIP 16)
SOIC (28)

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Gnd 2

82

An IMPORTANT NOTICE at the end of this data sheet addres
intellectual property matters and other important disclaimers. PR

A
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5 Pin Configuration and Functions

16 Pins PDIP
Package
Top View
o
+Vg, | 1 E‘ Gnd 1
Vg, [ 2] 15| Vi

Pin Functions

28 Pins SOIC
NVF Package
Top View
O
Vg |1 E Gnd 1
Vg, [ 2 27 [ Vi

Gnd 2 E E +Vg,

GND 8 14 - Low-side ground reference

16 28 - High-side ground reference
Vin 15 27 i High-side analog input
Vour 7 13 0 Low-side analog output
+Vg4 1 1 - High-side positive analog supply
Vg1 2 2 - High-side negative analog supply
+Vs2 9 15 - Low-side positive analog supply
~Vss 10 16 B Low-side negative analog supply

Copyright © 1997-2015, Texas Instruments Incorporated
Product Folder Links: 1ISO124

Submit Documentation Feedback
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TLO74
TLO74A - TLO74B

LOW NOISE J-FET QUAD OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO Vcc*) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
LOW NOISE e,, = 15nVAHz (typ)
OUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

LOW HARMONIC DISTORTION :0.01% (typ)
INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION

HIGH SLEW RATE : 13V/us (typ)

DESCRIPTION

The TLO74, TLO74A and TLO74B are high speed
J-FET input quad operational amplifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit:

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

(Pla

MY

lh]

N
DIP14

(Plastic Package)

-

D
S014
stic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N D
TLO74M/AM/BM =55°C, +125C . .
TLO74l/A1BI =40°C, +105°C . .
TLO74C/AC/BC 0°C, +70°C . .

Example : TLO74IN

N = Dual in Line Package

D = Small Outline Packag

(0153
e (SQ) - also available in Tape & Reel (DT)

Output 1 1 E —\-r/*—- 14 OQOutput 4
Inverting Input 1 2 L__}\ | /r] 13 Inverting Input 4
Non-inverting Input 1 3 E—,+>J -Q‘IF:] 12 Non-inverting Input 4
Vec* 4 [ ] 11 Vee-
Non-inverting Input 2 5 I: j 10 Non-inverting Input 3
Inverting Input 2 6 E% ,'<]E:I 9 Inverting Input 3
Output2 7 i—~——:| 8 Output 3

March 2001
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TLO74 - TLO74A - TL074B

ELECTRICAL CHARACTERISTICS

Ve = 215V, Ty, = #25°C (unless otherwise specified)

TLO?; Ié\ﬁ‘ai?(é,al.AM, TLO74C :
Symbol Parameter gl Unit
Min. | Typ. | Max.| Min. | Typ. | Max.
Input Offset Voltage (Rg = 50Q) mv
Tamb = +25°C TLO74 3 10 3 10
TLO74A 3 6
Vio TLO74B 1 3
Tmin = Tamb < Trmax TLO74 13 13
TLO74A 7
_ TLO74B 5
DVi, |Input Offset Voltage Drift 10 10 Ve
Input Offset Current - note "
ho Tamp = +25°C 5 100 5 100 pA
Tin Tamb s Tmax 4 10 nA
Input Bias Current -note 1
I Tamp = #25°C 20. | 200 30 | 200 pA
Trin < Tamb-=Tmax 20 20 nA
Large Signal Voltage Gain (R = 2kQ, V, = 10QV) VImV
Avd Tamp = +26°C 50 | 200 25 200
Thin < Tamb = Terax 25 15
Supply Voltage Rejection Ratio (Rg = 50€2) dB
SVR Tamp = +25°C 80 | 86 70 | 86
Trnine T g ik 80 70
Supply Current, no load, per amplifier mA
lcc Tamo = +25°C 14 | 25 14| 25
Tmin'S Tamb S Timax 26 25
Viem |Input Common Mode Voltage Range # +11§ 11 T;g v
Common Mode Rejection Ratio (Rg = 50€2) dB
CMR Tamb = #25°C 80 86 70 86
Tots T S Trmak 80 70
Output Shart-circuit Current mA
los Tamp = +25°C 101740 60 [ 10 |40 | 60
Tmin < Tamb = Trmax 10 60| 10 60
Output Voltage Swing v
Tamp = +25°C RL = 2kQ 10 [-12 70 | 12
Voo RL = 10kQ 12| 135 12/ | 135
TS a5 T RL = 2kQ2 10 10
RL = 10kQ 12 12
SR Slew Rate (T,,, = +25°C) Vius
Vin = 10V, R_ = 2kQ, C = 100pF, unity gain 8 13 8 13
Rise Time (T, = +25°C) us
t Vin = 20mV, R, = 2k, C, = 100pF, unity gain 0.1 0.1
K, Overshoot (T, = +25°C) %
i Vin = 20mV, R = 2k, C, = 100pF, unity gain 10 10
GBP Gain Bandwidth Product (T, = +25°C) MHz
Vi = 10mV, R, = 2k, C, = 100pF, f= 100kHz 2 3 2 3
R; |Input Resistance 1012 A2 Q

g




TAIWAN
SEMICONDUCTOR

@ RoHS

Features

< UL Recoganized File #E-326243

Glass passivated junction

Ideal for printed circuit board

High case dielectric strength

Plastic material has Underwriters laboratory
flammability Classification 94V-0

Typical IR less than 0.1uA

High surge current capability

High temperature soldering guaranteed:
260°C/10 seconds at 5 Ibs.,(2.3kg) tension

Green compound with suffix "G" on packing
code & prefix "G" on datecode

42

¢+

Mechanical Data

460(11.68)
i A -
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KBP301G - KBP307G

Single Phase 3.0AMPS. Glass Passivated Bridge Rectifiers

KBP

4

0350.9) |fl A{12.1)
4 B( i )_.- MIN
- 160(4.1)
40(3.5 SPACING
B600(15.24
* .560(14.22)
Smacdy
’ -3
050(1.27)

Dimensions_ in.inches and (millimeters)

< Case: Molded plastic body Marking Diagram
< Terminals: Pure tin plated, lead free, solderable KBPR30XG = Specific Device Code
per MIL-STD-202, Method 208 G = Green Compound
< Weight: 1.54 grams (0.055 eunce) e = Year
< Mounting position : Any ww = Work Week
Maximum Ratings and Electrical Characteristics
Rating at 25 'C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.
For capacitive load, derate current by 20%
Type Number Symbl 3016 | 3076 | 3036 | 206 | 2086 | acee | sove | o
Maximum Repetitive Peak Reverse Voltage Veam 50 100 200 400 600 800 | 1000 Vv
Maximum RMS Voltage Vams 35 70 140 | 280 | 420 | 560 | 700 v
Maximum DC Blocking Voltage Voe 50 100 .} 200 | 400 | 600 | 800 | 1000 Vv
Maximum Average Forward Rectified Current @ TA=507C vy 3 A
Peak Forwalrd Surge Current, 8.3 ms Single Half Sine- b 80 A
wave Superimposed on Rated Load (JEDEC method)
Rating of fusing ( t<8.3ms) BT 26.5 AZs
Maximum Instantaneous Forward Voltage Ve v
@3A 1.1
Maximum DC Reverse Current @T,=25C | 10
at Rated DC Block Voltage @ TA=125C R 500 ey
Typical Junction Capacitance per leg (Note 1) Cj 215 pF
Typical Thermal Resistance (Note 2) Ron = °cw
Rej 551
Operating Temperature Range 1) -55to + 150 6
Storage Temperature Range Tsre -55to0 + 150 O
Note 1 : Measured at 1MHz and applied Reverse bias of 4.0V DC

Note 2 : Unit mount on P.C.B. 0.4" x 0.4" (10mmx10mm) Copper pads, 0.375"(9.5mm) lead length

Version:E10
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